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Abstract

Defining the molecular characteristics of seminal plasma proteins is essential for understanding their function
in physiological and pathological conditions. Starting from the predicted importance of human seminal plasma
gelatin-binding proteins, comprising fibronectin (FN) and FN-related molecules, for male fertility, this study aims
at gaining insight into their immuno-glycobiochemical properties. Human seminal plasma from subjects with
normal semen parameters were separated on a gelatin—Sepharose column and analyzed by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and immunoblotting using antibodies against distinct FN forms. Heterogeneity
of the isolated molecular species was examined by protein chip arrays combined with surface-enhanced laser
desorption/ionization time of flight mass spectrometry, on normal, metal and hydrophobic surfaces. Carbohydrate
composition was investigated using mannose-, fucose- and sialic acid-specific plant lectins and galectin-1. The
results obtained indicated a pattern of isolated proteins corresponding to that of known FN fragments, as confirmed
by immunoreactivity. Among them heparin-binding ability was preferentially associated with low molecular mass
species. As for posttranslational modifications, phosphorylation and glycosylation of distinct fragments were
revealed. Lectin binding to fragments containing the gelatin-binding domain, particularly with Ricinus communis
agglutinin I, was stronger than to fragments containing the cell-binding site of FN. A low level of sialylation and
distinctive concanavalin A- and Lens culinaris agglutinin-reactive species were also observed. Galectin-1 did not
interact with the isolated preparation. Resolving the molecular heterogeneity of normal human seminal plasma FN
and gaining initial insight into possible similarities/differences with known FN molecular species may be considered
a prerequisite step preceding challenging the clinical usefulness of these molecular properties.
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enzymes, efc. [1]. Introducing proteomic analysis of
human seminal fluid has led to more detailed analysis
and has indicated a large number of extracellular
proteins, proteases and other proteins secreted by
testes, prostate and other male accessory glands [2-5].
However, the structure-function relationship of seminal
plasma proteins at the molecular level and the relation
of more basic questions to particular clinical end points
is still insufficiently explored.

Fibronectin (FN) and proteins containing FN-type 11
domain are a group of human seminal plasma proteins
that are supposed to be involved in capacitation and
sperm-egg interaction. FN is a modular multidomain
protein that exhibits a distinct and complex pattern of
molecular forms differing with respect to amino acid
and oligosaccharide composition; in humans, there
are potentially 20 different forms of FN [6, 7]. All FN
modules are highly conserved and present in many
diverse proteins. A total of 12 FN-type I repeats are
involved in fibrin and collagen binding. Two FN-type II
repeats are involved in binding collagen, whereas 15
FN-type III repeats contain cell-, integrin- and heparin-
binding sites [8]. By combining particular FN-related
domains into a mosaic structure in different molecules,
the distinct collagen-binding, that is, gelatin-binding,
as well as heparin-binding activities are shared in
common. In biological systems, gelatin/collagen-
binding is important for cell adhesion, morphology
and surface architecture. Thus, FN acts as a general
cell adhesion molecule by anchoring cells to collagen
and organizes cell-cell and cell-extracellular matrix
(ECM) binding [6, 7]. FN-associated activities are
responsible for interaction with various proteins and
surface markers, bearing important consequences for
maintaining integrity of intra- and extracellular proteins/
structures in health and disease. Thus, FN binds gelatin,
heparin, integrins, actin, DNA, fibrin, hyaluronic acid,
proteoglycans/gangliosides and thrombospondin, and is
consequently involved in cellular migration, adhesion,
morphology and spreading, cytoskeletal organization,
oncogenic transformation, phagocytosis, hemostasis/
thrombosis, embryonic differentiation, etc. [6—8].

Although the role of FN in the male reproductive
system has not been elucidated, it is thought that sperm
function can be modified by distinct FN species. Sperm
membrane-incorporated FN exhibits changes in regional
antigenic expression during sperm maturation, whereas
secreted FN is a product of male accessory sex glands
and can be attached to sperm tails during ejaculation

[9, 10]. Some studies on the effects of exogenously
added FN or estimation of its concentration in relation
to sperm parameters have indicated that it can influence
sperm motility and sperm-egg interaction [11-14].
Thus, anti-FN antibodies (Abs) were shown to increase
sperm motility, whereas in the presence of exogenously
added FN, the number of motile spermatozoa was
significantly reduced [15]. In addition, FN-derived
peptides can competitively inhibit sperm-oolemmal
adherence, whereas FN present during bovine in vitro
fertilization strongly inhibits sperm penetration [15—
17]. The possibility of impairment of the fertilization
process by adherence of microorganisms to the equa-
torial FN of human sperm is also proposed [18].

So far, only a few FN-related structural studies have
been performed using non-fractionated human seminal
plasma samples without detailed glycobiochemical and
functional characterization. These studies suggested
the absence of intact FN, difference in FN concentra-
tion and patterns of molecular masses and sialylation in
relation to semen parameters [19, 20].

As for proteins containing two tandemly repeated
FN-type II modules, they have been isolated from the
seminal plasma of various animal species, and among
them, the family collectively called bovine seminal plasma
(BSP) proteins, are the most known and characterized
[21, 22]. The presence of homologous proteins in
human seminal plasma is suggested [23], but their
antigenic similarity to FN is poorly characterized. In
addition to these, proteins containing four tandemly
repeated FN-type Il modules were recently identified
[24]. They are highly conserved and the expression is
related to the epididymus. Their function is not known,
but available data indicate a role in cell volume control
during sperm maturation.

Starting from human seminal plasma gelatin-
binding proteins as molecules with predicted importance
for fertilization, fertility and as markers of prostate and
testicular physiology [25], this study for the first time
examines their immunological and glycobiochemical
properties. This primarily experimental study was
specifically focused on the structural characterization of
seminal plasma FN. The possible clinical significance
of a single particular glycoprotein could emerge from
their marker potential, that is, defining pathology-
related changes in comparison with normal physiology
or modulation of functions by defining related biomi-
metics or neutralizing agents. Resolving the intrinsic
heterogeneity of the protein and glycan parts of
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human seminal plasma FN expressed under normal
physiological conditions and gaining initial insight
into possible similarities/differences with known FN
molecular species may be considered as a prerequisite
step before challenging the clinical usefulness of the
molecular properties.

2 Materials and methods

2.1 Reagents

Monoclonal anti-plasma FN Ab, clone P1H11 and
human recombinant galectin-1 (gal-1) were purchased
from R&D Systems Inc. (Minneapolis, MN, USA).
Monoclonal anti-cellular FN Ab 1940 (specific for
extra domain A, EDA) was obtained from Chemicon
International (Temecula, CA, USA). Elite Vectastain
ABC kit, biotinylated anti-mouse IgG, DAB (3,3'-
diaminobenzidine) substrate kit and biotinylated lectins,
Ricinus communis agglutinin I (RCA I), concanavalin
A (ConA), Lens culinaris agglutinin (LCA), Sambucus
nigra agglutinin (SNA) and Maackia amurensis
agglutinin (MAA), were from Vector Laboratories
(Burlingame, CA, USA). Gelatin was from ICN
Biochemicals (Cleveland, OH, USA). CNBr-activated
Sepharose was from Amersham Biosciences (Uppsala,
Sweden). ColorBurst Electrophoresis Markers were
from Sigma (St. Louis, MO, USA). Roti Black silver
staining kit was purchased from Carl Roth GmbH+Co.
(Karlsruhe, Germany). Immobilon-P—polyvinylidene
fluoride (PVDF) membrane was from Millipore
(Bedford, MA, USA). ProteinChip NP20 (normal
phase) array, ProteinChip IMAC30 (immobilized metal-
affinity capture) array, ProteinChip H50 (hydrophobic/
reversed phase) array, ProteinChip PS20 (preactivated
surface), sinapinic acid and ProteinChip All-in-one
protein Standards II were from BioRad (Hercules, CA,
USA). All other chemicals were reagent grade.

2.2 Human seminal plasma

Human semen samples were obtained from
consenting normal fertile subjects seen at INEP-Zemun,
Serbia, according to local ethical standards. Samples
with sperm parameters within the normal range for
numbers, morphology and motility, according to the
recommended criteria of the World Health Organization
1999 were selected [26]. Sperm volume was > 2 mL,
liquefaction occurred in < 30 min, the total number of
spermatozoa was > 20 x 10°, spermatozoa of normal
morphology formed > 70% and the total number of

mobile spermatozoa was > 50% in each sample. Sperm
cells and other debris were removed from the ejaculate
by centrifugation at 900 x g for 20 min. Twenty
samples were randomly divided into two groups and
two pools (7 = 10 each) were formed. These pools were
used immediately or stored at —20°C, until processed.

2.3 Isolation of gelatin-binding proteins

Gelatin-binding proteins were isolated from pools
of human seminal plasma using the standard method
for isolation of FN and other proteins that contain a
gelatin-binding domain, that is, affinity chromatography
on gelatin—Sepharose 4B column (7 mL) according to
Ruoslahti ez al. [27]. Gelatin was bound to CNBr-
activated Sepharose according to the manufacturer’s
instructions. Pooled seminal plasma (8 mL) was
applied on the gelatin—-Sepharose 4B column
equilibrated with 0.05 mol L™ phosphate-buffered
saline (PBS, pH 7.2) for 3 h. The column was washed
with equilibration buffer and subsequently with 1 mol L™
NaCl till the absorbance baseline was reached. The
bound fraction was then eluted with 4 mol L' urea
at a flow rate of 1 mL min"". Fractions (3 mL) were
collected and the elution was monitored by measuring
the optical density at 280 nm on a CE594 double beam
spectrophotometer (CECIL Instruments, Cambridge,
UK). Fractions of maxima were pooled, extensively
dialyzed against 0.05 mol L' PBS (pH 7.2) and
concentrated by ultrafiltration using Microcon YM-10
Centrifugal Filter Devices (Millipore).

2.4 Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE)

SDS-PAGE was performed on 4%-20% gradient
gel or on 6% and 20% separating gels and on 3.75%
stacking gel according to Laemmli [28]. The gel was
stained using the Roti Black silver staining kit (Carl
Roth GmbH+Co.), according to the manufacturers’
instructions. The gel was calibrated with ColorBurst
Electrophoresis Markers (8-220 kDa) (Sigma).

2.5 Immuno- and lectin blotting

Proteins were transferred on to Immobilon-
P-PVDF membrane by semi-dry blotting using a
Multiphor II Nova Blot Unit (Pharmacia LKB, Uppsala,
Sweden). The conditions were as follows: transfer
buffer, 25 mmol L' Tris, containing 192 mmol L'
glycine and 20% methanol (pH 8.3); 1.2 mA cm ~ for 1 h.
The membrane was blocked with 1% casein in 0.05 mol L
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PBS (pH 7.2), for 1 h at 4°C.

For immunoblotting, the membrane was incubated
with monoclonal anti-plasma FN Ab or monoclonal
EDA-specific anti-cellular FN Ab (both at 0.5 ug mL™
in 1% casein 0.05 mol L' PBS [pH 7.2]) overnight at
4°C, washed three times in 0.05% Tween in 0.05 mol L™
PBS (pH 7.2) and then incubated with biotinylated
anti-mouse IgG Ab for 30 min at room temperature
(RT). After repeating the washing procedure, avidin/
biotinylated horseradish peroxidase (HRPO) from
Elite Vectastain ABC kit (prepared according to the
manufacturer’s instructions) was added followed by
incubation for 30 min at RT. The membrane was
then washed again three times and proteins were
visualized using substrate solution containing hydrogen
peroxide solution (H202) and DAB according to the
manufacturers’ instructions.

For lectin blot, membranes were incubated with
biotinylated lectins (10 pg mL ") for 1 h at RT, washed
three times in 0.05% Tween in 0.05 mol L' PBS (pH 7.2)
and incubated with avidin/biotin—HRPO for 30 min at
RT. After washing, proteins were subsequently visua-
lized using the DAB substrate kit for peroxidase.

The corresponding negative controls (omitting the
primary Ab/binding in the presence of lectin-competing
sugars) were also included and gave no visible reac-
tions.

2.6 Hemagglutination assay

The assays were carried out in 96-well microtitre
plates at 37°C. Two-fold serial dilutions of gal-1 in
20 mmol L' PBS (pH 7.2) containing 2 mmol L™
B-mercaptoethanol and 4 mmol L' EDTA were
mixed with equal volumes of 2% trypsin-treated rab-
bit erythrocytes. The hemagglutination titer was
determined after 1 h. The inhibiting effect of human
seminal plasma gelatin-binding proteins was examined
by preincubation with gal-1 at 37°C for 30 min, followed
by hemagglutination assay.

2.7 ProteinChip analysis of isolated gelatin-binding
proteins

ProteinChip analysis implies application of the
sample to different chromatographic surfaces of protein
chips, which provides selective retention of molecules,
depending on their affinity to the given surface. Retained
molecules are mixed with the matrix, ionized and
desorbed by laser, followed by surface-enhanced laser
desorption/ionization time of flight mass spectrometry

(SELDI-TOF MS). This technique allows sample
analysis in small volumes, with high sensitivity and
resolution, and is especially suitable for analysis of low
molecular mass proteins [29].

2.7.1 Profiling on normal phase, NP20 ProteinChip
array

A 5-pL aliquot of affinity-purified proteins was
applied on an NP20 ProteinChip array spot and allowed
to air-dry at RT. The spots were then washed twice
with 5 pL 0.01 mol L' HEPES (pH 7.5) followed by
5 pL of deionized water. After complete drying of
spots, 1 puL of 50% sinapinic acid (in acetonitrile/dH,0/
trifluoroacetic acid [50%/49.9%/0.1%]) was added to
each spot, dried and then reapplied. All probes were
done in duplicate.

2.7.2 Affinity capture on preactivated surface, PS20
ProteinChip array

A 5-pL sample of protein (corresponding FN-Ab, gal-1,
heparin or gelatin) was added to each spot and incubated in
a humid chamber overnight. The spots were washed with
5 uL of 0.05 mol L PBS (pH 7.2), twice for 2 min at RT
followed by blocking with 0.5 mol L Tris-HCI (pH 8.0)
buffer for 1 h at RT. After repeating the washing step, 5 uL
of isolated preparation was added, per spot, and incubation
continued for 3.5 h at RT. For analysis of isolated
preparations on protein chips coated with gal-1, we used the
preparation alone or in combination with 0.2 mol L™ lactose
(1:1) as a control for specificity of reaction.

The spot was then washed again with 0.05 mol L PBS
(pH 7.2), followed by 5 pL 0.01 mol L' HEPES and
finally with 5 pL of deionized water. All procedures
included shaking (0.04 x g). After complete drying of
the spot, 1 pL of 50% sinapinic acid was added to each
spot, dried and then reapplied. All probes were done in
duplicate.

2.7.3 Immobilized metal-affinity capture on IMAC30
ProteinChip array

IMAC30 spots were charged with 5 uL of 0.1 mol L™
ferric sulfate for 5 min at RT. Spots were then washed
with 5 uL of deionized water for 1 min and neutralized
with 5 uL 0.1 mol L sodium acetate buffer (pH 4.0)
for 5 min.

After another rinsing with water and subsequently
with 5 uL of binding buffer (0.1 mol L' sodium
phosphate, 0.5 mol L' NaCl [pH 7.2]) for 5 min at
RT, 5 pL of the sample was added to each spot and
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incubated for 30 min in a humid chamber at RT. All
procedures included shaking (0.04 x g). After complete
drying of the spots, 1 puL of 50% sinapinic acid was
added to each spot, dried and then reapplied. All probes
were done in duplicate.

2.7.4 Reversed phase/hydrophobic capture on H50
ProteinChip array

Spots were prerinsed with 50% methanol for
5 min, air-dried and then prewetted with 5 pL of 10%
acetonitrile/0.1% trifluoroacetic acid for 2 min. After
repeating the procedure once, 5 pL of sample was
added to each spot and incubated for 30 min in a humid
chamber at RT. Each spot was washed twice with 5 pL
of 10% acetonitrile/0.1% trifluoroacetic acid for 2 min,
and then with 5 pL deionized water. All procedures
included shaking (0.04 % g). After complete drying of
the spots, 1 uL of 50% sinapinic acid was added to each
spot, dried and then reapplied. All probes were done in
duplicate.

2.7.5 SELDI-TOF MS

Protein chip arrays were analyzed by SELDI-
TOF MS using the ProteinChip Reader, Series 4000,
Personal edition (BioRad). All spectra were acquired
in 25 kV positive ion acquisition mode, mass range
of 2.5-250 kDa and with 8 815 laser shots per spot of
6 000 nJ laser energy. Mass calibration was performed
with the ProteinChip all-in-one protein standards II.
All spectra were analyzed using CiphergenExpress
Software 3.0 (BioRad).

3 Results

3.1 Molecular pattern and FN immunoreactivity of
gelatin-binding proteins from human seminal plasma
Representative SDS-PAGE of human seminal
plasma proteins isolated by affinity chromatography
on a column, with immobilized gelatin as the ligand, is
shown in Figure 1. They comprise a complex pattern
of differently abundant molecular mass species ranging
from 8-200 kDa. Taking advantage of on-chip profiling
combined with MS detection particularly suitable
for analysis of low molecular mass proteins, a more
comprehensive profile was obtained (Figure 2). Thus,
in the low molecular mass region of 820 kDa, several
peaks in the proximity of 10, 12, 13, 14 and 15 kDa,
appearing broad and heterogeneous, were consistently
observed (Figure 2A). In the region of 20-80 kDa,

sharp and more homogenous peaks were detected.
They comprised two main peaks of 42 and 54 kDa, and
five less abundant ones of 21, 27, 30, 67 and 74 kDa
(Figures 2B and C). In the high molecular mass region,
peaks of 96, 101, 108, 138, 152, 194 and 203 kDa were
found (Figure 2D).

The human seminal plasma gelatin-binding prepara-
tion was subsequently characterized immunologically
by employing monoclonal Abs against distinct epitopes of
human FN. Immunoblot analysis using anti-human plasma
FN Ab revealed 54, 74, 96, 150, 190 and 200 kDa bands
(Figure 3Aa). Among them, the 74, 150, 190 and 200
kDa bands were reactive with monoclonal anti-cellular
FN Ab (EDA-specific) (Figure 3Ab). When the on-
chip immobilized assay was used, results comparable
with Western blot (WB) were obtained in the 50-200
kDa region (data not shown), except for additional faint

Figure 1. Sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) of affinity-purified gelatin-binding
proteins from human seminal plasma. Pooled human seminal
plasma from subjects with normal semen parameters was
applied to gelatin—Sepharose 4B column, and the bound fraction
was eluted with 4 mol L™ urea. The isolated preparation was
subjected to SDS-PAGE on a 4%-20% gradient gel under
reducing conditions. The proteins were stained with silver. The
numbers indicate molecular mass (kDa) of standard proteins used
for gel calibration. The electrophoretic pattern is indicated by
arrowheads.
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Figure 2. Normal phase (NP20) protein chip profiling of affinity-purified gelatin-binding proteins from human seminal plasma.
Affinity-purified gelatin-binding proteins from human seminal plasma were applied to NP20 ProteinChip array and processed as
indicated in Materials and methods. A surface-enhanced laser desorption/ionization-time of flight (SELDI-TOF) mass spectrum was
acquired in ion-positive mode at 25 kV and analyzed using CiphergenExpress Software 3.0 (BioRad, Hercules, CA, USA). Calibration
was performed with ProteinChip all-in-one protein standards II. Molecular mass ranges are as follows: (A) 8—17 kDa, (B) 20-50 kDa, (C)
50-90 kDa and (D) 90-250 kDa.
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but detectable peaks of 8—12 kDa recognized by the
EDA-specific Ab (Figure 3B, spectrum b) and peaks of
12—15 kDa reactive to anti-plasma FN Ab (Figure 3B,
spectrum a).

3.2 Heparin-binding activity

Affinity-purified human seminal plasma proteins
were tested for binding to immobilized heparin (Figure 4,
spectrum A). Considering the intensity of gelatin binding
as arbitrary (Figure 4, spectrum B), the 54-kDa fraction
appeared to bind gelatin preferentially, the 63-, 66-
and 74-kDa species bound gelatin and heparin equally,
whereas low molecular mass species (10, 11, 12, 13, 14
and 15 kDa) preferentially bound heparin.

3.3 Hydrophobic and metal-binding properties
Hydrophobic surface capture of isolated human
seminal plasma gelatin-binding proteins allowed
separation of the main heterogeneous 8-, 11-, 13- and
14-kDa peaks, in addition to several smaller peaks in
the molecular mass region of 817 kDa. In the region of
20-70 kDa, a main peak of 66 kDa was detected (Figure 5).
When the same preparation was captured on the
metal-affinity surface, main peaks of 10, 11, 13, 15, 42

and 54-kDa were revealed (Figure 6).

3.4 Glycosylation assessment

Glycosylation of isolated gelatin-binding proteins was
assessed using the following plant lectins: RCA I (specific
for Galp1,4GlcNAc), ConA (specific for the mannosyl
core of high mannose-, hybrid- and biantennary
complex-type of N-glycans), LCA (specific for al,6
core fucose), SNA (specific for sialic acid 02,6 linked
Gal/GalNAc) and MAA (specific for sialic acid a2,3
linked Gal/GalNAc).

The RCA I-, ConA- and LCA-binding patterns were
similar and revealed the main 42- and 54-kDa bands,
as well as several others in the range of 100-200 kDa
(Figure 7). Differences were found with respect to the
96-kDa band, which was recognized by RCA I only,
and the 15-kDa band, which was bound by RCA I and
LCA, but not by ConA. As for SNA, it reacted more
weakly than RCA I, ConA and LCA, whereas MAA
gave a barely detectable reaction (Figure 7).

Besides plant lectins, human gal-1 was also used
to analyze the oligosaccharide composition of isolated
gelatin-binding proteins. These proteins did not inhibit
the hemagglutination activity of gal-1 or bind to it in
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Figure 3. Fibronectin (FN)-immunoreactivity of affinity-purified gelatin-binding proteins from human seminal plasma. (A): Immunoblot
analysis: affinity-purified gelatin-binding proteins from human seminal plasma were resolved by SDS-PAGE, blotted onto Immobilon-
P-PVDF membrane and probed with monoclonal anti-plasma FN antibody (Ab) (a) and monoclonal anti-cellular FN Ab (b). Bound
antibody was visualized using biotinylated anti-mouse IgG Ab followed by avidin/biotinylated-HRPO mixture and by addition of
DAB substrate solution. Numbers indicate molecular mass (kDa). (B): On-chip immunoaffinity profiling: monoclonal anti-plasma
FN antibody (a) or monoclonal anti-cellular FN antibody (b) were immobilized on preactivated surface (PS20) ProteinChip array and
allowed to react with affinity-purified gelatin-binding proteins, as described in Materials and methods. On-chip immunoaffinity captured
molecules were detected by SELDI-TOF mass spectrometry in ion-positive mode at 25 kV and analyzed using CiphergenExpress
Software 3.0 ( (BioRad, Hercules, CA, USA)). Calibration was performed with ProteinChip all-in-one protein standards II. The mass

region of 8—17 kDa is shown.
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the chip affinity capture assay in a lactose-dependent
manner (data not shown).

4 Discussion

The results obtained for an affinity-purified prepara-
tion from human seminal plasma indicated the existence
of structurally diverse gelatin-binding species differing
in molecular mass, glycosylation and the capacity to
interact with endogenous ligands. Molecular mass
pattern of isolated proteins corresponded to known FN
fragments, often reported as a result of in vivo or in vitro
proteolytic digestion [30-34], and this was confirmed
by the immunoreactivity with distinct monoclonal anti-
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Figure 7. Lectin blot analysis of affinity-purified gelatin-binding
proteins from human seminal plasma. Affinity-purified gelatin-
binding proteins from human seminal plasma were resolved
by 12.5% SDS-PAGE under reducing conditions, blotted onto
Immobilon-P-PVDF membrane and probed with biotinylated
lectins: RCA 1 (Ricinus communis agglutinin I), ConA (lectin
from Canavalia ensiformis), LCA (Lens culinaris agglutinin),
SNA (Sambucus nigra agglutinin) and MAA (Maackia
amurensis agglutinin). Bound lectins were visualized using a
mixture of avidin and biotinylated-HRPO followed by addition
of H,0,/3,3’-diaminobenzidine. Numbers indicate molecular
mass (kDa). Lectin binding to higher molecular mass species
was more noticeable when the sample was resolved on 20% gel
(upper panel) because of the generally known diffuse appearance
of glycoproteins on SDS-PAGE. Asterisks indicate main lectin-
reactive bands.

human FN Abs. Thus, protein bands in the region of
50-200 kDa were identified as the main human plasma
FN immunoreactive fragments and, specifically, in the
high molecular mass region, anti-EDA reactivity typical
of cellular FN was also detected. In addition to main
immunoreactive fragments, low but detectable and distinct
FN immunoreactivity of 8—15 kDa protein bands was
observed. This pattern of low molecular mass species
resembles that of the acidic gelatin-binding proteins
as the main proteins present in the seminal plasma of
different animals [21, 35-37]. As already mentioned,
they contain an FN-type II domain, but there are no data
on their possible antigenic relatedness with FN. FN
and these FN-related gelatin-binding proteins, as well
as human seminal plasma proteins homologous to boar
spermadhesins comprising at least 12 distinct species of
10-18 kDa [38, 39] share the heparin-binding ability in
common. In view of this property, the affinity-purified
human seminal plasma preparation was probed with
heparin as a ligand. The results obtained indicated that
the greatest binding capacity was associated with low
molecular mass species in the range of 1017 kDa.

Thus, under normal physiological conditions, FN is
present in human seminal plasma in fragmented form,
probably due to the action of proteolytic enzymes. FN
fragmentation is, however, known as general sign of
different pathophysiological conditions, such as wound
healing, arthritis, bladder and gastrointestinal cancer,
head and neck cancers, etc. [32, 40—43].

Our human seminal plasma gelatin-binding prepa-
ration was further characterized by hydrophobic
chromatography. Generally, FN is known as a sticky
protein, and it has the ability to adhere to different
hydrophilic and hydrophobic surfaces, which is im-
portant in relation to its role in cell adhesion and
cell-matrix interaction [44]. The results obtained in-
dicated several molecular species whose molecular
mass pattern partly corresponded to that reported for
porcine plasma FN. Thus, the available data indicated
differences in the hydrophobicities of particular porcine
plasma FN fragments, among which the 14-kDa moiety
had the highest and the 140-kDa fraction the lowest [45].

It is known that FN can be posttranslationally
modified by phosphorylation and glycosylation [7,
46]. These modifications are thought to be very impor-
tant for its structural and functional properties, and
characteristically change during normal as well as
pathological conditions [47, 48].

The results of metal-affinity chromatography point
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to several human seminal plasma FN-related fragments
in the region of 10—60 kDa as possibly phosphorylated.
This may be correlated with the data on normal- and
transformed cell line-derived FNs, indicating 40-,
10- and 12-kDa fragments as phosphorylated [46].
Phosphorylation of FN is claimed to be highly specific
and conserved, and it is reported that FN from both
normal and tumor cells are phosphorylated only on
serine residues [46]. Generally, phosphorylation can
influence cellular morphology and it was suggested
that changes in FN phosphorylation can contribute to
decreased retention at the surface of transformed cells.

Concerning glycosylation, FN is reported to con-
tain both N- and O-glycans and carbohydrates account
for 5% of its molecular mass [7]. FN from various
sources differs in the degree of sialylation and the
type of linkage of sialic acid, as well as in the ab-
sence or presence of fucose [47, 49-54]. Thus, the
N-glycans of plasma FN are complex-type biantennary
oligosaccharides, largely sialylated with predominance
of the sialic acid 02,6 Gal linkage, whereas fetal/
oncofetal FN, which is upregulated during development/
transformation, is core fucosylated and generally not or
poorly sialylated, with predominance of the sialic acid
02,3 Gal linkage.

The results obtained for human seminal plasma
gelatin-binding species indicated the strongest binding
by RCA and accordingly a low level of sialylation (based
on SNA and MAA reactivity), with both 02,3 Gal and
02,6 Gal containing glycans. N-linked glycans (based
on ConA reactivity) was found to be modified by al,6
core fucosylation (based on LCA-reactivity). Taken
together, distinct lectin-binding patterns of isolated
preparation in relation to molecular masses was in
agreement with the available data indicating that FN
glycosylation is mostly associated with gelatin-binding
domain and also cell-binding domain [7, 55].

Glycosylation was found to be important for FN
stability and could influence the interaction with cells [7,
56]. Thus, the presence of N-linked polylactosamine
chains is found to decrease the affinity for gelatin
and influence cell-spreading potency of FN [57]. In
relation to this, the carbohydrate composition of human
seminal plasma gelatin-binding molecules was assessed
by interaction with human gal-1, which is specific
for beta-galactoside and reported to have a role in
fertilization [58]. So far, tissue FN was reported to be
an endogenous ligand for gal-1 and this was related
to expression of polylactosamine chains on the FN

molecule [59]. Although the results of assessment of
carbohydrate composition partly suggested oncofetal
type of glycosylation, gal-1 did not interact with iso-
lated preparation in lactose-inhabitable manner.

As a consequence of the extreme heterogeneity of
glycoproteins, a major area of concern is that the related
structural knowledge is generally still limited. Male
reproductive physiology involves various processes
mediated by multiple complementary receptor—ligand
systems and the available literature data indicate
particular roles for protein—carbohydrate interactions [60].
Thus, it is desirable to develop a knowledge base for
biological systems that operate through oligosaccharide
recognition, which is a significant component for human
seminal plasma proteins. Species-specific recognition
and binding between spermatozoa and the oocyte can be
modulated by various monosaccharides, polysaccharides
or glycoproteins and they can also affect sperm motility
[17, 60]. Heparin was found to be the only carbohydrate
that significantly increased the penetration rate. In
contrast to this, FN caused marked reduction in sperm
motility parameters, whereas exogenously added
mannose, fucoidan, dextran sulfate and FN were the
most potent inhibitors of oocyte penetration. In this
respect, structural knowledge about human seminal
plasma FN as a multifunctional glycoprotein seems
to be an inevitable part of defining the molecular
requirements of gamete interaction and the expression
of species specificity during early events of fertilization.

Our study provides data on the glycoimmunological
properties of soluble human seminal plasma FN in
normal fertile subjects. They are not clinical data, but
they can be a base for creating a biomedical strategy
to modify signal and recognitive properties of FN
molecules as ligands in carbohydrate-dependent or
protein—protein interactions. Carbohydrate-based drugs
or vaccines, already on the market in various phases of
clinical trials, are promising candidates for therapeutic
agents and in contemporary medicinal glycoscience, the
control and modification of cell motility, one reliable
indicator of fertility, are of special interest [61]. The
results obtained indicate human seminal plasma FN
as the cellular-type molecule containing an extra
domain A. Thus, it is known that cellular FN differs
in activity from plasma FN, that is, it has significantly
higher agglutinating activity and an influence on cell
morphology [6, 62]. As for the FN fragmentation
observed, this can differently influence its activity.
Our previous investigation indicated that cancer-
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derived FN fragments with altered glycans exhibit
significantly lower potency for promoting cell adhesion

fibronectin band (EFB) on human spermatozoa—a diagnostic
help for male fertility? Andrologia 1987; 19: 456-9.

than normal intact FN [63]. The importance of defining 11 Miranda PV, Tezon JG. ‘ Characterization of ﬁbrqnectin as
. a marker for human epididymal sperm maturation. Mol
the structure of FN fragments is documented for the Reprod Dev 1992; 33: 443-50.
process of controlling prostate cancer cell invasion 12 Pinke LA, Swanlund DJ, Hensleigh HC, McCarthy JB,
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