
Seminal Vesicle-secreted Proteins and Their Reactions
during Gelation and Liquefaction of Human Semen
Hans Lilja, J6rgen Oldbring,* Gunnar Rannevik,t and Carl-Bertil Laurell
Departments of Clinical Chemistry and *Urology, University ofLund, Malmo General Hospital, S-214 01 Malmo, Sweden;
and *the Fertility Research Institute, S-217 74 Malmo, Sweden

Abstract

The comparison of measurements of fibronectin and lactofem
in ejaculates from vasectomized men, subjects with functional
deficiency or aplasia of the seminal vesicies, and reference sub-
jects provided evidence that both the fibronectin and the lacto-
ferrin in human seminal fluid originate from the seminal vesicles
and the ampullae.

The fibronectin is incorporated in the framework of the sem-
inal gel formed during the immediate postejaculatory phase,
whereas the lactoferrin remains in solution. In the seminal gel
fibronectin is linked to its predominant structural protein, a high
molecular weight seminal vesicle protein (semenogelin). Both
the gel-bound fibronectin and semenogelin are progressively
fragmented and solubilized by the abundant prostatic kallikrein-
like protease (prostate-specific antigen) during and after seminal
gel liquefaction. Lactoferrin remains essentially unaffected by
the seminal proteases.

Introduction

The minute amount of sperm-dense epididymal fluid mixes with
the bulky secretions from the accessory sex glands at ejaculation
with a < 10% admixture of plasma proteins transudated from
the intercellular fluids. The bulk of the ejaculate is immediately
turned into a viscous gel that normally liquefies within 20 min.
The predominant protein in the coagulated part ofthe ejaculate
is a high molecular weight protein, which is also predominant
in the secretion from the seminal vesicles (1). This seminal vesicle
protein, previously termed HMW-SV protein but coined here
as semenogelin, is transformed into three subunits of some 52,
71, and 76 kD (kilodalton) after reduction (2). The seminal gel
liquefies through proteolysis, in parallel with proteolytic frag-
mentation of semenogelin (3). A series of predominant, basic,
low molecular weight proteins in the liquefied ejaculate derive
from the fiagmentation ofsemenogelin (2). A prostatic kallikrein-
like serine protease (4, 5) participates in the liquefaction process.
Semenogelin is a physiological substrate of this protease (4) that
was first reported as prostate-specific antigen (PSA)l (6).

Fibronectins are adhesive glycoproteins present in a soluble
form in extracellular fluids (in blood plasma at a concentration
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of0.3 g/liter) and in less soluble forms on connective tissue cells
and on basement membranes. Both forms are composed oftwo
similar but not identical subunits that are joined by an interchain
disulfide bond. The subunits have molecular masses of - 225-
250 kD (7). Vuento et al. (8) identified immunoreactive fibro-
nectin in seminal fluid by using a rabbit ahtiserum to blood
plasma fibronectin. This fibronectin antigen showed partial an-
tigenic identity with blood plasma fibronectin. Quantitative im-
munoassay of the fibronectin in seminal fluid gave an average
of 1 g/liter when using blood plasma fibronectin as standard.
The albumin concentration, which averages 0.6 g/liter in seminal
plasma (9), may be used as a marker of the transudation of
proteins from the intercellular fluids to the accessory sex glands
and the male genital ducts. Proteins occurring at higher con-
centration ratios than the seminal plasma to blood plasma ratio
of albumin are actively secreted by the epithelium of the acces-
sory sex glands and their excretory ducts. The similarity in con-
centration between seminal fluid fibronectin and blood plasma
fibronectin excludes the extracellular fluids as major sources of
immunoreactive fibronectin in seminal fluid, but the secretory
origin of this fibronectin remains to be settled. Vuento et al.,
who recently succeeded in isolating fibronectin from ejaculated
spermatozoa (I0), found the sperm-bound fibronectin to consist
both ofa fraction with a molecular mass similar to that ofblood
plasma fibronectin and of smaller molecules reacting with anti-
serum against fibronectin. They drew no conclusions as to
whether the variation in immunological reactivity was due to
differences in primary structure, complex formation, or prote-
olysis of fibronectin in semen.

Lactoferrin is another earlier-recognized sperm-coating an-
tigen ( 11) occurring at a concentration similar to that of fibro-
nectin in seminal fluid. This metal-chelating protein is secreted
from phagocytes and various exocrine glands, though usually at
lower concentration than in seminal fluid and milk. The seminal
vesicles have been suggested to be the major source of lactoferrin
in human seminal fluid (11, 12).

Our preliminary studies on the electrophoretic distribution
of antigens in semen reacting with antiserum to blood plasma
fibronectin showed size and charge heterogeneity ofthe antigen,
even though benzamidine was used to retard proteolysis of the
seminal proteins (13). We have now followed the reactions of
the seminal fibronectin during the early postejaculatory phase
and settled the glandular origin of this fibronectin by studies of
ejaculates from subjects with anomalies in the accessory sex
glands and/or the genital ducts.

Methods

Reagents. Heparin-Sepharose, Gelatin-Sepharose, and molecular weight
markers for polyacrylamide gel electrophoresis (PAGE) were obtained
from Pharmacia (Uppsala, Sweden). Monospecific rabbit antisera to hu-
man albumin, lactoferrin from milk, and goat anti-rabbit IgG were
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available at the laboratory. Monospecific antisera were raised in rabbits
against fibronectin isolated from human blood plasma and against the
5.7-kD basic fragment of semenogelin (2) and PSA isolated from seminal
fluid. Antiserum specificity was tested with immunoelectrophoresis and
with double immunodiffusion (Ouchterlony).

Patients. Human semen from subjects undergoing investigation for
involuntary infertility and from voluntary donors was obtained from
the fertility laboratories at Ellenbogen, Malmo and at the Department
of Obstetrics and Gynaecology, Malmo General Hospital. Azoospermic
semen was obtained from 10 vasectomized subjects. Azoospermic eja-
culates were obtained from two subjects with developmental anomalies
in the seminal vesicles and in the deferent ducts. In subject A, testes and
epididymides were normal in volume and spermatogenesis was normal
as verified through biopsy. The right-hand deferent duct was missing
and the left-hand duct was thin asjudged by physical examination. Neither
seminal vesicle was detectable by computer tomography or ultrasonog-
raphy. The prostatic gland was normal in size. In subject B, testes and
epididymides volumes were normal. The left-hand deferent duct was
missing and the right-hand duct was thin as judged by physical exami-
nation. Both seminal vesicles were present but distended and irregular
to the touch, whereas the prostatic gland was normal according to com-
puter tomography.

Sample collection. All specimens were obtained by masturbation.
Coagulated semen, having a normal liquefaction rate at room temper-
ature, was obtained within 2 min after ejaculation and analyzed im-
mediately as described below. Coagulated semen, washed free ofsoluble
components, was collected and prepared as described earlier (1). Liquefied
semen samples (Table I) were brought to the fertility laboratories within
1 h after ejaculation and the seminal plasma was collected as the super-
natant obtained after centrifugation at 800 g for 15 min. Benzamidine-
HC1 was added to the seminal plasma to a final concentration of 0.1 M
and the samples were then frozen at -20'C until analyzed.

Methods. Sperm count was evaluated under the microscope to con-
firm azoospermia in semen samples collected from the vasectomized
men and from the subjects with defective seminal vesicles. Fructose was
determined according to the method of Carvalho and Pogell (14), the
detection limit of the assay being 2 mM. Zinc was determined with
atomic absorption spectrometry. The protein pattern of seminal plasma
was analyzed by agarose gel electrophoresis according to a standard pro-
cedure (15). PSA, albumin, fibronectin, and lactoferrin were measured
by electroimmunoassay (16) that was run in 75 mM barbiturate buffer,
pH 8.6, also containing 5 mM ofEDTA to counteract interactions with
metal ions. A pool made from blood donor plasma was used as standard
for the quantitative analysis offibronectin (concentration of0.33 g/liter).
The apparent fibronectin concentrations in seminal fluid obtained by
the electroimmunoassay were considered to represent the magnitude
rather than the absolute concentration ofthe antigen and were therefore
expressed in percent ofthe plasma pool. Sodium dodecyl sulfate (SDS)-

PAGE in gradients of 70-120 g/liter was run according to Blobel and
Dobberstein (17). Immunoblotting after SDS-PAGE was done with the
Western blotting technique described by Burnette (18). Immune com-
plexes were detected with horseradish peroxidase-coupled goat anti-rabbit
IgG and visualized with 3-amino-9-ethyl-carbazole according to Graham
et al. (19).

Protein purification. PSA was purified from pooled seminal plasma
as described earlier (4). The concentration of the purified protein was
calculated from amino acid analysis after 24 h hydrolysis in 6 M HCO
at 110C by using the amino acid composition presented by Watt et al.
(5). Fibronectin was isolated from fresh-citrated human plasma in a two-
step procedure. The fresh-citrated plasma was first applied to a Heparin-
Sepharose column that was equilibrated in Tris buffer at pH 7.5 and
then eluted by a NaCl gradient (20). The major fibroneetin peak was
localized by electroimmunoassay (16), pooled, and then affinity-purified
on a Gelatin-Sepharose column (21). The concentration of the purified
protein was calculated assuming a specific absorption (10 g/liter, 1 cm)
of 12.8 at 280 nm (22). Lactoferrin was obtained as a by-product during
the isolation of other proteins from seminal plasma. The identity of
lactoferrin was ascertained by molecular size, charge, and immunoelec-
trophoresis against a rabbit antiserum to lactoferrin from milk. The con-
centration of the purified protein was calculated assuming a specific ab-
sorption (10 g/liter, 1 cm) of 11.2 at 280 nm (23).

Results

Glandular origin of seminal fibronectin and lactoferrin. Sum-
marized in Table I are the results of quantitative analyses of 6
different components in azoospermic seminal fluid taken from
2 subjects (A and B) with defective seminal vesicles; in seminal
fluid, from 10 vasectomized men; and in seminal plasma, from
30 reference subjects. The ejaculate volumes of subjects A and
B were below the average; though no exact figures were available
for those of the vasectomized, in an earlier study we found that
on average their ejaculate volumes were 10% less than those of
the reference subjects. Although the average concentrations and
ranges of seminal components in ejaculates from vasectomized
subjects were similar to those ofthe reference group, the highest
lactoferrin value and the two highest fibronectin values occurred
in the smaller group of samples from vasectomized subjects. On
electroimmunoassay ofseminal plasma fibronectin, the "rockets"
were generally more fuzzy in outline than those of fibronectin
in human blood plasma. Agarose gel electrophoresis patterns of
seminal plasma proteins were within the normal range of vari-
ation, both in the ejaculates of vasectomized subjects and in
those of reference subjects.

Table L Comparison of6 Different Components in the Seminal Plasma from 2 Subjects (A and B) with Functional Deficiency or Aplasia
ofthe Seminal Vesicles, 10 Vasectomized Men, and 30 Reference Subjects with No Signs ofInsufficiency ofthe Accessory Sex Glands

Volume Zinc Fructose PSA Albumin Lactofernn Fibronectin

ml mm mm g/liter g/liter g/liter % ofpool

Subject A 1.4 12 <2 5.1 0.70 <0.1 <5
Subject B 2.8 9.4 <2 2.8 0.59 <0.1 <5
Vasectomized men
Mean ND 2.1 21 0.6 0.97 2.0 330
Range ND 1.0-6.3 9.0-34 0.30-1.2 0.31-2.2 1.0-4.7 66-650

Reference subjects
Mean 4.3 1.9 17 0.6 0.72 1.5 180
Range 2.3-7.1 0.36-5.3 8.9-33 0.20-1.8 0.26-2.2 0.90-2.6 44-430

Seminal plasma was collected as the supernatant obtained after centrifugation at 800 g for 15 min.

282 H. Lilja, J. Oldbring, G. Rannevik, and C-B. Laurel!



In the azoospermic samples from subjects A and B the sem-
inal plasma albumin concentration was within the reference
range, but their seminal zinc and PSA concentrations were higher
than those of any other subject, whereas their fructose, lacto-
ferrin, and fibronectin concentrations were below the sensitivity
level of the methods. The electrophoretic protein pattern of
ejaculates from subjects A and B denoted predominance of a2-
and p3,-migrating proteins and the absence of the normally oc-
curring, cathodally migrating basic fragments of semenogelin.

Reactions offibronectin and lactoferrin during gelation and
liquefaction ofsemen. We analyzed the apparent molecular mass
and the concentration offibronectin and lactoferrin in the liquid
portion of freshly collected ejaculates. The appearance of the
basic fiagments of semenogelin in the seminal fluid during liq-
uefaction ofthe ejaculates was evaluated on agarose gel electro-
phoresis. The liquid portions were recovered from the coagulated
ejaculates, staring at 4 min after ejaculation, as the supernatants
obtained after brief centrifugations in a microcentrifuge at 15,000
g. The supernatants were immediately analyzed with electroim-
munoassay, agarose gel electrophoresis, and SDS-PAGE. In ad-
dition, small portions of the separated coagulates, recovered at
4 min after ejaculation, were also analyzed with SDS-PAGE.

Fig. 1 shows the electroimmunoassay patterns from the time-
course study offibronectin and lactofernn in the liquefied portion
of a freshly collected ejaculate of a fertile subject. The super-
natants recovered by a short centrifugation during the first post-
ejaculatory period contained only trace amounts of fibronectin
as long as a gel structure was still present in the ejaculates. The
immunoreactive fibronectin rapidly increased to normal seminal
plasma values during liquefaction ofthe gel structure (Fig. 1) at
the same time as the cathodally migrating fragments of semen-
ogelin appeared on agarose gel electrophoresis (not shown). There
was no apparent decrease in fibronectin concentrations during
the first 6 h after lysis ofthe seminal gel. Lactoferrin values were
unchanged during the same time span studied.

SDS-PAGE followed by immunoblotting with antiserum
against the 5.7-kD basic fragment ofsemenogelin shows the three
50-80-kD subunits of the non-fragmented semenogelin and
some low molecular mass fragments ofthis protein in a reduced
sample of seminal coagulate that was washed free of soluble
components (lane 2 in Fig. 2 0). The presence of fibronectin in
this seminal gel structure is demonstrated by the immunoblot
shown in Fig. 2 (D. The apparent molecular weight of this gel-
bound fibronectin, in reduced samples, is not distinctly different
from that offibronectin isolated from human blood plasma (lanes

1 and 3 in Fig. 3). On SDS-PAGE, the predominant part of
semenogelin does not have the same molecular mass as fibro-
nectin in non-reduced samples of seminal coagulate (lane I in
Fig. 2), and no bands suggesting any covalent complexes between
semenogelin and fibronectin in reduced samples of the seminal
coagulate can be clearly demonstrated in Fig. 2. Although not
convincingly shown in Fig. 2, a minute amount of disulfide-
linked complexes or other covalent complexes between fibro-
nectin and semenogelin may be present in the gel structure as
judged by the immunoblottings with antisera against fibronectin
and the 5.7-kD basic fragment of semenogelin.

The liquid portions of coagulated ejaculates, collected at 4
min after ejaculation, contained only trace amounts of frag-
mented fibronectin and semenogelin as evidenced by immu-
noblottings after SDS-PAGE (not shown). During liquefaction
of the gel structure, release of fragmented fibronectin into the
seminal fluid was simultaneous with the appearance of the low
molecular mass fragments of semenogelin. The immunoblot of
fibronectin in Fig. 3 shows the fragmentation pattern of fibro-
nectin in a completely liquefied ejaculate (lane 2) and the pro-
teolytic fragmentation ofblood plasma fibronectin after exposure
of purified fibronectin to purified PSA (lane 4). The enzyme to
substrate ratio used in the latter experiment was equal to the
molar ratio of PSA to fibronectin in seminal plasma. The frag-
mentation pattern on SDS-PAGE offibronectin in seminal fluid
during and after liquefaction of the seminal gel was similar to
that obtained with purified blood plasma fibronectin exposed to
PSA, although the fragments released did not seem to be iden-
tical. Seminal lactoferrin appeared essentially undegraded on
SDS-PAGE during and after the liquefaction ofthe gel structure
(not shown).

Discussion

Azoospermic samples were obtained from two subjects with ver-
ified anomalies in the deferent and the excretory ducts of the
seminal vesicles. The predominance ofprostatic secretory com-
ponents in their ejaculates was verified by the very high con-
centration ofzinc (24) and PSA (25). The lack ofsecretory com-
ponents originating from the seminal vesicles and the ampullae
was evidenced by subnormal ejaculate volumes, extremely low
fructose levels (26), absence of the normal basic fragments of
semenogelin on agarose gel electrophoresis (2), and only traces
ofimmunoreactive lactoferrin (1 1). We conclude that the ejacu-
lates from subjects A and B represent prostatic fluid with a min-

Anti-fibronectin Anti-lactoferrin FigureL Electroimmunoassay of su-
pernatants recovered, after brief cen-
trifugation in an Eppendorf micro-
centrifue (Brinkmann Instruments

a ~~~~~~~~~~~~~~~~~~~~Inc.,Westbury, NY), from a fr-eshly...........

collected ejaculate. The electroim-
3 ~~~~~~~~~~~~~~~~~~~munoassayof sample 1 started at4

I mi, sample 2 at 10 min, sample 3
fi ~~~~~~~~~~~~~~~~~~at15 min, sample 4 at 60 min, and

sample 5 at6 h afer ejaculation.
>~~~ ~~~~~~~~~Wofi 9 ,g''';ai'"AsS F The rleft-ahbabnidagel containteod20°og/

plasma fibronectin, and the right-
1 2 3 4 5 Standards 1 2 3 4 5 Standards hand gel contained lOg/literofrab-

bit antiserum to lactoferrin. Pooled
blood donor plasma (fibronectin concentration 0.04-0.66 g/liter) and purified seminal plasma lactoferrin (0.33-2.6 g/liter) were used as standards.
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Figure 2. SDS-PAGE in a 70-120-g/
liter polyacrylamide gel gradient. The
proteins were immunoblotted after
completed electrophoresis against (0)
affinity purified rabbit antibodies to
the 5.7-kD basic fragment of semeno-
gelin or (0) rabbit antiserum to blood
plasma fibronectin. (1) Non-reduced
seminal coagulate (1 gl) and (2) sem-
inal coagulate (1 Ml) both washed free
of soluble components. The sample
(2) was reduced (10 mM dithiothreitol
[DTT]) and carboxymethylated before

1 2 electrophoresis.

ute contribution ofcomponents derived from the bulbo-urethral
(Cowper's) and the urethral (Littre's) glands. Such aplasia ofthe
seminal vesicles has long been known to be connected with no

gelation of semen upon ejaculation (26).
The slight differences in ranges and average concentrations

in the seminal fluid from vasectomi~ed subjects as compared
with those of the reference group showed that no significant
amount of fibronectin or lactoferrin in seminal fluid normally
originates from the testes and the epididymides. Both from this
and the key observation of non-detectable levels of fibronectin
and lactoferrin in semen from subjects with functional deficiency
or aplasia of the seminal vesicles, we conclude that fibronectin
and lactoferrin in seminal fluid quite predominantly originate
from the seminal vesicles and the ampullae. Semenogelin, fi-
bronectin, and lactoferrin are the three predominant proteins
secreted by these glands. The mass concentration of semenogelin
in the seminal vesicle secretion is times that of fibronectin

and oflactoferrin asjudged by the protein pattern on SDS-PAGE
of secretion aspirated from the ducts of the seminal vesicles (1).

The analyses of seminal vesicle-secreted proteins during the
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Figure 3. SDS-PAGE in a 70-120-g/liter
polyacrylamide gel gradient. All samples

^P. were reduced (10 aiM DTT) and carboxy-
methylated jefqre electrophoresis. The
proteins were immunoblotted after com-

pleted electrophQresis against a rabbit

antiserum to blood plasma fibronectin. (1)
Seminal coagulate (1 Ml) washed free of
soluble components; (2) liquefied ejacu-

V!'! late (4 Al) analyzed 2 h after ejaculation;
(3) purified blood plasma fibronectin (1.5
Mg); and (4) purified blood plasma fibro-
nectin (1.5 Mg) that was incubated with

purified PSA (4.5 14g) at 370C and at pH
4 7.8for2h.

immediate postejaculatory phase provided evidence that fibro-
nectin and semenogelin are the predominant structural proteins
of the seminal gel, whereas lactoferrin remains soluble. Chais-
titvanich and Boonsaeng (27) have reported that liquefaction of
the seminal gel occurs after the cleavage of disulfide bonds.
However, their conclusions were not based on any efforts to
simultaneously inhibit the proteolytic activity ofPSA. We have
found that cleavage of non-covalent bonds was sufficient for
the dissolution of the seminal gel structure (1). An absence of
covalent bonds between gel-bound semenogelin and fibronectin
is in agreement with the results presented here and the fact that
neither transglutaminase activity (1) nor immunoreactive Factor
XIII (28) has been detected in the human seminal fluid. This
implies a polymerizing reaction between fibronectin and se-
menogelin that is different from the fibronectin interaction with
fibrin in the secondary stabilization of the fibrin coagulum by
Factor XIIIa. A transglutaminase-mediated covalent linkage oc-
curs as an enhancement reaction ofthe seminal gel constituents
in rodents (29), but the presence offibronectin has not yet been
established in the seminal gel structure of rodents. The results
from immunoblottings ofboth reduced and non-reduced sam-
ples of seminal coagulate, washed free of soluble components,
did not suggest any major occurrence of disulfide linkages be-
tween fibronectin and semenogelin in the gel structure. The im-
mediate conversion of the ejaculate into a gel does not support
a catalyzed sulfhydryl-disulfide interchange reaction between
semenogelin and fibronectin. Components of the prostatic se-
cretion may induce the polymerizing reaction between fibro-
nectin and semenogelin in a manner similar to that of the fi-
bronectin interaction with platelets and fibrin in the primary
haemostasis. The immediate gelation at the ejaculatory mixing
of the glandular secretions suggests a stoichometric interaction
between some of the components. The high content of positively
charged spermine and Zn2+ ions in the prostatic secretion may
cause an opening ofthe fibronectin dimer (30) and the exposure
of a molecular surface reactive towards semenogelin. Immediate
inactivation ofPSA at ejaculation may facilitate the exploration
of the nature of the seminal gelation.

The gradual release of immunoreactive fibronectin into the
seminal fluid during lysis of the gel structure is apparently the
result of progressive cleavage of gel-bound fibronectin. Extensive
proteolytic fragmentation of fibronectin was obtained in model
experiments when fibronectin isolated from blood plasma was
exposed to PSA. Both fibronectin and semenogelin are rapidly
degraded by PSA in the seminal fluid. PSA is one of the three
most abundant proteins in the human prostatic secretion (4).
Our data suggest that the proteolytic activity of PSA is mainly
responsible for the fragmentation of the predominant proteins
of the seminal gel structure.

There are two major types of the fibronectin family, the he-
p4tic and the fibrmblast types (7). The hepatic type circulates
freely in blood, whereas inclusion ofan extra domain consisting
of 90 amino acid residues may account for the decreased solu-
bility of fibronectins made by fibroblasts (31). We were unable
to clearly demonstrate any differences in apparent molecular
weight between the gel-bound seminal fibronectin and blood
plasma fibronectin. Proteolysis of the gel-bound fibronectin may
have concealed a possible difference in molecular weight. Func-
tional domains of the fibronectins account for the binding to
many different biological compounds such as collagen, heparin,
and cell surfaces (7). When the functional domains ofthe cellular
and the hepatic forms offibronectin are compared, the domains
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are found to be very similar, although minor differences in the
sizes ofsome domains have been noted (32-34). The slight dis-
crepancies between the proteolytic fragmentation of fibronectin
in seminal fluid and the fragmentation of blood plasma fibro-
nectin exposed to PSA might suggest a difference between the
blood plasma type of fibronectin and the type of fibronectin
secreted by the seminal vesicles, although this remains to be
established. The hepatic and cellular types of fibronectin both
have potential sperm-coating capacity as each contains one
common cellular binding domain (35, 36). Establishment ofthe
type of fibronectin secreted by the seminal vesicles and the am-
pullae is a complex task that may be elucidated by a combination
of immunochemical and recombinant DNA technology.
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