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Human seminal proteinase and prostate-speciﬁc antigen (PSA) were each isolated from human seminal ﬂuid and
compared. Both are glycoproteins of 32–34 kDa with protease activities. Based on some physicochemical, enzymatic
and immunological properties, it is concluded that these proteins are in fact identical. The protein exhibits properties
similar to kallikrein-like serine protease, trypsin, chymotrypsin and thiol acid protease. Tests of the activity of the
enzyme against some potential natural and synthetic substrates showed that bovine serum albumin was more readily
hydrolysed than casein. The results of this study should be useful in purifying and assaying this protein. Based on
published studies and the present results, the broad proteolytic speciﬁcity of human seminal proteinase suggests a role
for this protein in several physiological functions.
[Waheed A, Hassan Md I, Van Etten R L and Ahmad F 2008 Human seminal proteinase and prostate-speciﬁc antigen are the same protein; J. Biosci.
33 195–207]

1.

Introduction

The presence of proteolytic enzymes in human seminal
ﬂuid and prostate tissue has been known from a long time
(Lilja 1985; Szecsi and Lilja 1993; Takayama et al 1997;
Charlesworth et al 1999; Lwaleed et al 2004; Hassan et al
2007a; Shaw and Diamandis 2007). These proteases are
thought to have a role in the liquefaction of ejaculated semen
(Robert et al 1997) and in facilitating sperm migration
through cervical mucus (Nikolaev et al 1998). Several
of these proteases from human seminal ﬂuid have been
partially puriﬁed and characterized (Sensabaugh and Blake
1990; Robert and Gagnon 1996; Frenette et al 1997; Shibata
et al 1997; Bindukumar et al 2004; Hassan et al 2007a).
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The presence of a similar proteolytic activity has also been
recognized in canine seminal ﬂuid (Gobello et al 2002).
A major protein fraction from human seminal ﬂuid and
prostate tissue was puriﬁed and characterized as the socalled prostate-speciﬁc antigen (PSA) (Chen et al 1997;
Wang et al 2002; Acevedo et al 2006). This protein was
concluded to be a prostate epithelial cell-speciﬁc antigen
and provides the basis of a laboratory diagnostic test for
monitoring prostate cancer (Bhuiyan et al 2004; Tsuchiya
et al 2005). The biosynthesis of PSA in non-prostatic cells
suggested that PSA may have a physiological role to play
in several tissues (Diamandis et al 2000; Waheed and Van
Etten 2001; Rovenska et al 2008). It thus represents an
alternative to measurements of prostatic acid phosphatase
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Abbreviations used: BSA, bovine serum albumin; endo F, endo-β-N-acetylglucosaminidase F; PSA, prostate-speciﬁc antigen; FITC casein,
α-ﬂuorescein isothiocyanate-labelled derivative of casein; MMTS, methylmethane thiosulphonate; pHMPS, p-hydroxyphenylmercurisulphonate; PMSF, 2-phenylmethanesulphonyl ﬂuoride; SDS–PAGE, sodium dodecyl sulphate–polyacrylamide gel electrophoresis; TLCK,
N-p-tosyl-L-lysine chloromethyl ketone; TPCK, N-tosyl-L-phenylalanine chloromethyl ketone
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protein and enzyme activity levels. In attempts to identify
the physiological function of PSA, it was observed that PSA
possesses proteolytic activity (Koistinen et al 2002). Studies
of the primary structure of PSA from human seminal ﬂuid
showed that PSA has a high degree of sequence homology
with serine proteases of the kallikrein family (Clements et al
2004). It was also observed that PSA could slowly hydrolyse
several proteins (Patel et al 2001; Peter et al 1998) and
synthetic protease substrates (Wang et al 1992; Bourgeois
et al 1997; Denmeade et al 1997; Robert et al 1997; Yang
et al 1999; Rehault et al 2001, 2002). Earlier, a kallikreintype serine protease had been puriﬁed and characterized
from human seminal ﬂuid (Frenette et al 1997). The amino
terminal sequence of the kallikrein-type serine protease
appeared identical to that reported for PSA (Yousef et al
1999; Yousef and Diamandis 2001). The primary structure
of human PSA as deduced from the cDNA sequence shows
homology with kallikrein-type serine proteases (Rae et
al 1999). Although the amino acid sequence of the PSA
published by Watt et al (1986) is not in complete agreement
with the results inferred from the cDNA sequence, such
differences have been suggested to be due to allelic
variations (Lundwall et al 2006). The predominant canine
protease from seminal ﬂuid (Kawakami et al 2004) has also
been suggested to be a possible member of the glandular
kallikrein family, based on its partial amino acid sequence
data (Lazure et al 1984).
When the molecular and enzymatic properties of the
partially characterized proteinases of seminal ﬂuid (Robert
and Gagnon 1994; Lovgren et al 1999; Takayama et al
2001; Diamandis et al 2002) are compared with the known
properties of PSA (Diamandis et al 2002; Fichtner et al
1996; Tessmer et al 1995), it raises the possibility that the
proteinase from human seminal ﬂuid is closely related and
perhaps even identical to PSA. To test this possibility, we
carried out puriﬁcation to homogeneity of human seminal
proteinase (Syner and Moghissi 1972) and PSA (Wang et al
1982) according to published procedures, and compared the
physicochemical, enzymatic and immunological properties
of these two proteins. The results of the present study show
that the 32–34 kDa seminal proteinase described in 1972 is
in fact identical to “prostate-speciﬁc antigen”.
2.

Materials and methods

Seminal ﬂuid was obtained in frozen form from Dr Peter
Huber of Kansas Hospital, Basel. Synthetic protease
substrates were obtained from Professor Michael Laskowski
of the Department of Chemistry, Purdue University. Protease
inhibitors, phenylmethanesulphonyl ﬂuoride (PMSF),
methylmethane thiosulphonate (MMTS), p-hydroxyphenylmercurisulphonate (pHMPS), N-tosyl-L-phenylalanine
chloromethyl ketone (TPCK), N-p-tosyl-L-lysine chloroJ. Biosci. 33(2), June 2008

methyl ketone (TLCK) and leupeptin were purchased from
Sigma Chemical Company. All other reagents were of
analytical grade.
2.1

Puriﬁcation of prostate-speciﬁc antigen

The puriﬁcation procedure of PSA followed an established
protocol (Wang et al 1982). Frozen seminal ﬂuid (50
ml) was thawed at room temperature and centrifuged at
15 000 rpm in a Beckman JA-20 rotor for 15 min at 4°C. The
clear supernatant was subjected to fractional precipitation
by ammonium sulphate. The protein precipitate obtained
between 30% and 75% (w/v) saturation of ammonium
sulphate was dissolved in 50 ml of initial buffer (10 mM
Tris-HCl, pH 7.8) and extensively dialysed against the same
buffer. The dialysed protein sample of 52 ml was applied to a
DEAE–Sepharose column of 50 ml volume pre-equilibrated
with initial buffer. The bound protein was eluted with a
gradient of sodium chloride added to the initial buffer at a
ﬂow rate of 30 ml/h and 3.0 ml fractions were collected.
The proteins that eluted with 20–80 mM sodium chloride
were found to be proteolytically active and were pooled and
concentrated by ultraﬁltration using a PM-lO membrane
(Ami con Corp.). Of the protein sample, 1.0 ml (10 mg/ml)
was applied to a calibrated 2.5 × 92 cm Sephacryl S-200
column pre-equilibrated with 100 mM Tris-HCl buffer, pH
7.5. The protein was eluted in 4 ml fractions at a ﬂow rate
of 6.0 ml/h; these were monitored for protein concentration
and protease activity. The fractions showing protease
activity and corresponding to 26–36 kDa on sodium dodecyl
sulphate–polyacrylamide gel electrophoresis (SDS–PAGE)
were pooled and concentrated by ultraﬁltration (Ami con
Corp.). The concentrated PSA preparation was applied to
the same Sephacryl S-200 column and the protein was eluted
while collecting 3 ml fractions at a ﬂow rate of 6.0 ml/h.
The homogeneous PSA preparation was concentrated and
dialysed against initial buffer and stored at 4°C.
2.2

Puriﬁcation of the proteinase

The puriﬁcation procedure of the proteinase from human
seminal ﬂuid was similar to that previously reported
(Syner and Moghissi 1972). Frozen seminal ﬂuid (50 ml)
was thawed at room temperature and centrifuged at 15
000 rpm in a Beckman JA-20 rotor for 15 min at 4°C.
The clear supernatant was dialysed against 5 l of water.
During dialysis some proteins were precipitated, which
were removed by a subsequent centrifugation. The dialysed
seminal ﬂuid was subjected to fractional precipitation with
ammonium sulphate and the fraction precipitating between
40% and 80% (w/v) of saturation was collected. The protein
precipitate obtained was dissolved in 25 mM sodium acetate
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buffer, pH 4.5, and extensively dialysed against the same
buffer. The dialysed protein sample (20 ml) was applied to
a 25 ml column of CM-Sepharose pre-equilibrated with 25
mM sodium acetate buffer, pH 4.5. Extensive washing with
the initial buffer eluted unbound proteins. The bound proteins
were eluted with 200 ml of 40 mM sodium phosphate buffer,
pH 6.1, followed by 200 ml of 50 mM Tris-HCl buffer, pH
7.5 containing 50 mM sodium chloride. The ﬂow rate was
maintained at 30 ml/h throughout the elution. The major
protein fraction was eluted with buffer at pH 6.1. In contrast,
only a small amount of protein was eluted with the buffer
at pH 7.5 and protease activity was not present (Syner and
Moghissi 1972). Therefore, the proteins obtained from the
buffer at pH 6.1 were concentrated by ultraﬁltration and 1
ml of protein sample (10 mg/ml) was applied to a calibrated
2.5 × 92 cm Sephacryl S-200 column that was equilibrated
with 100 mM Tris-HCl buffer, pH 7.5. The protein was
eluted in 4 ml fractions (ﬂow rate 6.0 ml/h), which were
monitored for the presence of protein and protease activity.
The fractions containing protease activity near 26–36 kDa
on SDS–PAGE were pooled, concentrated, and 1.0 ml (10
mg/ml) of the sample was reapplied to the same Sephacryl
S-200 column. Protein fractions with protease activity were
pooled and concentrated. The homogeneous preparation of
proteinase was dialysed against 10 mM Tris-HCl buffer, pH
7.5 and stored at 4°C.
2.3

Protease assay

Enzyme assays were performed in 0.5 ml reaction mixtures
containing enzyme and 100 µg of ﬂuorescein isothiocyanatelinked casein (FITC-casein) or other proteins such as casein,
gelatin, bovine serum albumin (BSA), ovalbumin and
haemoglobin (Sigma Chemical Company) in 50 mM TrisHCl, pH 7.8 or 0.1 M sodium formate pH 3.5 buffers. The
reaction mixture was incubated at 37°C for various times
and the reaction was quenched with 0.5 ml of cold 25% (w/
v) trichloroacetic acid (TCA). The control reaction mixtures
were prepared under identical conditions except that substrate
was added after the reaction mixture was mixed with TCA.
The reaction mixture with TCA was left on ice for 30 min
before it was centrifuged in a microfuge for 6 min at 4°C.
The clear supernatant was used to measure the concentration
of degraded protein using the Lowry procedure (Lowry et
al 1951) or else FITC-peptides were determined by either
measurement of absorbance at 405 nm or by measurement
of ﬂuorescence emission at 535 nm with sample excitation
at 405 nm (Tisljar and Denker 1986). Protease activity was
expressed as µg protein degraded per hour.
The proteolytic degradation of proteins by PSA or
proteinase was also followed by SDS–PAGE under reducing
conditions (Laemmli 1970). In a typical assay, 15 µg of
protein was incubated with 3 µg of PSA or proteinase in
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30 µl of buffer at 37°C. Protease action was stopped by adding
30 µl of twice-concentrated solubilizer and then heating the
mixture at 98°C for 5 min. During the determination of the
pH optimum for PSA or proteinase using BSA as a substrate,
100 mM sodium formate buffers of pHs 2.5, 2.8, 3.0, 3.5
and 4.0; 100 mM sodium acetate buffers of pHs 4.5, 5.0
and 5.5; and 100 mM sodium phosphate buffers of pHs
6.0, 7.0, 7.5 and 8.0 were used. The effects of different
known protease inhibitors were studied. We used 3 mM
of ZnCl2, iodoacetate, and phenylmethylsulphonyl ﬂuoride
(PMSF), 10 mM of EDTA and 1 mg/ml of leupeptin, 1
mM MMTS and pHMPS, 3 mM TPCK and TLCK, 10 mM
β-mercaptoethanol, and 5 mM CaCl2. PSA or proteinase
samples were treated ﬁrst with a protease inhibitor at 27°C for
10 min before the protein substrate was added in the reaction
mixture. The activity of both PSA and proteinase towards
synthetic nitrophenyl ester substrates was determined. The
enzyme concentrations were 1–3 µg/assay volume of 1 ml;
1 mM of synthetic substrates were used in 50 mM Tris-HCl,
pH 7.8. The synthetic substrates were (i) N-succinyl-Lalanyl-L-alanyl-L-prolyl-L-phenyl-alanine-p-nitrocurilide;
(ii) N-succinyl-(L-alanyl)3-p-nitrocurilide; (iii) N-succinylL-alanyl-L-alanyl-L-prolyl-L-valine-p-nitroanilide; and (iv)
N-succinyl-L-glycyl-L-prolyl-L-lysine-p-nitroanilide. The
enzyme activity was determined by measuring the release of
p-nitrophenol at 405 nm in a Beckman Acta V Spectrometer.
The extinction coefﬁcient of p-nitroaniline at 405 nm is
(ε = 8270 M–1 cm–1).
2.4

Determination of protein concentration

Generally, the protein concentration was determined by the
Lowry procedure using BSA as a standard protein (Lowry
et al 1951). The protein concentration of homogeneous PSA
or proteinase was also determined using their absorption
coefﬁcient, E1%1cm at 280 nm.
2.5

Calibration of the gel-ﬁltration chromatography

A 2.5 × 92 cm column of Sephacryl S-200 (Pharmacia
Fine Chemicals Co.) was packed and equilibrated with
100 mM TrisHCl buffer, pH 7.5 at 4°C. The column was
calibrated using BSA (68 kDa), ovalbumin (43 kDa) and αchymotrypsinogen (25.7 kDa). This calibrated column was
used during puriﬁcation and for determination of molecular
mass of the native PSA or proteinase.
2.6

Ion-exchange chromatography

A 10 ml DEAE–Sepharose column was packed and
equilibrated with the initial buffer, 10 mM Tris-HCl, pH
7.8. The homogeneous preparations of PSA or proteinase
J. Biosci. 33(2), June 2008
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were extensively dialysed against this buffer before the
chromatographic run. Unbound proteins were eluted with
3–4 bed volumes of the initial buffer. The bound proteins
were eluted with the initial buffer containing 10, 30 and 80
mM sodium chloride in a step-wise gradient. The fractions
were monitored at 280 nm for the protein.
2.7

2.10 Amino terminal sequence determination
PSA and proteinase (30 nmol) were reduced and alkylated
with 4-vinylpyridine (Aldrich Chemical Co.). The protein
samples were sequenced according to a method already
described (Mahoney et al 1981), using a Beckman Model
890-C automated sequencer.

Gel electrophoresis
2.11 Peptide mapping

Polyacrylamide gel electrophoresis of the native proteins
was performed in a slab gel assembly using 8% (w/v)
acrylamide and 0.02% (w/v) bisacrylamide in the separating
gel, and 6% acrylamide and 0.16% (w/v) bisacrylamide
in the stacking gel. The gel buffer was 0.375 M Tris-HCl,
pH 8.8. The electrode buffer was 25 mM Tris-HCl, pH
8.3 containing 0.192 M glycine. SDS–PAGE was carried
out using 10% acrylamide and 0.26% (w/v) bisacrylamide
(Laemmli 1970). The polypeptides were stained with
Coomassie blue for the protein, and with fuchsin sulphite
reagent for carbohydrate (Mcguckin and Mckenzie 1958).
The molecular mass standard proteins (Bethesda Research
Laboratories) were high molecular mass prestained proteins
containing myosin, 200 kDa; phosphorylase B, 95 kDa;
BSA, 68 kDa; ovalbumin, 43 kDa; α-chymotrypsinogen,
25.7 kDa; β-lactoglobulin, 18.4 kDa; and cytochrome c,
12.3 kDa, while the low molecular mass prestained proteins
contained ovalbumin; α-chymotrypsinogen; β-lactoglobulin;
lysozyme, 14.3 kDa; cytochrome c; bovine trypsin inhibitor,
6.2 kDa; and insulin, 3.0 kDa.
2.8 Spectral measurements
Light absorption measurements in the ultraviolet region
were made in a Beckman Acta V Spectrophotometer using
a 1 cm quartz cuvette. Fluorescence spectra were recorded
on a Perkin–Elmer MPF-44A ﬂuorescence spectrometer.
Excitation and emission slit widths were kept constant at 6
nm. Excitation with protein samples was conducted at 280
nm and the wave length of emission was 345 nm.
2.9

Carbohydrate determination and amino acid analysis

The reduced and alkylated protein samples (100 µg)
together with 20 nmol of norleucine as an internal standard
were subjected to acid hydrolysis under vacuum using 6 N
HCl at 100°C for 12, 24 and 48 h. The hydrolysed samples
were analysed using a Beckman 7300 amino acid analyser.
The number of residues per molecule was calculated by an
integer-ﬁt method (Twining 1984). The amino acid residues
were corrected for decomposition. The total carbohydrate
content was determined by a modiﬁed Winzler phenol–
sulphuric acid method (Francois et al 1962).
J. Biosci. 33(2), June 2008

Peptide mapping of proteins by limited proteolysis in SDS
was performed as described (Cleveland et al 1977). PSA or
proteinase (15 µg) in 25 µl of 125 mM Tris-HCl, pH 6.8
containing 0.5% (w/v) SDS was denatured ﬁrst by heating at
98°C for 5 min. Staphylococcus aureus V8 protease (Miles
Laboratories) 4 µg in 4 µl was mixed with the protein samples
and incubated at 37°C for the required time. The reaction
was quenched by adding 30 µl of Laemmli solubilizer and
heating at 98°C for 5 min. The protein samples were then
subjected to SDS–PAGE (Laemmli 1970).
2.12 Antiserum production
An antiserum against homogeneous PSA was raised in
a rabbit starting with an initial subcutaneous injection at
ﬁve sites of 100 µg PSA in complete Freund adjuvant
(Miles Laboratories). A second injection of 100 µg PSA
in complete Freund adjuvant was given one week later.
The animal was then immunized twice more at weekly
intervals with a similar amount of PSA in incomplete
Freund adjuvant. The ﬁrst bleeding was performed a week
after the fourth injection and the animal was bled twice a
week. Sera were collected by centrifugation and stored at
–20°C. The titre of the antiserum was 0.18 mg pure PSA per
ml of serum.
2.13

Immunodiffusion and immunoblotting

Gel diffusion was performed as described (Ouchterlony
1958), using homogeneous PSA and proteinase from
human seminal ﬂuid. The precipitin lines were stained
with Coomassie blue. Immunoblotting of the PSA and
proteinase was carried out as described (Waheed and
Van Etten 1986). The protein samples (5 µg) were ﬁrst
subjected to SDS–PAGE. The polypeptides from the gel
were transferred electrophoretically to nitrocellulose strips
(Schleicher and Schuell, Keene, NH) as described (Burnette
1981), using 25 mM glycine and 25 mM ethanolamine in
20% (v/v) ethanol buffer. The polypeptides were visualized
using rabbit anti-PSA antiserum as a primary antibody and
peroxidase-conjugated goat anti-rabbit immunoglobulin G
(Miles Laboratories) as a second antibody.
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Results and discussion

Preparations of PSA and the proteinase showed similar
proﬁles on elution from the Sephacryl S-200 column
(ﬁgure 1). Both proteins eluted with similar elution volumes,
and the protease activity and absorbance at 280 nm were
superimposable. The apparent molecular masses of PSA
(ﬁgure lA) and proteinase (ﬁgure 1B), as calculated from
the respective elution volumes, were both found to be 34
kDa. When apparently homogeneous preparations of PSA or
proteinase were applied to the DEAE–Sepharose column preequilibrated in 10 mM Tris-HCl, pH 7.8, PSA was completely
retained (ﬁgure 2A) and only trace amounts of proteinase
were eluted in the breakthrough (ﬁgure 2B). Elution of the
bound proteins with a step-wise gradient of sodium chloride
resulted in similar elution proﬁles for both proteins. The
majority of the proteins were eluted by approximately 80 mM
sodium chloride in 10 mM Tris–HCl, pH 7.8. In each case,
early elution of some activity suggested that the PSA and the
proteinase preparations were not homogeneous with respect
to charge. Similar observations have been made for PSA
(Wang et al 1982). This was conﬁrmed by electrophoresis of
the native PSA and proteinase (ﬁgure 3). The electrophoretic
patterns showed striking similarities and both protein
preparations contained at least three charge isomers. Wang et
al (1982) observed that PSA in seminal ﬂuid shows several
isomers in preparative isoelectric focusing. Hara et al (1971)
puriﬁed γ-seminoprotein from human seminal ﬂuid. It has
an isoelectric point of 6.9, similar to that of PSA (Wang et
al 1982). Moreover, γ-seminoprotein shows six or seven
bands on SDS–PAGE, including one band corresponding
to a molecular mass similar to that of PSA. The apparent
molecular mass of γ-seminoprotein is 23 kDa (Hara et al
1971). Clinical studies (Kuriyama et al 1986; Siddall et al
1986) where PSA and γ-seminoprotein have been monitored
in normal individuals and those with prostate cancer suggest
a correlation between these marker proteins (Petraki et al
2006). Indeed, γ-seminoprotein appears to be identical to
PSA (Lundwall and Lilja 1987; Schaller et al 1987; Wang
et al 1982).
The purity of the protein preparations was checked on
SDS–PAGE in the presence and absence of β-mercaptoethanol
(ﬁgure 4). In the presence of mercaptoethanol, both PSA and
proteinase were found to migrate with a major polypeptide
mass of 32 kDa. Some minor polypeptides of 23 and 25 kDa
were also observed (data not shown). The appearance of low
molecular mass polypeptides (23 and 25 kDa) may be due
to proteolytic nicking or the partial reduction of disulphide
bridges. The presence of disulphide bridges constrained the
conformation of polypeptides resulting a higher relative
mobility in gel electrophoresis, thereby showing a lower
apparent molecular weight (Sahagian and Neufeld 1983).
Although SDS–PAGE is often used to measure apparent

Figure 1. Elution proﬁle of prostate-speciﬁc antigen (PSA)
and proteinase from a Sephacry1 S-200 column. Puriﬁed PSA
(A) or proteinase (B) were applied on a 2.5 × 92 cm column preequilibrated with 100 mM Tris-HCl buffer, pH 7.8 and eluted in
3 ml fractions. The protease activity at 660 nm (○—○) and the
protein concentration at 280 nm (●—●) were measured.

molecular mass, the occurrence of anomalous molecular
weights has been reported (Weber and Osborn 1975;
Tanford and Reynolds 1976). Interestingly, in the absence
of a reducing agent, both proteins migrated as a single
polypeptide of 23 kDa, suggesting that the polypeptides of
proteinase and PSA are highly cross-linked due to disulphide
bridges. The possibility of proteolytic nicking cannot be
ruled out; endoproteolytic cleavage sites in homogeneous
PSA preparations at arginine-85, lysine-148 and lysine-185
have been characterized (Watt et al 1986).
The absorption coefﬁcients (E1%
at 280 nm) of
1cm
homogeneous PSA and proteinase were determined to be 7.8
and 8.2, respectively. The relative ﬂuorescence intensity of
both proteins was approximately 0.92. These results suggest
that the chromophoric residues such as the amino acids
tyrosine and tryptophan are in similar environments in these
proteins.
J. Biosci. 33(2), June 2008
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Figure 2. Elution proﬁle of prostate-speciﬁc antigen (PSA) and proteinase from a DEAE–Sepharose column. Homogeneous preparations
of PSA (A) or proteinase (B) were applied on a 10 ml column preequilibrated with 10 mM Tris-HCl buffer, pH 7.8. The bound protein
was eluted with step-wise gradients of sodium chloride. Arrows indicate the mM concentration of NaCl. Absorbance of each fraction was
monitored at 280 nm (—).

Figure 3. Polyacrylamide gel electrophoresis of the native
proteins. Prostate-speciﬁc antigen (PSA) (1) and proteinase (2);
20 µg of each protein was subjected to electrophoresis.

The results of amino acid analysis of PSA and proteinase
are given in table 1. We have observed that the amino acid
composition of both proteins is, within experimental errors,
identical. Our results with PSA are in good agreement with
J. Biosci. 33(2), June 2008

Figure 4. SDS–PAGE of prostate-speciﬁc antigen (PSA)
(1) and proteinase (2); 10 µg of each protein was subjected
to electrophoresis in the presence (+) and absence (–) of βmercaptoethanol. The molecular mass standards (S) are described
in Materials and methods. The apparent molecular weights of the
polypeptides are marked.

an earlier study (Bindukumar et al 2004). The carbohydrate
content of PSA and proteinase were determined to be
7.3% and 5.1%, respectively, in agreement with earlier
reports of the carbohydrate content of PSA (Belanger
et al 1995; Ohyama et al 2004). Proteinase preparations
appeared to have slightly lower carbohydrate content, as
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suggested by fuchsin sulphite staining of the polypeptides.
When proteinase or PSA was treated with endo-β-Nacetylglucosaminidase F (Endo F) the polypeptide of 32
kDa was reduced to 20 kDa and the low molecular weight
polypeptide did not stain with fuchsin sulphite reagent.
From this one might estimate that PSA and the proteinase
contain as much as 36% carbohydrate. However, the
carbohydrate content is, in fact, much lower (only 5–7%),
consistent with the conclusion that the molecular weight
of the deglycosylated polypeptide is underestimated due
to anomalous electrophoretic mobility in SDS–PAGE. The
molecular weight due to the polypeptide of PSA and proteinase
may be calculated to be 26 496 and 26 089, respectively, from
the primary structures (Belanger et al 1995; Malm and Lilja
1995). The apparent molecular mass calculated from the
amino acid composition of isolated PSA and proteinase was
approximately 30 kDa (within experimental error), which is
similar to the reported values (Belanger et al 1995; Stamey
et al 1995). It should be noted that newly synthesized PSA
in human epidermoid carcinoma (KB) cells, after treatment
with Endo F, migrated as a 29 kDa polypeptide (Waheed and
Van Etten 2001). The similarity between these proteins was
further supported by peptide mapping of PSA and proteinase
using V8 protease. The results are shown in ﬁgure 5. It is clear
that both proteins release identical polypeptides upon partial
proteolytic degradation by V8 protease. The homogeneous
preparations of PSA and proteinase were subjected to amino
terminal sequencing (table 2). Both proteins had Ile as the
N-terminal amino acid and their partial amino-terminal
sequences were identical. This result is similar to the results
presented earlier for PSA (Ban et al 1984; Watt et al 1986;
Malm et al 2000) and a kallikrein-like serine protease (Yousef
and Diamandis 2001; Clements et al 2004).
Enzymatic characterization of the proteins was performed
using several proteins and synthetic substrates such as
N-succinyl-L-alanyl-L-alanyl-L-prolyl-L-phenyl-alaninep-nitroanilide, N-succinyl-(L-alanyl) 3-p-nitroanilide and
N-succinyl-L-alanyl-L-alanyl-L-prolyl-L-valine-pnitro-anilide. Synthetic substrate selection was based on
kallikrein protease speciﬁcity with basic amino acid and
non-speciﬁc proteases for hydrophobic amino acid speciﬁcity. When casein and gelatin were used as substrates,
PSA and proteinase showed proteolytic activity at pH 7.5.
However, the blank was very high. The pH dependence of
the proteolytic activity measurements against casein could
not be adequately measured because casein had a tendency
to aggregate below pH 5.0. Thus, we used BSA as a substrate
for PSA and the proteinase. The rate of hydrolysis of BSA
and casein was determined (table 3). BSA was degraded 3–4
times faster at pH 3.5 than at pH 7.5 by both the proteins
(ﬁgure 6). The rate of degradation of casein at pH 7.5 was
similar to the rate of degradation of BSA at pH 7.5. In search
of a better protein substrate, we compared human prostatic
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Table 1. Amino acid composition of prostate-speciﬁc antigen
(PSA) and proteinase from human seminal ﬂuid
Amino acid

PSA

Proteinase

PSA*

Asp

20

20

16

Thr

14

13

13

Ser

19

23

19

Glu

27

35

23

Pro

17

13

16

Gly

22

20

20

Ala

13

11

12

Cys

9

7

10

Val

20

17

22

Met

2

2

5

Ile

8

10

8

Leu

24

21

26

Tyr

5

5

5

Phe

7

5

5

His

11

11

12

Lys

15

18

11

Arg

10

8

10

Trp

ND

ND

7

Total residues
Molecular weight
due to amino acids

243

239

240

30 693

30 418

26 496

ND: not determined.
*Residues per 240 total residues.

Table 2. N-terminal amino acid sequence of PSA and seminal
proteinase*
PSA

Ile - Val - Gly - Gly - Trp - Glu

Proteinase

Ile - Val - Gly - Gly - * - Glu

*Uncertain.

acid phosphatase, ovalbumin, BSA, haemoglobin, casein
and gelatin with respect to hydrolysis by PSA at pH 3.5
(ﬁgure 6). Surprisingly, only BSA was degraded under these
conditions (lane 4). Casein and gelatin were poorly stained
with Coomassie blue. Therefore, BSA was selected to study
the pH optimum and rate of hydrolysis by PSA and the
proteinase. Typical pH optimum results are shown in ﬁgure
7. It is evident that proteinase (PSA) shows an optimum
protease activity towards BSA near pH 3.5. This result
differs from the earlier results for the pH optimum of PSA
(Ban et al 1984) or proteinase (Syner and Moghissi 1972)
against casein. The rate of hydrolysis of BSA at pH 3.5 by
PSA or proteinase was studied and the results are shown in
ﬁgure 8. When a protein substrate to protease ratio of 5:1 was
used in the reaction mixture, more than 90% of the native
J. Biosci. 33(2), June 2008
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Figure 6. Hydrolysis of different proteins. Protein samples
consisting of 15 µg of gelatin, 1; casein, 2; haemoglobin, 3; bovine
serum albumin, 4; ovalbumin, 5; and prostatic acid phosphatase, 6
were incubated with (+) or without (–) 3 µg of seminal proteinase
(or prostate-speciﬁc antigen [PSA]) in 100 mM sodium formate
pH 3.5 buffer at 37°C for 1 h. The samples were subjected to
SDS–PAGE. The apparent molecular weight of standard proteins
(S) is marked.
Figure 5. Peptide maps of prostate-speciﬁc antigen (PSA) and
seminal proteinase. Protein samples containing 15 µg of PSA (1)
and proteinase (2) were treated with 4 µg of V8 protease for 30 min
(A) or 9 h (B) at 37°C. The reaction mixture was then subjected to
SDS–PAGE. The low molecular weight standard proteins (S) are
described in Materials and methods.

BSA was degraded in 1 h resulting in polypeptides of 47, 35,
20 and 14 kDa. The proteolytic activity of PSA or proteinase
was studied using several synthetic substrates in 100 mM
Tris-HCl buffer, pH 7.8 at 37°C. PSA or proteinase showed
limited activity towards N-succinyl-L-alanyl-L-alanylL-prolyl-L-phenyl-alanine-p-nitroanilide,
N-succinyl-(Lalanyl)3-p-nitroanilide and N-succinyl-L-alanyl-L-alanylL-prolyl-L-valine-p-nitroanilide. Activity of PSA and the
proteinase towards N-succinyl-L-glycyl-L-prolyl-L-lysine-pnitroanilide was three times higher than those with the other
synthetic substrates. BSA is clearly a useful substrate, and
derivatives and cleavage products of BSA should be further
explored in the search for more convenient assays.
Since the reported effects of different protease inhibitors
did not agree (Ban et al 1984; Leinonen et al 1996; GallardoWilliams et al 2003; Kobayashi et al 2005), we checked the
effect of different protease inhibitors on PSA or proteinase
activity using casein as a substrate at pH 7.5 and BSA as a
substrate at pH 3.5. When casein was used as a substrate
J. Biosci. 33(2), June 2008

Figure 7. Effect of pH on the hydrolysis of bovine serum albumin
by seminal proteinase. Albumin, 15 µg was incubated for 4 h with
3 µg of seminal proteinase (or prostate-speciﬁc antigen [PSA]) in
water alone (1) or in buffer of pH 2.5, 2.8, 3.0, 3.5, 4.0, 4.5, 5.0,
5.5, 6.0, 7.0, 8.0 or 9.0 (lanes 2–13, respectively) all at 37°C. The
samples were analysed by SDS–PAGE.
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Figure 9. Effect of different protease inhibitors on the hydrolysis
of bovine serum albumin by seminal proteinase. Proteinase samples
(3 µg in 100 mM sodium formate, pH 3.5 buffer) were incubated
for 10 min with water alone (1); 5 mM Zn+2 (2); 5 mM Ca2+ (3); 5
mM p-mercaptoethanol (4); 5 mM PMSF (5); 5 mM iodoacetate
(6); 5 mM EDTA (7); 3 mM TPCK (8) or 3 mM TLCK (9) and
then 15 µg of bovine serum albumin was added and the mixtures
incubated for 12 h at 37°C. The reaction was quenched by adding
solubilizer for SDS–PAGE.
Figure 8. Rate of hydrolysis of bovine serum albumin at pH 3.5
by seminal proteinase (or prostate-speciﬁc antigen [PSA]). Serum
albumin (150 µg) was incubated with 27 µg of seminal proteinase
in 100 mM sodium formate buffer, pH 3.5 at 37°C. Aliquots of
the reaction mixture containing 15 µg of albumin were removed
at 0 min (1); 10 min (2); 30 min (3), 60 min (4); 2 h (5); 3 h (6)
and 4 h (7), and subjected to SDS–PAGE. The apparent molecular
weights of the polypeptides due to serum albumin and proteinase
are marked.
Table 3. Proteolytic degradation of bovine serum albumin (BSA)
and casein by prostate-speciﬁc antigen (PSA) and proteinase*
Protein substrate

PSA

Proteinase

BSA

pH 7.5

82

82

pH 3.5

233

302

Casein

pH 7.5

102

99

pH 3.5

ND

ND

*Expressed as g protein degraded per h per mg of protease.
ND: not determined due to casein precipitation.

at pH 7.5, 3 mM Zn+2, iodoacetate or PMSF were found to
be inhibitors but TPCK and TLCK did not inhibit enzyme
activity. However, when BSA was used as a substrate at pH
3.5, PSA or proteinase was not inhibited by 5 mM Zn2+ while
PMSF, iodoacetate, TPCK and TLCK (3 mM) did inhibit
the proteolytic enzyme activity. The results of a typical
experiment are shown in ﬁgure 9. There was no effect of

Figure 10. Immunological characterization of prostate-speciﬁc
antigen (PSA) and seminal proteinase. Immunodiffusion (A) of
buffer alone (1); PSA (2); proteinase (3); PSA (4); proteinase (5);
PSA (6) against rabbit anti-human seminal ﬂuid PSA antiserum
(central well) was carried out at 37°C. Immunoblotting (B) of
PSA (1); proteinase (2); PSA + proteinase (3) was performed using
rabbit anti-PSA antiserum as a primary antibody. The apparent
molecular weight of the polypeptide is marked.
J. Biosci. 33(2), June 2008
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5 mM Ca2+ or p-mercaptoethanol but 10 mM EDTA did
inhibit PSA activity at pH 3.5. Several thiol protease
inhibitors such as leupeptin, MMTS and pHMPS at 1 mM
concentration were able to completely inhibit PSA and the
proteinase when BSA was used as a substrate at pH 3.5.
Finally, we compared the immunological similarity
between PSA and proteinase using rabbit anti-PSA
antiserum. The results of immunodiffusion, as shown in
ﬁgure 10A, show that PSA and proteinase gave a single
precipitin line and that the precipitin lines from both proteins
were fused without any sign of spurs. This result indicates
that proteinase is immunologically identical to PSA. The
immunoblotting results with both proteins shown in ﬁgure
10B reveal that PSA and proteinase share an apparently
identical polypeptide of 32 kDa and the proteinase
polypeptide cross-reacted with rabbit anti-PSA antiserum.
4.

Conclusion

The results presented here demonstrate that the preparations
of proteinase (Syner and Moghissi 1972) from human
seminal ﬂuid are identical to PSA (Wang et al 1982).
Therefore, homogeneous preparations of proteinase or PSA
correspond to a glycoprotein of 32–34 kDa that possesses
proteolytic activity. From the results, including amino
terminal sequence, proteolytic activity and sensitivity
towards different protease inhibitors, we conclude that
proteinase and PSA share kallikrein-like serine protease
(Lilja 1985), trypsin and chymotrypsin-like (Watt et al
1986) and thiol acid protease-like (Gal and Gottesman
1986) activities. Such a broad speciﬁcity of the proteinase
is consistent with proposals that it has an important role in
a variety of physiological phenomena such as liquefaction
of semen (Lwaleed et al 2004), facilitating sperm migration
through cervical mucus (Nikolaev et al 1998) and increasing
vascular permeability (Lwaleed et al 2004). The ability
of PSA to cleave serum albumin provides information
on the development of a selective inhibitor of PSA based
on albumin cleavage peptides as performed for chymase
(Raymond et al 2003). However, the protein is not speciﬁc
to the prostate (Waheed and Van Etten 2001). Moreover, this
protein has already been known for some time as seminal
proteinase. In order to more fully explore the precise role
and structure of seminal proteinase or PSA, a predicted
model structure has been published recently (Hassan et
al 2007b); however, crystallization and X-ray diffraction
studies are currently under investigation.
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