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SUMMARY

The aims of the study were 1/ to isolate and identify equine seminal plasma 
proteinase inhibitors, 2/ to evaluate their inhibitory potential, and 3/ to test 
a correlation between protein concentration in seminal plasma supernatant 
(obtained after precipitation with 36% ammonium sulfate) and stallion 
sexual maturity. Seminal plasma proteins obtained from six stallions were 
chromatographed in a Superose 12 (FPLC system) column followed by C18 

HPLC reverse-phase. Inhibition of trypsin amidase activity was evaluated in 
the collected fractions. Active proteins with a molecular mass of 6.3-7.0 kDa 
were identified using mass spectrometry. The older stallions showed a re-
duction in total seminal plasma protein concentration, but had similar con-
centrations of proteinase inhibitors (0.28+0.10 mg/ml) in seminal plasma 
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supernatant. Different proteinase inhibitor isoforms were found in semen 
of all stallions which suggests that the isoforms may be used as biomarkers 
of individual animals. Reproductive Biology, 2009 9 2: 151–160.
Key words: serine-proteinase inhibitor, seminal plasma, stallion, sexual 
maturity, equine

INTRODUCTION

Spermatozoa acquire the ability to fertilize an egg during a complex, se-
quentially-ordered process known as post-testicular sperm maturation [21]. 
Some seminal proteins are serine-proteinase inhibitors which are important 
natural tools for regulating the proteolytic activity of their target proteinase 
or for signaling receptor interactions [2, 16]. Proteinase inhibitors have been 
discovered and characterized [2] in seminal plasma of bulls [14], mice [13] 
and guinea pigs [20].

The study of seminal plasma proteinase inhibitors may help to understand 
the changes that occur in protein functions and protein-protein interactions. 
The latter phenomena can modulate sperm functions such as hyperactivation 
and acrosome reaction [1, 16]. Proteinase inhibitors – acting as decapacitat-
ing factors [3] – may prevent in vitro sperm penetration of zona pellucida in 
mammals [6, 9]. Since these inhibitors bind to the sperm acrosomal region, it 
is suggested that they may play a role in the fertilization process [13]. The aims 
of the study were 1/ to isolate and identify equine seminal plasma proteinase 
inhibitors, 2/ to evaluate their inhibitory potential, and 3/ to test a correlation 
between protein concentration in seminal plasma supernatant (obtained after 
precipitation with 36% ammonium sulfate) and stallion sexual maturity.

MATERIALS AND METHODS

Animals. Ejaculates of six stallions (5-20 years old) were collected using 
an artificial vagina (model “Hannover”). Semen samples were evaluated 
for progressive motility with a bright field microscopy (100×). Ejaculates 
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containing a minimum of 50% of spermatozoa with progressive motility 
were used in the study. All samples were cooled to +5ºC with a cooling rate 
of 1°C/min; such a rate does not induce a cold-shock effect [11, 15].

Protein purification. In order to obtain seminal plasma proteins, semen 
was centrifuged for 30 min at +4ºC (600×g). Then, the supernatant was 
brought to 36% (wt/vol) saturation with solid ammonium sulphate adjusted 
to pH 2.0 with 6N HCl, stirred for 30 min, and allowed to stand at 0ºC for 
30 min [14]. The samples were centrifuged again (600×g, 4ºC, 30 min), the 
supernatant was dialyzed for 48 h against several volumes of 0.5% acetic acid 
using exclusion membrane 1000 Da, and then lyophilized. The lyophilized 
protein samples were dissolved in 500 µl of 25 mM Tris-HCl (Sigma, USA) 
buffer, pH 7.4. Protein concentration was measured with Coomassie Bril-
liant Blue BG-250 [4].

Trypsin inhibitors were further purified by gel filtration chromatogra-
phy using a Superose 12 HR 10/30 column equilibrated with 25 mM Tris-
HCl, pH 7.4 in a fast performance liquid chromatography (FPLC-system). 
The fractions containing trypsin inhibitory activity were then applied to 
a reverse-phase C18 column Shim-pack CLC-ODS (M) and subjected to 
a reversed phase high performance liquid chromatography (RP-HPLC). Fol-
lowing the RP-HPLC, the inhibitors were identified in a mass spectrometer 
(Q-Tof Micromass) containing an electrospray interface (ESI-MS) and data 
handling system (Masslink 3.5). Aliqouts (20 µl) of trypsin inhibitor frac-
tions were added to a solvent mixture of water/acetonitrile 50/50 (V/V) plus 
0.1% formic acid; up to 25-50 µmol of protein was analyzed. Samples were 
injected directly into the electrospray source via a loop injector at a solvent 
flow rate of 10 ml/min. The data were collected using the capillary voltage 
of 2000 V and sample cone voltage of 15.0 V.

Proteinase inhibitory activity. Trypsin activity was used to evaluate 
proteinase inhibitory activity. The trypsin activity was assessed spec-
trophotometrically (UV-visible recording spectrophotometer Shimadzu-
160A) at 410 nm using a synthetic substrate N-alpha-benzoyl-DL-arginine 
p-nitroanilide (BAPNA) in 25 mM (Tris-HCl), pH 7.4 at 37ºC. Each 1 ml 
assay contained 3 µg/ml trypsin, 55 µM DL-BAPNA, and various amounts 
of buffered supernatant protein fractions [3, 21].
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Statistical analysis. The linear regression between seminal plasma pro-
tein concentration and stallion age (fig. 1) was calculated.

RESULTS

Regression between protein concentration and stallion age. After treatment with 
36% of ammonium sulfate, the Bradford [4] assay was used to determine the 
seminal plasma supernatant protein concentration. A negative regression was 
found between stallion age and supernatant protein concentrations (fig. 1).

Gel filtration of proteinase inhibitors. After determination the seminal 
plasma supernatant protein, seminal plasma samples were submitted to gel 

Figure 1. Regression between protein concentration in seminal plasma supernatant 
after ammonium sulfate precipitation and stallion age; regression equation: Y=A+Bx; 
parameters (value, error): A=92.52, 5.64; B=-4.283, 0.459; R2=0.978; p<0.001
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filtration (Superose 12) chromatography in FPLC-system. Twelve fractions 
were collected and the proteinase inhibitor activity was found in fractions 
7, 8 and 9 with an inhibition of app. 97% (fig. 2). This was observed in all 
studied animals. Protein concentrations in the combined fractions 8 and 9 

Figure 2. Fast performance liquid chromatography (FPLC) of stallion seminal 
proteins using a Superose 12 gel filtration column. Absorbance at 280 nm is pre-
sented as a line and the peaks represent different proteins; trypsin of inhibitory 
activity (mean±SD) is presented as bars.

Table 1. Protein concentration after gel filtration in combined fractions No. 8 and 9

Animal Age (years) Protein concentration (mg/ml)
1 14 0.27
2 5 0.25
3 20 0.45
4 5 0.13
5 14 0.30
6 8 0.26
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showed individual variability (tab. 1), however, the trypsin inhibitor con-
centration was similar in each stallion (0.28+0.10 mg/ml).

HPLC chromatography of proteinase inhibitors. The fractions contain-
ing trypsin inhibitors (fractions 8 and 9) were combined and applied to 
a reverse phase C18 column in order to obtain a sample of high purity. Four 
protein fractions were obtained (fig. 3), and the percentage of peak area and 
inhibitory activity are presented in Table 2.

Figure 3. Reverse-phase high performance liquid chromatography (RP-HPLC) of 
combined fractions 8 and 9 obtained after gel filtration (see: fig. 2). Elution was 
carried out with a linear gradient of 0-80% acetonitrile/0.1%TFA for 50 minutes. 
The dotted line represents acetonitrile gradient.

Table 2.  Characterization of protein fractions obtained by RP-HPL chromatography

Retention 
time (min)

Fraction 
number

Peak area 
(%)

Trypsin  
inhibition (%) Inhibition/peak area

23.45 F1 17.5 97 5.54

26.21 F2 64.2 50 0.78

27.01 F3 13.9 34 2.45

28.62 F4    4.4 20 4.54
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Mass spectrometry results. The ESI-MS spectra showed two distinct 
distribution patterns of ion peaks. The presence of one or two trypsin in-
hibitors of the F1 fraction seminal plasma is shown in Table 3; each stallion 
contained inhibitors of different molecular masses in seminal plasma.

DISCUSSION

In the present study, a negative regression between stallion age and semen 
supernatant protein concentration was found. According to Strzezek et al. [17], 
there are qualitative changes in protein profiles of boar seminal plasma in rela-
tion to age and quantitative changes in response to variation of physiological 
processes. In 4.5 year-old stallions, the biochemical components of the seminal 
plasma such as glycerylphosphorylcholine, ergothioneine and total protein are 
significantly lower than those of mature stallions [12, 18]. Therefore, the varia-
tion in protein concentration observed in the present study might be related to 
changes in seminal plasma components during equine sexual maturation.

The proteinase inhibitor was identified in seminal plasma of boars [10], 
bulls [14] and stallions [5]. A protein complex displaying proteinase inhibitory 
properties (800 kDa) and composed of different polypeptides (11 to 30 kDa) 

Table. 3. Molecular mass (Da; mean±SD) of trypsin inhibitors of the F1 fraction 
detected by mass spectrometry (ESI-MS) in individual stallions

Stallion Ion peaks detected by ESI-MS

1 6925.14+0.02 ------

2 6772.65+0.14 7227.48+0.38

3 6732.42+0.01 7030.19+0.50

4 6372.75+0.03 7226.93+0.55

5 6372.71+0.05 7029.42+0.39

6 6372.26+0.55 ------

F1 fraction was obtained after RP-HPLC; only one sample from each of the six animals was used 
for mass spectrometry evaluation
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was observed by Fillenberge et al. [5] in horse seminal plasma. The same 
authors reported the presence of a proteinase (6.5 kDa) trypsin inhibitor. The 
present study, using mass spectrometry, showed the presence of numerous 
proteinase inhibitors characterized by a variation in molecular mass (6.3-7.0 
kDa). The numerous peaks observed after chromatography suggest the pre- 
sence of proteinase inhibitor isoforms. The protein variability may be related 
to the sexual maturation process [17] since proteomic changes may generate 
different isoforms during this process [8]. Thus, this suggests the possibility 
to use proteinase inhibitors as biomarkers of stallion semen quality [7].

Some serine proteinase inhibitors bind to the acrosomal region of the sperm, 
and their release during in vitro or in utero incubation suggests that they may 
play a role in the fertilization process [13, 19]. Further studies are necessary 
to evaluate the role of the inhibitors in the fertilization process as well as to 
elucidate mechanisms related to their production and structural changes.
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