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~-Microseminoprotein was very efficiently purified from human seminal plasma with only three 
steps including DEAE-Sephacel and Zinc-chelate Sepharose CL-6B column chromatography. 
The purified protein was a non-glycoprotein with a molecular weight (Mr) of 19,000 and 17,000 
on gel filtration and reduced SDS--PAGE, respectively. The protein gave six bands from M~ 
15,600 to 25,500 on non-reduced SDS-PAGE. The characterization including the molecular 
weight, amino acid sequence of N-terminus and concentrations in various body fluids is discussed. 
Furthermore, the immunohistochemical localization of the protein among various human tissues 
is demonstrated. 
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INTRODUCTION 

fl-Microseminoprotein (fl-lnhibin, prostatic 
secretory protein of 94 amino acids) is a protein 
which has been reported to suppress the hypo- 
physeal release of FSH but not that of LH 
(Sheth et al., 1984; Seidah et al., 1984; Shah 
et al., 1991). Immunocytochemical studies 
revealed that the protein was strongly demon- 
strated in the prostatic gland (Doctor et al., 
1986; Sathe et al., 1987; Weiber et al., 1990), and 
was also present on the surface of sperm as a 
coating protein (Tsuda et al., 1982; Johansson 
et al., 1984). Kharbanda et al., (1991) reported 
that the cultured epithelial cells of rat prostatic 
gland secreted inhibin-like protein. This protein 
has also been known to be a major protein 
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corresponding to approx. 20% of total seminal 
plasma proteins (Rei et al., 1984; Tsai et al., 
1984). The complete amino acid sequence of the 
protein from human seminal plasma has been 
determined (Seidah et al., 1984; Johansson 
et al., 1984; Akiyama et al., 1985). Furthermore, 
the cloning and nucleotide sequence analysis 
of cDNA and gene for fl-microseminoprotein 
has also been reported (Ulvsback et al., 1989; 
Green et al., 1990). The concentration of the 
protein in the hypertonic and adenocarcinoma- 
tous prostate, testis, epididymis and liver was 
determined (Doctor et al., 1986; Dube et al., 
1987). 

Although several reports have described its 
FSH-releasing inhibitory activity from pitui- 
tary (Sheth et al., 1984; Seidah et al., 1984; 
Shah et al., 1991), since highly purified fl- 
microseminoprotein was devoid of FSH- 
releasing inhibitory activity, this inhibitory 
activity of the protein has been questioned 
(Kohan et al., 1986). Furthermore, Hurkadli 
et al., (1989) and Shah et al., (1991) reported 
that the carboxy terminal nonapeptide of 
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fl-microseminoprotein molecule was capable 
of enhancing FSH-release from pituitary. 
Accordingly, there are a few unsettled questions 
concerning the function(s) of /3-microsemino- 
protein. 

Here, we describe a new procedure with 
a high yield for the isolation of E-micro- 
seminoprotein from human seminal plasma and 
the characterization of this material including 
molecular weight, amino acid sequence of N- 
terminus, protein concentration in various body 
fluids and its immunohistochemical localization 
among human tissues. 

MATERIALS AND METHODS 

Materials 

Human seminal plasma fluid used for the 
purification of ~-microseminoprotein was 
obtained from healthy Japanese volunteers, and 
the seminal plasma was separated from sper- 
matozoa by centrifugation at 10,000rpm for 
15 rain at 4°C. This seminal plasma was stored 
at -20°C until use. 

DEAE-Sephacel, Sepharose CL-6B and stan- 
dard proteins for molecular weight determi- 
nation were purchased from Pharmacia Fine 
Chemicals (Uppsala, Sweden). Agarose L was 
a product of Behringewerke AG (Marburg, 
FRG). Zinc-chelate Sepharose CL-6B was 
prepared by the method of Porath et al. (1975). 

All other chemicals were of analytical grade. 

Methods 

Purification of fl-microseminoprotein from 
human seminal plasma. All steps of the purifi- 
cation procedure were carried out at 4°C unless 
otherwise specified. 

Step 1. Dialysis 

Human seminal plasma (30 ml) was dialyzed 
overnight against 20mM Tris-HCl buffer, 
pH 8.0, containing 0.01 mM ~-PMSF. The sem- 
inal plasma was centrifuged at 10,000 rpm for 
30 min. The supernatant obtained was used for 
the subsequent step. 

Step 2. DEAE-Sephacel column 
chromatography 

The supernatant was applied at a flow rate 
of 25 ml/hr to a DEAE-Sephacei column (1.6 × 
25cm) equilibrated with 20mM Tris-HCl 
buffer, pH 8.0, containing 0.01 mM ct-PMSF. 
After application of the sample, the column 
was washed thoroughly with the equilibration 

buffer, and bound proteins were eluted by a 
linear gradient formed by 250 ml of 20mM 
Tris-HC1 buffer, pH 8.0, containing 0.01 mM 
ct-PMSF and 250 ml of the same buffer con- 
taining 0.4 M NaC1. Fractions containing p- 
microseminoprotein were collected and dialyzed 
overnight against 20mM Tris-HCl buffer, 
pH 8.0, containing 0.2 M NaC1 [Fig. I(A)]. 

Step 3. Zinc-chelate Sepharose CL-6B column 
chromatography 

The dialyzate was applied at a flow rate of 
25ml/hr to a Zinc-chelate Sepharose CL-6B 
column (2 × 20 cm) equilibrated with 20mM 
Tris-HC1 buffer, pH8.0, containing 0.2M 
NaC1. After application of the specimen, the 
column was washed thoroughly with the equili- 
bration buffer, and bound proteins were eluted 
with a gradient of 0-50 mM L-histidine in the 
above buffer. The pass-through fraction con- 
taining /~-microseminoprotein was collected 
and dialyzed overnight against 20 mM Tris-HC1 
buffer, pH 7.5 [Fig. l(b)]. The preparation was 
used for subsequent experiments. 

Preparation of antiserum for human seminal 
plasman ~-microseminoprotein. Antiserum for 
human seminal plasma ]~-microseminoprotein 
was prepared as described previously (Ohkubo 
et al., 1988a). Anti-human seminal plasma /~- 
microseminoprotein rabbit IgG was purified 
by ammonium sulfate fractionation (0-35% 
saturation) and DEAE-Sephacel column chro- 
matography. 

Polyacrylamide gel electrophoresis. SDS- 
PAGE (slab) was carried out by the method of 
Laemmli (1970). Gels were stained with 0.5% 
Coomassie brilliant R-250 in 7% acetic acid. 
Staining for carbohydrate was carried out by 
the method of Zacharius et al., (1969). 

Immunodiffusion. Double immunodiffusion 
and single radial immunodiffusion were carried 
out by the methods of Oucterlony (1958) and 
Mancini et al., (1965), respectively. 

Extinction coefficient. Extinction coefficient 
of human seminal plasma ]~-microsemino- 
protein was determined according to the 
method described previously (Tani et al., 
1987; Ohkubo et al., 1988a, b). Purified human 
seminal plasma /~-microseminoprotein was 
thoroughly dialyzed against Milli Q water 
(18 mf~) and lyophilized. In order to obtain the 
minimum dry weight, the sample was dried 
at 37°C for 24hr in the presence of diphos- 
phorus pentaoxide in a desiccator under 
vacuum. Weighing was carried out in a tempera- 
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ture and humidity controlled room, and the 
weight of the protein was determined by extra- 
polating the estimated values to zero-time. 
The ultraviolet absorption of the protein dis- 
solved in Milli Q water or 20 mM Tris-HCl 
buffer, pH 7.5 at final concentration of 1 mg/ml 
was measured in a cuvette with a i-cm light 
path at 280nm in a Hitachi 228 spectro- 
photometer. 

A m i n o  acid sequence.  Automated Edman 
degradations on purified t-microseminoprotein 
(20ttg, 1.18nmol) were performed on an 
Applied Biosystems Model 477A Protein 
Sequenator. Phenyl-thiohydantoin amino acids 
were identified by high-performance liquid 
chromatography (Applied Biosystems 120A 
analyzer). 

Immunoh i s tochemis t ry .  Most of the adult 
human tissues including skin, urinary bladder, 
testis, epididymis, seminal vesicle, prostate, 
penis, Fallopian tube, ovary, uterus, breast, 
trachea, bronchus, lung, salivary gland, esopha- 
gus, liver, stomach, duodenum, colon, rectum, 
pancreas, pituitary gland, thyroid gland, 
adrenal gland, spleen, lymph node, heart, aorta, 
joint, spinal cord, and brain were obtained at 
the time of surgical removal, diagnostic biopsy 
or autopsy (within 2 hr of death), and were fixed 
in 10% neutral buffered formalin or acetone to 
be embedded in paraffin. For examinations 
of each type of tissues specimens from 2 to 4 
patients were used. 

Immunohistochemical staining of these 
tissues was carried out according to the method 
described previously (Tada et al., 1991). 

RESULTS AND DISCUSSION 

In this study, fl-microseminoprotein was 
easily purified at a high yield from human 
seminal plasma by using two column steps 
including DEAE-Sephacel and Zinc-chelate 
Sepharose CL-6B column chromatographies 
[Fig. 1 (A-B)]. A typical purification procedure 
of fl-microseminoprotein is summerized in 
Table 1. Human seminal plasma fl- 
microseminoprotein was finally purified about 
22-fold with 60% yield over seminal plasma. 
As shown in Fig. 2, the purified E-micro- 
seminoprotein gave a single band on SDS- 
PAGE in the presence of t -ME. The overall 
yield of fl-microseminoprotein was approx. 
47mg from 100ml of human seminal plasma. 
This value corresponds to less than 5% of total 
human seminal plasma proteins. 

The purified /3-microseminoprotein gave a 
single band with a molecular weight of 17,000 
on SDS-PAGE in the presence of t -ME, while 
it gave six bands with the molecular weights 
ranging from 15,600 to 25,500 on SDS-PAGE 
in the absence of the reducing reagent (Fig. 2). 
Furthermore, we estimated the molecular 
weight of the purified fl-microseminoprotein 
(the native fl-microseminoprotein) on Superose 
12HR 10/30 gel column chromatography in 
FPLC system. The molecular weight of the 
purified non-reduced protein with a single peak 
on this system was calculated to be 19,000 
from the retention times of standard proteins 
and of the purified t-microseminoprotein (data 
not shown). The protein peak at 280 nm was 
quite coincident with the antigen peak detected 
by using anti-human seminal plasma t-micro- 
seminoprotein IgG. This value is considered to 
represent the relative molecular weight of the 
native t-microseminoprotein composed of six 
different molecules. The purified protein was 
not stained by the periodic/Schiff reaction on 
SDS-PAGE in the presence or absence o f t - M E  
(data not shown). These findings suggest that 
fl-microseminoprotein is a non-glycoprotein. 

The amino acid sequence of the first 21 
residues of the purified protein was Serl-(Cys) - 
Tyr-Phe-Ile-Pro-Asn-Glu-Gly-Val'°-Pro-Gly- 
Asp-Ser-Thr-Arg-Lys-(Cys)- Met-Asp 2°-Leu-. 
Only serine as N-terminal amino acid residue 
was detected. This amino acid sequence was 
completely coincident with that previously 
reported (Seidah et al., 1984; Johansson et al., 
1984; Akiyama et aL, 1985). The purified pro- 
tein was consequently confirmed to be fl-micro- 
seminoprotein. These findings suggested that 
the six different molecules of fl-microsemino- 
protein have a common N-terminal amino acid 
residue (serine) and different C-terminal ends 
which probably are truncated by protease(s). 
Furthermore, this protein has been reported 
to have 10 cysteine residues, and has been 
speculated to form five disulfide bonds in the 
molecule (Seidah et al., 1984; Johansson et al., 
1984; Akiyama et al., 1985). One disulfide 
bridge between Cys 73 to Cys 87 has been defined 
(Seidah et al., 1984), but the other four disulfide 
bridges between the other eight Cys have not yet 
been defined. Based on present findings, the six 
bands on SDS-PAGE in the absence of ti- 
ME are conjectured to form disulfide bridge(s) 
among those truncated t-microseminoprotein 
molecules. Since the fl-microseminoprotein 
molecule has five pairs of dibasic amino acids, 
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Fig. 1. (A) DEAE Sephacel column chromatography.  Fractions of 5 ml were collected, and fl-mi- 
eroseminoprotein was assayed as described in "Materials and Methods."  Bar indicates the fractions 
containing fl-microseminoprotein. Absorbance at 280nm ( . . . . .  ), fl-microseminoprotein ( © - ) .  (B) 
Zinc-chelate Sepharose CL-6B column chromatography.  Fractions of 6 ml were collected, and fl-mi- 
croseminoprotein was assayed as described in "Materials and Methods."  Bar indicates the fractions 

containing/%microseminoprotein.  Absorbance at 280 nm ( . . . . .  ), fl-microseminoprotein ( © - ) .  

one and/or two (Lys69-Lys 7° and/or Lys84-Lys 85) 
of these dibasic amino acids may be susceptible 
for protease(s) such as trypsin-like enzyme. 

We estimated the concentration of fl-micro- 
seminoprotein in human seminal plasma by 
the single radial immunodiffusion method 
(Mancini et  al., 1965) by using anti-human 
seminal plasma fl-microseminoprotein rabbit 
serum prepared in our laboratory, and by using 
an extinction coefficient newly determined as an 

1% E28on m = 22.0. The fl-microseminoprotein levels 
in the seminal plasma were 45.6+ 18.7mg/ 
100ml (mean_SD,  n =24) in individuals 
20-47 years of age. This value of fl-micro- 
seminoprotein concentration was about a half 
of that previously reported (Weiber et  al., 1990). 
This difference between our findings and those 
reported by others may be due to the extinction 
coefficient used or on the different races, 
Japanese and Caucasian. The concentration of 



t t uman  seminal plasxna fl-microseminoprolein 

Table I. Purilicalion ot" fi-naicroseminoprotein from human seminal plasma 

607 

Step Vohnnc Total absorbance fl-microseminoprotein Yield Purification 

(ml) (280 nm) (mg}* (%) (-fold) 

Seminal plasma 30 1596 23.6 100 I 
Dialysis 45 770 22.5 95.4 2 
DEAE Sephacel 91 96.5 15.0 63.6 10.5 
Zinc-chelate Sepharose I10 43.5 14.0 59.9 22.0 

*Determined by single radial immunodiffusion and compared with a simultaneously analyzed standard of purified 
(J-microseminoprotein for which the concentration was calculated b'v. the extinction coefficient ( --280nm1% = - ' ) 2 . 0 ) .  

fi-microseminoprotein in other fluids including 
plasma, cerebrospinal fluid, saliva, colostrum 
and breast milk was less than 0.5 mg/100ml. 
Accordingly, only human seminal plasma and 
tracheal secretion may contain an enormous 
amount of fi-microseminoprotein (Wether et aL, 
1990). Of interest is that the concentration of 
fl-microseminoprotein was the highest in benign 
prostatic hyperplasia as compared with pro- 
static cancer and normal prostatic specimens 
(Doctor et al., 1986; Dube et al., 1987). 

Immunohistochemically, the glandular epi- 
thelium of prostate glands showed a strong 
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Fig. 2. SDS PAGE (slab) of purified/~-microseminoprotem. 
Electrophoresis was carried out on a 12.5% polyacrylamide 
slab gel in the presence of 0. 1% SDS and the gel was stained 
with Coomassie brilliant blue R-250. Left and middle 
lanes are 20 and 20 Izg of purified fi-microseminoprotein 
before and after reduction with fi-ME; right lane includes 
the following standard proteins: phosphorylase b (M~ 
94,000), albumin (M r 67,000), ovalbumin (M r 43,000), 
carbonic anhydrase (M, 30,000), soybean lrypsin inhibitor 

(M~ 20,000) and :e-lactoalbumin (M r 14,000). 

positive reaction to anti-human fl-microsemino- 
protein rabbit antibody (Fig. 3A), as previously 
reported (Doctor et  al., 1986; Sathe et al., 1987; 
Weiber et  al., 1990). Epithelial cells of various 
tissues including tracheobronchial submucosal 
glands, some glands of Brunner in the duode- 
num, tracheobronchial mucosa, mucosa of 
antrum of the stomach, and mucosa of the colon 
have been also reported to be positively stained, 
as well as cilia of the ciliated epithelium in the 
respiratory tract and the Fallopian tube (Weiber 
et al., 1990). In addition, in the present study, 
immunohistochemical localization of fl-micro- 
seminoprotein was newly demonstrated strongly 
in the epithelial cells of acini of the breast 
(Fig. 3B), bile ducts of the liver (Fig. 3C), acini 
of the esophageal glands (Fig. 3D), acini of the 
bulbourethral glands of the penis, and thin 
portion of Henle's loop and some distal tubules 
of the kidney (Fig. 3F). To a lesser extent, 
fl-microseminoprotein staining was positive in 
the liver cells (Fig. 3C), many epithelial cells of 
glomerular tufts and proximal and distal tubules 
(Fig. 3E), epithelial cells of the acini and ducts 
of the exocrine pancreas, and serous cells of the 
tracheal, bronchial and salivary glands. 

The characteristic feature of the histologic 
distribution of fi-microseminoprotein is that 
this protein was localized in the epithelial 
cells of the mucosa and exocrine glands of 
various tissues. This suggests that fi-micro- 
seminoprotein is a secretory protein which may 
be synthesized there, fl-microseminoprotein 
demonstrated in the renal tubules may be the 
protein reabsorbed from the primary urine. 
Table 2 shows the immunohistochemical local- 
ization of the protein in various human tissues. 
fl-microseminoprotein was generally detected in 
the glandular tissues of many organs. Likewise, 
although this protein is strongly stained in the 
prostatic glands, the immunohistochemical find- 
ings prove that this protein is not a prostate- 
specific protein. 

With regard to the function(s) of fl-micro- 
seminoprotein, Kohan et al., (1986) questioned 
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Fig. 3(A D). See caption opposite. 
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Fig. 3 (E, F) 
Fig. 3. lmmunohistochemical localization of/0-microseminoprotein in: A. prostate; B, breast: C, liver; D, 
esophagial gland; and E,F, kidney. Bar = 50/~m. A: Epithelial cells of  the prostatic glands (arrow) show 
positive immunostaining, x 190. B: Positive staining in the luminal cells (arrows) of acinus of  mammary 
gland, x 210. C: The liver demonstrates positive immunostaining in the epithelial cells of bile ducts (small 
arrows). The hepatocytes (large arrows) exhibit weakly positive staining, x 160. D: Positive staining in 
epithelial cells of acinus of esophgial gland (arrows). x 80. E: Cortex of the kidney. Epithelial cells of 
glomerular tuft (arrow heads) and proximal tubules (large arrows) are weakly stained. Epithelial cells 
of some distal tubules (small arrow) show moderately positive staining. × 210. F: Medulla of the kidney. 
Thin portion of  Henle's loop (large arrows) and some distal tubules (small arrows) are positively stained. 

x [60. 

the FSH-releasing inhibitory activity of the 
highly purified /~-microseminoprotein whereas 
Shah et  al.,  (1991) reported that/~-microsemino- 
protein was capable of suppressing both the 
synthesis and release of FSH from the pituitary. 
On the other hand, Hurkadli et  al.,  (1989) and 
Shah et  al.,  (1991) reported that the carboxy 
terminal nonapeptide (Thr86-Cys-Ser-Val-Ser - 
Gln-Trp-GIy-Ile 94) preferentially enhanced the 
release of rat pituitary FSH. Furthermore, as to 
other possible functions of /3-microsemino- 
protein, Weiber et  al . ,  (1990) suggested that 
this protein is a factor modifying mucin proper- 
ties such as its verosity and adhesiveness to 
the surfaces of mucous membrane, and they 
have also indicated that the protein plays an 
important role as a protective protein against 
endogenous enzymes from leukocytes, which 
degrades mucin, or as an antibacterial protein 

against exogenous enzymes from bacteria, 
which attacks the mucus barrier. Thus, the 
biological functions(s) of//-microseminoprotein 
is still in a state of chaos. The application of our 
new procedure for purification of fl-micro- 
seminoprotein, and its characterization and im- 
munohistochemical findings should be useful 
for further studies to elucidate the real physio- 
logical role and pathological significance of this 
protein, 

SUMMARY 

fl-Microseminoprotein was very efficiently 
purified from human seminal plasma, approx. 
22-fold in a yield of 60%, with only three steps 
including DEAE Sephacel and Zinc-chelate 
Sepharose CL-6B column chromatographies. 
The purified protein was a non-glycoprotein 

BC 27 6 D 
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Table 2. lmmunohistochemical localization of fl-microseminoprotein in human tissues 

Prostate 
luminal epithelium of glands + + + 

Penis 
acinar epithelium of bulbourethral glands + + 

Breast 
epithlium of acini + + 

Kidney 
epithelium of thin portion of Hennle's loop, and distal tubules + + 
epithelium of proximal tubules and glomerular tufts + 

Liver 
bile ducts + + + 
liver cells + 

Pancreas 
acinar epithelium of exocrine glands + 

Esophagus 
Serous cells of glands + 

Stomach 
mucosal epithelium of the antrum + 

Duodenum 
epithelum of Brunner's glands + 

Colon 
mucosal epithelium + 

Trachea 
serous cells of glands + 
cilia of ciliated epithelium + 

Lung 
serous cells of bronchial glands + 
cilia of ciliated epithelium ol" bronchi + 

Salivary glands 
serous cells of acini + 

Fallopian tube 
cilia of cilated cells of mucosa + 

+ + + : strongly positive; + + : moderately positive; + : weakly positive. 

with a molecular  weight of 19,000 and 17,000 on 
gel fil tration and reduced S D S - P A G E ,  respect- 
ively. The protein gave six bands  on non-  
reduced S D S - P A G E .  The amino  acid sequence 
of the first 21 residues of purified fl-micro- 
seminoprote in  was completely coincident  with 
that previously reported, f l -microseminoprote in  
levels in h u m a n  seminal plasma by the single 
radial immunodif fus ion  method were 45.6 __+ 
18.7 mg/100 ml (mean _+ SD, n = 24) in individ- 
uals 20-47 years of age. The concent ra t ion  
of the protein  in other body fluids including 
plasma, cerebrospinal  fluid, saliva, colostrum 
and breast milk was < 0.5 mg/100 ml. I m m u n o -  
histochemical s taining was demonst ra ted  
strongly in the cytoplasm of the luminal  epi- 
thelial cells of  the prostatic glands and of epi- 
thelial cells of bile ducts of the liver, and 
moderately in the cytoplasm of the acinal epi- 
thelial cells of  the bulboure thra l  glands of 
the penis, that  of the acinal g landular  epithelial 
cells of  the breast, and that  of the epithelial cells 
of  the thin por t ion  of Henle 's  loop and distal 
tubules of the kidney. The characterizat ion 
including the molecular  weight, amino  acid 
sequence on N-terminus ,  and its concentra t ions  
in various body fluids was discussed. 
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