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ABSTRACT Freshly ejaculated human semen has the ap-
pearance of a loose gel in which the predominant structural
protein components are the seminal vesicle-secreted semeno-
gelins (Sg). The primary structure of the 439-residue SgI has
previously been obtained by cDNA cloning. This cDNA cross-
hybridizes to a larger transcript coding for a second secretory
protein, Sgll. Here we report the almost complete structure of
a precursor of Sgll established by Agtll clones isolated from
epididymal and seminal vesicular cDNA libraries. The deduced
amino acid sequence of the 559-residue mature protein has a
molecular weight of 62,931 but an increase in weight may be
provided by asparagine-linked oligosaccharide attachment at
residue 249. Sgll, which has 78% overall identity with SgI,
contains eight 60-residue regions that display conspicuous
internal sequence similarity, whereas SgI only contains six of
these regions. The Sgll structure is translated from an open
reading frame in a polyadenylylated 2.4-kilobase transcript.
The message is abundant in the seminal vesicles but rare in the
epididymis.

After spermatogenesis, testicular spermatozoa mature in the
epididymis to become fully fertile. This process takes -2
weeks and depends on a variety of secretory products
provided by the epithelium of the epididymis. Although the
epididymal spermatozoa have fertilizing capacity in vitro,
they do not display the vigorous propulsive mobility of
ejaculated spermatozoa. Therefore, it may be assumed that
final maturation or activation of the spermatozoa takes place
after the ejaculatory mixing of spermatozoa with the secre-
tions of the prostate and the seminal vesicles (1). The
ejaculatory mixing results in immediate formation of a sperm-
entrapping gel. Predominant structural proteins of the gel are
the major secretory proteins of the seminal vesicles, the
52-kDa semenogelin (Sg) and two antigenically related 71-
and 76-kDa components (2-5). Within 5-15 min, progres-
sively motile spermatozoa are released when the gel dissolves
to give free-flowing liquid. Dissolution of the gel parallels
limited proteolysis of Sg and Sg-related proteins (2-5) by an
abundant prostate-secreted serine proteinase commonly re-
ferred to as the prostate-specific antigen (PSA) (5-11)..
We have previously described the primary structure of the

precursor to the 52-kDa Sg (11), coined here as SgI. It consists
of a 23-amino acid signal peptide and a mature protein of 439
amino acid residues. The protein structure has no similarity
with other proteins but contains consecutive regions that
display extensive internal sequence similarity (11).
A SgI coding mRNA of -1.8 kilobases (kb) is abundant in

the seminal vesicles but absent in the epididymis, the pros-
tate, and the testis (11). However, a larger message cross-
hybridizes to the SgI cDNA in RNA from both the epididymis
and the seminal vesicles. A cDNA clone (AESRP-V) corre-
sponding to this RNA species was isolated from an epid-
idymis cDNA library and shown to carry a 1.4-kb insert that

had extensive structural similarity with that of SgI (11). We
have now determined the primary structure of a Sg-related
protein precursor, coined here as SgII, which is the transla-
tion product of an -2.4-kb transcript.

EXPERIMENTAL PROCEDURES
Reagents. Deoxynucleotides, dideoxynucleotides, pUC18,

and the replicative forms of M13mpl8 and M13mp19 were
from Pharmacia; HybondN filters, [y-32P]ATP, [a-32P]dCTP,
and the multiprime labeling kit were from Amersham. Human
seminal vesicular and epididymal cDNA libraries con-
structed in Agtll have been described (11).

Probes. Two oligonucleotide constructs (18-mers) based on
the nucleotide sequence of AVSRP-XXI were synthesized on
an Applied Biosystems model 381A DNA synthesizer. SRP-1
(ACCTAGGTGTTGTTTTGA) was complementary to nu-
cleotides 280-297 and SRP-2 (CTGCTCAATTATAAACAA)
corresponded to nucleotides 310-327. The oligonucleotides
were 5'-end-labeled with [y-32P]ATP and polynucleotide ki-
nase to a specific activity of >108 cpm/,ug. The following
cDNA probes were used: ES146, comprising 146 base pairs
(bp) from the artificial 5' EcoRI site to the Sac I site in
AESRP-V; BP1028, comprising 1028 bp from BamHI (at
position 560) to Pst I (at position 1588) in AVSRP-XXI;
XE613, comprising 613 bp from Xba I (at position 1857) to the
3' EcoRI site in AVSRP-XII. The probes were 32P-labeled by
random priming to a specific activity of >109 cpm/,ug.

Molecular Cloning. Screening of Agtll libraries with cDNA
probes was performed under standard conditions (12), except
for the final wash of the hybridized filters that was done at
680C for 20 min in 15 mM sodium citrate, pH 7.0/0.15 M NaCl
(lx SSC) with 0.1% SDS and 0.05% sodium pyrophosphate.
Hybridizations with oligonucleotide probes were performed
at 370C for 16 h in 6x SSC with 0.1% SDS/0.05% sodium
pyrophosphate/100,g of herring sperm DNA per ml. Excess
radioactivity was washed off at 370C for 1 h in 6x SSC with
0.1% SDS/0.05% sodium pyrophosphate, followed by a final
wash at 470C for 10 min. Recombinant phages were purified
from plate lysates by ultracentrifugation in CsCl gradients
and the DNA was extracted by standard procedures (12). The
cDNA inserts were subcloned into the plasmid vector pUC18
and plasmid preparations were done by the alkaline lysis
method as described (12).

Nucleotide Sequence Determinations. Fragments for nucle-
otide sequencing were isolated from restriction enzyme di-
gests or generated by sonication and subcloned in bacterio-
phages M13mpl8 or M13mpl9. Nucleotide sequences were
determined by the dideoxynucleotide chain-termination
method of Sanger et al. (13) as modified by Biggin et al. (14).
Specific priming of sequence reactions was in some instances
performed with the probes SRP-1 and SRP-2 as well as
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oligonucleotides SRP-3 (GGACCCGAAAAAGTCAGC) cor-
responding to AVSRP-XXI nucleotides 227-244, SRP-4
(GGTCGGGTGACACCTTGC) complementary to AVSRP-
XXI nucleotides 1783-1797, SRP-5 (TTTGTCTGGTGTT-
GATTC) complementary to AVSRP-XXI nucleotides 788-
806, and SRP-6 (CACCTTTCTGTACATCCT) complemen-
tary to AVSRP-XXI nucleotides 1262-1279. The nucleotide
sequences were aligned and analyzed by computer programs
(15-17).

Northern Blotting. Tissue specimens were obtained at
operation from patients receiving surgical treatment for car-
cinoma of the urinary bladder (seminal vesicles) or prostate
cancer (epididymis). In all cases, the Helsinki Declaration
regarding the use of human tissue was strictly observed. The
RNA was isolated by the guanidinium thiocyanate method
(18). Electrophoresis was run in 1.0%o agarose gels containing
formaldehyde with 20 ,ug of RNA per slot. Blotting to nylon
membranes and hybridizations with cDNA probes in 50%o
(vol/vol) formamide were carried out as described (19, 20).

RESULTS
Isolation and Analysis of cDNA Clones. The isolation and

preliminary characterization of an epididymal cDNA clone
(AESRP-V) encoding SgII has been described (11). The clone
carried a polyadenylylated insert of =1.4 kb. Since Northern
blots implied the size of the SgII message to be larger, an
additional round of screening was performed to isolate a
full-length clone. For this purpose, the probe ES146 was
isolated and used to screen both the epididymis and the
seminal vesicular cDNA libraries. The rescreening of -5 x
104 members of the epididymis library did not yield any
clones that extended the sequence of AESRP-V. In contrast,
the screening of the seminal vesicular cDNA library resulted
in isolation of a strongly hybridizing clone (AVSRP-XII) that
carried a 2.2-kb insert with one internal EcoRI site. Restric-
tion enzyme digests and partial sequence analysis revealed
that AVSRP-XII extended the 5' end ofAESRP-V by -0.4 kb.
However, compared to AESRP-V the insert of AVSRP-XII
contained a unique nonpolyadenylylated 3' end.
Based on the sequence of AVSRP-XII, two oligonucleo-

tides (SRP-1 and SRP-2) were designed to provide optimal
mismatching with SgI transcripts and were used in simulta-
neous screening of 2.0 x 105 members of the seminal vesic-
ular cDNA library yielding 0.1% hybridizing clones. A
strongly hybridizing clone (AVSRP-XXI) was isolated and
demonstrated to carry an insert of ~-1.9 kb with one internal
EcoRI site. Partial sequence analysis showed that the
AVSRP-XXI insert contained a polyadenylylated 3' end,
identical to that of AESRP-V, except for the location of the
poly(A) tail, which was 1 nucleotide closer to the polyade-
nylylation signal. The 5' end of AVSRP-XXI extended the
AESRP-V sequence =0.6 kb, thereby also extending the 5'
end of AVSRP-XII by 234 nucleotides.
An Identical Transcript in Seminal Vesicles and Epididymis.

The nucleotide sequence of the AVSRP-XXI insert was
established in completion on both strands, with each nucle-
otide being determined, on average, 2.9 times. The sequenc-
ing strategy is outlined in Fig. 1. The length of the insert is
1953 nucleotides plus a poly(A) tract (Fig. 2). An open
reading frame comprising 1740 nucleotides encodes an almost
full-length precursor of a secretory protein. At the 3' side of
the stop codon, there are 210 nontranslated nucleotides.

Restriction enzyme mapping and partial nucleotide se-
quence analysis of AESRP-V, as outlined in Fig. 1, suggests
complete structural identity to nucleotides 628-1953 of the
seminal vesicular AVSRP-XXI insert. The minor discrepancy
in the location of the poly(A) tail is caused by an additional
3' thymine nucleotide in AESRP-V. Thereby, the position of
the poly(A) tail in AESRP-V is identical to that previously
described for the SgI transcript (11).
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FIG. 1. Sequencing strategy and partial restriction endonuclease
map. Translated nucleotides are represented by boxes with signal
peptide encoding nucleotides in hatched area. The 3' nontranslated
nucleotides are shown as lines of different patterns, indicating
identical or unique sequences. Indicated restriction enzymes were
used to generate probes for hybridization and fragments for sequenc-
ing. Arrows indicate the direction and extent of sequence determi-
nations. Arrows with open circles represent priming of sequence
reactions with specific oligonucleotides.

Structure of AVSRP-XII. Partial sequence analysis on the
AVSRP-XII insert was performed as outlined in Fig. 1. The
sequence was established for 992 ofthe nucleotides contained
in the 1.35-kb region upstream of the Pst I site. The sequence
of this region was identical to the corresponding parts of
AVSRP-XXI (nucleotides 235-1588). The structure 3' to the
Pst I site was obtained from 21 random subclones and each
nucleotide was determined on average 5.33 times. The cDNA
insert downstream of the Pst I site has a total length of 882
nucleotides. The sequence of 223 nucleotides downstream
from the Pst I site is identical to that of AVSRP-XXI (nucle-
otides 1589-1811 in Fig. 2). However, 69 nucleotides down-
stream from the stop codon the sequences diverge to yield
659 unique 3' nucleotides in AVSRP-XII (data not shown) and
142 unique 3' nucleotides in AVSRP-XXI (Fig. 2, shaded
area).

Northern Blot Analysis. Because AVSRP-XXI and AVSRP-
XII share 1576 5' nucleotides and only differ in the 3' end, we
investigated the possibility that they derive from alternative
splicing of a common primary transcript. The probe BP1028,
recognizing both SgII-tl and SgII-t2, was hybridized to RNA
from the male genital glands on Northern blots. Hybridizing
message with an approximate size of 2.4 kb was abundant in
the seminal vesicles and rare in the epididymis (Fig. 3). No
hybridizing signal was detected in the testis or the prostate
(data not shown). The XE613 probe, unique to the 3' part of
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-20 -15 -10 -5
SerIleIleLeuPheValLeuSerLeuLeuLeuI leLeuGluLysGlnAlaAlaValMet
TCCATCATCCTCTTTGTCCTTTCCCTGCTCCTTATCTTGGAGAAGCAAGCAGCTGTGATG

-1 1 5 10 15
GlyGlnLysGlyGlySerLysGlyGlnLeuProSerGlySerSerGlnPheProHisGly
GGACAAAAAGGTGGATCAAAAGGCCAATTGCCAAGCGGATCTTCCCAATTTCCACATGGA

20 25 30 35
GlnLysGlyGlnHisTyrPheGlyGlnLysAspGlnGlnHisThrLysSerLysGlySer
CAAAAGGGCCAGCACTATTTTGGACAAAAAGACCAACAACATACTAAATCCAAAGGCAGT

40 45 50 55
PheSerIleGlnHisThrTyrHisValAspIleAsnAspHisAspTrpThrArgLysSer
TTTTCTATTCAACACACATATCATGTAGACATCAATGATCATGACTGGACCCGAAAAAGT

60 65 70 75
GlnGlnTyrAspLeuAsnAlaLeuHisLysAlaThrLysSerLysGlnHisLeuGlyGly
CAGCAATATGATTTGAATGCCCTACATAAGGCGACAAAATCAAAACAACACCTAGGTGGA

80 85 90 95
SerGlnGlnLeuLeuAsnTyrLysGlnGluGlyArgAspHisAspLysSerLysGlyHis
AGTCAACAACTGCTCAATTATAAACAAGAAGGCAGAGACCATGATAAATCAAAAGGTCAT

100 105 110 115
PheHisMetIleValIleHisHisLysGlyGlyGlnAlaHisHisGlyThrGlnAsnPro

120 125 130 135
SerGlnAspGlnGlyAsnSerProSerGlyLysGlyLeuSerSerGlnCysSerAsnThr
TCTCAAGATCAGGGGAATAGCCCATCTGGAAAGGGATTATCCAGTCAATGTTCAAACACA

140 145
I. ,,

150 155

GAAAAAAGGCTATGGGTTCATGGACTAAGTAAAGAACAAGCTTCAGCCTCTGGTGCACAA

160 165 170 175
LysGlyArgThrGlnGlyGlySerGlnSerSerTyrValLeuGlnThrGluGluLeuVal
AAAGGTAGAACACAAGGTGGATCCCAAAGCAGTTATGTTCTCCAAACTGAAGAACTAGTA

180 185 190 195
ValAsnLysGlnGlnArgGluThrLysAsnSerHisGlnAsnLysGlyHisTyrGlnAsn
GTTAACAAACAACAACGTGAGACTAAAAATTCTCATCAAAATAAAGGGCATTACCAAAAT

200 205 210 215
ValValAspValArgGluGluHisSerSerLysLeuGlnThrSerLeuHisProAlaHis
GTGGTTGACGTGAGAGAGGAACATTCAAGTAAACTACAAACTTCACTCCATCCTGCACAT

220 225 230 235
GlnAspArgLeuGlnHisGlyProLysAspIlePheThrThrGlnAspGluLeuLeuVal
CAAGACAGACTCCAACATGGACCCAAAGACATTTTTACTACCCAAGATGAGCTCCTAGTA

240 245 *250 255
TyrAsnLysAsnGlnHisGlnThrLysAsnLeuSerGlnAspGlnGluHisGlyArgLys
TATAACAAGAATCAACACCAGACAAAAAATCTCAGTCAAGATCAAGAGCATGGCCGGAAG

260 265 270 275
AlaHisLysIleSerTyrProSerSerArgThrGluGluArgGlnLeuHisHisGlyGlu
GCACATAAAATATCATACCCGTCTTCACGTACAGAAGAAAGACAACTTCACCATGGAGAA

280 285 290 295
LysSerValGlnLysAspValSerLysGlySerI leSerIleGlnThrGluGluLysI le
AAGAGTGTACAGAAAGATGTATCCAAAGGCAGCATTTCTATCCAAACTGAAGAGAAAATA

Proc. Natl. Acad. Sci. USA 89 (1992)

300 305 310 315
60 HisGlyLysSerGlnAsnGlnValThrIleHisSerGlnAspGlnGluHisGlyHisLys

CATGGCAAGTCTCAAAACCAGGTAACAATTCATAGTCAAGATCAAGAGCATGGCCATAAG

:20
320 325 330 335
GluAsnLysIleSerTyrGlnSerSerSerThrGluGluArgHisLeuAsnCysGlyGlu
GAAAATAAAATATCATACCAATCTTCAAGTACAGAAGAAAGACATCTCAACTGTGGAGAA

340 345 350 355
180 LysGlyIleGlnLysGlyValSerLysGlySerIleSerIleGlnThrGluGluGlnIle

AAGGGCATCCAGAAAGGTGTATCCAAAGGCAGTATTTCGATCCAAACTGAAGAGCAAATA

360 365 370 375
240 HisGlyLysSerGlnAsnGlnValArgIleProSerGlnAlaGlnGluTyrGlyHisLys

CATGGCAAGTCTCAAAACCAGGTAAGAATTCCTAGTCAAGCTCAAGAGTATGGCCATAAG

300
380 385 390 395
GluAsnLysIleSerTyrGlnSerSerSerThrGluGluArgArgLeuAsnSerGlyGlu
GAAAATAAAATATCATACCAATCTTCGAGTACAGAAGAAAGACGTCTCAACAGTGGAGAA

400 405 410 415
360 LysAspValGlnLysGlyValSerLysGlySerIleSerIleGlnThrGluGluLysIle

AAGGATGTACAGAAAGGTGTATCCAAAGGCAGTATTTCTATCCAAACTGAAGAGAAAATA

420 425 430 435
420 HisGlyLysSerGlnAsnGlnValThrIleProSerGlnAspGlnGluHisGlyHisLys

CATGGCAAGTCTCAAAACCAGGTAACAATTCCTAGTCAAGATCAAGAGCATGGCCATAAG

440 445 450 455
480 GluAsnLysMetSerTyrGlnSerSerSerThrGluGluArgArgLeuAsnTyrGlyGly

GAAAATAAAATGTCATACCAATCTTCAAGTACAGAAGAAAGACGACTCAACTATGGAGGA

460 465 470 475
540 LysSerThrGlnLysAspValSerGlnSerSerIleSerPheGlnIleGluLysLeuVal

AAGAGCACGCAGAAAGATGTATCCCAAAGCAGTATTTCTTTCCAAATTGAAAAGCTAGTA

600
480 485 490 495
GluGlyLysSerGlnIleGlnThrProAsnProAsnGlnAspGlnTrpSerGlyGlnAsn
GAAGGCAAGTCTCAAATCCAGACACCAAATCCTAATCAAGATCAATGGTCTGGCCAAAAT

500 505 510 515
660 AlaLysGlyLysSerGlyGlnSerAlaAspSerLysGlnAspLeuLeuSerHisGluGln

GCAAAAGGAAAGTCTGGTCAATCTGCAGATAGCAAACAAGACCTACTCAGTCATGAACAA

520 525 530 535
720 LysGlyArgTyrLysGlnGluSerSerGluSerHisAsnIleValIleThrGluHisGlu

AAAGGCAGATACAAACAGGAATCCAGTGAGTCACATAATATTGTAATTACTGAGCATGAG

540 545 550 555
780 ValAlaGlnAspAspHisLeuThrGlnGlnTyrAsnGluAspArgAsnPro IleSerThr

GTTGCCCAAGATGATCATTTGACACAACAATATAATGAAGACAGAAATCCAATATCTACA

840 TAGCCCTGTTGCTTAGCAACCACTTGAAAAGCTGGACCAATAGCAAGGTGTCACCCGACC

4561

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

TCAGTGAAGTTTGATGTTTCTGAGAGGCAGACTCCCATGTGGTCCCAGATCCTTGGTC 1860

900 CATGGATGACACCACCTTCCCATGCTTCCTTGCATTAGGCTTTCTAAACCCGGAGCCCCT 1920

TCAAACTTCC~ATAAGGGATCATTTTCTGCTTaaaaaaaaa 1962

960

FIG. 2. Structure of SgII transcript. Nucleotide sequence ofthe AVSRP-XXI insert with translated amino acids indicated above. Amino acid
numbering starts with residue 1 of the predicted mature 559-residue protein. Diamonds at Asn-118 and Asn-249 indicate two sites of potential
oligosaccharide attachment. Shaded nucleotides represent the 3' nontranslated structure absent from AVSRP-XII. The polyadenylylation signal
is underlined.

AVSRP-XII, hybridized to a moderately abundant message
with an approximate size of 2.4 kb in RNA from the seminal
vesicles (data not shown). The size determined for themRNA
species hybridizing to the BP1028 probe is consistent with the
size expected for a regularly polyadenylylated message.
Assuming that =240 nucleotides are lacking from the 5' end
of AVSRP-XII yields a predicted size of almost 2.5 kb for the
message but does not allow a further increase in size by the
addition of a 3' extending poly(A) tail. Therefore, the pQssi-
bility that the unique 3' part of AVSRP-XII constituted a
cloning artifact was investigated by nuclease S1 mapping of
RNA from the seminal vesicles. As AVSRP-XII protected
two transcripts specifically hybridizing to probes BP1028 and
XE613, but failed to protect a message hybridizing to both
probes (data not shown), we conclude that the 659 unique 3'
nucleotides of AVSRP-XII represent a cloning artifact unre-
lated to the SgII message.

Properties of Sgl. The deduced translation product of the
AVSRP-XXI insert contains the almost complete primary
structure of the SgII precursor. As shown in Fig. 4, the entire
structure of the SgII precursor is very similar to that of the
SgI precursor (11). A calculation of the number of identical
amino acid residues in the two protein precursors reveals an
overall identity of 78%. From the comparison with the SgI
precursor (11), it is possible to predict that the incomplete
signal sequence of the SgII precursor lacks the initiating

methionine residue and another charged residue and that the
most probable site for signal peptidase cleavage follows Gly-1
(Fig. 2). It is therefore suggested that the secreted protein
comprises 559 amino acid residues. This polypeptide has a
calculated isoelectric point of 9.79 and a molecular weight of
62,931. Asparagine-linked oligosaccharide attachment at res-
idue 249 may increase the molecular mass ofSgII but from the
comparison with SgI it can be assumed that asparagine-linked
carbohydrate attachment is not likely to occur at residue 118,
which is not glycosylated in SgI (11).
The SgII structure contains eight internally homologous

regions. These regions of 60 amino acid residues cluster in
three distinct groups of repetitive units that also display an
internal relationship (Fig. 5). An optimal alignment is provided
by four consecutive type I repeats, having 53-87% conserved
amino acids, two consecutive type II repeats, with 33%
conserved amino acids, and two type III repeats with 27%
conserved amino acids. An identical alignment done for SgI
demonstrated six repeats. From this, the smaller size of SgI
compared to SgII is explained by the lack oftwo type I repeats.
As previously described for SgI (11), significant sequence

similarity exists between the nontranslated nucleotides at the
3' end of SgII-tl and the nontranslated nucleotides at the 3'
end of both the rat and the murine seminal vesicle secretory
protein IV (21, 22). As recently described for SgI (23), the
signal peptide of SgII is also similar to that of the major
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FIG. 3. Northern blot analysis. Twenty micrograms ofRNA from
seminal vesicles (lane 1) and epididymis (lane 2) was separated in a

1% agarose gel, blotted to nylon membranes, and hybridized with the
BP1028 probe. Membranes were exposed to Kodak XAR-5 film for
4 or 70 h. Arrows indicate positions of 28S and 18S rRNA.

seminal clotting protein of guinea pig seminal vesicles, GP1
(23, 24).

DISCUSSION
The secretion produced by human seminal vesicles has been
shown to contain three predominant protein components of
52, 71, and 76 kDa (3). These three proteins, commonly
referred to as the Sg, are degraded during semen liquefaction
by PSA (5-7) and are distributed on the surface of ejaculated
spermatozoa (11). The Sg share common antigenic epitopes,
as demonstrated by immunological cross-reactivity with
polyclonal rabbit IgG raised against a peptide fragment
encompassing residues 85-136 of the 52-kDa component, SgI
(3, 11, 25). We have previously described the sequence of the
439 amino acids of SgI (11). The close structural similarity
between SgI and the 559 amino acids of SgII, reported in the
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FIG. 4. Structural similarity between SgI and SgII. The computer
program COMPARE (17) was used to compare the primary structures
of SgI and SgII precursors. The size of the sliding window was set
to 21 and the stringency was set to 14. The result was displayed by
the program DOTPLOT (17).

present investigation, suggests a high degree of immunolog-
ical cross-reactivity between the Sg. In particular, recogni-
tion of the 52-kDa, as well as the 71- and 76-kDa proteins by
polyclonal rabbit IgG against the peptide fragment, encom-
passing residues 85-136 of SgI, receives structural support
from the fact that 44 of the 52 amino acids in the SgI peptide
are conserved in SgII. A similar immunological cross-
reactivity has also been seen by a monoclonal antibody.
Analysis of freshly ejaculated human semen with the mono-
clonal antibody MHS-5 identified a common epitope of the
three major proteins of 58, 69, and 71 kDa (26,27). Similar to
the properties described for Sg, the three MHS-5 reacting
proteins, commonly referred to as the seminal vesicle-
specific antigen (SVSA), are degraded during semen lique-
faction by PSA (27, 28) and distributed on the surface of
ejaculated spermatozoa (29). The similar properties of the
SVSA and Sg suggest that these proteins are identical,
although this remains to be confirmed.
The molecular mass of 49.6 kDa calculated for the poly-

peptide backbone of SgI closely agrees with the mass of 52
kDa estimated by SDS/PAGE (3, 11). However, the differ-
ence is greater between the mass of 62.9 kDa calculated for
the mature SgII and the 71 and 76 kDa estimated by SDS/
PAGE. This suggests an aberrant mobility on SDS/PAGE
that may be due to the relatively high positive net charge of
SgII (pI 9.79) or to posttranslational modifications. It is likely
that the 71- and 76-kDa components have the same amino
acid sequence and differ in glycosylation only. The evidence
for this is the demonstration that the human genome contains
two Sg genes, one for SgI and one for SgII and that only the
76-kDa component stains for carbohydrate (unpublished
work). Attempts to confirm the N-terminal sequences of the
71- and 76-kDa proteins electroblotted onto poly(vinylidene
difluoride) membranes have been unsuccessful (results not
shown). This has previously been reported for SgI (11) and
may be due to cyclization of the N-terminal glutamine-
residue in SgII. Confirmatory deglycosylation and N-termi-
nal deblocking with pyroglutamate aminopeptidase is limited
by the inability to isolate the 71- and 76-kDa proteins from
freshly ejaculated semen and by the available amounts of
purified proteins obtained from SDS/PAGE of seminal ves-
icle secretion. In conclusion, we suggest that the 71-kDa
component corresponds to the nonglycosylated 559-residue
SgII, whereas carbohydrate side-chain attachment at aspar-
agine residue 249 explains the size difference between the 71-
and 76-kDa components on SDS/PAGE.
Sg occur in disulfide-linked high molecular mass com-

plexes in seminal vesicular secretion and in freshly ejaculated
semen (4). A single cysteine residue at position 216 in SgI (11)
and two cysteine residues at positions 136 and 337 in SgII
provide the structural background to the occurrence of Sg in
these disulfide-linked intermolecular complexes. Ho-
modimerization of SgI and homomerization of SgII is possi-
ble, but heteromer complexes engaging two 52-kDa SgI, one
71-kDa SgII, and one 76-kDa SgII would significantly in-
crease the size of the formed complexes and provide a
relatively symmetrical molecule. However, the lack of clar-
ifying protein data makes the issue speculative.

Proteolytic fragmentation of Sg has only been shown to
occur C terminal of certain tyrosine and leucine residues in
SgI (11, 30, 31). This is consistent with the demonstrated
restricted chymotrypsin-like substrate specificity of PSA (7,
32). As yet, no data have been reported on the PSA-mediated
proteolytic fragmentation of SgII and only one of the cleav-
age sites in SgI is conserved in SgII (leucine residue at
position 84).
As reported previously, the expression of SgI seems to be

t restricted to the seminal vesicular tissue, whereas Sg have
been detected in the secretory epithelium of the epididymis
by polyclonal rabbit IgG against the 52-residue SgI fragment

Proc. Natl. Acad Sci. USA 89 (1992)
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261 -320
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381 -440
441 -500
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FIG. 5. Internal repeats of SgII. Based on top scores for sequence similarity, the primary structure of SgII was divided into three groups
of repeats as indicated by roman numerals. Shaded amino acids are conserved between groups. Residues are presented in the standard one-letter
code for amino acids.
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(11). The present investigation shows evidence in strong
support of SgII expression in both the epididymis and the
seminal vesicles, although cDNA cloning and Northern blots
showed a higher abundance of SgII messages in the seminal
vesicular than in the epididymal tissue. This can be explained
by tissue-specific regulation of transcription or perhaps con-
finement of SgII transcription to a limited number of spe-
cialized cells in the secretory epithelium of the epididymis.
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