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Abstract. Study of cobalamin-binding proteins
revealed seminal plasma to be the most concentrated site
of transcobalamin II in man. The next richest normal
fluid, blood, has approximately one-tenth its concentra-
tion. Normal seminal unsaturated cobalamin-binding ca-
pacity averaged 15,030±7,290 pg/ml, of which
11,550±6,660 pg/ml was transcobalamin II. Transco-
balamin II levels were markedly diminished in subjects
lacking seminal vesicles (1520-1660 pg/ml), but not after
vasectomy. This suggests that seminal vesicles are the
chief source of this protein in semen. R binder concen-
tration was increased in postvasectomy subjects
(9,970±4,900 pg/ml vs. 2,980±1,370 pg/ml in normals)
and varied in other patients. The endogenous cobalamin
content of semen was only 88-699 pg/ml, and was carried
largely by R binder rather than by transcobalamin II.
The function of the unusually large seminal transco-
balamin II pool in reproduction is unknown, but seems
unlikely to be related solely to cobalamin transport needs,
at least within the male reproductive tract itself.

Introduction

Clinical observations have implicated cobalamin (vitamin B12)
as an important nutrient for maintaining normal fertility in
both sexes (1-5). However, little is known about its status or
transport in the reproductive tract. Indeed, despite the consid-
erable information that has accumulated about the composition
of human seminal plasma (6), relatively little is available about
this fluid's multitude of trace proteins (7) or the status of its
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nutrient substances. Brief surveys, confining themselves to ab-
normal patients, found cobalamin levels in seminal plasma to
range from barely detectable to approaching 600 pg/ml (8, 9).
Nothing is known about cobalamin transport, an intricate system
elsewhere in the body, other than the immunological identifi-
cation of both R binder' and transcobalamin II in normal semen
(10). Therefore, we undertook to examine these binding proteins
and establish their normal distribution upon which to base fur-
ther observations on normal and abnormal cobalamin transport
in reproduction. Wereport here our results which show that
semen is surprisingly rich in transcobalamin II. The findings
also indicate that variations occur in the two major cobalamin-
binding proteins, and raise the interesting possibility that these
will ultimately prove useful in studying reproductive disorders.

Methods

Four groups of men provided semen: (a) six healthy fertile men with
normal semen who were regular donors for artificial insemination or
our reproductive physiology laboratory; (b) six menwho had undergone
vasectomy and whose semen no longer contained any spermatozoa; (c)
two infertility patients with congenital absence of the seminal vesicles
and vasa deferentia (both had azoospermia, a low semen volume of < I
ml, a semen pH below 7.0, and absence of seminal fructose; the diagnosis
of absent vasa deferentia was confirmed by surgical exploration of the
scrotum); and (d) two infertility patients with oligozoospermia. One of
the last two patients had sperm counts of 10 X 106/ml or less in five
of seven analyses, a low follicle-stimulating hormone level, and urethritis
associated with Ureaplasma urealyticum. The other patient had sperm
counts <106/ml, had undergone vasovasostomy after an earlier vasec-
tomy, had a history of nongonococcal urethritis and epididymitis, and
had sperm-immobilizing antibody in his blood.

Semen was collected into jars by masturbation. Seminal plasma was
obtained by centrifugation. A double-centrifugation process, wherein an

1. R binders comprise an immunologically homogeneous but isoelec-
trically heterogeneous family of cobalamin-binding glycoproteins that
are present in all human secretions and in many cells (see Reference
17 for review). An example is transcobalamin I in serum, though se-
cretions like saliva and tears are much richer in Rbinder than is serum.
The function of R binders is not known, in contrast to the crucial
function of the unrelated transcobalamin II in promoting cellular uptake
of cobalamin.
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initial spin at 250 g for 10 min was followed by one at 2000 g for 20
min, was used in most cases but not all. However, the exact conditions
of centrifugation did not appear to be crucial for our purposes. In three
normal cases, the plasma contained 24-62 X 106 spermatozoa/ml after
the first centrifugation and 0.33-0.46 X 106 spermatozoa/ml after the
second; despite such differences, the two supernates in each case differed
by <10% from each other in their cobalamin-binding protein quantities
and profiles. Omission of the first spin in a fourth case produced results
similar to those by double centrifugation of a second aliquot.

Specimens were studied either immediately or after storage at -20'C
in polypropylene tubes. Examination of two normal and two abnormal
seminal fluids confirmed that the cobalamin-binding proteins remained
stable even after 3-mo storage at -20'C.

Quantitation of unsaturated cobalamin-binding capacity and its
fractionation into its binder components was done by column chro-
matography of 10 or 20 gl aliquots of seminal plasma that had been
incubated for 1 h at room temperature with an amount of 57Co-labeled
cyanocobalamin (10-15 uCi/,gg sp act; Amersham/Searle Corp., Ar-
lington Heights, IL) exceeding its binding capacity. The Sephadex G-
200 gel filtration was performed with 0.1 MTris-l MNaCI buffer, pH
8.6. The individual cobalamin-binding proteins were also characterized
with specific anti-R binder and anti-transcobalamin II antisera as before
(11). Cobalamin content was measured by radioassay using R binder
(12). Distribution of the endogenous cobalamin among the binding
proteins in seminal plasma was determined by radioassay of eluate frac-
tions obtained by Sephadex gel chromatography (13).

Results

All seminal plasma specimens contained much higher unsat-
urated cobalamin-binding capacity than does normal serum (in
our laboratory, normal mean± 1 SDamong 38 normal sera was
1,341 pg/ml±297). The levels remained relatively constant in
semen samples collected on different days. Three specimens
obtained from normal subject 1 over 2 mo did not vary by
>25% in any binding parameter (data not shown).

Seminal plasma contained large amounts of both R binder
and transcobalamin II, as shown by gel chromatography (Fig.
1). All 16 subjects except postvasectomy subject 2 had detectable
amounts of cobalamin binder eluting with the void-volume
fraction also. However, the small amounts and the proximity
of the void-volume peaks to the much greater R binder peaks
on chromatography made quantitation of this poorly understood
binder difficult. The two major binder peaks reacted completely
with anti-R binder and anti-transcobalamin II antisera, respec-
tively, as shown by the resultant shift of these peaks to the void
volume on rechromatography after incubation with each an-
tiserum.

Table I lists the extremely high cobalamin-binding capacity
levels found in semen. Though the range was very wide, binding
capacities did not differ between normal and abnormal speci-
mens (t = 0.564 for normal vs. postvasectomy subjects) by
Student's t test. Transcobalamin II constituted most of the bind-
ing protein in normal seminal plasma (Table I). However, this
was not true in many abnormal specimens. In the fluids from
patients with vasectomy, R binder levels were increased com-
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Figure 1. Fractionation of seminal plasma unsaturated cobalamin-
binding capacity by Sephadex G-200 gel chromatography. (.- *),
0.02 ml of seminal plasma from postvasectomy subject 6; its elution
pattern resembles that of normal seminal plasma except that it has a
much larger R binder component than normal. (o - - - o), 0.02 ml
of seminal plasma from subject 1 with congenital absence of seminal
vesicles. V0, void volume; R, R binder elution position; TC II, trans-
cobalamin II elution position.

pared with normal (t = 3.369, P < 0.01) while transcobalamin
II remained normal (t = 1.391). This resulted in Rbinder levels
exceeding transcobalamin II levels in half the cases.

In contrast, the two subjects lacking seminal vesicles dem-
onstrated sharply decreased transcobalamin II content. While
transcobalamin II in normal seminal plasma ( 11,550 pg/
ml±6,660) was on the average ten times higher than found in
normal serum in our previous studies (1,028 pg/ml±225), subject
1 with absent seminal vesicles had a seminal transcobalamin II
level only 1.5 times that in his simultaneously obtained serum
(1,123 pg/ml). His seminal transcobalamin II, though reduced
greatly in amount, was reactive with anti-transcobalamin II an-
tibody. Incubating his seminal plasma with an equal volume
of normal seminal plasma did not decrease the latter's transco-
balamin II level, indicating that his semen did not contain an
inhibitor or lytic factor. Virtually identical cobalamin-binding
profiles were obtained in semen samples collected 4 mo apart
in this patient (Table I).

Seminal cobalamin content was 88-226 pg/ml in three nor-
mal subjects, 362-699 pg/ml in four postvasectomy patients,
and 332-488 pg/ml in the two patients with oligozoospermia.
Insufficient volume prevented assay in the cases of absent seminal
vesicles. A trend toward higher cobalamin concentrations among
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Table I. Unsaturated Cobalamin-binding Proteins in Seminal Plasma

Transcobalamin II
Subjects Cobalamin-binding capacity* R binder* Transcobalamin 11* (% of binding capacity)

Normal
1 8,020 3,010 4,990 62
2 8,900 2,100 6,600 74
3 10,250 3,300 6,450 63
4 19,650 5,000 14,100 72
5 26,500 3,500 21,950 83
6 16,850 950 15,200 90

Mean±SD 15,030±7,290 2,980±1,370 11,550±6,660 74±11

Postvasectomy
1 8,170 2,780 5,360 66
2 12,410 8,950 3,460 28
3 22,900 9,150 13,500 59
4 21,630 17,790 3,780 17
5 16,700 12,100 4,200 25
6 21,300 9,050 11,750 55

Mean±SD 17,190±5,890 9,970±4,900 7,010±4,430 42±21

Absent seminal vesicles
it 17,400 15,580 1,660 10
2 5,660 4,020 1,520 27

Mean 11,530 9,800 1,590 19

Miscellaneous
infertility cases

1 12,420 1,180 11,100 89
2 12,060 620 11,380 94

* The values are given in picograms per milliliter. They appear rounded off because they are derived from values obtained by assaying 10 or 20
,ul aliquots. (For the same reason, the mean and standard deviation have been rounded off also). The unsaturated cobalamin-binding capacity
exceeds the sum of the unsaturated R binder and transcobalamin II-binding capacities because it also includes minor binders, primarily the
binder eluting chromatographically with the void-volume fraction, which are not given here. t A 4-mo-old specimen previously collected from
this patient had an unsaturated cobalamin-binding capacity of 18,450 pg/ml, of which 9% was transcobalamin II.

the abnormal specimens thus appears from these limited data.
Fractionation studies in three normal specimens revealed that
62-73% of the endogenous cobalamin in semen was attached
to R binder and only 6-17% was carried by transcobalamin II;
16-32% was carried in the void-volume fraction.

Discussion

The strikingly higher concentration of transcobalamin II in
seminal plasma, averaging tenfold that in serum, makes semen

by far the most concentrated depot of transcobalamin II in man.
The only other known sites are milk, whose mean transco-

balamin II level of 870 pg/ml approximates that of serum (14);
cerebrospinal fluid, whose mean level of 302 pg/ml (15) is less
than one-third the concentration found in serum; and saliva,
which was recently shown to contain 130-378 pg/ml in one
abnormal subject (13). Synovial fluid in patients with arthritis
had transcobalamin II levels slightly above those in the blood
(16), but the levels in normal fluid are unknown. As reviewed
elsewhere ( 17), all other secretions, such as gastric juice, amniotic
fluid, bile, and tears, contain little or no transcobalamin II.

The amount of R binder that we found in seminal plasma
was also very high. However, semen is not unique in this respect,
since similar or higher R binder concentrations exist in most
secretions (17).
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The prostate and seminal vesicles contribute the major por-
tion of the seminal plasma volume, but whole semen contains
constituents from other parts of the male reproductive tract as
well (6). Evaluation of men with anatomical disorders thus pro-
vides some clues about the origin of the cobalamin-binding
proteins in normal semen. Semen from normal volunteers should
contain all components including spermatozoa. Samples from
patients with vasectomy should have no contribution from the
testis or epididymis. Semen from subjects without seminal ves-
icles and vasa deferentia should consist primarily of prostatic
fluid and not contain any material from that portion of the
tract proximal to the prostate.

The markedly reduced seminal transcobalamin II levels in
menwithout seminal vesicles and vasa deferentia, and the normal
levels in postvasectomy subjects implicate the seminal vesicles
as the major source of transcobalamin II. One can not entirely
rule out contribution from the other accessory glands, as they
too may have been absent in the former subjects. Moreover, it
should be noted that the transcobalamin II was greatly dimin-
ished but not absent, so that other sources, most likely prostate,
must contribute small amounts. Wherever it occurs, the prolific
elaboration and/or exudation within the male reproductive sys-
tem demonstrates that important depots of transcobalamin II
exist outside the blood stream. The possibility that various
sources exist for transcobalamin II in man awaits more direct
resolution, and is hampered by the fact that, despite various
suggestive studies, the cellular origin of this binder remains
unknown (17).

In contrast to transcobalamin II, Rbinder was not decreased
in either group of anatomically abnormal patients. In fact, its
concentration was increased in postvasectomy semen. Thus,
spermatozoa can not be a major source of seminal R binder.
Whyvasectomy should produce elevated seminal R binder levels
is unclear at present. It is interesting that our two infertile patients
with oligozoospermia had low seminal R binder content; how-
ever, one healthy volunteer had similarly low levels. The in-
formation signaled by the various cobalamin-binding protein
changes in reproductive disorders is a subject worthy of further
exploration.

Seminal cobalamin concentration was of the same order of
magnitude as that of serum, as noted by others (8, 9). Our data
do not support previous suggestions that abnormal semen tends
to have lower cobalamin content (8, 9). However, the com-
parison, selection, and nature of those subjects differed from
ours. An additional contribution to the difference may be that
those studies assayed cobalamin microbiologically whereas our
radioassay using R binder detects analogues as well as "true"
cobalamin. Study of larger numbers of subjects will be needed
to resolve these issues.

The most intriguing question raised by our findings is why
semen should be so rich in transcobalamin II. Such large amounts
seem clearly excessive for vitamin transport needs, particularly
in view of the relatively small cobalamin content in semen.
Moreover, as in serum (18, 19) but not as in cerebrospinal fluid

(15), what cobalamin is present is carried largely by R binder
rather than by transcobalamin II. Indeed, less seminal cobalamin
was carried by transcobalamin II than even by a poorly un-
derstood minor binder which eluted chromatographically in the
void-volume fraction. The latter binder is regularly observed in
serum (20-22), but there carries only a tiny fraction of the
circulating cobalamin (13, 18). Finally, our data indicate that
seminal transcobalamin II is largely delivered at an anatomical
point distal to where spermatozoa would require cobalamin
during their production and storage. Therefore, we suggest that
the function of transcobalamin II is not related solely to its
conventional cobalamin transport role, at least within the male
reproductive tract itself. It may serve some additional purpose
in the male. Alternatively, its cobalamin transport or other func-
tion may be important subsequently in the fertilization process
after leaving the male reproductive tract.
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