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Peptides of postulated inhibin activity

Lack of in vitro inhibin activity of a 94-residue peptide isolated from human
seminal plasma, and of a synthetic replicate of its C-terminal 28-residue
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A 94-residue polypeptide isolated from human seminal plasma and its chemically synthesized C-terminal
28-residue segment were studied in an in vitro inhibin bioassay utilizing rat pituitary cell cultures. Both pep-
tides have previously been claimed to have inhibin activities, and the effects on the secretion and cellular
content of gonadotrophins (FSH and LH) were now assessed in the in vitro assay. No inhibition was found.
After 72 h of culture, both the cellular content and the spontaneous as well as the LHRH-stimulated release
of bioactive or immunoactive FSH and LH remained unaffected. Similarly, no effects were found on the
storage and/or release of prolactin, growth hormone, or thyrotropin. We conclude that both the native 94-
residue peptide and the synthetic replicate of its C-terminal 28-residue segment, do not influence the pitui-
tary FSH secretion when assessed in this in vitro system.

Inhibin Follicle-stimulating hormone

Luteinizing hormone

Seminal plasma Synthetic peptide

Pituitary cell culture

1. INTRODUCTION

It is established that the regulation of the follicle
stimulating hormone (FSH) secretion from the
pituitary is partially under the control of a non-
steroidal gonadal hormone called inhibin [1,2].
Since the first report of this activity by McCullagh
[3], many have tried to isolate the active principle
from different sources [4—6]. Two types of peptide
have been purified from human seminal plasma
[7,8], the smaller one also occurring in multiple
size forms apparently because of different
fragmentations from a parent molecule [9], and
the larger one with a postulated inhibin activity in
the C-terminal segment [10]. Their amino acid se-
quences [7,11—13] revealed them to be unrelated.

The amino acid sequences also permitted later
identification of the smaller peptide as one related
to a major degradation product of a high-M;
precursor secreted by the seminal vesicles [14], and
of the larger peptide as a sperm-coating antigen
{12] originating from prostatic epithelium [13,15].
Evidence was also presented for the prostatic
origin of a closely related immunoreactive material
[16].

The inhibin activity of the larger peptide (with
94 residues) was measured by in vivo assays using
castrated rats and by in vitro incubations of mouse
pituitaries [11]. It was also reported that this pep-
tide exhibits inhibin activity in a rat pituitary cell
culture assay. However, this assay was found to be
less sensitive than the mouse pituitary assay [10], in
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contrast to previous reports from others showing
high sensitivity for the rat pituitary cell culture
with different crude preparations of inhibin [17].
Consequently, the postulated inhibin activity of
the 94-residue peptide appeared to require further
analysis.

Because of all these questions, we decided to in-
vestigate the activity of the 94-residue peptide, and
its C-terminal 28-residue synthetic replicate [10], in
the rat pituitary cell culture bioassay and to com-
pare the results with the known inhibin activity of
ovine rete testis fluid, bovine follicular fluid and
unfractionated human seminal plasma. The effect
of the peptides on the storage and release of LH,
FSH and other pituitary hormones was measured.
No specific effects were detected. However, signs
of non-specific cell toxicity were recorded in cer-
tain instances.

2. MATERIALS AND METHODS

2.1. Preparations studied
2.1.1. Native peptide

The 94-residue peptide was purified by reverse-
phase high-performance liquid chromatography of
a partially purified preparation from human
seminal plasma as described by Sheth et al. [8] and
identified by analysis of amino acid composition
and N-terminal residues [8].

2.1.2. Synthetic peptides

Two syntheses of the 28-residue C-terminal frag-
ment of the previously suggested inhibin native
peptide [10] were investigated. In one preparation
(peptide I below), the peptide was synthesized by
the Merrifield solid-phase method [18], using a
Beckman 990B peptide synthesizer. After cleavage
and deprotection, the peptide was desalted on a
Biogel P-2 column and the crude peptide reduced
and reoxidized to form the correct disulfide bonds
[19]. Final purification was achieved by reverse-
phase high-performance liquid chromatography.
An adjacent pool containing a minor fraction of
the synthetic material was also collected (peptide
Ia). The correct structure of the pure peptide I was
verified by complete sequence analysis in a liquid-
phase sequencer and by amino acid composition
after hydrolysis. Both analyses gave the expected
results, proving the correct structure.
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In the other preparation (peptide II), a Mer-
rifield solid-phase synthesis was carried out as
above, but the product obtained was not further
purified.

2.1.3. Inhibin preparations

The control preparations used (bovine follicular
fluid, diluted 1:1000, and ovine rete testis fluid,
20.8 U/ml) were gifts from Dr F.J. de Jong
(Department of Biochemistry, Erasmus Universi-
ty, Rotterdam, The Netherlands) and Dr D.M.
Robertson (Department of Anatomy, Monash
University, Clayton, Victoria, Australia), respec-
tively. Human seminal plasma was treated with
charcoal [20].

2.2. Pituitary cell culture

All procedures were performed under sterile
conditions. Glassware was siliconized and heat-
sterilized (60 min, 100°C). Solutions were steri-
lized by ultrafiltration through Millipore filters
(Millex-GS 0.22 zm).

Anterior pituitary cells from adult male rats
were prepared using digestion with trypsin [21] and
diluted with the incubation medium [Dulbecco’s
modified Eagles medium (Flow Lab., UK), sup-
plemented with 5% horse serum and 2.5% fetal
calf serum (Flow Lab.)]. Aliquots (200 «l) of about
150000 cells were cultured in multiwell plates
(Falcon 3070) at 37°C in a water-saturated at-
mosphere of 95% air/5% CO; for 72 h before the
addition of any test substance to the medium.

2.3. Methods for inhibin assays
2.3.1. Spontaneous release of FSH and LH from
pituitary cells

After the 72 h pre-culture, the medium was
removed and discarded. Fresh aliquots (250 xI) of
culture medium with and without different
amounts of the test substances were added and the
cells cultured for another 72 h. The medium was
then carefully removed and stored at —20°C
before assay for FSH and LH.

2.3.2. FSH and LH contents of cells
After washing the cells once with 0.1% bovine
serum albumin in Dulbecco’s modified Eagles
medium, they were lysed by addition of 250 ] of
0.05 M phosphate-buffered saline containing
0.1% Triton X-100. The lysate was stored at
—20°C.
243
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Fig.1. Lack of effect of the 94-residue peptide on the
LHRH-stimulated release and intracellular content of
immunoreactive (A) and bioactive (B) FSH and LH.
Cells were cultured in the presence of different amounts
of the 94-residue peptide (A~—=a), human seminal
plasma (O0—0), ovine rete testis fluid (&—a4) and
bovine follicular fluid (e——e), for 72 h, followed by
6 h in the presence of added LHRH (10 nmol/I). The
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2.3.3. LHRH-stimulated release of FSH and LH

After the 72 h culture with the test substance,
cells were washed and fresh aliquots (250 41) of
0.1% BSA-Dulbecco’s modified Eagles medium
added, with or without LHRH (Hoechst,
10 nmol/1) and containing the same concentrations
of the test substances as those during the previous
72 h cultures. The cells were then incubated for
another 6 h before removal of the medium for
FSH and LH assays.

2.4. Assays of pituitary hormones
2.4.1. Radioimmunoassays

Immunoreactive hormones (FSH, LH, GH,
TSH, PRL) were measured by a double antibody
radioimmunoassay (RIA) using reagents provided
by the National Institute of Arthritis, Metabolism
and Digestive Diseases, National Institute of
Health, Bethesda, USA. The reference prepara-
tions used were coded: NIAMDD-rat-FSH-RP-1,
NIAMDD-rat-LH-RP-1, NIADDK-rGH-RP-2
(AFP-3190B), NIADDK-rTSH-RP-2 (AFP-5153B)
and NIADDK-rPRL-RP-3 (AFP-4459B).

2.4.2. In vitro bioassay of FSH and LH
Activities were measured, using previously
described systems [22,23].

2.5. Cell toxicity

Cells were assessed for viability by measurement
of the retention of *!Cr (sodium chromate, Amer-
sham, England) according to Robertson et al. [24].

3. RESULTS

3.1. Native 94-residue peptide

No influence on the LHRH-stimulated im-
munoreactive or bioactive FSH release was ob-
served when the 94-residue native peptide was ap-
plied in final concentrations ranging from

intracellular content of FSH and LH was measured after
the first culture period in parallel experiments. Levels of
FSH and LH were measured by RIA (A) or bioassay (B)
and are expressed as percentages of mean values
(mean + SD, n = 9) found in control wells without any
test preparation. The upper scale refers to the peptide
concentration in log units, the lower scale to the volume
of reference preparations added.
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10 mol/1 10 2.6 x 1073 mol/1 (fig.1). Shorter
culture times than 72 h before the application of
LHRH (24 and 48 h) also failed to show any in-
fluence. Similarly, the peptide did not influence
the LH release (fig.1). However, control prepara-
tions of ovine rete testis fluid and bovine follicular
fluid employed for the validation of the assay ex-
hibited an inhibitory effect (fig.1). The spon-
taneous release of immunoreactive or bioactive
FSH or LH was also not affected by the presence
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Fig.2. Effect of (A) the 28-residue peptide preparations
and (B) the standard inhibin preparations on
intracellular content and spontaneous release of
gonadotrophins. (A) Cultured pituitary cells were
treated for 72 h with different doses of the 28-residue
peptides. (B) Similar experiment, but in this case
different doses of ovine rete testis fluid (0—0), human
seminal plasma (A~—a) and bovine follicular fluid
(w—a) were used for 72 h. Values are expressed as in
fig.1.
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of the 94-residue peptide (not shown), although the
control preparations produced a clear effect, less
pronounced on LH than on FSH. Finally, no sup-
pression of the intracellular content of FSH was
obtained after 72 h of culture with different
amounts of the 94-residue peptide, although a
marked inhibition was found with the control
preparations (fig.1A). The cellular LH content was
not significantly influenced by any of the
substances studied (fig.1A).

3.2. Synthetic 28-residue peptide

None of the synthetic peptide preparations
showed any inhibin activity when they were ap-
plied to the pituitary cell culture system (fig.2), ex-
cept for preparation Ia at the largest dose tested,
13 % 107® mol/1 (fig.2A). However, at this concen-
tration, preparation la was markedly toxic as
demonstrated by the poor retention of *'Cr (fig.3).
Since Ia is a side fraction from the purification, it
is also the material with least amount of authentic
synthetic peptide. As in the experiments with the

S'cr RETENTION
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Fig.3. Test of possible toxic effects of the three
28-residue peptide preparations on pituitary cells in
culture. Pituitary cells were cultured with 5!Cr for 48 h,
the medium was then removed and fresh medium with
different doses of the synthetic preparations [I (A), Ia
(e) and II (A)] was added to appropriated wells and the
culture continued for another 72 h. At the end of this
culture period *'Cr was measured in the medium and in
the cells. Levels of >'Cr are expressed as the ratio
between intra- and extraceliular radioactivity (cpm) of
31Cr [*)Cr(i)/(e)]. Dotted lines represent the limits of 2
SD, from the mean. Note that the highest concentration
of preparation Ia was the only one showing toxicity to
the cells (arrow).
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Fig.4. Effect of the three 28-residue peptide preparations
on the prolactin (PRL), thyrotrophin (TSH) and growth
hormone (GH) content of, and spontaneous release
from pituitary cells in culture. Cultured cells were
treated for 72 h with different doses of the 28-residue
peptides. Values are expressed as in fig.1.

94-residue peptide, those with the three crude
preparations of inhibin all showed the expected in-
hibin effects, with a preferential suppression of the
FSH rather than the LH release (fig.2B).

Furthermore, there was no effect of the peptides
on the release and cellular content of any of the
other pituitary hormones studied (PRL, TSH and
GH), except again the toxic effect of preparation
Ia at the highest concentration (fig.4). In separate
experiments, as expected, this monolayer pituitary
cell system was responsive to thyrotropin releasing
hormone and growth hormone releasing factor
(not shown) by releasing thyrotropin, prolactin,
and growth hormone, respectively, in a dose-
related manner.

4. DISCUSSION

Inhibition of spontaneous and LHRH-
stimulated release of FSH [25] and the suppression
of the cellular content of FSH [26] are established
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effects of inhibin preparations when they are ap-
plied to a pituitary cell culture system. In this
study, preparations used as positive controls in the
assay (bovine follicular fluid, ovine rete testis fluid
and human seminal plasma) showed the expected
[24—28] suppression of FSH cell content and
release (figs 1,2). However, none of the synthetic
peptide preparations (I, Ia, II), corresponding to
the C-terminal segment of the seminal 94-residue
peptide or the native 94-residue peptide, showed
any of these properties. Other pituitary hormones
(GH, TSH, PRL) were also measured in the
culture medium and in the cells as an index of
specificity.

A biphasic dose response relation has been
reported [10] concerning the influence of peptides
on the LHRH-stimulated release of FSH.
However, considering the large range of concen-
trations tested here, the possible existence of a
biphasic response cannot account for the observed
absence of inhibin activity.

The sensitivity of the rat pituitary cell culture
assay has been debated in relation to the assay with
whole pituitaries or in vivo studies [17]. However,
this debate also seems to be irrelevant for the pre-
sent study because of the absence of inhibin activi-
ty of the 94-residue peptide at a wide range of con-
centrations, at the same time as a marked inhibin
activity of crude preparations from various sources
was demonstrated.

The present assay was highly sensitive to LHRH
stimulation in the sense that the basal secretion of
FSH was increased 3—5 times (4.4 + 1.3, n = 9)
after the application of 10 nmol/l1 of LHRH. This
is in agreement with previous reports [21]. When
inhibin activity of the 94-residue peptide and its C-
terminal segment in a rat pituitary cell culture was
reported [10], no description was given of details
on culture conditions, FSH and LH RIAs or
number of experiments. Consequently, no detailed
comparison can be made to find the possible
reasons for the discrepancy between that study and
the present one. However, as shown by the present
data, we consistently find lack of activity under the
assay conditions described.

Both direct measurements of cell toxicity by
determination of *'Cr retention and the release of
hormones showed that peptide Ia damaged the
cells at the highest concentration. Such evaluation
of cell damage was not performed in the previous
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investigations claiming inhibin activity of the pep-
tides studied [10,11]. Furthermore, synthetic pep-
tides [11,29], closely related to the 94-residue pep-
tide and the 28-residue peptide presently studied,
failed to influence the spontaneous release of FSH
when they were applied to dispersed pituitary cells
in culture {2].

We conclude therefore that the 94-residue pep-
tide and its fragment lack inhibin activity. This is
consistent with present knowledge of the structure
and origin of the 94-residue peptide. Thus, the
amino acid sequence shows the peptide to be the
same as the sperm-coating antigen in human
seminal plasma [12,13,15]. The site of origin has
been shown to be prostatic epithelium [13,15,16].
In addition, the peptide does not disappear from
peripheral blood after gonadectomy [16,30], and is
present at high concentrations in gastric secretions
[31]. None of these properties is expected for a
hormonal peptide that would regulate FSH secre-
tion in an inhibin-like manner. Consequently, all
the properties of the 94-residue peptide, and its
28-residue C-terminal fragment, harmonize with
the present demonstration of the absence of in-
hibin activity. (After the preparation of this
report, another complete structure was shown for
inhibin [32], in agreement with several recent isola-
tions [33-36]. This structure also questions
previous data by demonstrating another structure
for inhibin, thus confirming our conclusions de-
rived from direct measurements with the previous
peptides.)
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