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Abstract. Prostasomes are membranous vesicles (150branes (Mack et al., 1986) that contain less sphingomy-
200 nm diameter) present in human semen. They arelin and more phosphatidylcholine with a cholesterol:
secreted by the prostate and contain large amounts @fhospholipid ratio of 0.83 (Poulos & White, 1973). This
cholesterol, sphingomyelin and €a In addition, some may be interesting since cholesterol may have roles in
of their proteins are enzymes. Prostasomes enhance tk@erm capacitation (Benhoff, 1993). Prostasomes are
motility of ejaculated spermatozoa and are involved in aalso rich in C&*, GDP, ADP and ATP (Ronquist &
number of additional biological functions. The possibil- Frithz, 1986; Fabiani, 1994), and many proteins at their
ity that they may fuse to sperm has never been provedsurface possess a catayltic activity (Fabiani, 1994) or are
In this work, we studied the fusion of sperm to prosta-jnvolved in the immune response (Rooney et al., 1993;
somes by using various methods (relief of octadecylFapiani et al., 1994). We would cite, among their physi-
Rhodamine B fluorescence self-quenching, fluorescencg|ogical roles, the enhancement of sperm mobility (Steg-
microscopy and flow cytometry) and we found that it mayr & Ronquist, 1982), the liquefaction of semen (Lilja

occurs at acidic pH (4-5), but not at pH 7.5. pH- g |aurell, 1984) and immunosuppression (Kelly et al.,
dependent fusion relies on the integrity of one or more1991: Skibinski et al., 1992).

proteins and is different from the €astimulated fusion It has been reported (Ronquist et al., 1990) that pros-
between rat liver liposomes and spermatozoa that doggsomes “interact” with sperm but fusion has never been
not require any protein and occurs at neutral pH. reported. On the other hand, fusion is necessary for a

We think that the F-dependent fusion of prosta- number of physiological functions, spanning from egg
somes to sperm may have physiological importance byecundation to the release of neurotransmitters. For this
modifying the lipid and protein pattern of sperm mem- reason, many models have been proposed to study this
branes. phenomenon. Liposomes have extensively been used fol

this purpose and a pH-dependent fusion of spermatozoz
Key words: Membrane — Seminal fluid — Rhodamine to liposomes made with acidic phospholipid has been
— Liposomes — Fluoresence reported (Arts et al., 1993, 1994). Since the many mem-
brane types in the eukaryotic cell retain their individual-
ity, fusion must be a controlled phenomenon.

Prostasomes can be used to study fusion with two

P b il db ims: (i) they are simple natural membranes although
rostasomes are membranous vesicles secreted by W newhat similar to certain types of liposomes and (ii)

prostate _gland (Ronquist & Brody, 1.985)' Thei.r Iip.id they may be related to the fertilizing capacity of human
composition is peculiar; cholesterol is present in h'ghsemen.

amounts as is sphingomyelin, whereas phosphatidiylcho- We thought that prostasomes may exert their effects

line is less abundant (Ardivson et al., 1989). Thereforey, ., the fusion to sperm and the experiments reported
these membranes differ amply from sperm plasma MeMAere were done to test this hypothesis. Therefore, we

studied the fusion capacity of sperm, prostasomes and
I liposomes and found that the fusion of spermatozoa to
Correspondence tdG. Arienti prostasomes has very different properties from the fusion

Introduction
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to Iiposomes made with rat liver Iipid extracts. We pro- was dried under a gentle stream of nitrogen and dissolved in known

pose that the fusion of prostasomes to sperm may pamounts of chloroform: methanol (2:1, v/v). Phospholipids were sepa-
somehow connected to fertility rated by two dimensional thin-layer chromatography (6.5 x 6.5 cm, PE

SIL G 250 pm, Whatman Ltd., Maidstone, UK) with: (a) chloroform:
methanol:1.6 mmol.I* ammonia (70:30:5, v/v) and (b) chloroform:
acetone:acetic acid:methanol:water (75:30:15:15:7.5, v/v). Spots were
visualized by exposure tg vapors and identified with pure reference
standards. After the sublimation of kpots were scraped off the plate
and their phosphorus content determined (Bartlett, 1959).

Materials and Methods

MATERIALS

HEPES (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid), ThesitPREPARATION OF LIPOSOMES

(dodecylpoly(ethylenglycolethe)) and MES (2-(N-morpholino)-eth-

anesulfonic acid) were produced by Boehringer-Biochemie (Mann-Lipid extracts were prepared from rat liver or from human prostasomes

heim, Germany). Sephadex G-50 and Sephadex G-200 were obtaind@llowing the method described by Folehal.(1957). Proper amounts

from Pharmacia Fine ChemisalA B (Uppsala, Sweden), octadecyl Of lipids were dissolved in chloroform: methanol (2:1, v/v), the solvent

Rhodamine B chloride (R) was purchased from Molecular Probes removed under a gentle Nlux and lipsomes prepared suspending

(Eugene, OR). Other reagents, all of reagent grade or better, werbpids (1.5umol.mL™) in a buffer (pH 7.0) containing 0.32 mmol.t

obtained from Carlo Erba (Milan, Italy), unless stated otherwise. ~ sucrose and 2 mmol't HEPES (SHB). Suspensions were sonicated
to clearness in a MSE sonicating apparatus (Corazzi et al., 1989).

MEN SAMPLES AND SPERM PREPARATION
S SA s S © INSERTION OFR;g INTO MEMBRANES

Fresh human semen was obtained from donors and was left 30-40 Mife insertion of R, into vesicles (prostasomes or liposomes) was

at room temperature. We used normospermic (WHO, 1987) Sampleﬁen‘ormed as described by Hoekstzal. (1984). The probe was dis-
and centrifuged the material (800 g<x 10 min) to harvest sperm.  gqyed in ethanol (1 mg.mt) and 50pL of this solution were added
The supernatant ($was used to prepare prostasomes. The pelgt (P 5 1 mL of vesicle suspension. The mixture was then kept in the dark
was suspended in Tris 30 mmol:A+ NaCl 130 mmol.L* (adjusted to o1 1 by at room temperature. To eliminate noninsertag, Resicles

pH 7.6 with HCI). Sperm were purified by layering on 70% Percoll \yqre chromatographed on a Sephadex G-50 column (0.5 x 25 cm) and
(Sigma Chemical, St Louis, MO) and by centrifuging at 609 30 g|yted with SHB (liposomes) or Tris 30 mmoft + NaCl 130

min. The pellet was then washed twice with Tris 30 mmot.k NaCl mmol.L! (adjusted to pH 7.6 with HCI) (prostasomes). The fluores-

130 mmol.L'? (adjusted to pH 7.6 with HCI). The final pellet was cence of these preparations was stable for many hours.
suspended in the same buffer and immediately used for further proce-

dures, unless otherwise stated.
ASsAY OF FUSION

PREPARATION OF PROSTASOMES Fusion was tested by the relief of octadecyl-Rhodamine fluorescence
self-quenching, which monitors lipid mixing. The assay was per-
formed in a cuvette containing 0.32 moliLsucrose + 20 mmol.1*

MES or 2 mmol..* HEPES at the required pH (1.85 mL) and vesicles
loaded with the probe (about 20 nmol lipid in %0 of SHB). The

The supernatant ($was diluted (1:1, by vol) with Tris 30 mmol &

+ NaCl 130 mmol.C* (adjusted to pH 7.6 with HCI) and was centri-
fuged at 1,000 xg x 20 min to eliminate cell debris and residual - '
spermatozoa. The new supernatant was then centrifuged at 105,0001¥SIon process was started by adding unloaded sperm (about 30-50
g x 120 min. The supernatant was discarded and the pellet containingM©! lipid P in 100uL of SHB) and was monitored following the

prostasomes and amorphous material (Ronquist & Brody, 1985) wadicrements of fluorescence at 580 nm (excitation 560 nm) using a
suspended in Tris 30 mmofL+ NaCl 130 mmol.C* (adjusted to pH Shimadzu RF5000 spectrophotofluorimeter. Slit widths were set at 5
7.6 with HCI) to have about 1-1.5 mg prot.mL nm for both excitation and emission. The calibration of the assay was

Prostasomes were purified from amorphous material by Chromaperformed taking as 100% the fluorescence produced after the addition

tography on a Sephadex G-200 column (1.5 x 30 cm) preequilibrated)f 0.03% Thesit; indeed, fluorescence did not increase for further ad-
with Tris 30 mmol.L”* + NaCl 130 mmol.L? (adjusted to pH 7.6 with ditions of the detergent. No increase of fluorescence was detected

HCI) (Fabiani et al., 1994). Prostasomes were not retained by thé)efore the addition of unloaded vesicles. pH had no effects in the

column and were collected with They were finally harvested by ~'@nges used in this paper. _ _
centrifugation at 105,000 g x 120 min and suspended in the same We investigated quore_scence self—que_nchmgsurfacg dehsny
buffer. and always used concentrations comprised in the proportionality range;
for surface densities<0.02 mol probe/mole lipid fluorescence quench-
ing was linearly related to surface density. The extent of fusion (taking
CHARACTERIZATION OF PROSTASOMES as 100% the complete intermixing of lipid phases) was calculated from
the percent of fluorescence quenching relief using the following rela-

The homogeneity of prostasome preparations was checked by quadionship (Corazzi etal., 1991 = PD(1 +1/l), wereF = fusion,PD
elastic light-scattering (QELS) with a NICOMP Model 370/VHPL sub- = Percentage of fluorescence dequenching, amount of Re-loaded
micron particle sizer with very-high-power laser (75-mW air-cooled lIPid (in mol) and | = amount of unloaded lipid (in mol).

argon-ion 488 nm). In addition, prostasomes were characterized by

measuring their lipid content. The extraction of lipid from membranes F| ;orescENCEMICROSCOPY

was performed according to Folch, Lees and Sloane-Stanley (1957).

In some instances, chloroform extracts were used to determine thén some instances, the mixtures of fusing prostasomes and spermatozo:
distribution of phosphorus among lipid classes. The chloroform phasavere examined with a microscope (Axiolab, Carl Zeiss, Oberkochen,
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Germany) equipped with a filter set 15 (emission 590 nm). Photo-Table. Fusion of fresh sperm to Rlabelled vesicles
graphs were taken with a 3600 ASA black and white film (Eastman-
Kodak, Rochester, NY). Prostasome and sperm were mixed as deA: Sperm not

scribed above in Assay of Fusion and incubated at 37°C for 10 mintreated with pronase 1 mmortce* No C&* added
Loosely associated vesicles were then removed after the process of
fusion by centrifugation in the same buffer used for fusion (2 times atRat liver lipid liposomes

600 xg x 5 min each time). pH 5.0 77.0+£8.2 148+1.3
pH 7.5 269+23 0.7+0.3
Prostasome lipid liposomes
CYTOFLUORIMETRIC ASSESSMENT pH 5.0 352+3.4 33.6+28
pH 7.5 19+05 15+21
Samples were prepared as described above (in Fluorescence Microprgstasomes
copy). The observations were then performed with a FACS Analyzer pH 5.0 243+1.7 26.0 + 2.0
flow cytometer (Becton-Dickinson, Sunnyvale, CA) and the signal pH 7.5 1.9+0.3 15+0.4
emitted on the FL2 channel (585 + 26 nm) analyzed with a Convert 30 )
program. B: Sperm treated with pronase
Rat liver lipid liposomes
pH 5.0 76.2+7.9 0.4+0.2
ANALYSES pH 75 30.0+2.7 0.6+0.3
Prostasome lipid liposomes
Protein was determined as described (Bradford, 1976), cholesterol and pH 5.0 25+0.3 27+0.2
phospholipid phosphorus assayed after digestion with 70% (w/w) per- pH 7.5 1.3+0.6 0.5+0.3
chloric acid (Bartlett, 1959) and cholesterol as described by Rudel &Prostasomes
Morris (1973). pH 5.0 11.8+1.6 11.8+0.7
pH 7.5 14+03 0.8+04
ABBREVIATIONS (A) Sperm are fused for 10 min (no further increase of fluorescence was
found thereafter) in the absence of*Car in the presence of Gawith
SHB: Sucrose-HEPES-Buffer (a buffer containing 0.32 mdi.u-  vesicle preparations loaded with RData are expressed as percentage
crose, and 2 mmol ' HEPES, pH 7.0) R Octadecyl Rhodamine B of maximum fusion, as described (Corazzi et al., 1995+Compo-
chloride Thesit: dodecylpoly(ethylenglycolethgr) sition of prostasome lipid extracts (5 determinations): (14% phospha-

tidylserine, 8% phosphatidylinositol, 50% sphingomyelin, 11% phos-
phatidylcholine, 17% phosphatidylethanolamine on molar bases, with a
Results cholesterol to phospholipid ratio of about 2). Composition of rat liver
lipid extracts (5 determinations): 3% phosphatidylserine, 6% phospha-
tidylinositol, 6% sphingomyelin, 49% phosphatidylcholine, 29% phos-
CHARACTERIZATION OF PROSTASOMES phatidylethanolamine, 3% cardiolipin (cholesterol/phospholipid ratio
of about 0.4). B) The treatment with pronase was performed as de-
We checked the prostasome preparations employed ittribed (Nilsson & Dallner, 1977), that is, sperm were suspended in
this work and concluded that the material we used wa$-32m sucrose, 2 m Hepes (pH 7.5 and about 0.3 mg proteift.and
similar to that utilized by others (Ronquist & Brody, ipcubqted with_ 0.03 mg:1* of pronase for 120 min. Se&\) for addi-
1985; Arvidson et al., 1989) as demonstrated by the lipidfona! information.
composition geelegend to the Table) and by the size of

the particles (about 150-200 nm, measured by quasi: , . . . )
elastic light scattering—QELS). QELS was performede dependent mechanism could be inactivated by expo

. - sure of spermatozoa to pronase (TaBlewhereas the
either at pH 7.5 or at pH 5.0 to check that no aggregatlorbivalem cation-induced fusion was insensitive to the pro-

occurred at the lower pH. Liposomes prepared with . . .
S tease. With this type of liposomes, the pH-dependent
prostasome lipid extracts were also analyzed by QELSmechanism was much less active than the?'ca

Their diameter was about 120 nm and, therefore, Comaependent one and the two systems may not sum their
parable to that of prostasomes.

effects. Indeed, the pH-dependent fusion was abolished
by the treatment of sperm with pronase; yet, in the pres-

FUSION AS MEASURED BY THE RELIEF OF ence of C&" the effect of pronase was scarce or absent at
OCTADECYL-RHODAMINE-B pH 5.0.
FLUORESCENCESELF-QUENCHING We then studied the fusion sperm to prostasomes.

The addition of C&" was without effect and fusion could
As a first step, we studied the fusion gfermatozoa to be elicited only through the Hdependent mechanism
liposomes made with rat liver whole lipid extracts (Fig. 1; Table). In addition, the fusion between these
(Table). Two types of fusion were present: one was acparticles could be inactivated by exposing spermatozoa
tive at pH 7.5 and depended on the presence & Ca to the action of pronase. The inactivation due to the
whereas the other required a decrease of pH to 6-5 (qrrotease was not complete (Table). However, fusion of
less) and was usually measured at pH 5.0 (Table). Theronase-treated sperm could be reduced practically to
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Fig. 2. Flow cytometry of spermatozoa after different treatments. The

graph reported in this figure is one of the several obtained with this

Fig. 1. pH-dependent fusion of prostasomes to spermatozoa (Ab Cat hni S : ixed with-avaded ; th
added). For lipid composition, see the Table. The percentage of flupscCNNIqUe. Spermatozoa were mixe withfoaded prostasomes, they

rescence was calculated as reported in Materials and Mettsads ( were kept at 37°C at the deswed_plsle(alegend to Fig. 1) and the
Corazzi et al., 1991). Vertical bars indicate #e The desired pH was fluorescence was measured 10 min afterwards.
achieved by using the following buffer: 0.32 molLsucrose + either
20 mmol.L"* MES or 2 mmol.L.* HEPES.
ment with those reported above by using the relief of R

self-quenching and with those obtained by fluoresence
zero by one of these procedures (i) by treating also prosmicroscopy $eebelow). In addition, they indicated that
tasome with pronase, (ii) by using boiled prostasomesnost spermatozoa fused with prostasome at acidic pH in
and (iii) by using liposomes made with prostasomal ex-10 min.
tracts 6ee also beloy Therefore, the fusion between
sperm and prostasomes was due to two components: 0
bound to sperm and the other to prostasomes. In n

cases could we obtain fusion of sperm/prostasome mix- .
tures by adding divalent cations &aMg?*, Mn2*, Zn?* Fused sperm cells were evaluated with a fluorescence

in the range 0.1-2 mmolE) at pH 7.5 or increase it by microscope. In a first set of experiments, we examined

adding the same cations at pH 5.0. The possibility of &5P€rm fused to rat liver lipid liposomes at pH 7.5 and at
cation-dependent fusion between sperm and prostasom@! -0 in the presence of €a As expected, the stain
was therefore ruled out by these observations. was better taken up after fusion at pH 5.0, but it was also

We also assessed the fusionspermatozoa to lipo- €vident at pH 7.5. We also tested frozen sperm and
somes made with prostasomal lipidEhese particles found that these were stained more heavily than the fresh

could fuse to sperm at acidic pH, but the process was ndi'aterial. _ ,
stimulated by C&. The fusion of prostasomal lipo- The behavior of prostasomes or of liposomes made

somes was ever more extensive than the fusion of nativlé’ith prostasome lipids was different from that of rat liver

prostasomes (Table). This may be due to the removal dfPOSOMes. In our study, the label was very low at pH 7.5
compounds other than lipid during lipid extraction from &nd was present only in the neck zone of the sperm. Yet,

prostasomes and liposome preparation. it was very well evident at pH 5.0 (Fig. 3). At this pH,
the fluorescence was distributed uniformly on the cell

surface and we could not find any differences related to
FLow CYTOMETRY the treatment of the sperm (frozes. fresh).

ICROSCOPICEXAMINATION

Flow cytometry permitted us to obtain additional data on

fusion between prostasomes and sperm. The addition dpiscussion

prostasomes to sperm at pH 7.5 produced a very low

increase of sperm fluorescence that might be due to &rostasomes are natural vesicles secreted by the prostat
small, aspecific transfer of the probe. Upon repeatinggland into human semen. They are claimed to have a
the procedure at pH 5.0, the fluorescence of sperm wasumber of functions, among which the stimulation of
about 100 times as high as the basal fluorescence at psperm motility (Stegmayr & Ronquist, 1982) and immu-
7.5 and it presented very small overlaps (about 3%, Fignosuppression (Kelly et al., 1991). Although they have
2). This means that the fusion process involved mosbeen reported to interact with sperm (Ronquist et al.,
sperm and was strictly dependent on pH. Therefore thd990), no reports of their fusion to sperm have appeared
results obtained by flow cytometry were in good agree-in the literature. On the other hand, they possess a pe-
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than liposomes, and the probe might not reach mem-
branes other than plasma membrane after fusion. It is
therefore clear that when we express fusion extent as a
percentage of total fusion, we introduce a potential error
(underevaluation).

Another fact that could lead to an underevaluation of
fusion is the possibility that lateral diffusion of lipid may
be limited on the sperm plasma membrane. It has been
reported that in certain instances the fused lipid accumu-
lates in some zones of the membrane (Arts et al., 1993,
1994) and that the lipid is patched in gel domains in this
structure (Wolf, 1995). Of course, this would limit the
dilution of the probe and therefore the relief of fluores-
cence self-quenching.

Sperm is able to distinguish between two types of
liposomes, at least: those made with rat liver lipid extract
and those assembled with lipids extracted from human
prostasomes. Since all vesicles tested in this paper (li-
posomes from total liver lipid extracts, liposomes from
prostasomal lipids or prostasomes) may use the pH-
dependent fusion, it is not yet possible to state the re-
quirements of this process. On the other hand, lipid
composition and/or vesicle size may be responsible for
the lack of cation-dependent fusion between sperm and
prostasomes (or liposomes made with prostasomal lip-
ids). In a previous paper, Arts et al. (1993) found that
human fresh sperm cannot fuse with liposomes made of
acidic lipid. In this paper, we find that the characteristics
Fig. 3. Appearance of a mixture of spermatozoa ang-Raded pros-  Of liposomes are extremely important for fusion and that
tasomes, kept for 10 min at pH 7.8)©r at pH 5 b). Magnificatonwas ~ different results are expected when challenging different
1,000%. The time of exposure was 25 sec & &nd 3 sec in lf). types of vesicles.

Samples were prepared as described in Material and Methods. The pH-dependent fusion requires one (or more)
protein(s) on the sperm surface. On the prostasomal sur-

tain several small molecules (Fabiani, 1994). Thereforet0o abolish fusion completely both prostasomes and sper-
they may deliver any of these Components to sperm, smatozoa must be treated with pronase. Yet, |ip080mes
modifying its properties. made with prostasomal lipid fuse to a greater extent than
Membrane fusion is required for many bio|ogica| prostasomes. This mlght be due to the presence of othel
events and various methods have been claimed to asseg@mponents that may hinder the fusion process. We
it. In this paper, we explored the properties of octadecythink that the main fact reported here is the pH-
Rhodamine-B (Ry) (Hoekstra et al., 1984). The dye dis- dependent fusion of sperm to prostasomes.
solves into the lipid core of the membrane, exhibits fluo- Prostasomes contain CD59 (Rooney et al., 1993),
rescence self-quenching and, for this reason, the fluore$=D55 and CDw52 (Hale et al., 1990). These proteins
cent signal increases upon dilution, as it happens follow€an be transferred to cells through different mechanisms
ing the fusion of two membrane populations whose only(Rooney et al., 1996). Yet, the phenomenon described in
one is loaded. this paper is certainly different from those reported
When the relief of Ry self-quenching is used to above because it also happens after treatments able t
measure the fusion between liposomes, the extent of theéestroy or alter prostasomal protein (boiling, treatment
phenomenon is evaluated from the maximal theoreticaith pronase) or to remove it (preparation of liposomes
fluorescence, that is the fluorescence obtained when theith prostasomal lipids).
probe is evenly distributed among all lipids in the One may wonder whether this phenomenon pos-
sample, as after the addition of proper amounts of detersesses any physiological significance. The first point to
gent (Hoekstra et al., 1984; Corazzi et al., 1991). How-consider is pH. Usually, we measure fusion at pH 5, but
ever, this method may not give quantitative results in ourit may also occur at higher pH values (Fig. 1). For this
case because sperm are much larger and more complegason, although human seminal plasma has a high buff-
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ering capacity, it is possible that the pH of vaginal con-Folch, J., Lees, M., Sloane-Stanley, G.H. 1957. A simplified method
tent is low enough to allow fusion to occur, also consid- for the isolation and purification of total lipids from animal tissues.
ering the low pH of prostatic secretions. J. Biol. Chem226:497-509

The fusion with prostasomes may interest SpermHaIe, G., Xia, M.Q., Tighe, H.P., Dyer, M.J.S., Waldmann, H. 1990. A

. . e . monoclonal antibody against human decay accelerating factor
particularly exposed to an acidic milieu following the (DAF, CD55). D17, which lacks reactivity with semen-DARa-

incomplete mixing of seminal plasma and vaginal secre- |\ \hol Lett 37:118-127
tions. From this point of view, the fusion with prosta- Hoekstra, D., de Boer, T., Klappe, K., Wilschut, J. 1984. Fluorescent

somes may be a mechanism to protect sperm. method for measuring the kinetic of fusion between biological
In this paper, we studied the behavior of lipids.  membranesBiochemistry23:5675-5681

However, prostasomes also contain protein and a numbegeiy, R.w., Holland, P., Skibinski, G., Harrison, C., McMillan, L.,

of small molecules. Any of these could modify the prop-  Hargreave, T., Jam, K. 1991. Extracellular organelles (prosta-

erties of human sperm upon fusion with prostasomes.  somes) are immunosuppressive components of human senien.
The pH-dependent fusion with prostasomes or with ~ Exp. Immunol86:50-58

liposomes made by prostasomal lipid reported in thistilia, H., Laurell, C.B. 1984. Liquefaction of coagulated human semen.

paper may be interesting from different points of view. Scand.J. Clin. Lab. Invest4:447-452

|ndeed, |t represents a mode' Of fusion between two natuMaC_k, SR, Eve_ring_ham, J., Zaneveld, L.J.D. 1986. Isolation and par-

ral membranes and it may also have a physiological role tial characterization of the plasma membrane from human sperma-

. . tozoa.J. Exp. Z00l.240:127-136
in the fecundation process. _ -
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. . . . in liver microsomal membraned. Cell Biol. 72:568-583
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