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Human prostasome membranes exhibit very high 
cholesterol/phospholipid ratios yielding high molecular ordering 
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Lipid analysis and ESR studies were carried out on prosta.somes isolated from human semen. Cholesterol plus 
phospholipids amounted to approximately 0.80 #tool per mg protein with a striking quantitative domination of  
cholesterol over the phospholipids, the molar ratios of cholesterol/sphingomyelin/glyceruphospholipids being 4: ! : ! .  
Saturated and monounsaturated fatty acids were dominating both in the glycerophospholipids and in sphingomyelin. The 
order parameters, S, deduced from ESR spectra of spin-labelled fatty acids incorporated into prostasome membranes 
were very high, viz. 0.'/5 for 5-doxylstearie acid and 0.30 for 16-doxylstearie acid at 25°C. Slightly lower values were 
obtained for the spin-labelled fatty acids when the)' were incorporated into dispersions of extracted prostasome lipids o r  
into synthetic lipid mixtures of similar composition. The highly ordered lipids in the prostasome membrane thus seemed 
to be minimally perturbed by proteins in the membrane and ESR spectra showed no signs of immobilized lipids. 

Introduction 

Seminal plasma represents the fluid poltion of semen 
in which spermatozoa are bathed at the time of ejacula- 
tion. It p:ovides a medium for the motility of sperma- 
tozoa, and several of its constituents are known to assist 
the spermatozoa in fertilizing the egg. Seminal plasma is 
a mixed fluid consisting of contributions from different 
secreting glands. The prostatic contribution to an aver- 
age ejaculate (3.5 ml) usually is 0.5-1.0 ml [1]. The 
prostatic fluid not only contains soluble constituents 
but also small corpuscular structures or organelles [2] 
later denoted prostasomes [3]. Hence, prostasomes are 
an integral part of the seminal plasma composition and 
they can be isolated upon preparative ultracentrifuga- 
tion and recovered in a distinct band at gradient centrif- 
ugation [3]. The physiological role of these organelles is 
not elucidated but the membrane encasing them con- 
tains several enzyme systems [4]. The prostasomes may 
participate in the liquefaction process [5] and may be 
important for sperm forward motility [6,7]. The protein 
composit ion of the membrane surrounding the 
organelles seems to be complex [3], and analysis with 
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two-dimendonal gel electrophoresis revealed a com- 
posite protein pattern with most of the proteins in the 
molecular mas.~ range of 10-90 kDa [8]. In the present 
report we havt investigated the lipid composition and 
structure of prostasome membranes. 

Materials and Methods 

P r e p a r a t i o n  o f  p r o s t u s o m e s  f r o m  h u m a n  s e m e n  s a m -  

ples .  Semen was obtained from men who were referred 
to the fertility clinic for investigation of fertility. After 
semen liquefaction (30-45 rain at room temperature), 
sperm and possible cell debris were separated from 
seminal plasma by centrifugation for 20 min at 1000 × g. 
The seminal plasma was subsequently ultracentrifuged 
for 2 h at 105000 × g. The pelleted material thus ob- 
tained (pellet I1) was resuspended in 500 pl of 30 mM 
Tris-HCI buffer containing 130 mM NaCI (pH 7.6). 
This pellet II suspension (0.5 ml-2.0 ml. sometimes 
several suspensions were pooled together) was further 
purified on Sephadex G-200 in accordance with a previ- 
ous investigation [9] to separate an amorphous protein 
subst,nce [3] from prostasomes. The eluted prostasomes 
on Sephadex G-200 [9] were ultracentrifuged for 2 h at 
105000 × g and the pelleted material containing "pure' 
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prostasomes was resuspended in 600 al  of isotonic 
buffer either consisting of Krebs-Ringer bicarbonate 
(KRB) buffer or the aforementioned isotonic Tris buffer. 
Protein was determined in triplicate according to Lowry 
et al. [10] with bovine serum albumin as standard, The 
triplicate determinations agreed within +2%. 

Ultrasonic treatment of prostasomes. A sample disper- 
sion (0.6 ml) consisting of prostasomes in KRB buffer 
was placed in a glass test tube in ice and ultrasonic 
treatment was done for 10 and 40 min, respectively, at 
40 kHz and an input power of 100 W (Sonifier II 
Ultrasonic Cell Disruptor, Branson Ultrasonics S.A., 
Switzerland). The ice-bath was exchanged at least once 
in order to keep the temperature about 4°C.  The pros- 
tasome suspension was again ultracentrifuged for 2 h at 
105000Xg after this treatment and the pellet was 
resuspended as given above for enzymatic and lipid 
analyses. 

Enzyme assays. The Zn 2 +-dependent ATPase activity 
in prostasomes was determined in a buffered medium at 
pH 6.0 maintaining an ATP/Zn  2+ ratio of 2 :1  in 
accordance with a previously described method [4]. The 
enzyme activity was expressed in #mol orthophosphate 
released per mg protein and 20 min at 37°C.  The 
aminopeptidase assay was according to the method of 
Laurell et al. [11] using N-succinyl-L-alanyl-L-ale, nyl-L- 
alanine-para-nitroanilide (Suc(AIa)3pNA) as substrate. 
The aminopeptidase activity was expressed in units per 
mg protein. One unit corresponded to the activity of I 
U elastase (EC 3.4.21.11, type I, No E-1250, Sigma 
Chemical Co., U.S.A.) per min at 37°C.  

Lipid analysis. The prostasome lipids were extracted 
with chloroform/methanol,  (1:1,  v/v) .  One volume of 
the prostasome suspension (KRB buffer) was mixed 
with 6 vols. of chloroform/methanol.  Then 2 vols. of 
0.15 M NaCI acidified to pH 4 were added. Two phases 
were obtained. The lower, chloroform phase was col- 
lected and the upper phase was washed once with 
chloroform which was then combined with the original 
chloroform phase. Thin-layer chromatography of the 
extracted lipids was carried out on plates precoated 
with 0.2 mm thick layers of silica gel (Merck AG, 
F.R.G.). Before use the adsorbent layers were purified 
by running the plates in a mixture of chloroform/ 
methanol/acetic ac id/water  (25 : 15 :4 :  2, v/v) .  The 
plates were then activated for 2 h at 120°C. Samples 
from prostasome preparation I (see Table I) were 
analyzed by one-dimensional chromatography with 
cl lo roform/methanol /ace t ic  ac id/water  (20 : 20 : 4 : 3, 
./~,) as the mobilic phase. The other samples were 
analyzed by two-dimensional chromatography on silica 
gel containing magnesium acetate [12]. Impregnation of 
the precoated plates was done by spraying the plates 
with a 1.2% (w/v)  solution of magnesium acetate. The 
plates were then activated at 120°C for 3 h. Developing 
solvent in the first direction was ch loroform/  

methanol/25% ammonia/water ,  (65 : 35 : 5 : 2. v/v) .  
After drying in vacuo for 30 min the plates were devel- 
oped in the second direction with chloroform/ 
methanol /acet ic  ac id/water  (60 : 30 : 8 : 3, v/v) .  The 
phospholipids were visualized with dich!orofluorescein 
and isolated for phosphorous determination as previ- 
ously described [13]. The lipids were identified by com- 
paring their chromatographic mobilities with those of 
authentic standards supplied by Sigma Chemical Co., 
U.S.A. and Avanti Polar Lipids, U.S.A. 

Fatty acid methyl esters for gas-liquid chromatog- 
raphy were prepared by treating total prostasome lipids 
with 0.1 M NaOH in methanol for 15 min at room 
temperature. Methyl esters originating from the 
glycerolipids and ur~reacted lipids, mainly sphingo- 
myelin, were separated by thln-layer chromatography 
and isolated. The sphingomyelin fraction was trans- 
esterified at 65°C  for 4 h in methanol containing 2.5% 
(v /v)  sulphuric acid and the resultant methyl esters 
were purified by thin-layer chromatography. BHA 
(2,[3]-tert-butyl-4-hydroxyanisol) at a concentration of 
50 m g / I  was added as an antioxidant to the methanol 
used in both methylating reactions. 

The fatty acid methyl esters were analyzed by gas- 
liquid chromatography on a bonded FFAP fused silica 
glass capillary column (Quadrex Corporation, U.S.A.). 
Shimadzu GC-gA gas chromatograph equipped with a 
flame ionisation detector and an electronic integrator 
was used. Gas-liquid chromatography reference s:ap- 
dards obtained from Nu Chek Prep, Inc., U.S.A. were 
used both for identifying the fatty acid methyl esters 
and for calibrating the response of the detector-integra- 
tor unit. 

Cholesterol was determined enzymatically with the 
Monotest °~ kit (Cat No. 237 574) supplied by Boeh- 
ringer Mannheim GmbH, F.R.G. Phospholipids were 
quantified by phosphorous determinations according to 
Chen et al. [14]. The reported cholesterol and phospho- 
lipid values were the means of duplicate determinations 
which agreed closely ( ___ 3%). 

ESR measurements. 5-Doxylstearic acid and 16- 
doxylstearic acid were purchased from Molecular Probes 
Inc., U.S.A. Incorporation of doxylstearic acid into 
prostasomes was achieved by vigorously shaking a pros- 
tasome suspension in a glass vial where doxylstearic 
acid had been deposited as a dry film. The concentra- 
tion of doxylstearic acid was chosen to yield a (pros- 
tasome phospholipid)/(doxylstearic acid) molar ratio of 
100. Doxylstearic acid was also added at the same 
concentration to extracted prostasome lipids or to syn- 
thetic lipid mixtures. The lipids were mixed with 
doxylstearic acid in chloroform/methanol  solution and 
then taken to dryness under a stream of N 2 and disper- 
sed in 50 p,l distilled water. Each prostasome and lipid 
sample was transferred to two glass capillary tubes 
which were sealed and placed together in the ESR 



spectrometer. All ESR spectra were registered at 25 and 
3 7 ° C  with a Varian model E-109 X-band (9 GHz)  
spectrometer by using an E-238 (TMHo mode) cavity. 
Temperature regulation was achieved by means of a 
model V-6040 variable temperature controller. The 
modulation frequency was 100 kHz and the modulation 
amplitude was always kept les:; than 0.5-times the line- 
width of the central peak in each spectrum. The spec- 
trometer was interfaced to a Zen i th - l l l -32-PC as out- 
lined by Lipscomb and Salo [151. 

Calculation of order parameters. For  anisotropic and 
sufficiently fast motion of the spin label on the ESR 
time-scale, the variation in spectral anisotropy is 
quantitatively best described in terms of an order 
parameter,  S. This quanti ty is related to the time-aver- 
aged amplitude of angular  motion and is given by the 
following expression: 

s = { 3<cos-'a) - 1 }/2 

# is the instantaneous angular  orie:ntation of the chain 
segment relative to the normal of ihe aggregate surface. 
The brackets, ( ) ,  imply time-averages of the angle (for 
references see Ref- 16). 

Experimentally the order parameter  is given by the 
rat io of the spectral anisotropy in the aggregate (A,, 
- A ± )  to the maximum obtained in a rigidly oriented 
system (defined by AI~X$ All)., A.7, the principal values of 
the spin b.bel hyperfine tensor). The order parameter,  
_~, can be calculated directly from the spectrum by 
means of the following expression [17]: 

A, , -Ax at') 
S . - -  A:=-O.StA~, +A,,.) a,) 

where A ,  and A ~_ are the outer and  inner extremes of 
the recorded spectrum (cf. Fig. 1). The polarity correc- 
tion term a~l/al,, is introduced due to the hyperfine 
splitting dependence of the polarity of the label en- 
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vironmer t, where a,, = ( A + 2/I ~ l / 3  and a~, = ( A, ,  + 
A,, + A: : ) /3  

The value A' L . as determined from the spectrum, has 
to be corrected to givc the true A , .  The correction is 
given by: 

<a~ + ..< + ~ . 4 ( t - (  .i - .V  ~ [ ~ :  -o . s ( . . l , ,  -.-1,, )1} 

for S > 11.45 1 lSl 

and by 

.-I~ -..1" +o.s forS<O.45II7 I 

Correction of A ~ has bccn performed according to 
the above equations when calculating order parameters 
for the actual systems. The error in the calculated order 
parameters is approximately 0.01 for S > 0.3 according 
to the s tandard deviation of repeated measurements on 
different samples from the same preparation. For S < 0.3 
the error is estimated to be 0.03. 

Result~  

Major biochemical features of prostasomes are pre- 
sented in Table 1. Lipid composition patterns of these 
organelles were not qualitatively different from those 
subjected to uhrasonicat ion for different times. Nor  was 
there any substantial decrease in ATPase and amino- 
peptidase activities by this treatment (Table II. Mea- 
sured quantities of phospholipid and cholesterol relative 
to protein content were rather constant in the four 
different preparat ions (Table 1). The phospholipid-to- 
protein ratio was about 0.27 (#mot / r ag )  and the 
cholesterol-to-phospholipid molar ratio was high and 
amounted to about  2.0 (Table i). Pbospbolipid composi- 
tions of prostasome preparat ions are presented in Table 
I!. Sphingomyelin was the predominant  phospholipid 
class in all preparations,  representing nearly half of 
total phospholipid measured. Phosphatidylethanol-  
amine and phosphatidylserine were relatively high and 

TABLE I 

Enzyme activities and lipid content of prostasomes 
The prostasome lipids were extracted and analyzed for phosphorus and cholestero: as described in Methods. Prosta~,omes for four different 
preparations, designated L II, In and IV were analyzed, la and Ib signify prostasom~ from preparation I that had been sonicated for 10 and 41) 
rain, respectively. 

Sample ATPas¢ Aminopeptidase Phospholipid Chole~,tcrol 
(~mol.mg-t20min -I) (units.ms I.min i (pmolP/m,~proiein) (.amol/mgprotein) Phospholipid 

(tool/moll 

I 9.61 3.88 0.24 0.46 1.92 
la 9.03 3.67 0.29 I).55 1.90 
lb 8.26 2.77 0.29 11.54 1.88 
I1 0.29 0.67 2.31 
Ill 0.23 0.46 2.00 
IV 0.25 0.54 2.16 
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TABLE 11 

Phe,whe,hptd Cm,lposition ¢~f pro.~tasome.~ 

Tile lipids were separated by one-dimensional (samples I. la and Ihl or two-dimensional (samples IL  III) thin-layer chromatography and the 
phosphorus content of the fractions was determined. Possibly occurring plasmalogens are included in the corresponding phospholipid classes in the 
table. Samples are designated as in Table 1. 

Phospholipid class Sample 
I l a  l b  I1 II1 

9 of recovered P 
Phosphalidxlet hanolamine 16.2 17.3 15.5 20.0 16.0 
Lysophosphatidylethanolamine 7.9 9.7 9.9 6.8 8.1 
Phosphat,d31inosito! ] 15.6 ) 16.7 } 14.7 3.2 2.7 
Phosphalid:..Iscrine I 14.0 11.0 

Ly~,opho~pnaddylserine ~ 9.8 10.2 9.0 
Phosphatidyh.'holine I 8.3 7.g 
kysophosphatidylcholine 4.0 4.1 4.1 4.1 3.3 
Phosphatidic acid 1.8 " 1.1 ~ 1.6 ~' 0 0.8 
Sphingom> elin 44.7 40.9 45.2 43.7 48.5 

,7 of applied P 
Rectwer 3 99 92 95 107 107 

• ' Includes origin of the thin-layer chromatogram. 

also lysophospholipids occurred in appreciable  con- 
centrat ions while phosphatidylcholine and especially 
phosphatidylinositol were found at low levels in all 
preparat ions (Table It). The  relative percentages  of  the 
fatty acids are given in Table  I11. 

In the glycerolipids three fatty acids were quant i ta-  
tively domina',in~, viz. palmitic, stearic and oleic acid 
which together accounted for 80% of the total fatty 
acids. One third of  the fatty acids in sphingomyelin was 
palmitic acid. Remaining fatty acids consisted largely of  
C~-C_~4 saturated and monounsa tu ra ted  fat ty acids 
(Table III).  

TABLE In 

Fat O" acid c,,nlpoxitiml of prosta.w,me lipide" 

Methyl esters of the fatty acids of total glycerolipids and of sphingo- 
m_~elin were prepared and analyzed by gas-liquid chromatography as 
described in the text. 

Fatty Composition (f; by weight) 

acid glycerolipids sphingomyelin 

16: 0 21.9 32.0 
18:(i 23.5 8.2 
18:1 33.7 11.6 
18:2 3.9 0.9 
20: 0 1.0 8.4 
2o: i 3.3 
20:2 1.1 _ 

2(1: 4 2 8 2.3 
22:(i - 12.3 
22:6 3.1 _ 

2 4 :  0 - 10.2 
24 : 1 - 8.7 
U nidentified 5.8 5.4 

Calculated order  parameters ,  S, of  5-doxylstearic 
acid and  16-doxylstearic acid in prostasomes,  extracted 
p ros tasome  lipids and synthetic lipid mixtures are given 
in Table  IV. F r o m  this tab!e it appears  that  the o rder  
pa ramete r s  of  each one  of  the two different  labels a te  
ra ther  similar for intact  prostasomes,  extracted pros-  
tasome lipids as well as synthetic lipid mixtures conta in-  
ing an  apprec iable  a m o u n t  of  cholesterol.  This  indicates 
that  the packing of  the m e m b r a n e  lipid is dis turbed very 
little by  the presence of  the m e m b r a n e  protein. It  is also 
obvious  that cholesterol in the synthetic lipid mixtures  
increased the o rder  pa r ame te r  of  the label to values 
being close to those found for intact  prostasomes.  

By calculat ing a n, the isotropic hyperf ine spli t t ing 
cons tant  for a specific label, it is possible to get an 
es t imate  of  the polari ty of  the investigated systems (cf. 
the right co lumn of  Table  IV). The  a0 values in Table  
IV indicate that  5-doxylstearic acid is situated in a 
region with a ra ther  high polarity.  16-Doxylstearic acid 
on the o ther  hand  probes  a region in the centre  of  the 
m e m b r a n e  where  the polari ty is low. For  a compar i son  
it m a y  be  ment ioned  that typical values for a0 are  15.6 
in water ,  15.2 in ethanol  and  13.9 in undecane  [19]. 
F r o m  the table it m a y  also be concluded that  ra ther  
small  differences in polari ty existed between intact  
p ros tasomes  and  lipid mixtures.  

A relatively low l i p id /p ro t e in  ratio as found here 
should facilitate the detect ion by ESR of  immobil ized 
lipid componen t s  directly associated with integral m e m -  
b r a n e  prote ins .  H o w e v e r ,  the spec t rum of  16- 
doxylstearic acid in intact pros tasomes  showed no signs 
of  immobi l ized componen t s  (cf. Fig. 1B, upper  curve). 
It seemed less p robab le  that  the low l i p id /p ro t e in  ratio 
was a t t r ibutable  to any 'ex t ra '  protein from the interior 
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TABLE IV 

Order Farameters. S. an d  isotrnpic hvperJ'ine splitting co.~ta.r~-, a,,-. , ¢  5-doxcL, tettrtt , t t td (.: ~.'SI tl,zd I¢~.d.xrl~tearlt a( td  IIcJ-VSI addc'd to 
prostasomes and  to dispersions of  extracted pro.s'tasrmw lipid~ or 9nthet tc  hpid  oti ~turt,~ 

The samples were prepared as described in the text. Lipid mixture I and I1 consisted of choles lcro l / ,phmgomxel in /d io leo~lphosphat id? . lcho l ine /  
dioleoylphosphatidylethanolamin¢ in the molar ratios 4: 1:0.4:t).6 and 0:  1:0.4:0.6, respectixel 3. Fhc order parameter. S.  and the isotropic 
hyperfine splitting constant, a.. were calculated as described in the text. 

Sample Order parameter. S lsotropic h~.perfinc Tempera- 
splitting constant, a,, ( ( i ) ture ( o C 

Prostasomes 0.75 0.30 15.4 13.q "~, 
Prostasome lipids 0.71 0.25 15.3 13.q 25 
Lipid mixture l 0.65 0.24 15.3 14.1 25 
Lipid mixture 11 0.5g 0.11 14.9 13.'~ 25 

Prostasomes 0.65 0.28 15.3 14.1 ~7 
Prostasome lipids 0.62 0.23 15.1 14.0 37 
Lipid mixture I 0.55 0.22 15.2 14.2 37 
Lipid mixture l[ 0.43 0.09 14.8 14.3 37 

of the prostasomes, since no release of proteins was 
observed after dis integrat ion of  the prostasome mem- 

brane structure by ul trasonicat ion [3]. 

Discussion 

Cholesterol is known to be part icularly abundan t  in 
p lasma membranes which contain saturated phospho-  

l ip id  acyl chains and have a high content  of sphingo- 

myelin (see, for example, Ref. 20). Our  results on the 
l ipid composi t ion of  prostasomes fit well with this pic- 
ture except that  the very high cho le s t e ro l /phospho l ip id  

Z A  

I 
m 2 A  

ratio of 2 in prostasomes by far exceeds the ratio of 
0.8-1.3 reported for chole,~terol-rich membranes includ- 
ing myelin [21], We have no indication for an cx- 
tramemhractous contributi, ' ,n of cholesterol from the 
interior of the prostasome~, that could account for the 
very high cho l e s t e ro l / pho ,pho l ip id  ratio found by us. 
Hence, the prostasome,~ ;tFpe;~red ultrastrncturally pure 
[3,7] and the pres,:nce of A D P  and G D P  in prostasomes 

has been established [22]. These nuclcotides may exist 

within the prostasomes in a macromolecular complex 
that involves stacked nucleotides held together by diva- 
lent cations through the phosphate group giving the 

I 

i 

I 

/ 

i 
i i '  
L---2A. ~! 

Fig. 1. ESR spectra. In A 5-doxylstearic acid was added to prostasomes (upper curve) and to extracted pro~tasc, me lipids (Iov.'er curve). B shov, s 
corresponding spectra obtained with 16-doxylstearic acid. The spectra were recorded at 37 ° C and the hCalt range is 100 G in all spectra. 4 and 

,4" x are the outer and inner extremes used in the calculations of the order parameters. S. (,¢e text and Table IVL 
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prostasomes their typical electron-dense pattern [22]. 
Accordingly. there are no ultrastructural evidences of 
cholesterol or other lipid-containing structures within 
the prostasomes. Also. the preserved cholesterol/ 
phospholipid ratio after ultrasonication of prostasomes 
may be contradictory to the occurrence of an additional 
pool of free cholesterol within the prostasomes. The 
lipid composition of the plasma membrane of the 
spermatozoa is very different from that of the pros- 
tasome membrane in spite of the fact that spermatozoa 
and prostasomes share the same external medium. In 
human spermatozoa [23] the plasma membrane contains 
substantially less spningomyelin and more phospha- 
tidylcho!ine while the representation of phosphatidyl- 
ethnnolamine is about the same as in the prostasome 
membrane. The cholesterol/phospholipid ratio is 0.83 
in the plasma membrane of the human spermatozoon 
[24]. 

Since the ordering of lipids in membranes is greatly 
influenced by the cholesterol and sphingomyelin con- 
tent nnd by the degree of saturation of the phospholipid 
acyl chains [25-29] one would expect the lipids in the 
prostasome membrane to be highly ordered. This con- 
clusion is confirmed by the spin labelling experiments 
showing that the order parameters for prostasomes and 
extracted prostasome lipids are very high, It is note- 
worthy that the order parameters of 5-doxylstearic acid 
and 16-doxylstearic acid in intact prostasomes differ 
very little from those obtained in prostasome lipids (cf. 
Table IV). This means that the lipids in intact pros- 
tasomes are very little perturbed by the membrane 
proteins. It may also be recalled that cholesterol in- 
creases molecular ordering in the bilayer without de- 
creasing the lateral diffusion of the lipids [30]. Further- 
more. a liquid-crystalline state is induced when 
cholesterol is added to pure lipids in the gel state 
yielding rapid translational motion of the lipid mole- 
cules even at temperatures below the transition temper- 
atures of the pure lipids [31]. High transition tempera- 
tures for the prostasome membrane lipids are indicated 
by the present data which show a proportionally high 
content of saturated acyl chains and of sphingomyelin 
in the prostasome membrane. It is thus possible that 
cholesterol is of particular importance for maintaining 
the prostasome membrane in a liquid-crystalline state. 
The relatively high level of lysophospholipids in the 
prostasome membrane is remarkable and may be re- 
lated to the occurrence of a phospholipase A 2 in the 
prostasomes [8]. If, or to what extent, this high con- 
centration of lysophospholipids is artifactitious cannot 
be decided from the present data. It should however be 
born in mind that lysophosphatidylcholine may form 
lamellar structures together with compounds of a suita- 
ble molecular shape such as cholesterol or fatty acids 
[32-34]. 

Electron microscopy revealed t:',at human pros- 

tasomes are small spherical corpuscles surrounded by a 
typical trilaminar membrane [2]. Our results indicate 
that this membrane is a tight and highly ordered struc- 
ture. This conclusion is consonant with previous find- 
ings that the concentration of not only calcium but also 
of zinc and magnesium is several times higher in the 
prostasomes than in the surrounding seminal plasma 
[35,36]. Also, the resistance of prostasomes against 
mechanical trcatincnt including ultrasonication and 
changes in osmolarity in the surrounding fluid including 
hypoosmosis may be related to the unusual membrane 
architecture reported here. 

Acknowledgement 

We are grateful to Margaretha SjiSman and Eva 
Vikstr6m for skilful technical assistance and to G~Sran 
Lindblom for valuable discussions. This study was sup- 
ported by grants from the Swedish Natural Science 
Research Council and the Swedish Medical Research 
Council. 

References 

1 Zancveld, L.J.D. and Tauber, P.F. (1981) Prog. Clin. Biol. Res. 
75A, 265-277. 

2 Stegmayr. B.. Brody. I. and Ronquist. G. (1982) J. Ohrastruct. 
Res. 78, 206-214. 

3 Ronquist, G. and Brody, 1. (1985) niochim. Biophys. Acta 822. 
203-218. 

4 Ronquisl, G. (1988) Urol. Int. 43. 334-340. 
5 Lilja, H. and LaurelL C.-B. (1984) Scand. 3. Clin. Lab. Invest. 44, 

447-452. 
6 Slegmayr, B. and Ranquisl, G. (1982) Scand. J. Urol. Nephrol. t6, 

91-95. 
7 Stegmayr. B. and Ronquist, G. (1982) Urol. Res. tO, 253-257. 
8 Lindahl. M.. Tagesson, C. and Ronquisl, G. (1987) Urol, Int. 42, 

385-389. 
9 Ronquist. G. (1987) Eur. J. Clin. Invest. 17, 231-236. 

10 Lowry. O.H., Rosebrough. N.J.. Farr, A.L and Randall. R.J. 
(1951) J. Biol. Chem. 193. 265-275. 

11 LaurelL C.-B., Weiber. H., Ohlsson, K. and Rannevik, G. (1982) 
Clin. Chim. Acta 126, 161-170. 

12 Tolbert, M.E.M., White. A.C., Aspry, K.. CuUs, I. and Fain, J.N. 
(1980) J. Biol. Chem. 255, 1938-1944, 

13 Arvidson, G.A.E. (196,q) Eur. J. Biochem. 4, 478-486. 
14 Ch,-n Jr, P.S., Toribara, T.Y. and Warner. H. (1956) Anal. Chem. 

28.1756-1758. 
15 Lipscomb. J.D. and Salo. R.W. (1986) Computer Enhanced Spec- 

troscopy 1,11-15. 
16 Seelig, J. (1976) in Spin Labeling: Theory and Applications 

(Berliner, L.J., eds.), Vo[. 1, pp. 373-409, Acac'~mic Press, New 
York. 

17 Hubbell, W.L. and McConnell, H.M. (1971) J. Am. Chem. Soc. 93, 
314-326. 

18 Gaffncy, B.J. (1976) in Spin Labeling: Theory and Applications 
(Berliner, L.J., ed.), pp. 567-571, Academic Press, New York. 

19 Seeli8, J. (1970) J. Am. Chem. Soc. 92, 3881-3887. 
20 Colbeau, A., Nachbaur, J. and Vignais. P.M. (1971) Biochim. 

Biophys. Acta 249, 462-492. 
21 Demel. R.A. and De Kruijff, B. (1976) Biochim. Biophys. Acta 

558, 257-266. 



22 Ronquist. G. and Frithz. G. (1986) Aura Eur. Fertil. 17. 273-276. 
23 Poulos. A. and White. l.O. 11973) J. Reprod. Ferl. 35. 265-272. 
24 Mack, S.R.. Everingham. J. and Zaneveld. L.J.D. (19861 J. Exp. 

Zool. 240, 127-136. 
25 Yeagle. P.L. 11985) Biochim. Biophys. Acta 822. 267-287. 
26 Kawato. S., Kinosita, A. and lkegani, A. (1978) Biochemistry 17. 

5026-5031. 
27 Van Blitterswijk, W.J., Van Hoeven, R.P. and Van der Meer, B,W. 

(1981) Biochim. Biophys. Acta 644. 323-332. 
28 Stubbs. C.D. and Smith. A.D. 11984) Biochim. Biophys. Acta 779. 

89-137. 
29 Cooper. R.A., Leslie. M.H., Fischkoff. S.. Shinitzky. M. and 

Shatti. S.J. (1978) Biochemistry 17. 327-331. 
30 Lindblom, G.. Johansson. L.B.,~. and Arvidson, G. 11981) Bio- 

chemistry 20. 2204-2207. 

173 

31 Ulmiu~. L. Wcnncr,trE~m. 11. Lindblom. G. and Ar~idson. G. 
11975) Biochim. Bioph~.,. Acta 389. 197-202. 

32 Rand. R.P.. Panghorn. W.A.. Purdon. A.D. and Tinker. I).O. 
(1975) (.'an. J. Biochcln. 53. 189-195. 

33 Jain. M.K. and I)e Haa,.  (LH. ( 1981 ) Bit,:him. Bi,,phys. Acta 642. 
203- 21 I. 

34 Brcntcl, [.. Ar~id~on. (i. ~lnd l_indbh,m. (i .  11987) Biochim. Bio- 
ph',s. Acta t)1)4, 41)1-4~14. 

35 Stegmayr, B .  Berggrcn. P.O. Ronqui~t. (i. :w,d Helln.,m. B. 111)821 
Stand. J. Urol. Ncphrol, 16. It)t)-203. 

36 Tvedl, K.E.. Kop,lad. (;.. |lzlugen. O.A. and Halgun,ct, 1. 11987) 
Cancer Rex. 47. 323 32,R. 


