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Sea urchin sperm respond to egg factors with changes in the ionic permeability of their plasma membrane, It
has been previously shown that plasma membranes isolated preferentially from sea urchin sperm flagella
respond o egg jelly increasing their Ca’* and Na* uptake (Darszon et al, (1984) Eur. J. Biochem. 144,
$15-522). However, the ezg jelly induced acrosome reaction occurs in the sperm head, and there is evidence
for an heterogeneous distribution of plasma membrane components within the various regions of this cell.
‘We here report & method for purifying sperz bead membranes using positively charged beads according to
Jacobson ((1977) Biochim. Biophys. Acta 471, 331-335). Under the transmission electron microscope these
membranes appeared homogeneous and apparently free of internal membranes. The yield of the preparation
was 0.9% of the total protein in the sperm homogenate. The preparation contained less than 5% of the
mitochondrial marker cytochrome oxidase, and 16% of the total DNA /mg protein. Surface labeling with
1231 indicated a 2.5-3-fold enrichmsnt in specific activity of the head membranes with respect to whole
sperm. The SDS band paitern and the lipid composition of this preparation were differeni from those o7
isolated flapeliar membranes. Fhosphatidylcholine was higher in the head membranes, while phosphatid-
yiserine and phosphatidylethanolamine were lower. The head membranes displayed a 1.7-2.3-fold higher
Ca?*-ATPase activity and a 2.5-fold lower Na* /K *-ATPase activity, than the flagellar membranes. These
results are consistent with a iwterogeneous distribution of membraae components along the sea urchin
sperm plasma membranes. Isolated head membranes sonicated in the presence of soybean phospholipid
liposomes responded to egg jelly with a species-specific increase in Ca?* and Na* uptake. As in whole
sperm, Ca®* uptake was inhibited by the Ca** channel blocker nisoldipine. A close analog of this compound,
(*H]nitrendipine, binds with high aflinity to head membranes in a saturable, reversible manner, showing a
K, and B, of 31 oM and 5.3 pmel /mg protein, respectively.

Abbreviations: SDS, sodium dodecyl sulfate; ASW, artificial
sea water; 0Ca0Mg ASW, Ca?*- and Mg?*-frec artificial sea Comrespondence: A. Darszon, Department of Biochemisiry,
water; PMSF, phenylmethylsulfonyt fluoride; DHP, dihydro- Centro de Investipacion y de Estudios Avanzados del IFN,
pyridine. México, México DF, México.
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Introduction

Sperm, as other cells, must maintain ionic con-
centration differences in order to perform essen-
tial functions and respord 1o environmental
stimuli. In the sea urchin sperm the plasma mem-
brane permeability to Ca’*, H*, Na* and K*
plays an important role in the motility of the cell
[1-3] and in the acrosome reaction [4—7). How the
transport of these ions is controlled and changed
during the acrosome reaction remains unknown
{8] This later reaction is a prereauisite for fertili-
zation and occurs within seconds of the sperm
encountering a fucose rich polymer, which is the
main component of the outer investment —*jelly’—
of the egg [9). The epg jelly-induced acrosome
reaction triggers the exocytosis of a membrane
bound vesicle {acrosome), the formation of an
acrosomal tubule [10), the stimulation of eyclic
nucleotide metabolism [11], and the exposure to
the extracellular space of Iytic enzymes {12,13], a
material that binds the sperm to the egg [14,15]
and new membrane.

Among the best known mechanisms which reg-
ulate internal ionic composition are the Na® /K-
ATPase [16], Ca®*-ATPase [17] and exchangers
for Na*:H™* [18], Na*:Ca®* {19] and Cl™:
HCOj; [20]. A Ca’*-ATPase has been found in
plasma membranes of boar sperm heads and
flagella, and Na* /K'-ATPasc activity in flagellar
plasma membranes [21). A Ca2*-ATPasc has been
measured in plasma membrane vesicles isolated
from ram spermatozoa [22]. Potassium transport,
linked to a plasma membrane Na'/K’'-ATPase
has been thought to be involved in the hamster
sperm acrosome reaction [23}. A Na*:Ca®* ex-
change activity has been reported in membrane
vesicles isolated from ram sperm flagella [24]. In
contrast, less is known about the presence of
cation«iependent ATPases in the plasma mem-
brane of the sea urchin sperm. Recently, a
Na*/K*-ATPase activity has been reported in a
sea urchin sperm plasma membrane preparation
{25}, and in whole sperm of this species it has been
shown that this enzyme participates in the regu-
lation of intraceltuiar pH {26].

In the present paper we report a method to
obtain a plasma membrane [raction derived from
sea urchin sperm heads. Positively charged beads

were used [27] to obtain the head plasma mem-
brane from sperm that had their flagella removed,
We have compared the basic lipid and protein
compesition and the activity of Ca?*-ATPase and
the Na*/K*-ATPase of these membranes with
those derived preferentially from the sperm flagella
[28,29]).

We have also studied the effect of egg jelly on
Ca** and Na™ uptake into vesicles prepared from
sperm head membranes and lipids. Additionally
the presence of Ca®* channels in thesc membranes
was explored assaying the sensibility of the Ca®*
uptake 10 the Ca’*-channel blocker nisoldipine
[30] and the binding to the membranes of its close
analog [*H]nitrendipine. Some of these results ap-
peared previously in abstract form [59].

Materials and Methods

Materials

Sea urchins (Strongylocentrotus purpuratus and
Lytechinus pictus) were obtained from Pacific
Bio-Marine Labs. (Venice, CA) and kept in a
temperature-controlled instant ocean aquarium,
Spawning was induced by intracoelomic injection
of 0.5 M KCl Artificial sca water (ASW) was
prepared to contain 486 mM NaCl, 10 mM KCl,
54 mM MgCl,, 10 mM CaCl,, 2.4 mM NaHCO,
(pH 8). Ca®*- and Mg?*-free ariificial sea water
(0Ca0Mg ASW) was as above except that CaCl,
and MgCl, were not added.

Materials were purchased from the following
sources: ouabain, valinomycin, monensin, A23187,
soybean trypsin inbibiior, Tiis, PMSF, DNAase,
ATP, heparin, DNA, cytochrome ¢ and soybean
phospholipids (lecithin 1I1d) (Sigma Chemical Co.,
St. Louis, MO); *CaCl,, 2NaCl and Na'®I
(Amersham, Buckinghamshire, U.K.); [*H]nitren-
dipine (New England Nuclear, Boston, MA);
iodogen (Pierce, Rockford, IL); Dowex 50W-XZ
angd Affi-gel 731 (Bio-Rad Labs, Richmond, CA).
All other reagents were of the highest quality
commercially available.

Methods

Sperm head membrane preparation. All steps
were carried out at 4°C. Dry sperm (1 ml) were
washed twice by diluting them 15-fold in 0Ca0Mg
ASW and centrifuging at 3000 X g for 10 min. The



flagella were broken off from sperm by passing
the sperm suspension ten times through a 21 gauge
hypodermic needle, as originally described by Gray
and Drummond [31]. Subsequently the flagella
were separated by centrifugation (480 X g for 5
min) and the procedure repeated with the pellet
which contained heads and whole sperm.

Both supernatants were used to obtain flagellar
membranes according to Cross [28) and as mod-
ified by Darszon et al. [29]. Two fractions were
obtained at the end of the procedure which we
have called Top and Mid membranes. Mid mem-
branes were used in most experiments due to their
higher yield.

The head suspension in 06Ca0Mg ASW (2 ml)
was incubated with 2 ml Affi-gel suspension (250
mg/ml in 0Ca0Mg ASW) for 15 min. Subse-
quently, 15 ml of 0CaOMg ASW containing
heparin (40 U/min) was added in order to block
free cationic groups on the beads. Following a 15
min incubation, the suspension was centrifuged at
120 % g for 5 min and the pellet resuspended in 15
ml Tris-HCI ;pH 8) containing 0.1 mM EGTA, 0.2
mg/ml soybeas trypsin inhibitor, 0.1 mM PMSF
and 0.2 pg/ml DNAase (lysis medium). The sus-
pension was' voriexed every 3-4 min and after 15
min centrifuged at 120 X g for 10 min. The pellet
was washed tw:ce with the lysis medium (without
DNAase) resuspended in 0.25 ml of 0Ca0Mg ASW
and then sonicated for 3 min in a bath sonicator
(Branson Heat Systems Ultrasonics, Plainview,
NY, powcrqoutpul 160 W). The head membrane
fraction way obtained in the supernatant after
centrifugaticic: at 3000 X g for 10 min. Membranes
(2-2.5 mg /n"}) were stored frozen at —80° C until
used. From he total sperm proteins, 0.9% was
recovered on the average in the head membrane
preparation,

3] labeling of intact sperm. Dry sperm (1 ml)
were suspended in 20 ml ASW containing 0.4 mM
PMSF, 0.2 mg/ml soybean irypsin inhibitor, 0.1
mM EGTA (pH 7.6). This sperm suspension was
reacted with 2 mCi of Na'®I in a glass flask
coated with 500 pg of iodogen. After 15 min, the
sperm were transferred to a clean flask and washed
three times with 15 ml 0Ca0Mg ASW by centrifu-
@ation (2500 X g, 10 min).

ATPase activity measurements. 40-50 pg of
membrane protein were incubated for 15 min at
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20°C with 150 mM NaCl, 5 mM XCl, 20 mM
imidazele (pH 7.8). Thereafter, 2.5 mM ATP and
2.5 mM MgCl, were added (0.5 ml of total medium
reaction) and incubation continued for 1 h. The
reaction was stopped by addition of 0.1 ml of 10%
trichloroacetic acid. After centrifugation of 0.1 mi
of 10% trichloroacetic acid. After centrifugation,
0.1 mi of the supernatant was used to determine
phosphate released by the Fiske-SubbaRow
method [32]. ATPase activity was expressed as
nmol of P;/h per mg protein. The difference be-
tween the total ATPase activity and the activity
determined in the presence of 4 mM cuabain
represented the Na*/K'-ATPase. The Ca?*-
ATPase was measured using the same protocol,
but the medium contained 2.5 mM CaCl,, 2.5
mM ATP and 20 mM imidazole, at pH 7.8.

Lipid extraction and analysis. The membrane
lipids were extracted according to Folch et al. [33]
The pure lipid solutior:s were ¢vaporated under a
stream of nitrogen and the dried samples dis-
solved in & known volume of benzene. Phospholi-
pids were analyzed by thin-layer chromatography
[34). Thin-layer chromatoplates (20 X 20 cui) were
coated with silica gel-ammonium sulfate (41 g
silica gel G 60 + 4.5 g (NH,),50,). The resolving
solvent system for the phospholipid analysis was
chioroform/methanol/ acetic acid /water (170:
40:12:10, v/v). Chromatograms were developed
heating the plates in the oven at 180°C for 30
min. Determination of lipid phosphorus was car-
ried out with the Fiske-SubbaRow reagent [32].
Cholesterol was estimated as reported by Brodie
et al. [35])

Polyacrylamide gel electrophoresis. Samples con-
taining a final concentration of 0.625 M Tris-HC]
(pH 6.8), 2% SDS and 3% mercaptoethanol were
electrophoresed in slab gels (9 cm) using a 7.5-15%
polyacrylamide gradient and 0.1% SDS according
to Laemmli [36]. The gels were fixed and stained
for protein with Coomassie blue. Molecular weight
standard proteins were myosin (205000), phos-
phorylase B (94000), bovine serum albumin
(67000), ovalbumin (43000), carbonic anhydrase
(30000), soybean trypsin inhibitor (20000) and
lactalbumin (14400). Gels which contained a ra-
dioactive sample were soaked in 1 M sodium
salicylate for 30 min, dried and used for fluorogra-
phy.



Electron microscopy. Head membranes were
centrifuged at 100000 x g for 1 h and the pellet
fixed for 1 h with 2.5% glutaraladehyde in 0.1 M
cacodylate buffer (pH 7.2) at room temperature,
Thereafter, the pellet was postfixed in 1% osmium
tetroxide in the same buffer, and dehydrated ex-
posing it to solutions with increasing concentra-
tions of ethano! up to 100%. The preparation was
embedded in epon 8§12, sectioned, and staincd
with uranyl acetate and led citrate, and ohserved
on a Zeaiss EM 10 (Zeiss Co., Ober Kochen, F.R.G.)
electron microscope.

Ca’* and Na* upiake into vesicles. Vesicles for
uptake were prepared by sonicating a 1: 1 mixture
of head membranes (150-300 ul in 0Ca0Mg ASW
at 2-2.5 mg protein/ml) and liposomes. The lipo-
somes were made in 0CaOMg ASW from partially
purified soybean phospholipids (10 mg/ml) as
described by Darszon et al. [29]). The reaction
mixture contained: 100 pl of vesicles for uptake, 1
pCi of ¥Ca®* or ?Na™, non radioactive Ca" (10
mM [inal concentration) and OMg ASW to adjust
the final volume to 260 pl, considering the ad-
dition of either: egg jelly (4.7 pg of fucose equiv-
alents), an equivalent volume of Mg”*-free artifi-
cial sea water to the control or antibiotic (1 ul in
ethanal of 0.19 mM A23187 or 1 mM monensin
for ®Ca?* or 2Na* experiments, respectively), In
some experiments valinomycin (5 pM) was present
to colapse the membrane potential, possibly gen-
eraled by the uptake. Triplicate columns were
used, each with a 60 pl aliquot of the reaction
mixture as described previously [29].

Nitrendipine binding to isolated plasma mem-
branes. The equilibrivm binding assays were car-
ried out as follows: In a final volume of 0.175 ml,
membrane protein (20-30 pg/assay) from three
different membrane preparations, was incubated
at 20-22°C in 10 mM Hepes, (pH 7.5), 1 mM
MgCl;, 0.5 mM CaCl,, 0.3 mg/ml bovine serum
atbumin, containing the indicated concentration
of [Hmitrendipine (87 Ci/mmol). Incubations
were carried out for 60 min in the dark to prevent
the breakdown of nitrendipine, which can occur at
shorter wavelengths. The purity of nitrendipine
was checked by thin-layer radiochromatography
on silica gel GF. The binding reaction was stopped
by centrifugation at 90000 rpm for 2 min in an
airfuge {Beckman). The pellets were superficially

washed with water and dissolved in 2% SDS.
Samples were added to 10 ml of Tritosol and
counted in a Beckman liquid scintillation counter.
Corrections were made for quenching and count-
ing cfficiency. Nonspecific binding (65-80%) was
determined adding 10~> M unlabeled nitrendipine
and was subtracted from the total binding to vield
the specific binding, The assays were conducied in
triplicate at cach concentration. Data were plotted
and constants were calculated according to
Scatchard [37].

Other assays. Cytochrome ¢ oxidase was mea-
sured in 100 mM KCl, 20 mM Tris-HCI (pH 7.4),
in the presence of 0.02% Triton X-100 using
reduced horse cytochrome ¢ (9 pM) as substrate
[38]. Cyiochrome ¢ was previously reduced with
ascorbate (10 mM) and dialyzed 12 h against 100
volumes of 20 mM Tris-HC] (pH 7.4) to eliminate
the excess of reductant. Oxidation of cytochrome
¢ was followed at 550-540 nm in a dual wave-
length Aminco DW-2a spectrophotometer using
1-cm path cells. The activity of cytochrome ¢
oxidas:: considered was sensitive to 5 mM KCN.

The DNA content in sperm head membranes
was determined by the diphenylamine method [39].
DNA from ‘calf thymus’ was used as a standard.

Egg jelly was prepared as previously described
[29]. Protein was determined by the method of
Lowry et al. [40], with bovine serum albumin as
standard.

Results

Electron microscopy and pratein composition of the
head plasma membranes

Fiz. 1 shows a representative electron micro-
graph of the isolated sperm head membranes (see
Materials and Methods). The preparation contains
mostly vesicular membranous material apparenily
free of mitochondrial and DNA contamination
(see below for further discussion). A few micro-
tubules araising probably from disrupled flagella
could be observed. Curiously, some of the mem-
branes formed multilayered vesicles.

The Coomassie blue-stained electrophoretic
patiern of whole sperm, head membranes and mid
and top flagellar membranes, is compared in Fig,
2A. The bands present in the flagellar prepara-
tions were very similar to those described by Cross



Fig. 1. Eleciron micrograph of thin-sectioned head plasma

membranes. Membranes were peleted by centrifugation

{90000 g} and treated for electron microscopy as described
under Materials and Methods. Magnification: 31500x.

|28} and Podell and Vacquier [48]. Apparently the
wnid n:embranes are coutaminated with proteins
from the axoneme, tubulin (55000) mainty [28].
The tubulin band was much weaker in the top
membranes indicating that they are purer, The 14
most prominent bands in the head membranes
from several preparations had an apparent molec-
ular weight of: 230000, 149000, 135000, 94000,
90000, B8000, B1400, 47000, 43000, 40000,
38000, 36000, 26000 and 24000. The high molec-
nlar weight bands (230000, 149000 and 135000),
although present at a significantly lewer con-
centration than in flagellar membranes, were re-
producibly detected. The head preparation had
much less than 55000 band, which is consistent
with it being tubulin from the flagellar axoneme,
There were five distinct bands (47000, 43000,
40000, 38 000, 36000) in the 50000-36 000 region,
which were enriched with respect to whole sperm
and not distinguishable in the flagellar mem-
branes, with the exception of a 40000 band.

5

The differences between the head and flageflar
membrane electrophoretic patterns could reflact
heterogeneous distribution of plasma membrane
proteins in the sea urchin sperm, although possi-
ble contamination of the head membranes with
organelles must be considered. Less than 5% of
the total sperm activity of cytochrome ¢ oxidase, a
membrane protein of the mitochondrial respira-
tory chain, was found in the head membranes. In
addition, the DMNA /mg protein content of this
preparation was below 10% of that found in whole
sperm (see Materials and Methods). Considering
that the acrosome vesicle represents only 0.06% of
the total sperm volume [41], these results suggest
that the major bands observed in the gels of the
head preparation, are proteins associated to the
head plasma membrane.

Surface labelling

To further establish that our head membrane
preparation was derived from the sperm head
plasma membrane, sea urchin sperm were surface
labeled by radio-iodination (see Materials and
Methods) and head and flagellar membrane iso-
lated from them. Fig. 2B shows a representative
autoradiography of the labelled species analyzed
on SDS-polyacrylamide gels. Sperm showed four
major bands of labeled proteins with apparent
molecular weights of 182000, 136 000, 84000 and
64000. This pattzrn has been shown to correspond
to external labeling [28]. In agreement with Cross,
we found that the same protein bands appear
labelled in the flagellar membranes. Although the
head and flagellar membranes display different
protein electrophoretic patterns, their '**I surface
labeling pattern was the same (Fig, 2B), The head
membrane preparation showed a 2.5-3-fold in-
crease in their 121 specific activity with respect to
whole sperm. These rasults indicate that the head
membrane preparation is eariched in plasma
membrane components,

Lipid compasition

In order to further characterize the flagellar
and head membranes their lipid composition was
determinsd and compared. Table I shows the
phospholipids present in both preparations. The
top and mid membranes had a similar phospholi-
pid composition and because of this they were
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Fig. 2. Electrophosztic {A) and autoradiographic {B) profile. m . e iperm (1A, 1B), head membraznies (2A, 3B} and flagellar plasma

memhranes (3A Mid, 4A Top and 2B fagellz). Electrophore - was performed in 7.5-15% acrylamide gels stained with Coomassie

blue in A, and 7.5% acrylamide in B, with 80 gp, protein per lane. (B) Tie speim were [irst ‘**1 labeled, then head and fagellar
membranes were prepared, and the autoradiography was performed as described in Materials and Methods,

TABLLE!

PHOSPHOLIPID CONTENT OF BEAD AND FLAGELLAR PLASMA MEMBRANES FROM §. PURPURATUS SEA
URCHIN SPERM

Abbreviations are: 5M, sphingomyelin; PL, phosphatidylinositol; P'S, phosphatidylserine; PC, phosphatidylcholine; PE, phosphatidy-
ethanolamine; C/P, cholesterol-phospholipid rado. Phospholip'Js were identified by thin-layer chromatography. using pure phos-
pholipids as standards and measured as describad in Materials and Methods. Results are expressed as the percentage (mean £8.D.,
n=10) of total phospholipids. Top and mid membranes had a very similar phospholipid composition and because of this were
grouped and called flagetlar membranes.

Membrane [raction SM PI P3 PC PE c/r

Heads 177217 15.3+16 17.320.8 293156 179124 0.30
Flagella 169113 152+1.0 2231138 18.3+0.8 273413 0.51




grouped in Table I and referred to as flagellar
membranes, Differences were observed when the
percentage of each phospholipid, with respect to
total phospholipid, was compared in the two rre-
parations, The head membranes contained less PS
and PE and more PC, than the flagellar mem-
branes. Cholesterol was also determined and ihe
cholesterol to phospholipid ratic was higher in the
flagellar membranes (0.51) than in die head pre-
paration (0.3). Thus, the results illustrated in Ta-
ble I, indicate a heterogeneous distribution of
phospholipids and cholesterol through the sperm
plasma membrane.

ATFase activity

The activity of the Ca?*-, and Na®/K*-
ATPases was determined in the head and flagellar
preparations, The Na* /K *-ATPase has often been
used as a plasma membrane marker [16]. This
enzyme together with the plasma membrane
Ca?*-ATPase [17] plays an important trole in
maintaining ioni¢ concentration differences in
cells, which are crucial for physiological function.
Table II shows that the top and mid flagellar
membranes are 10-frld enriched in their
Na*/K*-ATPase specific activity with respect to
the whole sea urchin sperm homogenate. For rea-
sons not understood the activity of this ATPase
was variable within the 30 head preparations tested
{391 4+ 263 3 nmol P./h per mg protein), although

TABLE Il

Na*/K*- AND Ca?*-ATPase ACTIVITIES OF ISULATED
MEMBRANES FROW THE HEAD AND FLAGELLA OF
8. PURPURATUS SEA URCHIN SPERM

The ATPase assays, as well as the preparation of membranes,
were as described in Materials and Methods. The results are
expressed as the mean+5.D., and in parenthesis are the num-
ber of experiments. Similar results were obtained with L. picris
sperm.

Preparation ATPase activity
(nmal P, /h per mg protein)
Na*/K*-ATPase  Ca’*-ATPase
Whole sperm
homogenate 844 63(12) 735+ 312(5)
Head membranes w1263 (30) 227541191 (5)
Mid membranes T "1 586 (20) 793+ A9%6(6)

Top membranes 11961+ 347 (6) 6431 578 (4)
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tae general band pattern was the same. The
Ma*/K*-ATPase activity in the head membranes
was 2.5-fold less than that displayed by the flagel-
lar membranes. On the cther hand, the Ca’'-
ATPase was 2.8-fold lower in the flagellar than in
th= head membranes. In fact, the specific activities
of the Ca®*- and Na*/K*-ATPases in the head
membranes were 3- and 4-fold hisher than in
whole sperm homogenates, as expected for a pre-
paration which is enriched in plasma membranes.
To discard possible cantributions to the measured
ATPase activities by the dynein ATPase from the
sperm axoneme [41] aid the mitechondrial
TPase, ENHA (1 mM) [43], a2 dynein inhibito:
and oligomycin (1 pg/mg), a well known
mitochondrial ATPase inhibitor were used. The
Na*/K™- and Ca®*-ATPase activities of the iso-
lated membranes were not significantly modified
by the presence of these inhibitors. These results
suggest some regionalization of the Na*/K *- and
Ca’*-ATPases ir the sperm plasma membrane.

Transport studies

We have shown that vesicles formed from
flagellar membranes plus lipid respond to epg jelly
increasing their Ca* (species specifically) and
Na* uptake [29). Since the acrosome reaction oc-
curs at the sperm head, and the composition of the
flagellar and head membranes is different, ii
seemed interesting to ask if head membrane
vesicles would respond to jelly, As seen in Fig. 3,
ihe uptake of **Ca’* by vesicles formed from S.
purpuratus head membranes cosonicated with
soybean phosholipid liposomes (see Methods), was
stimulated when egg jelly or the Ca**-ionophore
A23187, were added. The antibiotic served as a
contro} for the uptake assay and indicated that the
vesicles constituted a compartment into which ions
could be transported. Although the increase in
Ca®* uptake induced by jelly could be observed at
the earliest point measured (1 min), the difference
with the control was more evident at 15 min,
therefore, the rest of the experiments were per-
formed at this time. In 15 out of 16 experiments
with head membranes from S. purpuratus, the
addition of homologous egg jelly increased the
Ca’* associated to the vesicles, with respect to the
control (0.1 £ 0.05% of total “Ca®*), by an aver-
age factor of 1.6 (99.5% confidence tevel, #-test).
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Fig. 3. Time course of **Ca®* uptake by cosonivated L. pictus
sperm head membranes and liposomes. ©Ca”* retenlion is
expressed as the percentage of the total radioaclivity in the
reaction mirture. The assay was performed as described in
Materials and Methods: adding 1 ui of a 2 mg/ml valinomcyin
solution in ethanol to the reaction mixiure. It was found that
valinomycin stimulated “*Ca®* uptake by 15-30% in seven
experiments, possibly by causing the membrane potential gen-
erated by the Ca2* influx to collapse. The values are the
average of at least three experiments performed in triplicate.
The bars at 15 min indicale the standard dewatior. (&) Con-
trol, (4) Jelly and (B) A23187.
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Fig. 4. Scatchard plot of [*H]nitrendipine specific binding to

plasma membranes of sea urchin sperm L. picrus. Mid (00), top

(0) and head {a) membranes. Assays were carried out as

described in Materials and Methods. Saturalion binding ex-

periments were carried owt at different concentrations of

[*Hinitrendipine (2-60 nM) in at least three experiments per-
formed in triplicate.

Previously, it was demonstrated that vesicles
formed only of soybean phospholipids did not
increase their Ca?* or Na* uptake in response 10
egg jelly, and that jelly by itself did not carry 2
significant amount of Ca®* or Na* through the
columns used to determine uptake [29]. Head
membrane vesicles formed from L. picrus sperm
also displayed a statistically significant response
to their homologous egg jelly increasing their Ca®*
content by a factor of 2.8 with respect to the
control (0.06 + 0.02% of total Ca?*, n=13). Con-
trol experiments in the presence of oligomycin
showed that there was no contribution of a
mitochondrial minor contaminant to the jelly in-
duced upruhe of Ca* o Wa™ in ihic speran Licad
plasma membrane vesicles.

The egg jelly from Arbacia punctulata does not
induce the acrosome reaction in S. purpuratus
sperm [9), therefore, it was used 1o test the
species-specificity of the jelly induced Ca®* up-
iake in the head membranc vesicles. As shown in
Table I, Arbacia jelly failed to induce signifi-
cant Ca®* uptake into these vesicles. This table
also illustrates the inhibition of the jelly induced
Ca®* uptake caused by nisoldipine (1 pM), a
potent blocker of Ca?* channels [30] and of the
acrosome reaction [7,25).

Since Na* uptake also accompanies the
acrosome reaction [6], we assayed for the species-
specific uptake of this ion in vesicles formed with
L. pictus head membranes. In these experiments
the antibjotic monensin, which carries out a
Na*:H* exchange, was used to test the uptake
assay (sec Materials and Methods). The results in
Table 1V indicate that the homologous jelly in-
duced a statistically significant increass in Na*
uptake of these vesicles, while Arbacia jelly did
not. Therefore, the jelly response of the vesicles
formed from the sperm head membranes is simitar
to that of intact sperm in several respects: it
involves a species-specific increase in Ca?* and
Na* uptake, and the increase in Ca’" uptake is
inhibited by nisoldipine.

Binding studies

Since the uptake of “Ca™ into the head vesicles
was sensitive to nitrendipine, we used [*H]nisoldi-
pine a close analog of nitrendipine, 1o study the
presznce of binding sites in our preparations. Ra-



TABLE III
SPECIES SPECIFICITY AND NISOLDIPINE SENSITIVITY OF **Ca®* UPTAKE IN S. PURPURATUS HEAD VESICLES

Experiments were perflormed as indicated in Materials and Methods, when nisoldipine was used they were carried out in the dark
wsing a red lamp. The values represent the mean + 5 D. of the ¥*Ca®* retained by the vesicles, as the percentage of 1otal radioactivity
(1-2)-10° cpm) applied to the column. 2 The % of **Ca* retained by vesicles treated with Purpuratus egg jelly ( Plelly) was higher
than that of those treated with Arbacia jefly (AJelly), or those treated with Purpurarus jelly plus 0.5 pM nisoldipine at the 994 %
conflidence level.

% of total cpm retained by vesicles plus Arbacia jelly
% of total cpm retained by control

Alelly/C=

% of total cpm retained by vesicles ples Purprrarus jelly
% of total cpm retained by control

Plelly/C=

Arbucia jelly was kindly provided by Gary Ward and induced 90% of acrosome reaclion in Arbacia sperm. The success index
represents the number of experiments where Purpuratus jelly increased *Ca?* uptake more than Arbaeia jelly (b) or Purpuratus
jelly plus nisoldipine (c) divided by the total number of experiments.

C Alelly AlJelly/C  Plelly Plelly/C  Plelty+ A3187 F® Success
nisoldipine index

014+£008 0141007 1 02 £011 143 - 0261017 (AJelly vs. Plelly) <001 8/8 b

0.1 £0009 - - 0.16+£002 16 00B+001 0354004 (Plellyvs, Plelly+ 4/4°¢

nisoldipinz) < 0.01

diolabeled dihydropyridines (e.g. nitrendipine,
nifedipine, PN2(0-110} have been shown to be
useful for identification, localization and char-
acterization of dihydropyridine receptors in iso-
lated membranes [44-46). In skeletal muscle, these
receptors are localized specially in the transverse
tubule [44] where the receptor has been shown to

TABLE IV
“Na* UPTAKE INTO L PICTUS HEAD VESICLES

be ciosely related to a calcium channel {46]. Our
results are consistent with the presence of recep-
tors to [*H]nitrendipine in the head and flagellar
membranes. [*H]Nitrendipine binds with high af-
finity in a saturable and reversible manner to our
preparations. Scatchard analysis of the saturatior
isotherm revealed a single straight line in the

Experiments were performed as desctibed in Methods. C = control (without jelly), the value is the mean+ S.D. (n = 4} of the #Na’
retained by the controf vesicles, as the percentage of total radioactivity { = 3> 10* cpm).

% of total cpm retained by vesicles plus .4rbacia jelly
% of tolal cpm retained by control

Alelly/C=

Llelly,/C=

% of 1otal cpm retained by vesicles plus Lyteckinus jelly

% of total cpm retained by control

Monensin/C = % of total ¢pm retained by vesicles plus monensin

% of total cpm retained by control

The means Alelly/C, Llelly/C and Monensin/C were determined by calculating the ratios for cach experiment, The % of **Na*
retained by the vesicles expased 10 Lyrechinus jelly was higher than thal of those exposed 10 Arfacia jelly at the 99.5% confidence
level (#-test). The success rate represents the number of experiments when Lytechinus jelly increased 22Na* uptake more than
Arbacia jelly, divided by the total number of experiments.

C Alelly/C
0.02+0.004 1.13+0.18

LIelly/C
142011

Monensin/C
254411

P(Alelly vs. Lielly) Success index
<005 4/4
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concentration range tested, indicating the presence
of a single population of binding sites. The K
values obtained were 26, 38 and 31 nM and the
B_.. of 44,79 and 5.3 pmol/mg protein for mid,
top and head membranes, respectivelv. These re-
sults indicate that the distribution of nitrendipine
receptors in the head and tail preparation is simi-
lar with no important differences in the dissocia-
tion constants.

Discussion

Various observations indicate that some com-
ponents of the sea urchin plasma membrane are
hatercpenaonsly distrimded hetween the head and
the fiagella [31,47]. Therefore it seemed useful to
isolate plasma membranes from the sperm head to
compare their properties and composition with
those from the flagella.

Several methods have been reported to prepare
plesma membranes from sea urchin sperm, but
they have either utilized whole sperm, and there-
fore yield a mixture of membranes from the head
and the flagella [48-50,25], or from the flagella
[31,28,29)]. Recently however, Toowicharanont and
Shapiro [51), reported that membranes isolated
from the head had a completely different protein
composition from that of flagellar membranes.
Here we report the preparation and partial char-
acterization of a plasma membrane fraction de-
rived from the head of sea urchin sperm using the
method deseribed by Jacobson [27] for other cells
[52-55]. The sperm head suspension used as a
starting material for the head membrane prepara-
tion showed under the phase-contrast microscope
minimal fiagellar contamination (five tails per one
hundred heads). The isolated head membranes
appeared relatively clean by electron microscopy.
They contained less than 5% of mitochondrial
contamination and almost no DNA.

The major protein bands observed in gels of
flagellar membranes are present at 2 much lower
genceiiration in head membranes., In contrast, the
head fraction displays several bands ju the lower
molecular weight region (47000, 43000, 40000,
38000 and 36000) which are almiosi absent in the
flagellar membranes. The bands that have been
assigned to sperm histones are present at a very
low concentration in the head membranes, indicat-

ing that most of the nuclear contamination has
been removed, in agreement with the low DNA
contenl. found. Considering that the head and
flagellar fractions have only minor contaminants,
it can e said that the major differences in their
SDS-PAGE band patterns indicate a heteroge-
neous protein distribution,

We ¢zn conclude that the " I-fabeled bands are
plasma membrane proteins since iodogen basically
labels superficially exposed tyrosice groups [56].
The isolated head membranes were enriched 2.5-
fold in specific "I radioactivity with respect to
whole sperm, which is consistent with a purifica-
tion of the head plasma membrane. It is worthwhile
noting that although the bands that are '**I-labeled
are the same in the head and flagellar membranes,
the label enrichment is higher in the latter ones
(7-fold) [28]. This is what would be expected, since
the four bands labeled are present at higher con-
centrations in the flagellar membranes.

To further substantiate the differences between
the two membrane preparations we determined
their phospholipid and cholesterol content. Ft was
found that the head membranes contained less PS
and PE and more PC than the flagellar mem-
branes. On the other hand, the cholesterol phos-
pholipid ratio was higher in the flagellar prepara-
tion than in the head membranes. In addition, the
head membranes had a higher Ca’*-ATPase
(1.7-2.3-fold) and a lower Na*/K*-ATPase (0.4-
fold) activity than that found in flagellar mem-
branes. The head and tail membranes prepared by
Toowicharanont and Shapiro [51] had a2 similar
Na' /K *-ATPase specific activily, in contrast {0
our results. This may be due te the different
procedures used 1o isolate the membranes. How-
ever, their tail membranes cumatned significantly
more CAMP and ¢cGMP phosphodiesterases and
guanylate and adenviate cyclases than the head
membranes. The Ca’* channel antagonist *H-
D&OG bound to the two preparations with a simi-
lar K, although the B, for the tail membranes
was twice that of the head membranes. Therefore,
these observations support a heterogeneous distri-
bution of membrane components through the
sperm plasma membrane. However, the possibility
that some of the differences found between the
head and Jagellar membranes could be due to
contamination of the head plasma membranes by



internal membranes (nuclear), has not been com-
pletely discarded. To rule it out, it will be neces-
sary 1o determine the lipid composition and the
Ca®*-ATPase activity of isolated nuclear mem-
branes from sea urchin sperm.

It has been previously demonstrated that
vesicles formed with flagellar membranes take up
Ca?* and Na* in response to egg jelly, the physio-
logical trigger °f the acrosome reaction [29), In the
present work we observed that egg jelly likewise
stimulated Ca’* and Na* uptake in vesicles pre-
pared with head membranes in a species-specific
manner. Moreover, Ca®* uptake by the vesicles
was inhibited by nisoldipine, which prevents Ca?*
entry associated with the jelly induced acrosome
reaction in whole sperm [7]. The stimulation of
Ca“* and Na™ uptake induced by the homologous
jelv in the head membranes was similar (1.4-fold)
to that found in the mid flagellar membranes [29].

In addition, [*H]nitrendipine, a close analag of
nisoldipine, binds to thz head membranes with a
K4 of 31 nM and B8,,,, of 5.3 pmol/mg prot. The
kingtic constants found in our preparation are
censisient with reports in other systems [55].
Kazazoglou et al. [25] using plasma membranes
from S. purpuratus sea urchin sperm and
{*H]verapamil as ligand, reported a large number
of verapamil binding sites (about 600 pmol /mg
pratein) and a K, of about 1 pM, in agreement
with the IDy, for inhibition of the acrosome reac-
tion. In this sense, our K, for [*HMitrendipine
binding also agrees with the IDs, Ffor blocking
“Ca?* uptake and the acrosome reaction found
b}' us in I Pi{-_hrv ['7! However. it should he
pomnted out that we have observed marked dif-
frerences in the sensitivity to various dihydropyri-
dines among L. pictus sea urchins collecied at
different sites. Discrepancies between 1Dy, and
binding constants nccur in other systems where
differences of 100--1000 have been found [57,58].

it is interesting that although the Na™* /K *- and
Ca?*-ATPases, as well as some of the lipids and
surface antigens [47], are heterogeneously distrib-
uted among the head and the flagellar sperm
plasma membrane, the nitrendipine binding sites
have similar characteristics and density in the two
membrane regions. This later finding is consistent
with the fact that egg jelly induces similar in-
creases in Ca®* uptake into vesicles from head
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and flagellar membranes.

Since the mechanism by which egg jelly triggers
the sperm acrosome reaclion is still unknows, it is
difficult to evaluate the jelly responses we have
observed in vesicles containing sperm membranes.
However, our results together with those found in
other sperm membrane preparations [B8] ap-
parenily indicate that the isolated membranes
contain the essential components required for jelly
to trigger an increase on Ca®* and Na* uptake.

The possibility that the increases in Ca®* and
Na* uptake we have observed could be a conse-
quence of a jelly induced conformational change
of the receptor which alters the permeability of the
vesicles or their cation binding characteristics in a
nonphystological way must be considered. On the
other hand, the fact that the vesicles do 1espond
could indicate that the jelly receptor is itself a
transport system which activates when jelly binds,
triggering directly or indirectly a change in Ca®*
and Na* nptake,

Using planar bilayers containing sperm plasma
membrane proteins [60), the patch clamp tech-
nique [61] and membrane potcntial measurements
[62], we have established the presence of K* chan-
nels in the sea urchin sperm, as well as their
participation in the acrosome reaction. There is
growing evidence for the presence of Ca?* chan-
nels in the sea wrchin sperm plasma membrane
[25,51,62,63), and for the involvement of K* chan-
nels in the responses triggered by speract [64].

The resolts in this study open the possibility of
separately characterizing the ionic channels pre-
sent in the head and flagellar sea urchin plasma
membrane and their relationship with the physi-
ology of this cell.
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