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The neoglycoprotein mannose-bovine serum albumin, but not
progesterone, activates T-type calcium channels in human
spermatozoa*
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The neoglycoproteins o-D-mannose-bovine serum albumin (mannose-BSA) and N-acetyl-o-D-glucosamine-
BSA (glucNAc-BSA) were shown to rapidly increase intracellular free calcium ([CaZ*];) in human spermatozoa.
The increase in [Ca2™"]; induced by these neoglycoproteins accounts for the known ability of these compounds
to induce the acrosome reaction in human spermatozoa. Our data support the hypothesis that mannose-
BSA, but not progesterone, activates T-type Ca2* channels in human spermatozoa for the following reasons:
(i) the capacity of mannose-BSA to increase [Ca2*]; was inhibited by the specific T-type Ca2* channel blocker
mibefradil (ICs, = 10" mol/l) while progesterone was not inhibited by 10> M mibefradil; (ii) the effect of
mannose-BSA to elevate [CaZ*]; was inhibited more potently by Ni2* (IC5, = 0.1 mmol/l) than Cd?* (IC5, =
0.5 mmol/l), whereas the effect of progesterone to elevate [CaZ*]; was inhibited equally by Ni2* and Cd2?*
(IC5o = 0.25 mmol/l); (iii) the effects of mannose-BSA and progesterone to increase [Ca?*]; were greater than
additive. These data support the idea that mannose-BSA and progesterone were activating distinct Ca2*
channels, one of which was a T-type Ca?* channel activated by mannose-BSA whereas the Ca2* channel
that was activated by progesterone has yet to be defined at the molecular level.
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Introduction reaction in human spermatozoa. it is necessary to have either

The nature of the G4 channel(s) through which progesterone (i) solubilized human zona pellucida or (i) recombinant ZP3
promotes C& influx into human spermatozoa remains With the appropriate glycosylation. Both of these preparations &
undefined. The first studies showed that?Canflux was are not currently available to most investigators. There are &
blocked by the ions L3 and N+ and was relatively insensit- several studies that imply that several bovine serum aIbumin%
ive to L-type C&" channel antagonists such as verapamil andBSA) neoglycoproteins are able to stimulate the acrosome %
diltiazem (Blackmoreet al,, 1990, 1991). These studies were reaction and thal-acetyla-p-glucosamine (glucNAc) and-
subsequently confirmed by others, although one study showegtmannose may interact with the putative receptor for ZP3 in
that a supra-pharmacological 1Q@mol/l concentration of human spermatozoa (Brandelit al, 1994, 1995, 1996,
verapamil was able to inhibit the action of progesteroneBrandelli, 1997). The following carbohydratééacetylglucos-
(McLaughlin and Ford, 1994). The increase in {€ginduced  amine, mannose, fucose and galactose have been shown to be
by progesterone occurred within seconds and reached a maixwolved in human sperm—zona pellucida binding (Miranda >
imum effect after ~20 s, then declined towards basal levelet al, 1997). In the mouse it has been shown that there areg
during the next 1-2 min (Blackmoret al., 1990). The entire high-mannose/hybrid oligosaccharide chains in the ZP2 and@
increase in [C&'];, induced by progesterone, was abolishedZP3 and that sperm surfacep-mannosidase plays an import-
when the extracellular €& was removed by the addition of ant role during fertilization (Cornwalet al, 1991; Tulsiani
the C&" chelator EGTA to the extracellular medium. There waset al, 1992). Mannose binding sites on human spermatozoa
evidence that internal a stores were present in spermatozoa,have been identified on the sperm head in the equatorial, pre-
since thapsigargin promoted €ainflux into human spermato- and post-equatorial areas (Chenal., 1995; Youssekt al.,
zoa, presumably by depleting intracellular®Castores, thus 1996, 1997). It has also been shown that certain cases of male
activating store operated €achannels in the plasma mem- infertility may be related to altered mannose binding capacity
brane (Blackmore, 1993a). The intracellular’Catores have and that the expression of mannose binding sites depends on
been proposed to be either perinuclear (Blackmore, 1993a) @apacitation (Benofkt al, 1993a,b, 1995, 1997a,b; Tesarik
acrosomal in nature (Walensky and Snyder, 1995). et al, 1991).

To study zona pellucida 3 (ZP3) induction of the acrosome The induction of the acrosome reaction by glucNAc— or

N ) ) mannose—neoglycoproteins (glucNAc-BSA and mannose—
*Some of the material in this manuscript was presented during a BSA) has been shown to involve voltage dependert*Ca
talk given by Peter Blackmore at The First International Meeting g P

on Rapid Responses of Steroid Hormones, held in Mannheim, channels and a;dike guanine regulatory protein. The stimula-
Germany, September 18-20, 1998. tion of the acrosome reaction induced by zona pellucida in
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Mannose-BSA stimulates T-type calcium channels in spermatozoa

several other mammalian species also involves ;dik€  mannose-BSA. At the same time we examined the action of

guanine regulatory protein (e.g. Wagtlal, 1992). The effects progesterone to see if this agent activated T-typ& Channels.

of mannose—BSA and glucNAc—BSA to stimulate the acrosome

reaction were blocked by pertussis toxin and could be mimicked )

by guanine nucleotides such as GppNHp, GFS;mastoparan  Materials and methods

and AlF- (non-selective activator of G-proteins; e.g. Isolation of human spermatozoa

Blackmore et al, 1985; Brandelli, 1997). Other studies Human semen from healthy donors was collected by masturbation

(Brandelli et al., 1996) suggested that L-type €achannels after 3 days of sexual abstinence, and allowed to liquefy at room

were involved in the gluctNAc—-BSA and the mannose—-BSAtemperature for ~30 min. Semen analysis was performed as described

induction of the acrosome reaction, since nitrendipine andreviously (Nassaet al, 1998), and indicated that the semen samples

verapamil blocked the action of both neoglycoproteins. were nqrmal. After_lique_faction the_ semen was washed twice (600
Other studies also support the existence of L-typé*Ca for 5 min each) with Biggers—Whitten—Wittingham (BWW) buffer

i ini 0,
channels in human spermatozoa (Bereifél., 1994; Hershlag (Biggerset al., 1971) containing 0.1% (w/v) BSA. The sperm pellet

. was re-suspended in 0.2 ml of BWW, mixed, and divided into two ©
et al, 1995; Goodwinet al, 1997). _lt Wa_s proposed  that 15 ml centriguge tubes. The sperm suspension was then overlaid withS
the L-type C&" channel blocker nifedipine, may act as g5 m of BWW buffer and incubated in 5% (v/v) Gan air at 37°C ;:_J
a contraceptive by inhibiting sperm L-type Lachannels for 60 min at an angle of 30°. The swim-up spermatozoa were %
(Hershlaget al, 1995). However, this would be a rather collected and pooled and the volume was adjusted to give a final
ineffective form of contraception, since men taking L-type concentration of spermatozoa of 10’ spermatozoa/ml. g
C&" channel antagonists are generally not infertile. When rats =
were given, prior to mating, nifedipine at a concentration 30-Measurement of [Ca?* ];in human spermatozoa using fura-2 z
fold higher that the maximum recommended therapeutic dos&€he swim-up spermatozoa were loaded with fura-2, as previously 3
there was a small reduction in fertility (Physicians’ Desk described (Blackmoret al, 1990), by incubating the spermatozoa %

3

Reference, 1998). Studies performed in rats using anothévith 4 ymol/l fura-2/AM for 1 h at 37°C. After centrifugation at 3
' 15009 for 5 min, the spermatozoa were re-suspended in a HEPES- 5

_spe_C|f|_c L-type C&" ghal?nel bl(_)c_ker,’dlltlazem, produced ‘no buffered salt solution containing 0.3% (w/v) bovine serum albumin
intrinsic effect on fertility’ (Physicians’ Desk Reference, 1998). (Thomas and Meizel, 1989; Blackmoe al, 1990) and kept in the
Itwould thus appear unlikely that L-type €achannel blockers gark to prevent photobleaching of the fura-2. Aliquots of sperm
would act as an effective contraceptive, especially in the lightuspension (0.5 ml) were added toxa® mm glass cuvette (Chrono-
of recent data supporting the existence of T-typé'Gdannels  Log, Havertown, PA, USA) containing a magnetic stirring bar in a
in spermatozoa and not L-type €achannels (see below). SPEX ARCM spectrofluorometer (SPEX Industries, Inc., Edison, NJ,
There is now some evidence for the existence of T-typdJSA). Aliquots (2.5pl) of various agents were added to the sperm

calcium channels in mouse spermatozoa and spermatocyté@SPer‘Sion in the cuvette |n the fIl_Jorometer at the indicated tim_esg
(Arnoult et al, 1996, 1997, 1998; Lievanet al, 1996; Santi (see Figure legends for specific details). The spermatozoa were exmted«g

et al, 1996, 1998). There is also preliminary evidence forat 340 and 380 nm respectively and emission was measured at®

. L 505 nm. Data were collected for various times, depending on the 13
- + ’ W
T-type C&" channels in human spermatozoa (Shietial, experiment, with an integration time of 0.1 s and a time increment

1996), and that progesterone may stimulate this channel. Thegg g 5 ¢ (i.e. two data points per second were collected). To obtain
are two classes of voltage-gated calcium channels based @ c#* saturated fluorescence values of fura-2 at each Wavelength,g
their voltage characteristics. The high voltage group of calciunm.01% (w/v) digitonin was added to the fura-2-loaded sperm suspen- 5
channels (L, N, P, Q and R-type) requires depolarization teion in the presence of 1.0 mmol/l €a To obtain the C& -depleted
approximately —20 mV with maximal activation occurring at fura-2 fluorescence values at each wavelength, 10 mmol/l EGTA was >
>10 mV. The T-type of calcium channel is a low voltage typeadded to the digitonin-treated sperm suspension. Fluorescence values

with a voltage threshold of ~—60mV, with maximal conduction at each wavelength were corrected for autofluorescence of the celI%>
occurring at —30 to —20 mV (Flormaat al, 1998). This by adding 2 mmol/l MndG in the presence of 2Qmol/l ionomycin &

. . . . to another aliquot of fura-2-loaded spermatozoa. Thé Myuenches
+
channe! IS more pqtently '“h't?'ted by i than Cd", S the fura-2 fluorescence. The autofluorescence values were subtracte
weakly inhibited by dihydropyridine G4 channel antagonists, from the fura-2-loaded sperm cell fluorescence values obtained at

is not activated by dihydropyridine agonists, the variouspoth wavelengths. The level of [€8; was calculated with the
w-conotoxins are without effect, and it is potently blocked bydm3000 SPEX software using Ky of 224 nmol/l for the fura-2—
mibefradil (Ertel and Ertel, 1997). Pimozide and amiloride C&* complex.
also inhibit T-type C&" channels, although these compounds
have several other actions (Arnoelt al., 1996). Sources of materials

In the present study we have investigated the possiblMibefradil was a gift from Roche Pharmaceuticals, Switzerland.
involvement of T-type C& channels in the action of glucNAc— Progesterone, albumin, bovipeaminophenyla-p-mannopyranoside
BSA and the mannose—BSA on human spermatozoa. We aldBi2"0ose-BSA), albumin, boving-aminophenyk-acetylf-o-glu-
decided to look more directly at the actions of qucNAc—BSAcosamm'de (glucNACc—BSA), BSA, sodium pyruvate, sodium lactate,

.. N EGTA were from Sigma Chemical Co., St Louis, MO, USA. The
and the mannose-BSA by examining changes ir’{f;an mannose—-BSA contained 26 moles @fo-mannose per mole of

Spermat(')?%‘ rather than the acrosome reaF:tion. We utilizegloumin and the glucNAC-BSA contained 16 moles of glucNAc/mol
the specific C& channel antagonist mibefradil and comparedof albumin. Fura-2/AM was from Molecular Probes, Inc., Eugene,

the ability of both Nf* and Cd" to inhibit the actions of OR, USA.
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. ) Figure 2. Effect of removing extracellular Ga on the ability of
Figure 1. Effept of 1 umol/l progesterone (P4), mannose-bovine  mannose—bovine serum albumin (BSA) to increasé [Ga
serum albumin (BSA) (2mol/l based on mannose) and Mannose—BSA was added to spermatozoa in the presence of
glucNACc-BSA (20umol/l based orN-acetyl-glucosamine) on extracellular C&" at 10 s or to spermatozoa that had been treated

[Ca**];. At 10 s P4, mannose-BSA or glucNAc-BSA were added yith the C&" chelator EGTA at 40 s. G4 was added back at
to fura-2-loaded spermatozoa (200-fold dilution of stock solutions). _7q s to the EGTA—mannose—BSA-treated spermatozoa, a rapid
Each agent produced a rapid increase in’(Gawith P4 producing  jncrease in [C&"]; was seen. Ca was also added back to control

the fastest rise in [Cd];. The effects of mannose-BSA and EGTA-treated spermatozoa at 80 s. Representative tracings of three
glucNAc-BSA at these maximally effective concentrations were nolgyperiments are shown.

as effective as P4 at increasing fC}. Typical representative
traces from one experiment are shown.

no olWapeoe//:sdyy Woll PaPROjUMO(]

then declined towards baseline values with all three stimuli. ©
Since mannose—BSA consistently gave a larger response thag
glucNAc-BSA we utilized mannose—BSA in the rest of this
Effect of progesterone and mannose-BSA on [Ca**];  study, although in a limited number of experiments using
in human spermatozoa glucNAc—-BSA, similar data to that seen with mannose-BSA
The data in Figure 1 show the effects of adding progesteronayas obtained.
mannose—BSA or glucNAc—BSA to fura-2-loaded human sper- Previous studies have shown that progesterone elevate
matozoa. The amount of progesterone added was a maximallga2*]; in spermatozoa by promoting calcium influx exclus-
effective concentration of umol/l (Blackmoreet al., 1990). ively (e.g. Blackmoreet al., 1990). There are intracellular
The amount of mannose—BSA was equivalent tqual/l a- C&™" stores in spermatozoa since thapsigargin has been show
p-mannose; this was a maximally effective concentration ato promote mobilization of internal €atogether with inducing
increasing [C&']; in spermatozoa, based on dose-respons€& ™ influx (e.g. Blackmore, 1993a). However, progesterone
experiments (data not shown). The amount of glucNAc—BSAdoes not appear to be able to utilize any of this intern&Ca
was also equivalent to 30mol/l glucNAc and was a maximally (Blackmore et al, 1990). The data in Figure 2 show that
effective concentration at elevating [€4 (data not shown). mannose-BSA likewise elevated % exclusively by pro-
A concentration of 21mol/l mannose—-BSA produced an effect moting C&" influx, since the increase in [€#]; induced by
on [C&T]; ~20% of that observed with 2@mol/l mannose— mannose—-BSA was totally abolished when extracellul@™Ca
BSA, whereas 0.2imol/l mannose—BSA did not produce any was chelated with EGTA. When extracellular’C&1.0 mmol/l)
detectable effect on [G4];, while increasing mannose—-BSA was present in the medium, mannose—BSA rapidly elevated
up to 40 umol/l did not elicit any greater effect than that [Ca2']; similar to that seen in Figure 1. Ten seconds after
observed with 2Qumol/l mannose—BSA (data not shown). 5 mmol/l EGTA was added the basal &% concentration
Progesterone, glucNAc-BSA and mannose—-BSA producebegan slowly to decline (Figure 2), consistent with the EGTA
rapid increases in [C4]; which occurred without apparent sequestering Ca from inside the cell as it is extruded out
delay, although the rate of [€4]; rise observed with mannose— across the plasma membrane by thé'GATPase pump. When
BSA was slightly slower than that seen with progesterone, anchannose—BSA was added at 40 s the?[Qadid not increase,
glucNAc-BSA was even slower than the mannose—BSA effechut still continued to decline (Figure 2). At 75 s 5 mmol/l
(Figure 1). The slower rise in [€&]; induced by glucNAc— calcium was added back to the mannose-BSA challenged
BSA and mannose-BSA when compared to free progesterorspermatozoa in EGTA containing medium. The {Qarose
may be related to the steric hindrance of the BSA in thesenore rapidly to a value approximately double that observed
preparations. The increase in [} induced by progesterone when mannose—-BSA was added to spermatozoa in 1.0 mmol/l
is also slower when it is conjugated to BSA (Blackmetel,  C&"-containing medium (Figure 2). It appears that the man-
1991). Progesterone produced a peak'Gasponse after ~20 s nose—-BSA had activated the €achannel in the absence of
(Figure 1), whereas mannose-BSA and glucNAc-BSA toolextracellular Ca" and that when Cd was added back it
~50 s to reach a maximum level (Figure 1). The{Qalevel entered the cell more efficiently, possibly due to a lack of
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Mannose-BSA stimulates T-type calcium channels in spermatozoa

A and mannose—BSA both produced rapid and transient effects

= on [C&" ]; (Figure 3A), similar to that observed in Figure 1.

E 1600 At 300 s progesterone was added to the mannose-BSA-

§1400 - P4 stimulated spermatozoa and mannose-BSA was added to the

5 pd progesterone-stimulated spermatozoa. The effect of progester-

g 1200 1 i P4 one to increase [CG4];, after a pre-stimulation with mannose—

S 1000 | ;":“7-‘ BSA, was slightly more rapid and the peak response was

E 800 |- } ¥ . higher by ~200 nmol/l (Figure 3A). The effect of mannose—

- { 5  |{ 4y mannose-BSA BSA to increase [C#]; after a progesterone pre-stimulation

% 600 3 \ § ; was also potentiated with the rate of rise in {Ci being

> 400 L S Fh ® faster and the peak response was higher by ~400 nmol/l

m § N, \ (Figure 3A). The effect of the second stimulus was not as

% 200 |+ \ i G transient as the first stimulus. If, instead of adding mannose—

E , Mmannose-BSA BSA to progesterone-treated spermatozoa, an equivalenlg

- 0 100 200 300 400 500 60 amount of progesterone was added a second time, no furthe&
TIME (S) increase in [C&"]; was observed (data not shown). This result %

indicates that a saturating concentration of progesterone was>
being used and that adding more progesterone could not elicitg

1100 - any further response. The same was also true for mannose—=
mannose-BSA + P4 (theoretical) BSA added a second time after an initial challenge with G
900 |, mannose—BSA, i.e. there was no further increase irf{fa %?
Y (data not shown). 8
700k ¢ 4, Mannose-BSA + Py (actual) Another approach to confirm that progesterone and man-3

nose—BSA are activating distinct calcium channels in the spermg
plasma membrane was to add both stimuli, at maximally ©
effective concentrations at the same time. If each stimulus was$§
acting on a distinct and separate?Cahannel then the effects
should be additive. The data in Figure 3B show the results g
from such an experiment. Progesterone and mannose—BSA bys
mannose-BSA themselves produced a rapid and transient rise ir’fza
0' 5'0 1(‘)0 1;0 2(‘)0 2é0 3(‘)0 similar to that seen in Figures 1 and 3A. When both agonistsg
were added together the effect was additive, if one considersx

TIME (S) the area under the curves. The peak area was 102% of th@

Figure 3. (A) The effects of sequential additions of progesterone  theoretical value if both individual traces were added together. 3
(P4) and mannose-bovine serum albumin (BSA) to increasé[Ca The peak area plus the background area was 115% of they
g‘aggg‘gz fnpaer:?ofggzgoitgrﬁ)mvcgrlg)a(g dg‘grt‘gosseepfr;é giﬁﬂjo(iglb ¢ ¢, theoretical value if both individual traces were added together &
2-loaded human spermatozoa at 10 s. At 300 s to the P4-stimu|atef1ldata generated W'th SPEX deOQO software). The k'net'cs Of%
spermatozoa was added mannose—-BSA and to mannose-BSA-  the actual [C&']; increase was different, however, with the ¢
stimulated spermatozoa was added P4. Each of these effects seenpsak response at ~40 s being less than the theoretical valueg

300 s was slightly larger than each effect that was observed at 10 $ut the sustained response between 100 and 300 s being greater
Representative tracings of three experiments are shd)reffect than the theoretical value.

of adding P4, mannose—BSA or P4 plus mannose—-BSA

simultaneously on [C&T]; in human spermatozoa. P4 (iol/l), 24 2+ o
mannose-BSA (2@mol/l, based on mannose content) or P4 plus Effect of Ni** and Cd™™ on the ability of progesterone

mannose-BSA were added to fura-2-loaded human spermatozoa a@d mannose-BSA to increase [Ca?*]; in human
10 s. Together with the actual experimental data is shown the spermatozoa
theoretical trace of the individual effgcts of P4 and mar_mose—BSA T-type calcium channels can be distinguished from other
added together. Representative tracings of three experiments are . .
shown. voltage-gated Ca channels since they are more sensitive to
inhibition by Ni#* than Cd* (e.g. Ertel and Ertel, 1997). The
data presented in Figure 3A and B support the notion that
negative feedback of elevated [C& on the channel. In the there are at least two types of €achannel present in human
control spermatozoa when €awas added back to EGTA- spermatozoa and that they can be activated independently of
treated spermatozoa (without mannose-BSA treatment), theach other. We therefore examined the ability of botA*Ni
[C&*]; slowly increased to a value slightly higher than theand Cd™ to block the actions of progesterone and mannose—
pre-EGTA treatment value (Figure 2). BSA to increase [CH]; in human spermatozoa. The data in
To evaluate if progesterone and mannose—BSA were actingigure 4 shows a typical experiment in which either 0.1 mmol/I|
on the same G4 influx process, experiments were performedNi?" or 0.1 mmol/l Cd* was added to spermatozoa that were
in which progesterone and mannose—BSA were added sequestimulated with 1.0umol/l progesterone. Both ions, at this
tially (Figure 3A) or simultaneously (Figure 3B). Progesteroneconcentration, produced a similar degree of inhibition of the

501

500 -

ow

300 -

M

100

INTRACELLULAR FREE CALCIUM (nmol/l) UJ

9|0l

Zz0z 1snbny



P.F.Blackmore and S.Eisoldt

3 700 control 3
E € 400 control
> 600 E = \ +0.3 (mmol/l)Cd*
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Figure 4. Effect of 0.1 mmol/l N¥" and 0.1 mmol/l C&" on the
ability of progesterone to increase &% in human spermatozoa. Figure 6. Effect of 0.3 mmol/l Nt and 0.3 mmol/l C&" on the

At 10 s either 0.1 mmol/l Ni* or 0.1 mmol/l Cd" was added, ability of mannose—bovine serum albumin (BSA) to increase

30 s later 0.Jumol/l progesterone was added. These concentrations[Ca2"]; in human spermatozoa. At 10 s either 0.3 mmolANor

of Ni?* and Cd" produced ~ the same 50% inhibition of the 0.3 mmol/l Cd* was added at 10 s; 30 s later gfol/l mannose—
effect of progesterone to increase fCh. A representative BSA was added. At these concentrations of metal ioR, Ni
experiment is shown. produced an almost complete inhibition of the mannose—-BSA effect

on [C&"];, whereas C#" produced a small inhibition of the

120 maximum effect although the rate of [€3; increase was reduced.
progesterone 1.0 pmol/l ; : .
A representative experiment is shown.
100
5 80 120 mannose-BSA (20 umol/l)
P 100
3 60
L
o -
* 40 8 80
|_
z
20 8 60
e}
0 < 40
-5 -4 -3
LOG MOLAR CATION 20
Figure 5. Dose—response of Rii (closed circles) and Cd (open
circles) to inhibit the effect of Jumol/l progesterone to increase 0 4 3
[C&™]; in human spermatozoa. Various concentrations éf Nind -5 B )
Cd** were added to the sperm suspension 30 s before progesterone LOG MOLAR CATION

was added (see Figure 4 for details). The inhibitory effect of each
ion was measured by comparing the change irf{¢iavhich was

the difference between [€4]; measured just prior to the addition
of progesterone and the peak response observed ~30—40 s later.
Each value is the mean SEM from six separate sperm
preparations.

Figure 7. Dose—response of Rii (closed circles) and Gd (open
circles) to inhibit the effect of 2Qumol/l mannose—bovine serum
albumin (BSA) to increase [G4]; in human spermatozoa. Various
concentrations of Ni" and Cd™ were added to the sperm
suspension 30 s before mannose—BSA was added (see Figure 6 for
details). The inhibitory effect of each ion was measured by
comparing the change in [€8]; which was the difference in
increase in [C&'];. The data in Figure 5 show the complete [Ca®"]; measured just prior to the addition of mannose-BSA to the

dose-response of R and Cd* to inhibit the ability of Peak response observed ~50-60 s later. Each value is the

progesterone to increase f24. Both divalent cations showed Mean* SEM from eight separate sperm preparations.

identical dose—response relationships to inhibit progesterone.

The 1G, was ~0.25 mmol/l for both ions, suggesting that

progesterone does not activate T-type calcium channels imhibition, whereas CH produced a small inhibition of the

human spermatozoa. response (Figure 6). The complete dose—response2ofaid
The data in Figure 6 show a typical experiment in whichCd?* to inhibit the ability of mannose—BSA to elevate fCh

either 0.3 mmol/l Ni* or 0.3 mmol/l Cd" was added to is shown in Figure 7. The effect of Ni to inhibit mannose—

spermatozoa that were stimulated with mannose—BSA. At thi8SA-induced elevation of [Gd]; was ~ one-half a log unit

0.3 mmol/l concentration of cation, Ni produced a large more potent than Cd at inhibiting the increase.
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Mannose-BSA stimulates T-type calcium channels in spermatozoa

S 600r S 500
g control g
E E = control
500 Se
3 : 2 40or 5§ \
2 5 2 it
- = Q35
O 400+ 8 \_ B S £E2 & N\
w = g R u sg o -
e ES & g 2 Wl 25 8 + diltiazem
o £ = S E w io g
o 300f 2 £ E 3 o 2T &
S E 3 s £ < €
i o S S | l
o] + - € ]
= £ e 3 200+ | .
o 200 l l o A ) + mibefradil
Q °'= Q
< + <
o o
E 100 1 1 1 1 1 ] E 100 1 1 1 1 1 1 1
- 0 20 40 60 80 100 - 0 20 4 60 80 100 120
TIME (S) TIME (S)
Figure 8. Effect of adding either 1.0 or 3.@mol/l mibefradil on Figure 9. Effect of adding either 1.Qumol/I diltiazem or 1.0umol/l
the ability of progesterone to increase fCh in human mibefradil on the ability of mannose—bovine serum albumin (BSA)

spermatozoa. Mibefradil was added to the sperm preparation at 5 2o increase [C&']; in human spermatozoa. Diltiazem produced a
At 35 s 1pumol/l progesterone was added; both concentrations of small inhibitory effect whereas mibefradil produced a much larger
mibefradil had little effect on the ability of progesterone to increaseinhibition, of both the rate of increase and the magnitude, of the
[C&™];. A representative experiment is shown. increase in [C&'];. A representative experiment is shown.

120

Effect of the specific T-type calcium channel blocker I
mibefradil on the ability of progesterone and 100
mannose-BSA to increase [Ca?" ]; \

Previous studies showed that L-type calcium channel blockers 80
such as verapamil and diltiazem were very weak antagonists
of the progesterone induced increase in{Qan spermatozoa
(e.g. Blackmoreet al,, 1990). Since there was evidence for
the existence of T-type calcium channels in spermatozoa from
a variety of studies, we examined the effects of mibefradil on

% OF CONTROL
o
S

40

—e—mannose-BSA (20umol/l)

progesterone- and mannose—-BSA-induced increases #i]jCa 20 F 4 progesterone 1pmol

The data in Figure 8 show a typical experiment in which two

concentrations of mibefradil were added to spermatozoa that 0 | — - )
were challenged with progesterone. Both concentrations of -7 -6 -5
mibefradil tested in this experiment had no effect on the ability LOG MOLAR MIBEFRADIL

of progesterone to increase [£%. In some experiments Figure 10. Dose-response of miferadil on the actions of
mibefradil slightly potentiated the effect of progesterone toprogesterone (open circles) and mannose-bovine serum albumin
increase [C&];. When spermatozoa were treated with (BSA) (closed circles) to increase [€3; in human spermatozoa.
1.0 umol/l mibefradil and then stimulated with mannose—BSA, Th€ protocol used to generate these data was generated from

S . . "experiments shown in Figures 8 and 9. Mibefradil over the
there was an ~50% inhibition of the increase in {0a concentration range of T0to 10 mol/l did not have any effect

(Figure 9). In the same experiment Lu@ol/l diltiazem (L-type  on the ability of progesterone to increase ¢ whereas the
calcium channel blocker) produced a small inhibition of action of mannose-BSA to elevate fC% was dose-dependently

the mannose-BSA-induced rise in fC}. This result is inhibited. The data shown were the meanSEM from four
compatible with mannose—BSA stimulating T-type, not L-type,SéParate experiments.
calcium channels in human spermatozoa.

The data in Figure 10 shows that mibefradil in the concentra- . .
tion range (0.1-10umol/l) did not inhibit the action of Activation of T-type calcium channels in human

progesterone. The effect of mannose-BSA was, howevefPermatozoa by depolarizing concentrations of KCI
potently blocked by mibefradil with a 40% inhibition being A simple method used to activate voltage-dependerft™Ca
seen with 0.1umol/l mibefradil and 90% inhibition being channels is to add a depolarizing concentration oftk the
observed with 1Qumol/l mibefradil. These data are entirely tissue or cells in question. When 60 mmol/l KCI was added
consistent with those of Figures 5 and 7 showing that mannosee fura-2-loaded spermatozoa there was a small slow rise in
BSA was acting to activate T-type calcium channels and thafiCa?*]; compatible with the presence of potential or voltage-
progesterone stimulated €ainflux via a non T-type calcium dependent Ca channels (Figure 11). This increase was par-
channel. The molecular nature of this progesterone activatetially blocked by mibefradil (T-type Ca channel blocker) but
channel has not yet been defined. not by diltiazem (L-type C& channel blocker) (Figure 11).
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Tesarik et al, 1993). The channel also appears to be non-
selective since progesterone also stimulated the influx 6f Na
(Forestaet al,, 1993).

The nature of the receptor on spermatozoa that is activated
by mannose—-BSA has yet to be defined; however, it shares
some similarities with the receptor that ZP3 activates. This
receptor(s) on spermatozoa has yet to be conclusively character-
ized, although there are many candidates containing protein
and carbohydrate ranging in molecular weight from 15 to
105 kDa (e.g. Benoff, 1997; McLeskest al, 1998). Many
researchers agree that there are several sperm ligands that
form a complex which is involved in the binding to ZP3 (e.g.

; Kopf et al., 1995; Fisheet al., 1998).
90 —_ The conductance of CGa through the voltage-insensitive
0 20 40 60 80 100 120 140 cation channel activated by ZP3 (Flormanal., 1998) would

+ 10 pM diltiazem
1401 :

130

120 |

100F + 10 pM mibefradil

INTRACELLULAR FREE CALCIUM (nmol/l)

peojuMoQ

TIME (S) then produce a depolarization, since spermatozoa maintain a
Figure 11. Effect of 10pumol/l diltiazem and 1Qumol/l mibefradil inwardly negative membrane potential. The result of this
on the ability of 60 mmol/l KCI to increase [€&]; in human membrane depolarization would be to activate the low voltage-
spermatozoa. Approximately 10 s before data collection was activated T-type C4 channel. The second pathway that is

initiated (zero time), either 1Amol/I diltiazem or 10umol/I . . S .
mibefradil was added to the sperm suspension. At 10 s 60 mmol/l activated by ZP3 involves an alkalinization of the intracellular

KCI was added. This concentration of KCI produced an immediate PH. The ZP3 apparently activates a pertussis toxin-sensitive

but small (~20nmol/l) increase in [€4];. Diltiazem at this pH regulator, that most likely involves a guanine-nucleotide
concentration (dotted line) had no effect on the KCl-induced regulatory protein of the Gclass. The increases in [€3;
increase in [C&'];, whereas mibefradil produced a substantial and pH are proposed to synergistically produce a prolonged;

inhibition of the increase in [Cd];, both in rate of rise and - 1
magnitude of effect. This result is compatible with the presence of elevation of [C&"];. It was also proposed that €awas

T-type C&* channels in spermatozoa. A representative experiment féleased from intracellular calcium stores. Thesé*Cstores
of three is shown. could be either located in the acrosome or nucleus (Blackmore
1993a). The sustained increase in{0awould then promote

. . the acrosome reaction. The evidence for mobilization of
Discussion intracellular C&" by agonists in human spermatozoa is sparse.
This study demonstrates that human spermatozoa contalh appears that progesterone is able to cause an increase i
T-type C&" channels and that agents that can mimic ZP3nositol-1,4,5-R following C&" influx (Roldan and Harrison,
induction of the acrosome reaction, such as the neoglycoproteitf89; Thomas and Meizel, 1989). This result would imply that
mannose—BSA, are capable of activating thes& @hannels. the [C&T]; activates a Ca -sensitive form of phospholipase C
The ability of progesterone to increase fCh in human that results in the hydrolysis of phosphatidyl 4,5-bisphosphate
spermatozoa was not mediated by T-type channels and is &i yield diacylglycerol and inositol-1,4,5;PConsistent with
odds with the other studies (Shioret al, 1996), although this result is the fact that the €aionophore also stimulates
these studies only utilized Rii and amiloride to define the the production of inositol-1,4,5-;FThomas and Meizel, 1989).
channel. Our conclusion was based upon: (i), the sensitivitfhe phospholipase C inhibitor U-73122 does not attenuate the
to inhibition by NP™ and Cd™ and (ii), to inhibition by the progesterone-induced increase in {Ta but instead potenti-
selective T-type C& channel blocker mibefradil. Based on ates the increase in [€; (data not shown). These results
these data there appear to be at least two calcium (catiofmnply that the increase in [G4]; induced by progesterone and
channels in human spermatozoa. This concept has been pnmannose—BSA (Figure 2), does not involve the generation of
posed by Florman (Flormaet al., 1998). In their model, ZP3 inositol-1,4,5-R and subsequent mobilization of intracellular
in the zona pellucida interacts with a cell surface receptor oi€&*. It would thus seem that the contribution of intracellular
the spermatozoa to produce two separate intracellular signalsiobilization of C&" contributes only a minor role to the
One pathway involves activating a cation channel via aoverall increase in [Cd]; induced by progesterone and man-
pertussis toxin-insensitive and voltage-insensitive mechanisnmose—BSA.
This channel has properties similar to the one activated by Some of the data presented in this study are consistent with
progesterone, (Blackmore 1998), but it may not be the samsome previously published ideas (Flormeainal., 1998). The
C&" channel. Evidence that this progesterone-activatéd Ca data in Figure 3 show that the action of mannose-BSA to
channel is voltage-insensitive comes from experiments utilizingncrease [C&]; was potentiated by prior activation of the
a variety of L-type C&" channel blockers (e.g. verapamil, pertussis toxin-insensitive €achannels that are activated by
diltiazem and nifedipine (Blackmoret al, 1990) and T-type progesterone. Perhaps the?Canflux induced by progesterone
C&" channel antagonists such as mibefradil, the antagonistaused a depolarization that permitted mannose—BSA to activ-
used in the present study. The activation of this channehte more effectively the T-type €achannels, resulting in a
by progesterone was also not blocked by treatment of thenore rapid and a more prolonged rise in fCa Conversely
spermatozoa with pertussis-toxin (e.g. Blackmore, 1993bstimulation of T-type C& channels by mannose—-BSA potenti-
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Mannose-BSA stimulates T-type calcium channels in spermatozoa

ates the ability of progesterone to increase ZE(Lathrough nucleotides and G-protein-modifier agenBochem Mol. Biol. Int., 41,

ertussis toxin-insensitive €a channels. The mechanism b 1217-1225.
p : y Brandelli, A., Miranda, P.V. and Tezon, J.G. (1994) Participation of

which this occurs is not known, although it may involve glycosylated residues in the human sperm acrosome reaction: possible role
alterations in membrane potential or intracellular pH (Florman, of N-acetylglucosaminidas&iochim Biophys Acta, 1224 299-304.

; ; . Brandelli, A., Miranda, P.V., Anon-Vazquez, M.Gt al. (1995) A new
1998)' In- conclusion it appears that the neoquCOprOte”P predictive test for in-vitro fertilization based on the induction of sperm

mannose—-BSA is an activator of T-type Lachannels in acrosome reaction Hy-acetylglucosamine-neoglycoprotetium Reprod,
human spermatozoa, and is a convenient ligand to probe the10, 1751-1756.
mechanism of ZP3-induced elevations of TC}?— in human  Brandelli A., Miranda, P.V. and Tezon, J.G. (1996) Voltage-dependent calcium

channels and Gi regulatory protein mediate the human sperm acrosomal
spermatozoa. exocytosis induced by-acetylglucosaminyl/mannosyl neoglycoproteins.
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