ELSEVIER

Available online at www.sciencedirect.com

science @hoinzer:

Biochemical and Biophysical Research Communications 343 (2006) 105-109

BBRC

www.elsevier.com/locate/ybbrc

A remarkable increase in the pHi sensitivity of voltage-dependent
calcium channels occurs in human sperm incubated
in capacitating conditions
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Abstract

Human sperm are endowed with voltage-dependent calcium channels (VDCC) that produce increases in [Ca>"} in response to depo-
larization with KCI. These channels are stimulated during “capacitation”, a complex biochemical process, accompanied by a slight pHi
alkalization, that sperm must accomplish to acquire the ability to fertilize the egg. The stimulation can be explained in part by the fact
that in non-capacitated sperm, calcium influx through VDCC is stimulated by pHi alkalization in the range of pHi observed during
capacitation. In this work, we explored the effect of pHi on VDCC in capacitated sperm loaded with fura ff. Strikingly, the pHi sensitivity
of VDCC increased ~7-fold when sperm was capacitated, as compared with non-capacitated sperm. This finding suggests that the pHi
sensitivity of VDCC can be modulated during capacitation so that a combined effect of pHi alkalization and biochemical regulation

enhances calcium influx through these channels.
© 2006 Elsevier Inc. All rights reserved.
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In sperm of mammalian species, the modulation of the
intracellular calcium concentration [Ca®']; is fundamental
to understand the mechanism involved in specific aspects
of sperm physiology, such as the so-called ‘“‘capacitation”
and the subsequent acrosome reaction (AR) [1]. Capacita-
tion is a calcium-dependent process that occurs in hours in
the female genital tract, or in vitro in defined media, and is
related to a myriad of biochemical changes [2]. These
changes result in outstanding increases in cAMP content
and the ensuing PKA activation [3], and in an increase in
tyrosine kinase activity [4]. During the process, there is also
a small but consistent alkalization of the intracellular pH
(pHi) of ~0.15 pHi units [5]. Once capacitated, sperm is
capable to respond to ZP3, an egg zona pellucida glycopro-
tein, increasing the [Ca®']; transiently and consequently
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undergoing the AR, a process that permits sperm to cross
the zona pellucida and fuse the egg.

The calcium entry mechanisms induced by ZP3 have
been extensively studied in mouse sperm. ZP3 would trig-
ger a still unidentified ionic flux that would produce depo-
larization in capacitated sperm and consequently, gating of
T-type voltage-dependent calcium channels (VDCC),
which have been detected by patch clamp in mouse sper-
matocytes [6,7]. The gating of the T-type VDCC would
produce a transient (milliseconds) peak of calcium in the
micromolar range detected in mag-fura loaded capacitated
mouse sperm [8]. In seconds, ZP3 would stimulate IP3 pro-
duction that would empty the calcium content of the acro-
some and hence, activate store-operated calcium channels
[9] present in the plasma membrane near to the acrosome.
As a result, a small but sustained [Ca?" ] increase would be
established causing AR.

In human sperm, we have detected putative VDCC [10]
that would reasonably play the role of the T-type VDCC
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proposed for mouse sperm. These channels have been func-
tionally detected in fura 2-loaded sperm via the increase in
intracellular calcium induced by potassium depolarization
in the presence of the potassium ionophore valinomycin
[10]. These putative channels are insensitive to nifedipine
[10], but sensitive to mibefradil [11] and nickel [10,12]. Fur-
thermore, they inactivate in ~90s in calcium deprived
medium [10] and are stimulated by pHi alkalization in a
narrow range of pHi [12]. The calcium influx through these
channels are stimulated during sperm capacitation, a phe-
nomenon that may have an important physiological signif-
icance [12,13]. This stimulation may be explained in part by
the alkalization observed in human sperm during capacita-
tion. Indeed, according to the pHi sensitivity of human
sperm VDCC, the increase in pHi alkalization observed
during capacitation (of ~0.15 pHi units) would contribute
to ~30% of the stimulation observed during this process
[12]. This suggests that besides the pHi alkalization, other
biochemical regulators that activate during capacitation
may modify the channels so that the calcium permeation
increases.

In this work, we examined the pHi sensitivity of VDCC of
human sperm incubated in capacitating medium. To do this,
we loaded the cells with fura ff, a low affinity calcium detector
that allowed to detect reliable intracellular calcium increases
that occurred in the micromolar range. We report that small
pHi alkalization pulses remarkably stimulated VDCC in
capacitated sperm and that the pHi-sensitivity of these chan-
nels increased nearly 7-fold, as compared with non-capaci-
tated cells. This effect suggests that biochemical regulators
activated during capacitation act on VDCC producing an
increase in their sensitivity to pHi in human sperm.

Materials and methods

Materials and media. Fura ff-AM was obtained from Molecular
probes. The other reagents were obtained from SIGMA. Hepes-buffered
human sperm medium (H-HSM), originally proposed by Suarez et al. [14],
had the following composition (in mM): NaCl 117.5, KCl 8.6, CaCl, 2.5,
NaH,PO,4 0.3, MgCl, 0.49, Na-pyruvate 0.3, Na-lactate 19, glucose 2,
and 25 Hepes—Na (pH 7.6). Capacitating medium (cap-HSM) had the
same salt composition except that Hepes was lowered to 15 mM and it was
supplemented with 25 mM NaHCO; and 3 mg/ml BSA (Sigma, fraction
V). The pH was adjusted to 7.6 with NaOH.

Sperm purification, dye loading and capacitation. Human semen was
obtained from a panel of seven, 18-31-year-old, donors. Sperm purifica-
tion was performed using Percoll gradients according to [14]. For intra-
cellular calcium measurements, purified sperm (0.6-1.5 x 10® cells) were
loaded with 5 uM fura ffin 1 ml H-HSM medium at 36 °C for 40 min. The
sample was washed by centrifugation and the cells scattered in disposable
centrifuge tubes at ~1 x 107 cells in 3 ml of either H-HSM (for non-ca-
pacitated sperm) or cap-HSM (for capacitated sperm) and maintained at
36 °C. Sperm incubated in non-capacitating medium (H-HSM) were
immediately used for fluorescence recordings. To capacitate, sperm diluted
in cap-HSM were incubated for 4 h at 36 °C.

To detect pHi, fura ff-loaded sperm were loaded with 1 pM BCECEF-
AM for 30min. For pHi measurements in non-capacitated sperm,
BCECF-AM was added during sperm incubation with fura ff~AM, 10 min
after starting incubation with fura ff-fAM. As for capacitated cells,
BCECF-AM was added during capacitation of fura ff-loaded sperm,
30 min before completing the 4 h incubation time in cap-HSM medium.

Measurement and calibration of [Ca’* ], An aliquot of fura fi-zloaded
sperm (containing ~1 x 107 cells), incubated either in capacitating or in
non-capacitating medium, was centrifuged and the pellet added to the
fluorescence cell containing 2.5 ml H-HSM, supplemented with 5 mM
NaHCO; [12], at 36 °C and under constant magnetic stirring. Fluorescence
was measured with a PTI fluorometer (Photon technology International)
with a 488 nm optical interference filter, exciting alternately at 340 and
380 nm with the PTI monochromator. Ratios 340/380 were acquired and
digitalized at 0.86 Hz. The ratios were converted to intracellular calcium
concentration by using the Grynkievicz equation [15], using a K4 = 5.5 uM
(value provided by the manufacturer, Molecular probes).

Measurement and calibration of pH, Sperm loaded with BCECF and
fura ff were poured into the fluorescence cell following the procedure
described for intracellular calcium measurements. The fluorescence was
detected at 550 nm, exciting alternately at 500 and 439 nm. Calibration
was performed according to [12]. Briefly, at the end of each trace, 0.1%
Triton X-100 was added to permeabilize the cells, increasing the ratio
values to a value corresponding to pH 7.6 (the pH of the medium) (not
shown). Then, the pH was acidified with different amounts of HCl and the
measured pH values (determined with a conventional pH meter) were
compared with the corresponding ratio values. These data were analyzed
with the Felix software of PTI to convert ratios to pH values.

Assessment of voltage-dependent calcium influx. Voltage-dependent
calcium influx was triggered by adding 30 mM KCI, 1 min after the
potassium ionophore valinomycin (0.8 uM). Valinomycin makes the
membrane potential mainly dependent on potassium permeability and,
according to the Nernst potential for K distribution, brings the membrane
potential from resting ~—40 mV to ~—71 mV [10]. Addition of 30 mM
KClI depolarizes the membrane to ~—30 mV and induces a transient cal-
cium influx. The difference of [Ca®"} at the peak minus resting was con-
sidered calcium influx through VDCC [12].

Results

The effect of intracellular alkalization on the [Ca®'};
increase induced by depolarization, from ~—71 to
~—30mV, in non-capacitated and capacitated sperm is
shown in Fig. 1. In non-capacitated cells, at physiological
pHi (no ammonium added), the calcium influx induced
by depolarization was easily detected in spite of the fact
that the Ky of fura ff-calcium complex (K4 =5.5 uM) is
20-fold higher as compared with fura 2 (K3 =260 nM),
the calcium detector that we have previously used
[10,12,13]. The voltage-dependent calcium influx detected
with fura ff was 1.18 £ 0.14 uM, a value that was much
higher than that detected in fura 2-loaded cells (close to
0.35 uM) [12]. Furthermore, the stimulation of the intracel-
lular calcium increase induced by depolarization in capac-
itated cells was also higher than expected (Figs. 1A and B).
In previous experiments made with fura 2-loaded cells, the
estimated stimulation reached values around 0.6-0.9 uM
[12,13] whereas that in experiments reported here in fura
ff-loaded cells the calcium influx was 4.89 +0.53 uM
(n =15, SE). These discrepancies may reflect that K values
for fura ff and/or fura 2 within sperm are inaccurate. How-
ever, the use of fura ff evidently improved the measurement
at high intracellular calcium values (micromolar range) and
also provided reasonable calibration values at a low range
[Ca’']. Given that the results obtained with fura ff were
qualitatively similar to those obtained with fura 2, we con-
sidered convenient to continue the use of fura ff to detect
the effect of pHi alkalization in capacitated sperm.
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Fig. 1. Effect of ammonium on the calcium influx induced by depolar-
ization in both non-capacitated (A) and capacitated (B) human sperm.
Fura ff-loaded sperm were poured in 2.5 ml H-HSM supplemented with
SmM NaHCO;, thermostatized at 36 °C and under constant magnetic
stirring. The sample was incubated for 1 min to allow stabilization and
then 0.8 uM valinomycin was added to make the membrane potential
sensitive to potassium (not shown in trace). One minute later, voltage-
dependent calcium influx (from ~—71 to ~—30 mV) was triggered with
30 mM KCl (K) or 30 mM KCI+ 1.25, 5.0, or 10 mM, NH,4CI (NH), as
indicated. The traces are representative of five different human sperm
samples (see statistics in Fig. 3). The series of traces, both in non-
capacitated and capacitated cells, were performed in a lapse of time of
~25 min.

The effect of pHi on sperm VDCC was compared by co-
adding, 1 min after valinomycin, 30 mM KCI plus either
1.25, 5.0, or 10 mM NH4CI. These concentrations site on
the nearly linear relationship between voltage-dependent
calcium influx and pHi (that has an apparent pKa ~7.00)
observed in non-capacitated sperm [12]. In non-capacitated
cells, the stimulation of the calcium influx depended on the
ammonium added and was nearly duplicated by the addi-
tion of 10 mM NH,CI, an effect that was consistent with
previous experiments made with fura 2-loaded cells [12]
(Fig. 1A). Strikingly, in capacitated sperm the effect of
identical amounts of NH4Cl produced a marked over stim-
ulation of the voltage-dependent calcium influx (Fig. 1B).

To compare the effect of pHi alkalization on the voltage-
dependent calcium influx in capacitated and non-capacitated
sperm, we determined the effect of ammonium on the pHi on
both group of cells. Figs. 2A and B show that ammonium
produced a higher alkalization in capacitated cells as com-
pared with non-capacitated cells. This effect could be related
to the fact that, in agreement with previous studies [5,12], the
resting pHi in capacitated cells (6.80 4+ 0.02, n = 5 SE) was
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Fig. 2. Effect of NH4CI on the pHi of non-capacitated and capacitated
human sperm. Either non-capacitated or capacitated fura ff-loaded sperm
were loaded with BCECF-AM as described in Materials and methods.
Once washed, sperm pellets were poured in the fluorescence cell containing
2.5ml H-HSM medium + 5 mM NaHCO;. In (A) 0.8 uM valinomycin
followed by 30 mM KClI (traces a, in bold) or by mixtures of 30 mM
KCl+ 1.25 (traces b), 5.0 (traces c), or 10.0 mM (traces d) NH4Cl was
added to non-capacitated (traces at left) or capacitated (traces at right)
human sperm. In (B) pHi reached upon NH4CI-KCl additions as a
function of [NH4CI] in non-capacitated (closed circles) and capacitated
(open circles) human sperm. The pHi was the average of 30 s recording (A)
collected after NH4CI-KCl additions. All data are means & SE, n=15
individuals.

0.15 pHi units more alkaline than in non-capacitated cells
(6.65 +0.03, n =5 SE). Fig. 3 shows the effect of pHi on
VDCC of capacitated and non-capacitated sperm. The
curves show that the effect of pHi on sperm VDCC is notably
enhanced in sperm incubated in capacitating conditions. In
capacitated cells, the voltage-dependent calcium influx over
intracellular pHi was approximately ~49 uM/pHi unit
whereas that in non-capacitated sperm was ~6.7 uM/pHi
unit. Thus, in human sperm the sensitivity of VDCC to
pHi increased nearly 7-fold after 4 h incubation in capacitat-
ing conditions.

Discussion
Results presented here suggest that calcium influx

through VDCC can be greatly potentiated by a combined
effect of capacitation and pHi alkalization in human sperm.
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Fig. 3. Voltage-dependent calcium influx as a function of pHi in non-
capacitated and capacitated human sperm loaded with fura ff. The
A[Ca®"}; was obtained from the difference between the calcium peak
induced by 30 mM KCI or by 30 mM KCl1 + 1.25, 5.0, or 10 mM NH,Cl
minus resting [Ca>"}; obtained from records depicted in Fig. 1. The pHi
and A[Ca®']; values were compared using samples of the same sperm
donor. (A) Curve corresponding to non-capacitated sperm samples. An
additional experiment (mean 4 SE, n = 4), made with 20 mM NH4CI (pHi
~7.15), was included to the plot to better compare the effect of pHi on
both groups of sperm (see next). The rest of data are means + SE with
n =5 individuals. (B) Curve corresponding to the same samples incubated
in capacitating conditions (open circles). Non-capacitated sperm values
(closed circles) from (A) are included for comparison.

It is important to note that the type of the calcium channels
gated during the K-induced depolarization has not been
determined yet. Pharmacological evidence has not been
sufficient to establish, undoubtedly, what kind of channels
participate in the response. Nevertheless, immunochemical
evidence suggests the presence of T-type VDCC in human
sperm [16]. Furthermore, mammalian sperm are endowed
with CatSper 1, a peculiar form of VDCC identified in
mouse sperm that is required for hyperactivation of mouse
sperm motility [17,18] and that is also related to motility
deficiency of human sperm [19]. Thus, it is reasonable that
the calcium influx induced by depolarization with potassi-
um would activate these channels. It is important to note
that T, N, and L-type VDCC, detected by patch clamp in
other cells, are sensitive to pHi, stimulating their activity
at alkaline values [20-24], an effect that may involve the

B subunit (in L-type channels) [20]. Here, we show evidence
that the pHi sensitivity of VDCC may depend on the phys-
iological condition of the cell. It is possible that biochemi-
cal regulators, such as cAMP, PKA or tyrosine kinases,
which increase during sperm capacitation [3,4], produce
changes in these channels resulting in the observed increase
in pHi sensitivity.

Given the proposed participation of VDCC in the AR
induced by the egg zona pellucida ZP3, we consider that
the increase in pHi sensitivity of VDCC reported here
may be significant in the mechanism by which ZP3 induces
AR only in capacitated sperm.
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