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Material and Methods

Sea urchin egg homogenates
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Results and Discussion

NAADP and cADPR induce Ca2+ release from
different Ca2+ pools
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Figure 1. Ca2+ uptake in sea ur-
chin egg homogenates. The de-
termination of Ca2+ uptake was
performed using 45Ca as de-
scribed in Material and Methods.
Sea urchin egg homogenates
were incubated in the presence
(open circles) or absence (filled
circles) of 10 µM thapsigargin (a
Ca2+ ATPase inhibitor).
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Potentiation of the Ca2+-induced Ca2+ release
by Ca2+ released from the NAADP pool
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Figure 2. Ca2+ release induced by nicotinic acid adenine dinucleotide phosphate (NAADP)
from the thapsigargin-insensitive pool. The sea urchin egg homogenates were loaded with
45Ca as described in Figure 1. After 3 h of Ca2+ uptake, Ca2+ release was initiated by
addition of 1 µM IP3, 100 nM cyclic ADP-ribose (cADPR) or 100 nM NAADP. The Ca2+

release was performed in homogenates loaded in the absence (open circles) or the
presence (filled circles) of 10 µM thapsigargin.
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Figure 3. Potentiation of the cyclic ADP-ribose (cADPR)-induced Ca2+ release by Ca2+

released from the nicotinic acid adenine dinucleotide phosphate (NAADP) pool. Free Ca2+

concentrations were measured as described in Material and Methods using fluo-3. The
arrow indicates the sequential addition of different Ca2+ channel agonists. In A the arrow
indicates the addition of 16 nM cADPR that by itself does not promote Ca2+ release. In B
the homogenate was first treated with 12 nM NAADP and 16 nM cADPR was added at the
peak (steady state) of the Ca2+ release induced by NAADP. In C the homogenate was
pretreated with 2 nM NAADP for 20 min (not shown) to promote self-desensitization of the
NAADP receptor. After that the homogenate was treated with 12 nM NAADP and 16 nM
cADPR. In D homogenates were treated with a saturating concentration of 60 nM NAADP
and then, after the Ca2+ released by NAADP was taken up again, the homogenate was
treated with 16 nM cADPR. In E the homogenate was treated with 4 nmol Ca2+ prior to the
addition of 16 nM cADPR. The data are representative of 12 different experiments done
with three different preparations of sea urchin egg homogenates.
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Figure 4. Effect of Ca2+ released
by NAADP on the apparent af-
finity of the ryanodine receptor
for ryanodine and cyclic ADP-
ribose (cADPR). Homogenates
were treated with no addition
(filled circles), or with the addi-
tion of 12 nM NAADP (open
circles) as shown in Figure 3B.
The dose-response dependence
for  ryanodine (A) and  cADPR
(B) was determined by the addi-
tion of different concentrations
of the Ca2+-releasing com-
pounds as shown in the figure.
The addition of ryanodine and
cADPR was performed after
NAADP-induced Ca2+ release
was at its plateau level (see Fig-
ure 3B). The Ca2+ released by
NAADP potentiates the effect of
both ryanodine and cADPR
about 2.5 to 3 times. The data
represent the mean ± SEM of
four experiments.

7

6

5

4

3

0

C
a2

+
 r

el
ea

se
 (n

m
ol

/m
in

)

2

1

0 1 2 3 4 5 6
Extravesicular Ca2+ above baseline (nmol)

Figure 5. Effect of extravesicular
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nM cADPR under different lev-
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baseline. The Ca2+ released un-
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is indicated by a triangle. The
extravesicular Ca2+ was in-
creased by the addition of differ-
ent concentrations of NAADP
(squares) or Ca2+ (circles). The
addition of cADPR was per-
formed at the plateau level of
Ca2+ induced by NAADP  or Ca2+

itself, as shown in Figure 1. The
data are the mean ± SEM of
three independent experiments.
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