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Intracellular Calcium lon Response to Glucose
in B-Cells of Calbindin-D,,, Nullmutant Mice
and in BHC13 Cells Overexpressing Calbindin-D,,,
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This article describes studies on the glucose-induced
responses of intracellular Ca** concentration ([Ca**]),
insulin release, and redistribution of calbindin-Dzsk,a
calcium-binding regulatory protein, in B-cells of pan-
creatic islets of calbindin-D,,, knockout (KO) and wild-
type mice (C57BL6) as well as in BHC-13 control cells
and BHC-13 CaBP40 cells (B-cell line overexpressing
calbindin-D,, ). Upon increasing the glucose concen-
tration from 2.8 to 30 mM, islets of KO mice showed
asignificantly greater increase in [Ca?*]. (mean increase
in [Ca**], i.e., A[Ca**],, was 296 nM) compared with
wild-type mice (A[Ca**], = 97 nM). BHC-13 CaBP40
cells showed little change in [Ca®*]. upon elevation of
glucose from 5.5 to 32.7 mM, whereas BHC-13 control
cells exhibited significant increases in [Ca**]; (A[Ca**],
=510 nM). Similarly, upon addition of 30 mM glucose,
the rate of insulin release increased from 25.2 (basal
rate) to 145.2 pg/mL/minin BHC-13 control cells, whereas
in BHC-13 CaBP40 cells the rate of insulin release was
only 27.5 pg/mL/min in high glucose. Thus, levels of
calbindin-D,;, in B-cells affect both [Ca**], and insulin
secretion in response to glucose. The three-dimensional
reconstruct of confocal immunofluorescent images
showed that glucose caused redistribution of calbindin-
D, resulting in co-localization in the region of L-type
voltage-dependent calcium channels (VDCC). This co-
localization may be an important regulatory function
concerning Ca?* influx via L-type VDCC and exocytosis
of insulin granules.
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Introduction

It is now becoming evident from several lines of research
that the temporal and spatial regulation of intracellular
calcium concentration ([Ca?*];) is very crucial for maintain-
ing calcium ion homeostasis within cells, and, consequently,
in the regulation of various cellular functions such as cell
proliferation, differentiation, cytotoxicity, glucose metabo-
lism, and apoptosis (/—7). Calbindins are high-affinity cal-
cium-binding regulatory proteins that have been shown to
play important roles in modulating the [Ca®']; in various
cell types and thus affect several biochemical events within
the cell including depolarization-induced insulin secretion
by B-cells (5). Calbindin-D,g is comprised of 260 amino
acid residues with a molecular weight of 28 kDa and mainly
appears to be a cytoplasmic protein belonging to a family
of high-affinity calcium-binding proteins such as calmod-
ulin, troponin C, calbindin-Dg, parvalbumin, S100 protein,
and secretagogin (§—/2). The genomic structure of calbindin-
Dygy, which is well conserved phylogenetically, consists of
11 exons and 10 introns and in humans the calbindin-D,g,
gene is located on chromosome 8 (see refs. /3—15). Calbin-
din-D,g has at least five high-affinity calcium ion binding
sites that originate from six EF hands packed into one
glo-bular domain (76). RIN (rat insulinoma 1046-38) cells
with elevated levels of calbindin-D,g, have increased cyto-
plasmic Ca?" buffering capacity (17,18). In HEK 293 cells
stably transfected with human recombinant calbindin-D,g,
Rintoul et al. (19) showed that the presence of calbindin-D,g;
significantly reduced the ionophore 4-Br-A23187 induced
rise in [Ca?'];. Bellido et al. (20) have shown that the tran-
sient expression of rat calbindin-D,g, cDNA in MC3T3-E1
osteoblastic cells inhibited the tumor necrosis factor alpha
(TNFa)-induced apoptosis and caspase-3 activity in addi-
tion to causing increased calcium buffering, thus showing
the anti-apoptotic properties of calbindin-D,g;. Therefore, in
summary, calbindin-D,g; appears to both modulate calcium
transients and to protect against cellular degradation (27,22).

Inan earlier study (3), we found that following K*-depol-
arization (45 mM KCI) [Ca®"]; was significantly greater in
isolated pancreatic islets of calbindin-D,g, null-mutant
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mice compared with wild-type islets. Conversely, fTC-3
and BHC-13 cells overexpressing rat calbindin-D,g, showed
markedly reduced [Ca®']; response to K. It was also shown
that calbindin-D,g, played a regulatory role in depolariza-
tion-induced insulin secretion via control of [Ca?"];. In the
present study we explored the effect of glucose, the major
nutrient regulator of insulin secretion, on intracellular Ca?*
dynamics in calbindin-D,g; null-mutant and wild-type pan-
creatic islets and in BHC-13 cells stably transfected with
calbindin-D,g;.. The results are discussed in the light of cal-
bindin-D,g, regulation of intracellular Ca** and spatial redis-
tribution of this calcium-binding protein vis-a-vis L-type
voltage-dependent calcium channels (VDCC).

Results

Glucose-Induced Increase in [Ca”]l. in WT and KO Islets

Upon addition of 30 mM glucose to islets prepared from
WT mice, the [Ca®"]; increased immediately and a peak in
[Ca?']; was observed about 1-2 min after addition of glucose
(Fig. 1A). This peak in [Ca®']; was followed by a decline
and then a slow rise in [Ca?']; to a plateau seen after about
20 min. The maximum increase in [Ca®']; in WT islets in
response to high glucose ranged between 68 and 120 nM
(mean increase in [Ca®'], A[Ca®'],, was = 96.7 nM with
a SEM = + 8.4 nM, n = 7). The initial rate of increase in
[Ca®'],, rate of decline in [Ca®"]; after attaining the peak,
and the rate of slow rise to a plateau value, as well as the mag-
nitude of changes in [Ca®"]; varied from islet to islet (see
Fig. 1A). The basal values of [Ca®"]; in islets obtained in
the presence of 2.8 mM glucose remained constant (0-5
min, Fig. 1A), thus showing that the observed increase in
[Ca?"]; upon addition of 30 mM glucose is the responsive-
ness of B-cells of islets to their physiological substrate. As
shown in Fig. 1B, exposure of KO islets to high glucose
resulted in a rapid and marked transient increase in [Ca®'];.
The time course of this peak was similar to that in WT islets
(compare Figs. 1, A and B, note differences in scales). How-
ever, the magnitude of the increase in [Ca®']; upon addition
of high glucose to the KO islets that ranged between 200
and 366 nM during 20-25 min (A[Ca®'];=296.3 +21.2nM,
n =7) was much greater (p < 0.001) than that in WT islets
(see Fig. 2).

The absence of calbindin-D,g, in KO mice was verified
by Western blotting of kidneys (Fig. 3). Kidneys were used
for Western blotting because kidneys of WT mice contain
much higher levels of calbindin-D,g, than do pancreata.

Glucose-Induced Changes in [Ca”]i in B-Cell Lines

The basal [Ca®"]; in control BHC-13 cells ranged between
110 and 154 nM (mean basal [Ca>'];= 130 +£4 nM, n =15
cells) and upon addition of 30 mM glucose a steady increase
in [Ca?']; was observed up to about 20 min and then reached
a plateau as shown in Fig. 4A. After 21.5 min of addition
of high glucose, the [Ca®"]; ranged between 401 and 681 nM,

Table 1
Rates of Glucose-Induced Insulin Release from the BHC-13
Control Cells and BHC-13 CaBP40 Cells at 37°C

Rate of Insulin Release

(pg/mL/min)“
BHC-13 BHC-13
Incubations control cells CaBP40 cells
1. 5.5 mM Glucose, 2 h 252+2.0 5.60 £2.0
2. 30 mM Glucose, 5 min 145.2 + 38.1 275 +£1.7
3. 30 mM Glucose, 62.2 +£10.0 8.0 +£1.0

15 min further

“The data expressed as a mean + SEM are derived from a set
of three wells each of BHC-13 control cells and BHC-13 CaBP40
cells.

giving an increase in [Ca®']; 0f 290-571 nM (A[Ca*'];= 510
+ 19 nM, n = 15 cells). The rate of increase in [Ca®"]; upon
addition of 30 mM glucose to the BHC-13 cells varied among
cells from three experiments, but a mean rate of increase in
[Ca?*];, i.e., d [Ca?*];/dt was approx 21.5 nM/min over the
initial 20 min. The pattern of increase in [Ca®']; was oscilla-
tory in nature with varying frequencies and amplitudes.

In BHC-13 CaBP40 cells overexpressing calbindin-Dg,
the basal [Ca®"]; ranged between 51 and 193 nM (mean basal
[Ca?'];=125+ 14nM, n=9). Upon addition of high glucose,
no significant change in [Ca®*]; was observed (mean [Ca?*];
=126+ 14nM,n=9, the [Ca®'];ranged between 41 and 194
nM; see Fig. 4B). The basal [Ca®"]; was similar in BHC-13
CaBP40 cells and control BHC-13 cells.

Glucose-Induced Insulin Release from B-Cell Lines

The basal rates of insulin release determined in the pres-
ence of 5.5 mM glucose over a period of 2 h at 37°C were
25.2 and 5.60 pg/mL/min in HC-13 control cells and BPHC-
13 CaBP40 cells, respectively (Table 1). During the first 5
min of incubation in 30 mM glucose (first or rapid phase of
insulin secretion), the rate of insulin release increased sig-
nificantly to 145.2 pg/mL/min in HC-13 control cells. In
contrast, the rate of insulin release in BHC-13 CaBP40 cells
was only 27.5 pg/mL/min over the first 5 min of incubation,
which is comparable to basal release in HC-13 control
cells. The incubation of these B-cell lines in high glucose for
an additional 15 min resulted in release of insulin at a rate
of 62.2 and 7.98 pg/mL/min in BHC-13 control cells and
BHC-13 CaBP40 cells, respectively (Table 1).

The Localization, Co-localization, and Interaction among
Calbindin-D,,, , L-type Ca’" Channels, and Insulin

The dynamics of glucose-induced changes in [Ca®"]; and
its consequences on the interactions between calbindin-D,g
and L-type VDCC were analyzed by labeling with fluores-
cent-tagged secondary antibodies to these proteins in BHC-13
CaBP40 cells treated with 5.5 and 30 mM glucose and fixed
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in space and time. BHC-13 CaBP40 cells were used to per-
form this study because this cell line expressed high levels
of calbindin-D,g, and thus provided significant immuno-
fluorescent signal. Figure 5A is a three-dimensional (3-D)
reconstruction of the BHC-13 CaBP40 cells treated with
5.5 mM glucose. The L-type channels (shown in green color)
were abundant in the plasma membrane as expected and
were absent in the cytoplasmic regions (see Fig. SA). The
calbindin-D,g; (shown in red color) was primarily localized
in the cytoplasm and was mostly homogeneously distributed
with scattered focal concentrations (Fig. 5SA). When the BHC-
13 CaBP40 cells were treated with 30 mA/ glucose, one could
observe several areas of yellow coloration in addition to the
red and green colors in the 3-D reconstruct of the confocal
image (see Fig. 5B). The appearance of the yellow color is
a direct indication of co-localization of calbindin-D,g, and
L-type VDCC (red + green = yellow).

In order to show that glucose can induce exocytosis of
insulin secretory granules from the KO islets, 3-D recon-
structions of confocal images were acquired from KO islets
treated with 30 mM glucose. Islets exposed to high glucose
exhibited decreased cytoplasmic insulin secretory granules
compared with those in 2.8 mM glucose (compare Fig. 6B
with Fig. 6A). In 2.8 mM glucose (Fig. 6A), abundant insu-
lin secretory granules (shown in blue color) were present
in the cytoplasm with well-defined cell boundries showing
L-type VDCC (in green color). After exposure to high glucose
for 20 min at 37°C (Fig. 6B), the 3-D reconstruct showed
reduced levels of insulin granules (less blue color) thus indi-
cating the glucose-induced exocytosis of the insulin secre-
tory granules from the KO B-cells.

Discussion

In order to study the role of calbindin-D,g, in nutrient-reg-
ulated responses of intracellular Ca®* in B-cells, we adopted
a two-pronged strategy. First, we used a transgenic null-
mutant mouse devoid of calbindin-D,g, gene (knock-out,
seeref. 6) Second, we used a B-cell line, BHC-13, stably trans-
fected with an inserted gene that encodes for calbindin-Dgy.
This cell line known as fHC-13 CaBP40 overexpresses cal-
bindin-D,g; (5,23). The results presented in Figs. 1A, B,
and 2 show that the [Ca?"]; response to glucose in KO islets
was at least three times greater (p < 0.001) as compared to
that in WT islets. Our previous studies showed that mem-
brane depolarization induced by addition of 45 mAM KCl to
the islets caused approx 3.5 times more increase in [Ca?*];
in KO mice islets as compared to that in islets prepared from
WT mice (5). Therefore, our present data using glucose as
a physiological secretagogue support the previous obser-
vation of a several-fold greater increase in [Ca?']; in KO
islets. The increase in [Ca*]; upon addition of glucose (in the
present study) or KCI (as in ref. 5) was transient in nature
thereby emphasizing depolarization-induced influx of Ca?*
across the cell membrane. The metabolism of glucose via

cytosolic glycolysis pathway and the mitochondrial oxi-
dation of the glycolytic products in B-cells of the islets of
Langerhans increase the ATP to ADP ratio resulting in the
closure of ATP-sensitive K* (K*s1p) channels (24-31). This
closure of K'y1p channels causes membrane depolarization
and, consequently, the L-type VDCC are activated leading
to influx of Ca®* into the cytoplasm down the electrochemi-
cal gradient of Ca®" across the plasma membrane (32). The
increase in [Ca?"]; of B-cells results in exocytosis of insulin
secretory granules (33—35). Duchen et al. (36) have proposed
that an increase in [Ca®']; could also lead to an increase
in mitochondrial Ca®" concentration, which then enhances
the ATP synthesis. As is evident in Figs. 1A, B, the presence
of 30 mM glucose caused a plateau in [Ca®>']; in WT mouse
islets, and a second peak in [Ca”*];in KO mice islets after
about 20-25 min. The presence or absence of a plateau in
[Ca?"]; has been reported in several studies involving islets
derived from mouse and rat (30,37,38), and could be corre-
lated in the present study to the maintenance of the membrane
depolarization state of B-cells by the action of the glucose.
The maintenance of membrane depolarization state in B-cells
is also dependent on those mechanisms that are involved in
the membrane depolarization/ repolarization phase in addi-
tion to K*ypp channels. Such mechanisms include Na*/Ca?*
exchanger, Ca" sensitive nonselective cation channels, and
stimulation of a small voltage-activated outward K" current
that develops because of influx of Ca>" (39-41). In studies
involving Purkinje neurons from calbindin-D,g, KO mice,
Airaksinen et al. (6) have shown a larger amplitude of syn-
aptically evoked calcium ion transients as compared to that
in WT mice. Their result correlates well with the larger mag-
nitude of glucose-induced rise in [Ca?']; in KO islets as
compared to thatin WT islets described above in the present
study. These observations based on the removal of calbin-
din-D,g; from such diverse cell types as neurons, on the one
hand, and B-cells, on the other hand, from KO mice, support
arole for calbindin-D,g in the regulation of cellular calcium
and Ca’"-dependent processes (3,6).

The results with BHC-13 CaBP40 cells show that overex-
pression of calbindin-D,g, caused almost a complete absence
of the typical glucose-induced rise in [Ca®']; in these cells.
In control BHC-13 cells the addition of high glucose caused
avery substantial increase in [Ca?'], by 510+ 19 nM (Fig. 4A).
The absence of response by BHC-13 CaBP40 cells (Fig. 4B)
further supports arole for calbindin-D,g; in modulating Ca>*-
dependent processes. One mechanism of action of calbindin-
D,g in BHC-13 CaBP40 cells may be intracellular calcium
buffering. An earlier study with RIN cells demonstrated a
large increase in cytoplasmic Ca?" buffering capacity in RIN
cells with levels of calbindin-D,g, about three-fold higher
than in control cells (77). In cells with elevated calbindin-
D,g, the [Ca®']; response to glucose, K*-depolarization, a
calcium ionophore (ionomycin), and Ca?>" channel agonist
Bay K 8644 were altered, but basal [Ca®']; was unchanged.
[Ca?"], peak values were reduced and the increase in [Ca®*];
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glucose (at time shown by arrow) and the time course of change in
[Ca*']; was followed by using Fura-2 ratio fluorescent microscopy.
The [Ca?"]; data plotted as a function of time are shown for nine
BHC-13 CaBP40 cells. Data are representative of three experi-
ments. Note the absence of an increase in [Ca®‘]; in response to high
glucose in calbindin-D,g overexpressing cells, but a very large
increase in [Ca*']; with Ca®" ionophore, ionomycin (5 pM).
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Fig. 5. Glucose-induced redistribution of calbindin-D,,, and its co-localization with L-type VDCC in BHC-13 CaBP40 cells. BHC-13
CaBP40 cells were either exposed to 30 mM glucose or remained in 5.5 mM glucose for 20 min and then the reaction was stopped in space
and time by adding fixative. The fixed cells were labeled with antibodies directed against L-type VDCC and calbindin-D,g, and the
secondary antibodies to these proteins contained Alexa Fluor 488 and Alexa Fluor 647 as fluorescent tags. The 3-D reconstruct of
confocal images of cells in 5.5 mM glucose (panel A) indicates L-type VDCC (in green color) abundant in plasma membrane and
calbindin-D,g, (in red color) primarily located in cytoplasm suggesting almost no co-localization of these proteins. In 30 mM glucose,
the 3-D reconstruct (panel B) exhibits several areas of co-localization of these two proteins as shown by the appearance of yellow color
(green + red = yellow). The height of the image stack is 10 um. Each section in the stack was 1 um.

Fig. 6. Glucose-induced insulin release from calbindin-D,g KO islets. KO islets incubated in 5.5 mM glucose were exposed to 30 mM
glucose and the confocal images were acquired exactly as described in legend to the Fig. 5 except that the secondary antibody to insulin
contained Alexa Fluor 568 as fluorescent probe. The 3-D reconstruct as shown in panel A in the presence of 5.5 mM glucose indicates
an abundance of insulin secretory granules (shown in blue color) and L-type VDCC (shown in green color). In high glucose (panel B),
the 3-D reconstruct clearly shows a decreased level of insulin granules in the KO islet (greatly reduced blue color).

in response to mobilization of Ca®* from intracellular stores
was also attenuated. A high concentration of ionomycin (5
uM) overcame the buffering effect of calbindin-D,g, and
produced a dramatic rise in [Ca?'];. The finding of buffer-
ing of Ca?" by moderately elevated levels of calbindin-Dsg;
in RIN cells was confirmed in RIN cells transfected with rat
calbindin-D,g; and markedly overexpressing (>6- to 35-fold)

this protein. These calbindin-D,g, transfected cells exhib-
ited an increase in insulin mRNA and an increase in insulin
content and insulin in the media (18). Although Reddy et al.
(18) found that the transfected RIN cells overexpressing cal-
bindin-D,g; had increased insulin in the media, the physio-
logical relevance of'this finding was not known. It was noted
that the calbindin-D,g-overexpressing clones appeared to
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preferentially release insulin, rather than store it, even though
insulin content was found to be elevated. The authors stated
that multiple factors including increased leakage and prote-
olysis could account for increased insulin in the media, sug-
gesting release was not physiological. Nonetheless, the present
study, both earlier studies (77, /8), and our more recent study
(5) indicate the importance of calbindin-D,g, stabilizing
intracellular levels of Ca®*, specifically in the B-cell.

Evidence of calbindin-D,g as a mediator of other rapid
Ca?" responses include translocation of Ca’* in intestine
(42,43), activation of Ca®*, Mg?*-ATPase (44) and Ca*'-
ATPase and phosphodiesterase (45), and altered Ca®* fluxes
in luminal vesicles of distal convoluted tubules (46). Cal-
cium as a second messenger encodes information in terms
of magnitude (amplitude), frequency, and spatial organiza-
tion of concentration changes (47). Albritton et al. (48)
showed that for cells the size of B-cells, Ca*" as a messen-
ger acted in very constrained domains. Hence, not only the
amount, but also the intracellular location, of calcium-bind-
ing/regulatory proteins like calbindin-D,g, may be impor-
tant in the transduction or translocation of localized bursts
of intracellular free Ca®" such as those resulting from release
of Ca?" from intracellular stores. It is conceivable that altered
levels of calbindin-D,g can lead to changes in glucose metab-
olism or glucose uptake that would affect insulin secretion.
Zaitsev et al. (49) have suggested that the defective metab-
olism of glucose in islets from non-obese diabetic rats results
in a delayed response to an increase in [Ca”'];.

The mean basal [Ca?"]; in BHC-13 and PHC-13 CaBP40
cells was about the same in spite of the fact that BHC-13
CaBP40 cells had an excess of calbindin-D,g present. The
maintenance of a basal [Ca®']; is very crucial for cell sur-
vival and cell division, and it would appear from our results
that two explanations, which are not mutually exclusive,
are likely. One, the high affinity binding sites on calbindin-
D,y are not completely active in basal conditions in bind-
ing the intracellular free Ca®* and therefore they do not
further buffer basal [Ca®']; and thus remain unsaturated
with respect to Ca* binding. Two, the binding of free Ca>*
to high-affinity binding sites on calbindin-D,g, requires a
driving force in terms of increased levels of [Ca®']; caused
by glucose-induced membrane depolarization and influx
of Ca?" via L-type VDCC (17,18). In earlier studies it was
shown that calbindin-D,g; can protect B-cells from cytokine-
mediated destruction by inhibiting free radical formation
(22) and that overexpression of calbindin-D,g in Sprague-
Dawley rats led to neuroprotection against focal stroke (50).
Taken together the above studies indicate that calbindin-D g
is involved in regulating as well as stabilizing the [Ca”*];in
B-cells.

The basal insulin release rate as well as glucose-induced
insulin release rate were significantly higher in fHC-13
control cells than in calbindin-D,g, overexpressing HC-13
CaBP40 cells (Table 1). It is expected that calbindin-D,g

would bind some of the free Ca®" obtained through the glu-
cose-induced influx of Ca?" via L-type VDCC and thereby
decrease the rate of insulin release as observed in BHC-13
CaBP40 cells (5,33—35). The existence of two distinct pools
of insulin granules has been proposed by several research
groups (57-55). One pool, “primed” vesicles co-localized
with Ca®* channels, which are involved in the first phase of
insulin release, and the other pool, “reserve” vesicles,
which are not co-localized with Ca®" channels, represents
the second or prolonged phase of insulin release. Our data
also suggest that there are probably two pools of insulin
secretory granules, one (the primed vesicles) that is released
at higher rates almost immediately upon addition of high
glucose and contributes to the first phase of biphasic insulin
secretion, and two, the reserve insulin pool that is released
at comparatively lower rates (see Table 1) before the sec-
ond phase of insulin secretion is sustained. These observa-
tions on insulin release from B-cell lines coincide very well
with the glucose-induced temporal changes in [Ca’']; in
islets derived from WT and KO mice (see Figs. 1A, B, and
2). However, in BHC-13 CaBP40 cells, the presence of excess
calbindin-D,g, attenuates the glucose-induced rise in [Ca?'];
perhaps due to the buffering action of this calcium-binding
protein, and that in turn causes reduced rates of exocytosis
of insulin granules (Table 1) thus further supporting a role
of calbindin-D,g in B-cell physiology.

The 3-D reconstructions of confocal images obtained
from 5.5 mM glucose and 30 mM glucose-treated KO islets
(Figs. 6A and B) indicated many more insulin granules in
the former than in the later, thereby providing a visual dis-
play of the physiological action of glucose on insulin secre-
tion. Confocal localization of molecules, such as insulin
secretory granules, should prove useful in visualizing changes
in signaling molecules and other modulators of -cell func-
tion in addition to analyzing the effect of secretagogues on
islet-cells.

From the novel results reported in Figs. 5SA and B it is
evident that some calbindin-D,g, upon binding free Ca®*,
which was derived from the glucose-induced influx of Ca?*
via L-type VDCC, moved from its primary location in the
cytoplasm to the membrane regions that contained L-type
VDCC (compare Figs. SA and B). As mentioned above, BHC-
13 CaBP40 cells were chosen because this cell line expressed
high amounts of calbindin-D,g, and thus provided substan-
tial immunofluorescent signal. The glucose-induced redis-
tribution of calbindin-D,g, to co-localization with the L-type
VDCC seems an important movement with regard to its
regulatory functions, which may include influencing influx
of Ca?" via L-type VDCC and exocytosis of insulin gran-
ules. L-type VDCC are known to be localized to regions
of the 3-cell with a high concentration of insulin secretory
granules (56). It is possible that calbindin-D,g, associates
with the excitosome (multiprotein complex) identified by
Wiser et al. (57) as essential for exocytosis of insulin from
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the B-cell. A number of studies have indicated that cytoplas-
mic free Ca’" upon binding to one of the major calcium-
binding proteins, calmodulin, causes conformational changes
in calmodulin which then interacts with its specific target
molecules (58,59). Such a mechanism may also be hypoth-
esized for calbindin-D,g as is evident from the glucose-
induced movement and co-localization of calbindin-D,g, and
L-type VDCC presented in this study. Further experiments
are certainly warranted to test the hypothesis and improve
upon our understanding of the roles of calbindin-D,g, in pan-
creatic islet cells.

Materials and Methods

Animals

The experiments, utilizing wild type (WT) C57BL6 and
knockout (KO) mice, were conducted in accord with the
accepted standards of humane animal care as defined by
the Institutional Animal Care and Use Committee of Joan
C. Edwards School of Medicine at Marshall University,
WV, USA.

Materials

Collagenase type V, ethyleneglycol-bis-(-aminoethyl
ether) &, N'-tetraacetic acid (EGTA), N-2-hydroxyethyl-
piperazine-N'-2-ethanesulfonic acid (HEPES), bovine serum
albumin (BSA), ionomycin, dimethylsulfoxide (DMSO),
the primary antibody against calbindin-D,g, (mouse anti-cal-
bindin-D,g, ), and MnCl, were obtained from Sigma Chemi-
cal Company (St. Louis, MO). Cell-Tak was purchased from
Becton-Dickinson Labware (Bedford, MA). Dulbecco’s Mod-
ified Eagle Medium (DMEM)), heat-inactivated fetal bovine
serum, heat inactivated horse serum, Hank’s balanced salts
solution (HBSS), penicillin-streptomycin, and geneticin were
purchased from Gibco BRL (Gaithersburg, MD). Fura-2
acetoxy methylester (Fura-2AM), Pluronic F-127, fluores-
cent-labeled secondary antibodies Alexa Fluor 488 coupled
to anti-rabbit IgG, Alexa Fluor 568 coupled to anti-guinea
pig IgG, and Alexa Fluor 647 coupled to anti-mouse IgG
were obtained from Molecular Probes Inc. (Eugene, OR). The
primary antibody against L-type gated Ca>* channel (Anti-
o ¢ L-type) was bought from Alomone Labs Ltd. (Jerusalem,
Israel). The primary antibody against insulin (anti-porcine
insulin) produced in guinea pig was purchased from Miles-
Yeda Ltd (Rehovot, Israel). All other chemicals and reagents
were of analytical grade.

Cell Culture

The BHC-13 cells were grown in 75 cm? tissue culture
plates as well as on 25-mm-diameter coverslips placed in
six-well tissue culture plates at 37°C in a 5% CO,—95% air
incubator, with a modified DMEM medium supplemented
with 17 mM glucose, 15% horse serum, 2.5% fetal bovine
serum, 120 U/mL penicillin G, and 120 pg/mL streptomy-

cin. The cell culture medium for the stably transfected PHC-
13 CaBP40 cells also contained 800 pg/mL of geneticin.

Islet Preparation

The islets of Langerhans from the WT and KO mice
were prepared by digesting the pancreatic tissue with colla-
genase followed by hand-picking the islets with a thin glass
loop under a dissecting microscope as previously described
(60). The islets were incubated in a modified Kreb’s ringer
medium consisting of (inmM) 118 NaCl, 4.8 KCI, 1.5 CaCl,,
1.2 MgCl,, 1.2 KH,PO,, 10 HEPES, 5 NaHCOs, 5.5 glucose,
and 0.1% w/v BSA, pH 7.40.

[Ca’*], Measurements

The [Ca?*];inislets, BHC-13 cells, and BHC-13 CaBP40
cells was determined by using ratio fluorescence microscopy
procedure of Fura-2 loaded islets or B-cells and is described
below in brief:

Dye-loading: The islets were incubated with 5 pM Fura-
2AM and 0.05% (w/v) Pluronic F-127 for 45-50 min at
37°C followed by thrice washing with HBSS and incubat-
ing further for 10—15 min at 37°C. The islets were then sus-
pended in a small volume (50—100 pL) of HBSS and placed
onto the Cell-Tak coated coverslips to allow them to adhere
to the surface for 10—15 min at room temperature and finally
1 mL of the complete modified Kreb’s ringer medium con-
taining 2.8 mM glucose was added. The BHC-13 control cells
and BHC-13 CaBP40 cells were loaded with 5 pM Fura-
2AM and 0.05% (w/v) Pluronic F-127 for 30 to 35 min at
37°C followed by washing with HBSS and further incuba-
tion in HBSS at 37°C for 10 to 15 min. The cells were finally
incubated in HBSS.

Digital Video Fluorescence Imaging: The Narishige
microincubation chamber containing Fura-2 loaded islets
or B-cells was placed on the stage of a Nikon Diaphot TMD
inverted fluorescence microscope (Nikon Corporation,
Tokyo, Japan) equipped for ratio fluorescence microscopy,
which was carried out at 37°C. The samples were then suc-
cessively excited at 340 and 380 nm and the fluorescence
emitted at 510 nm was intensified by a DAGE-MTI GenlISys
image intensifier and finally captured by a DAGE-MTI
CCD72 video camera (DAGE-MTI, Inc., Michigan City,
IN). Metafluor Imaging System software version 4.1.7 (Uni-
versal Imaging Corporation, Westchester, PA) was used for
image acquisition and analysis. The [Ca?"]; was calculated
according to the equation used by Grynkiewicz et al. (61).
All images were corrected for the background emission.

Triple Fluorescent Antibodies Labeling
and Laser Scanning Confocal Microscopy

The BHC-13 CaBP40 cells grown onto 25-mm-diameter
coverslips and islets stabilized on Cell-Tak coated cover-
slips were each incubated in 2 mL of HBSS in a six-well cul-
ture plate. To two of the coverslips, one containing BHC-13
CaBP40 cells and the other containing islets, small aliquots
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of stock glucose solution were added to a final concentra-
tion of 30 mM, whereas the other two coverslips, one con-
taining BHC-13 CaBP40 cells and the other containing islets,
were incubated with 5.5 mM glucose that served as appro-
priate controls. The incubation with high glucose and cor-
responding control was carried out at 37°C for a period of
20-25 min. The reaction was stopped in space and time by
adding 4% (w/v) freshly prepared paraformaldehyde as a
fixative.

The fixed isletsand BHC-13 CaBP40 cells were then treated
with primary antibodies against calbindin-D,g,, L-type
gated Ca®" channels, and insulin. The treatment with the flu-
orescent-labeled secondary antibodies against primary anti-
bodies was done by incubating the coverslips with Alexa
Fluor 488 coupled to anti-rabbit IgG, Alexa Fluor 568 coupled
to anti-guinea pig IgG, and Alexa Fluor 647 coupled to
anti-mouse IgG. The confocal fluorescence images of the
triple fluorescent labeled proteins were scanned by using a
Bio-Rad MRC 1024 Laser Scanning Confocal Microscope
(Bio-Rad, Microscopy Division, Hemel Hempstead Herts,
England). Confocal image acquisition and analysis was car-
ried out using an in-built Laser Sharp 3.2 software from Bio-
Rad as well as Confocal Assistant version 4.02 (Todd Clark
Brelje) and Metamorph version 4.1.7 software (Universal
Imaging Corp., Westchester, PA).

Insulin Release Assay

The glucose-induced insulin release from the fHC-13
control cells and BHC-13 CaBP40 cells was determined at
37°C by using a competitive enzyme-linked immunosorbent
assay (ELISA) protocol modified in our laboratory from
that of Kekow et al. (62).

Statistical Analysis

The statistical significance of the results was analyzed
by using Student’s 7 test (SigmaStat software, Jandel Scien-
tific Software, San Rafael, CA).
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