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crease intracellular Ca2/ concentrations via different
Inositol-1,3,4,5-tetrakisphosphate (Ins(1,3,4,5)P4) bind- routes, which are dependent and independent upon

ing properties were investigated in NIH/3T3 fibro- extracellular Ca2/ (1,2). Ins(1,4,5)P3 induces Ca2/

blasts and its ras-transformant (DT cells), in which mobilization from intracellular Ca2/ pools (1,2),
inositol tetrakisphosphates induce Ca2/ influx. [3H]- whereas Ins(1,3,4,5)P4 triggers Ca2/ influx as ob-Ins(1,3,4,5)P4 bound to membranes of both types of served in lacrimal acinar cells (4), sea urchin eggs (5),cells with Kd values of 10.6 and 8.6 nM, respectively.

and fibroblasts (3,6-8). Recently, it has been reportedThe rank order of inositol polyphosphates for displac-
that Ca2/ influx induced by intracellularly-injecteding [3H]Ins(1,3,4,5)P4 in DT cells was Ins(1,3,4,5)P4 ú
Ins(1,3,4,5)P4 mimics the effect of bradykinin in NIH/inositol-1,3,4,5,6-pentakisphosphate ú inositol hexa-
3T3 fibroblasts (3,6). This influx becomes prominentkisphosphate ú inositol-1,4,5-trisphosphate. This or-
in ras-transformed NIH/3T3 fibroblast (DT) cellsder is similar to that reported in two Ras-GTPase-acti-
(6,7), in which bradykinin- and Ins(1,3,4,5)P4-in-vating proteins, GAP1IP4BP and GAP1m, which are also
duced Ca2/ influx are blocked by a tyrosine kinasethe Ins(1,3,4,5)P4 binding proteins. Northern blot anal-
inhibitor (8). Thus, the Ins(1,3,4,5)P4-induced Ca2/ysis revealed that NIH/3T3 and DT cells expressed
influx process seems to be controlled by Ras and tyro-mRNA species that were hybridizable with GAP1m

cDNA. These results suggest that parental and ras- sine kinase(s) in the downstream of the signal cas-
transformed NIH/3T3 fibroblasts possess GAP1-like cade of bradykinin receptors (9).
proteins, which may be responsible for triggering ino- Several Ins(1,3,4,5)P4 binding proteins have been pu-
sitol tetrakisphosphate-dependent Ca2 influx. q 1997 rified from rat (10) or mouse (11) cerebellum and por-
Academic Press cine platelets (12). By cDNA cloning, Ins(1,3,4,5)P4

binding proteins have been characterized as synapto-
tagmin II (11), a clathrin assembly protein (AP-2; 13)
and a GTPase-activating protein (GAP1IP4BP; 14), re-Stimulation of hormone- and neurotransmitter-re-
spectively. These proteins have a binding capacity forceptors activates phospholipid metabolism, and pro-
various inositol polyphosphates with distinct affinityduces inositol-1,4,5-trisphosphate (Ins(1,4,5)P3) and
(10-14). Among them, GAP1IP4BP is the only proteininositol-1,3,4,5-tetrakisphosphate (Ins(1,3,4,5)P4) (1-
that can interact with H-, R-, or K-Ras through GTP3). These two inositol polyphosphates function to in-
hydrolysis (14). Recently, another GTPase-activating
protein, GAP1m, has been shown to be an Ins(1,3,4,5)P4

binding protein (15).1 To whom correspondence should be addressed at Department of
Biophysics, Neuroinformation Research Institute, Kanazawa Uni- In order to elucidate the relationship between inosi-
versity School of Medicine, 13-1 Takara-machi, Kanazawa 920, tol tetrakisphosphate (InsP4) binding protein(s) andJapan. Fax: 81-76-234-4236. E-mail: haruhiro@med.kanazawa-u.

Ca2/ influx and to determine which protein is responsi-ac.jp.
Abbreviations used: Ins(1,4,5)P3, inositol-1,4,5-trisphosphate; ble for the Ca2/ influx process, we characterized

Ins(1,3,4,5)P4, inositol-1,3,4,5-tetrakisphosphate; DT cells, ras- Ins(1,3,4,5)P4 binding properties in NIH/3T3 and DT
transformed NIH/3T3 fibroblast cells; GAP, GTPase-activating pro- cells. Here, we report that [3H]Ins(1,3,4,5)P4 binding
tein; InsP4, inositol tetrakisphosphate; Ins(1,3,4,5,6)P5, inositol- sites in both types of cells have properties similar to1,3,4,5,6-pentakisphosphate; InsP6 , inositol hexakisphosphate;

those of GAP1 (14,15). We also demonstrate the pres-Ins(1,3,4,6)P4, inositol-1,3,4,6-tetrakisphosphate; Ins(3,4,5,6)P4, ino-
sitol-3,4,5,6-tetrakisphosphate. ence of transcripts which are detectable with mouse
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GAP1m cDNA probes, but not with synaptotagmin
cDNA, by Northern blot analysis of RNA from both
types of cells.

MATERIALS AND METHODS

Materials. [3H]Ins(1,3,4,5)P4 (21 Ci/mmol) was obtained from
New England Nuclear (Boston, MA). D-myo-Ins(1,3,4,5)P4 and D-
myo-Ins(1,4,5)P3 were purchased from Dojindo Laboratories (Kuma-
moto, Japan). Other InsP4, inositol-1,3,4,5,6-pentakisphosphate
(Ins(1,3,4,5,6)P5) and inositol hexakisphosphate (InsP6) were from
Sigma (St. Louis, MO).

Preparation of cell membrane fraction. NIH/3T3 mouse fibroblast
and its n-K-ras-transformed derivative (DT) cells were cultured in
Dulbecco’s modified Eagle’s medium supplemented with 10% fetal
bovine serum (6). Cells were detached in Ca2/- and Mg2/-free phos- FIG. 2. Displacement by inositol polyphosphates of [3H]-
phate-buffered saline and collected by centrifugation. The cell pellet Ins(1,3,4,5)P4 binding to DT cell membranes. The membrane fraction
was mildly sonicated in a homogenizing buffer (50 mM Tris HCl, pH was incubated with 4.8 nM [3H]Ins(1,3,4,5)P4 in the presence of vari-
7.0, 1 mM EDTA, 1 mM dithiothreitol, and 100 mg/l phenylmethyl- ous concentrations of Ins(1,3,4,5)P4 (l), Ins(1,3,4,5,6)P5 (L),
sulfonyl fluoride) and centrifuged for 10 min at 800 1 g. The pellet Ins(3,4,5,6)P4 (h), Ins(1,3,4,6)P4 (s), InsP6 (,), and Ins(1,4,5)P3 (n).
was sonicated again in homogenizing buffer and centrifuged. The Each point is the mean of two triplicate determinations. Data are
supernatants from these two steps were combined and centrifuged expressed as the percentage of specific [3H]Ins(1,3,4,5)P4 binding in
at 10,000 1 g for 15 min and the resulting supernatant was again control.
centrifuged at 100,000 1 g for 60 min. Finally, the pellet was sus-
pended in a binding assay buffer (100 mM KCl, 20 mM NaCl, 1 mM
EDTA, 0.1% (w/v) bovine serum albumin, and 10 mM Hepes, pH
7.0). Protein concentration was determined according to the method kara Shuzo, Kyoto, Japan). RNA was electrophoretically separated
of Bradford (16) with bovine serum albumin as the standard. on a 1.1% agarose-2.2 M formaldehyde gel and transferred onto a

Zetaprobe nylon membrane (Bio-Rad, Hercules, CA). Hybridization[3H]Ins(1,3,4,5)P4 binding studies. [3H]Ins(1,3,4,5)P4 saturation
was performed at 42 7C, as reported previously (8). The probes usedbinding and displacement assays were performed in a total volume
were cDNA encoding amino acids 22-276 (probe GAP-A) and 164-276of 50 ml, each containing the above binding assay buffer and 0.1 mg
(probe GAP-C) of mouse GAP1m (15) labeled by the random primerof membrane protein. After incubation on ice for 20 min, bound and
method. cDNA encoding amino acids 139-393 of mouse synaptotag-free [3H]Ins(1,3,4,5)P4 were separated by centrifugation for 15 min
min II (18) was also used. Filters were washed at 60 7C in 0.2 1 SSCat 100,000 1 g. The pellet was washed with the buffer solution and
containing 0.2% SDS. Autoradiography was carried out at 080 7Csuspended in distilled water. The radioactivity was determined with
with an intensifying screen for 14 days.a liquid scintillation counter. Amount of non-specifically bound li-

gand was determined by addition of 1 or 10 mM unlabeled
Ins(1,3,4,5)P4. Non-specific binding was minimized with the buffer RESULTS AND DISCUSSIONat pH 7.0.

Northern blot analysis. Total cellular RNA was extracted from
Ins(1,3,4,5)P4 binding experiments were performedboth types of fibroblasts and mouse brain as described previously

with membrane fractions of ras-transformed NIH/3T3(17), and poly(A)/ RNA was separated by using Oligo(dT)-Latex (Ta-
(DT) cells with increasing concentrations of [3H]-
Ins(1,3,4,5)P4 in the presence or absence of 10 mM
Ins(1,3,4,5)P4. Ins(1,3,4,5)P4 binding was saturable in
DT cells as demonstrated in Fig. 1. A Scatchard analy-
sis of [3H]Ins(1,3,4,5)P4 binding to DT cell membranes
revealed a single class of binding sites, with a Kd of
10.6 nM and a Bmax of 165 fmol/mg protein. [3H]-
Ins(1,3,4,5)P4 binding sites in non-transformed NIH/
3T3 cells showed similar affinity and density to those
of DT cells: Kd, 8.6 nM; Bmax, 121 fmol/mg protein
(data not shown). These values in parental and ras-
transformed cells were comparable to those reported
in porcine platelets (12), smooth muscles (19), and rat
hepatocytes (20).

Next, the ability of several inositol polyphosphates
FIG. 1. Specific saturation binding of [3H]Ins(1,3,4,5)P4 to mem- to displace [3H]Ins(1,3,4,5)P4 from binding sites in DT

brane fractions of ras-transformed NIH/3T3 (DT) cells. The mem- cell membranes was examined. The potency of competi-
brane fraction prepared from DT cells was incubated with increasing tion was in the following order (Fig. 2): Ins(1,3,4,5)P4concentrations of [3H]Ins(1,3,4,5)P4 in the presence and absence of

ú Ins(1,3,4,5,6)P5 ú InsP6 ú Ins(1,4,5)P3. This rank10 mM Ins(1,3,4,5)P4. Inset shows Scatchard analysis of the data.
Each point shown is the mean of three experiments. order is similar to that reported for GAP1IP4BP (12, 21)
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cells as well as in mouse brain (data not shown). A
transcript of 7.0 kb hybridizable with synaptotagmin
II cDNA was detected in mouse brain, but not in DT
cells (data not shown).

The results show that parental and ras-transformed
NIH/3T3 fibroblast cells possess high affinity Ins-
(1,3,4,5)P4 binding sites in their membrane fractions
and express mRNA for GAP1m. As reported in GAP1-
IP4BP (14), InsP4 binding to GAP1-like InsP4 receptors
in these fibroblasts may increase Ras-GDP from Ras-
GTP by hydrolysis. In contrast, tyrosine kinase(s) acti-
vated by bradykinin (8,9) may facilitate(s) the ex-
change to RasrGTP from RasrGDP. Such increased
turnover of active or inactive states of Ras seems to be
an important step for initiating Ca2/ influx. Viral Ras
protein expressed in DT cells may function to lock the
Ca2/ influx process at the open state, as suggested pre-
viously (6,8).

The results also show that Ins(1,3,4,6)P4, Ins-
(3,4,5,6)P4 and Ins(1,3,4,5,6)P5 interfere with [3H]-
Ins(1,3,4,5)P4 binding similarly (Fig. 2). Our previous
observation has demonstrated that Ins(1,3,4,6)P4 and
Ins(3,4,5,6)P4 elicit Ca2/ influx, as Ins(1,3,4,5)P4, while
Ins(1,3,4,5,6)P5 does not (3,6,7). Taken together, these
results suggest that the Ins(1,3,4,5)P4 receptor protein
in fibroblasts could clearly discriminate InsP4 from
Ins(1,3,4,5,6)P5. The exact reason why Ins(1,3,4,5,6)P5

is invalid in Ca2/ influx is unknown at this moment.
In conclusion, the present results extend the notion

that InsP4 receptor protein (GAP1) may participate in
regulation of Ca2/ influx not only in human platelets
(24) but also in fibroblast cells.
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