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SUMMARY: Rat brain soluble fraction contains an enzymatic activity that 
dephosphorylates inositol 1,4-bisphosphate (Ins(l,4)P2). We have used 
anion exchange h.p.1.c. in order to identify the inositol monophosphate 
p;oduct of Ins(l,4)P2 hydrolysis (i.e. Ins(l)P1, Ins(4)Pl or both). When 
[ HlIns(l,4)P2 was used as substrate, we obtained an inositol monophos- 
phate isomer that was separated from the co-injected standard C3H]Ins(l>Pl. 
This suggested an Ins(l,4)P21-phosphatase pathway leading to the produc- 
t' n of the inositol 4-monophosphate isomer. 
C"PlIns(4)P 

The dephosphorylation of 
1 was measured in rat brain, liver and heart soluble fraction 

and was Li+-sensitive. Chromatography of the soluble fraction of a rat 
brain homogenate on DEAE-cellulose resolved a monophosphate phosphatase 
activity that hydrolyzed both C3H]Ins(l>P1 and [4-32P]Ins(4)P1 isomers. 
o 1987 Academic Press, Inc. 

The newly discovered second messenger Ins(1,4,5)P3 is responsible 

for mobilizing intracellular calcium from a pool associated to the endo- 

plasmic reticulum (reviewed in refs 1 and 2). Ins(4)Pl was initially 

reported in rat liver as one of the products of Ins(1,4,5)P3 dephosphory- 

lation (3). Ins(4)Pl was also detected by gas chromatography-mass spectro- 

metry in rat cerebral cortex (4). In human platelets prelabelled with 

c3H] inositol and stimulated by vasopressin lithium augmented the accumula- 

tion of Ins(l)Pl, Ins(l,4)P2 but also Ins(4)Pl (5). A rapid increase of 

Ins(4)Pl potentiated by Li+, in the absence of a significant change of 

Ins(l)P1 was recently reported in rat adrenal glomerulosa cells stimulated 

by angiotensin (6). Those reports show that the formation of Ins(4)Pl can 

be regulated by receptor activation and is potentiated by Li+, an inhibi- 

tor of Ins(l)Pl and Ins(l,4)P2 dephosphorylation (3, 7-9). We have 

I 
Abbreviations: Ins(l) inositol l-phosphate; Ins(4)Pl, inositol 4-phosphate; 
Ins(l,4)P2 inositol 1,4-bisphosphate; Ins(1,4,5)P3 inositol 
1,4,5-trisphosphate. 
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previously reported the presence in rat brain of two phosphatase activi- 

ties that dephosphorylate Ins(l)Pl and Ins(l,4)P2 respectively. Those 

activities could be separated by DEAE-cellulose chromatography and were 

inhibited by Li+ at millimolar concentratior . Ins(1,4,5)P3 phospk,attasr 

was not Li+ -sensitive (9,101. Here we show that in rat brain the product 

of Ins(l,4)P2 dephosphorplation is essentially Ins(4)Pl. The latter 

inositol monophosphate is further dephosphorylated by a Li+-sensitive 

phosphatase in rat brain, liver and heart soluble fraction. As Ins(4)Pl 

can not be fomled by phospholipase C cleavage of phosplt,:titi:,lirositol, its 

identification in intact cr.:1 is suggestj\;e of a specific Ins(l,4)P2 

1-phosphatase pathway. 

MATERIALS AND METHODS 

Materials 
The sources of hemicals materials and the preparation of [4-32P1 

Ins(l,4)P2 and [4,5-3'P3 Ins(<,4,5)P3 from 32 
membranes were as previously 

P 

P-labe131ed erythrocyte 
ublished (9-12). [2- H]Ins(l)Pl (sp. 

radioactivity 8 Ci/mmol), [2- H]Ins(l,4)P2 
and [2-3H]Ins(l,4,5>P3 (sp. s2 

(sp. radioactivity ZCi/mnol) 
adioactivity 3.6 Ci/mmol) were ohtajned from 

New England Nuclear Corp. [ P]Pi (sp. radioactivity 10 mCi/ml, carrier 
free) was from Amersham. DEAE-cellulose (DE-521 was from Whatman and the 
h.p.1.c. column (p Bondapak NH2; 30 cm x 0.89 cm) was purchased from 
Waters. Sephadex G-10 was supplied by Pharmacia. Ammonium molybdate, 
perchloric acid and isobutanol/toluol (v/v> were from Merck. 

Incubation and assay of inositolJ?klhosphate phosphatases. 
Soluble rat brain, liver and heart fractions and DEAE-cellulose 

purified Ins(l,4)P2 phosphatase activity from rat brain were prepared as 
previously described (9). Incubation and assay of inositol polyphosphate 
phosphatases by the use of Dowex (formate) anion exchange chromatography 
except for C32 P]Ins(O)PI dephosphorylation (see below) were as previously 

rneux et al We have identified the product(s) of c3HJ or 
C('2P]Ins(l 4)P;' dypE)sphorylatior by h p 1 c . . ..ona p bondapak NH2 column 
eluted as described in refs 5 and 13 (see also legend of Fig. 1). 

32P]Pi released during enzymatic dephosphorylation of --- 

The method is based on previous published procedures (11,141. 
Samples of C32P]Ins(4)Pl were incubated in 0.1 ml with the enzyme prepara 
tion and in standard incubation medium used for inositol polyphosphate 
phosphatase assay i.e. 50 mM Na-Hepes pH 7.4, 2 mM MgC12, 5 mM C2H6GS, 1 
mg bovine serum albumin/ml. The reaction was terminated by the addition 
of 0.1 ml perchloric acid to a final concentration of 1 M. After centrifuga- 
tion (3000 x g, 30 min) to remove the proteins, the supernatant (0.170 ml) 
was taken and ammonium molybdate was added to a final concentration of 1% 
(weight/volume). Two volumes (0.380 ml) of a isobutanol/toluol (1:l v/v> 
solution were th n mixed to the sample. 

32 
After two hours, the upper phase 

containing the [ P] phosphomolybdate complex was taken and measured for 
radioactivity by cerenkow counting. About 97% of Pi is extracted by this 
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procedure. C32PlIns(4>P 1, [32PlIns(1,4>P2 and [32P]Ins(l,4,5)P3 were not 
extracted by the method and thus remained in the lower aqueous phase. The 
blank value is determined by adding the perchloric acid to the enzyme 
preparation before the [32P]-labelled substrate. 

Dephosphorylation of [32 PlIns(l,4)Pv by DEAE-cellulose purified Ins(1.4)Py 

of [4-32P]Ins(1,4) 
was incubated for 10 min at 37°C 

in the presence of 0.02 mg/ml DEAF,-cellulose purified Ins(l,4)P2 phospha- 
tase. The incubation was made in 0.1 ml in the incubation medium used for 
assay of inositol phosphate phosphatases (10). The reaction was termina- 
ted by adding 0.1 ml of water. After filtration on a Centricon TMmicro- 
concentrator to remove proteins, 
NH2 anion exchange h.p.1.c. 

tte sample was loaded onto a y  Bondapak 
column eluted as described earlier (5,131. 

The product of [4- 32PlIns(1,4)P2 dep hosphorylation was desalted, lyophyli- 
sed and resuspended in 0.6 ml of water. 

RESULTS AND DISCUSSION 

Both [4-32P]Ins(1,4>P2 prepared from [32P]Pi-labelled erythrocytes 

or C3HIIns(l,4>P2 were rapidly dephosphorylated by rat hrsjrl soluble 

fraction. A single peak of phosphatase activity, shown to be lithium- 

sensitive was further fractionated by DEAE-cellulose chromatography (9). 

h.p.1.c. analysis of the product(s) of C3H]Ins(l,4>P2 hydrolysis was used 

to identify the inositol monophosphate isomer produced (i.e. Ins(l)Pl or 

Ins(4)Pl). A single peak of an inositol monophosphate was separated from 

Ins(l,4)P2 (Fig. la, Ins(l,4)P2 is eluted after 40-45 min). I f  the 

product of [3H]Ins(l,4>P2 was co-injected with C3H]Ins(l>Pl (used as 

standard), two peaks (B and C> were obtained (Fig. lb). Such data sugges- 

ted that in our experiments, c3H]I ns (1,4)P2 was dephosphorylated by an 

Ins(l,4)P2 1-phosphatase and that Ins(4)Pl was specifically produced. The 

latter enzyme was Li+-sensitive (9). Those data obtained in rat brain, 

contrasted with a model of Ins(l,4)P2 dephosphorylation proposed by Storey 

et al. (3) and Michell (2) in rat liver. They suggested that degradation 

of Ins(l,4)P2 via Ins(4)Pl was Li+-insensitive whereas degradation via 

Ins(l)Pl was Li+-sensitive. The reasons of discrepancy which may be 

related to tissue/cell specificity are not yet understood. 

In order to check our conclusion, we have used a different approach 

and attempted to directly produce Ins(4)Pl by enzymatic conversion. We 

thus prepared [32 P]Ins(4)P1 by dephosphorylation of [32P]Ins(1,4>P2 using 
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Figure 1. 
3 

h.p.1.c. 
phorylation. 

analysis of the products of Ins(l,4)PL dephos- 
[ HlIns(l,4)P2 (20000 cpm) was incubated for 5 min in the 

presence of DEAE-cellulose purified Ins(l,4)P2 phosphatase activity under 
condition of total [3H11ns(1,4)P2 dephosphorylation. After incubation, 
filtration on a Centricon TM microconcentrator, a sample (50 ~1, was 
loaded onto a 

r 
Bondapak NH2 anion exchange column in the absence (la), 

and presence ( b) of [3H]Ins(l)PI as standard. The dephosphorylation of 
[32PlIns(I,4)P2 by the same enzyme preparation is shown in Fid. lc (see 
Methods). Separation was carried out using a 10 min isocratic elution 
with a 20 mM ammonium acetate/acetic acid pH 4.0 followed by a 60 min 
linear gradient to 1M ammonium acetate/acetic acid pH 4.0. Fractions were 
collected every min (flow rate 1 ml/min). Note that the dead time was 4 
min and that an older column was used for the separation snown in Fig. lc. 

DEAE-cellulose purified Ins(l,lr)Pz phosphatase activity (Methods). A 

single peak of radioactivity (C) was purified by h.p.1.c. (Fig. 1~). As 

only the 4-phosphate of [32P]Ins(1,4>P2 is 32P-labelled (11,141 the peak 

was tentatively identified as Ins(4)Pl. Provided that the [32P]-labelled 

product can be further hydrolysed, it could only correspond to [32PJIns(4> 

Pl' We have used the technique of solvent partition of the molybdate 

complex of Pi to assay for Ins(4)Pl phosphatase (11, 14 and Methods). A 

blank value of [32 PlIns(4)Pl versus [32PlPi and inositol polyphosphates is 

shown in Table 1. 

C32PlIns(4>P 1 produced by enzymatic source was used as a substrate 

for further characterization. It was dephosphorylated by rat brain, heart 

. or liver soluble fraction but was not by human red cell membranes (a 

source of Ins(1,4,5)P3 5-phosphatase, 1 and 11). At 10 mM, LiCl but not 
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Table 1. 

Distribution of Pi and inositol polyphosphates by solvent partition of 
the molybdate complex of Pi 

[32Pllabelled molecules Upper organic phase Lower aqueous phase 

C3'PlIns(4)P 1 94 f  0.03 471 l 17 

C321P i 1292 t 40 91 zt 18 

C32PlIns(l ' 4)P 2 25 f  0.5 451 f  17 

C32PlIns(l " 4 5)P 3 21 * 0.75 1438 •t 8 

oAfssF+PlIns(l,4)P 
le of [32P]Ins(4)Pl (about 500 cpm) produced by enzymatic conversion 

2 was analyzed by solvent partition of the mol bdate 
as described in Materials and Methods. 

;~~~~~~ ~~dp$2P]Ins(l,4,5)P3 are shown for comparison. 
C32PlPi, [ 32y PlIns- 

cpm f SEM 

NH4C1, KC1 or NaCl was inhibitor of Ins(4)P1 dephosphorylation in all rat 

tissues we tested. DE&-cellulose chromatography of rat brain soluble 

fraction resolved a single peak of activity that was lithium-sensitive and 

was co-eluted with Ins(l phosphatase (Fig. 2). 

Those data are compatible with the very recent report of Ackermann 

et al. (15) suggesting that purified inositol l-phosphatase from bovine 

brain also hydrolyses other inositol monophosphates, in particular 

Ins(4c)P1. However, these authors used a mixture of the two D and L-enan- 

tiomers of Ins(4)PI as substrate and mentioned the difference in kinetics 

with separated D and L-Ins(l)P1. 

In conclusion, although it is still possible that a Ins(l,4)P2- 

Ins(l)Pl phosphatase pathway exists in rat brain as suggested in rat liver 

(2,3), we have not been able to identify Ins(l)Pl production. On the 

other hand, our data clearly show the Ins(l,4)P2WIns(4)Pl pathway 

as a result of a soluble Li+ -sensitive Ins(l,4)P2 1-phosphatase activity. 

The identification of Ins(4)Pl in stimulated cells can obviously be 

considered as an index or 'marker molecule" (5) of a specific phosphatase 

pathway. In contrast to Ins(l)Pl, Ins(4)Pl cannot be produced by phospho- 

lipase C-provoked hydrolysis of either phosphatidylinositol or the phospho- 
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Figure 2. Separation of inositol phosphate activities by DEAE-cel- 
lulose chromatography of crude supernatant of rat brain homogenate. 
DEAE-cellulose was performed by eluting with a linear gradient of O-O-L> 11 
NaCl (total vol. 400 ml) made in 20 mM Tris/HCl (pH 7.5), 0.1 mi‘l EDTA, 0.4 
mM phenylmethanesulfonyl fluoride, 5 mM 2-mercaptoethanol, 10 % (v/v) 
glycerol (more details are given in ref. 9). Fractions (8.5 ml) were 
assayed for Ins(l)P, , Ins(4)Pl phosphatase activities (as snow), for 
Ins(1,4,5)P3 phosphatase (maxImum of activity, fraction LL) and for 
Ins(l,4)P2 phosphatase (maximum of activity, fraction 3L). The profIle 
illustrates one representative experiment out of tnree. 

inositides. Consequently, its accumulation in stimulated human platelets 

(51, rat brain (4) or angiotensin-stimulated rat adrenal glomerulosa cells 

(6) would suggest an increase in Ins(l,4)Pz followed by dephosphorylation 

by an Ins(l,4)PZ 1-phosphatase to Ins(4)Pl. The formation of Ins(l)Pl is 

often measured by Dowex columns with no distinction between inositol 

monophosphate isomers (i.e. Ins(l)Pl or Ins(4)Pl). It would be interes- 

ting to systematically compare the production of Ins(4)Pl versus Ins(l)Pl 

in stimulated cells, as Ins(4)P1 can only result from polyphosphoinositide 

hydrolysis whereas Ins(l would derive also [and in some cases such as 

the brain mainly, (1511 from monophosphatidylinositol hydrolysis. Finally, 
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the sensitivity of Ins(4)Pl phosphatase activity to Li+ easily explairsthe 

observation that Li+ potentiates the agonist-induced Ins(4)Pl accumulation 

in human platelets (5) and other cells (4,6). At least in rat brain, the 

dephosphorylation of both Ins(l)Pl and Ins(4)Pl is thus Li+-sensitive. 
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