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Phosphatidylinositol Kinase and Diphosphoinositide Kinase of Rat
Kidney Cortex

PROPERTIES AND SUBCELLULAR LOCALIZATION

By PHILIP H. COOPER* and JOHN N. HAWTHORNEt
Department of Chemistry, University of Calgary, Calgary, Alberta T2N 1N4, Canada

(Received 17 May 1976)

The properties of phosphatidylinositol kinase and diphosphoinositide kinase from rat
kidney cortex were studied. The enzymes were completely Mg2+-dependent. Cutscum
detergent activated phosphatidylinositol kinase, but diphosphoinositide kinase was
inhibited by all detergents tested. ThepH optima were 7.7 for phosphatidylinositol kinase
and 6.5 for diphosphoinositide kinase. On subcellular fractionation of kidney-cortex
homogenates by differential centrifugation, the distribution ofphosphatidylinositol kinase
resembled that of the marker enzymes for brush-border, endoplasmic-reticulum and
Golgi membranes. Diphosphoinositide kinase distribution resembled that of thiamin
pyrophosphatase (assayed in the absence of ATP), diphosphoinositide phosphatase and
triphosphoinositide phosphatase. Activities of both kinases were low in purified brush-
border fragnents. Diphosphoinositide kinase is probably localized in the Golgi complex.

Successive phosphorylation ofphosphatidylinositol
to diphosphoinositide (phosphatidyl-myo-inositol
4-phosphate): (eqn. 1) and then to triphosphoino-
sitide (phosphatidyl-myo-inositol 4,5-bisphosphate)
(eqn. 2) was first indicated by incorporation studies
in vivo (Brockerhoff & Ballou, 1961; Ellis &
Hawthorne, 1961):

Phosphatidylinositol +ATP
diphosphoinositide+ADP (1)

Diphosphoinositide+ATP -)

triphosphoinositide+ADP (2)

Phosphatidylinositol kinase, the enzyme that cata-
lyses reaction (1), was first demonstrated in erythro-
cyte membranes by Hokin & Hokin (1964) and has
since been described in many tissues (reviewed by
Hawthorne & White (1975)]. It often appears to be
localized in the plasma membrane (Harwood &
Hawthorne, 1969a,b). Diphosphoinositide kinase
(eqn. 2) has been found in rat brain (Kai et al., 1968)
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and kidney (Tou & Huggins, 1970), although its
existence had been indicated by labelling experiments
in a number of other tissues (Santiago-Calvo et al.,
1964). Like phosphatidylinositol kinase, it requires
ATP and Mg2+, and appears to be a supernatant
enzyme in brain (Kai & Hawthorne, 1966). It was
reported to be located in the plasma membrane of
kidney (Tou et al., 1970).
The present paper reports the characterization and

subcellular localization of the two kinases in rat
kidney cortex and evidence is presented that indicates
the presence of the enzymes in the Golgi complex.

Materials and Methods

Materials
All substrates, cofactors and inhibitors were from

Sigma (London) Chemical Co., London S.W.6,
U.K., except for UDP-[U-14C]galactose, which was
from Atomic Energy of Canada, Ottawa, Ont.,
Canada. Cutscum (iso-octylphenoxypolyethoxy-
ethanol) was from Kodak (Kirkby, Liverpool, U.K.),
and Triton X-100 was from Lennig Chemicals
(Jarrow, Co. Durham, U.K.). Silica gel H was from
Camlab, Edmonton, Alberta, Canada.

Methods
Preparation of homogenates and subeellular frac-

tions. The procedures used are described in Cooper
& Hawthorne (1975).

Preparation ofsubstrates. Phosphatidylinositol was
prepared from ox brain and purified by using
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alumina (Long & Owens, 1962) followed by silicic
acid chromatography (Hanahan, 1960). Phospha-
tidylinositol was also prepared from maim as
described by Carter & Weber (1966). It was then puri-
fied as above. Diphosphoinositide was prepared as
described previously (Cooper & Hawthorne, 1975).
Purity of the samples was shown by thin-layer and
paper chromatography. Phosphatidylinositol was
stored in chloroform at -20°C, and diphosphoinosi-
tide was stored as an emulsion in water at 40C. Both
lipids were in the form of sodium salts. Terminally
labelled [32P]ATP was prepared enzymically by the
method of Glynn & Chappell (1964). The 0.25M-HCI
eluate from the resin column was made to pH7.4 with
solid Tris and stored at -200C. Before use, non-radio-
active ATP was added to give a final concentration
of 20mM. The specific radioactivity was then approx.
7.5 x 104-2.5 x 105c.p.s.ffumol, and this solution was
used directly in making up assay mixtures.

Chemical methods and enzyme assays
Except for phosphatidylinositol kinase and- di-

phosphoinositide kinase, these are described in
Cooper & Hawthorne (1975).

Phosphatidylinositolkinase (EC2.7.1.67). The basic
assay of this enzyme is described by Kai et al. (1966);
extraction method B was used. The assay medium
had the following composition: 5mM-phosphatidyl-
inositol emulsified in water; 40mM-Tris/HCI buffer,
pH7.4; 1 % (v/v) Cutscum; 4mM_[32P]ATP; 30mM-
MgC12; and approx. 1 mg of protein ofenzyme sample
in a final volume of 1.0ml. The reaction was started
by the addition ofenzyme after a 2min preincubation
at 37°C, and the reaction allowed to proceedfor 5min.
After extraction ofthe lipids by the method ofGarbus
et al. (1963) the lower chloroformphasewastaken and
Folch diphosphoinositide fraction (60ag of P) added
as carrier. The extracts were concentrated to a small
volume under N2 and the lipids separated either by
paper chromatography (Kai et al., 1966) or by the
thin-layer separation of Gonzalez-Sastre & Folch-Pi
(1968). Potassium oxalate-impregnated silica gel H
of 0.5mm thickness was used. To prevent the streak-
ing caused by the presence of detergent, the plates
were developed in chloroform first followed by
chloroform/methanol/4M-NH3 (9:7:2, by vol.). The
lipid areas were made visible in an iodine tank and the
spots corresponding to diphosphoinositide scraped
into 15ml scintillation vials, and 10ml of toluene
phosphor [1 litre of toluene containing Sg of 2,4-
diphenyloxazole and 500mg of 1,4-bis-(5-phenyl-
oxazol-2-yl)benzene] was added. The samples were
then gelled by the method of Bollinger et a!. (1967),
and radioactivity was measured with a Nuclear-
Chicago Mark II automatic scintillation counter.
As a standard, a known amount of [32P]ATP was
counted for radioactivity at the same time.

Diphosphoinositide kinase (EC 2.7.1.68). Diphos-

phoinositide kinase has been assayed by a method
almost identical with that of phosphatidylinositol
kinase, by using paper chromatography (Kai et al.,
1968). The method was here adapted to t.l.c. The
assay mixture had a total volume of 1 ml and was of
the following composition: 50mM-imidazole/HCl
buffer, pH6.5; 4mM-(32P]ATP; 40mM-MgC12;
0.5 mM-diphosphoinositide emulsified in water; and
approx. 1 mg of enzyme protein. The reaction was
started by addition of diphosphoinositide after pre-
incubation for 2min at 37'C and the incubation was
for 5min at 37°C. The reaction was stopped by the
addition of 4.5ml of chloroform/methanol (1: 2, v/v)
containing Folch diphosphoinositide fraction (60,g
of P) and the lipids were extracted by the method of
Hajra et al. (1968). Thefinal chloroformextracts were
concentrated to dryness and the residues dissolved
in 250,u1 of chloroform. The samples were kept in ice,
and 200#u was applied to the oxalate-impregnated
thin-layer plates as described for the phosphatidyl-
inositol kinase assay. The plates were developed and
the radioactivity of the triphosphoinositide was
determined as described above for diphosphoino-
sitide.

Results and Discussion

Properties ofphosphatidylinositol kinase
ATP requirement (Fig. la). Maximum activity

occurred at 2mM-ATP, but at higher concentrations
diphosphoinositide labelling decreased markedly
until at 12mM the activity was almost zero. There are
two possible explanations for this. (i) Anomalous
kinetics of ATPases.* To test this, ATP hydrolysis
was measured under the conditions of assay of the
kinase. The rate was proportional to ATP concentra-
tion over the range 1-10mM. Further, Cutscum
markedly inhibits ATPase, and significant amounts
of ATP were shown to be available to the kinase
throughout the incubation period. (ii) Substrate
inhibition by the ATP.

Phosphatidylinosito! requirement. Maximum acti-
vity was reached at a phosphatidylinositol concen-
tration of 5mM, with inhibition at higher concentra-
tions (Fig. lb).
Mg2+ requirement (Fig. lc). The reaction was

completely dependent on the presence of Mg2+ and a
maximum of activity was observed at 30mM-MgCl2.

Effect of Cutscum (Fig. Id). The non-ionic deter-
gent Cutscum gave greatest activation of phospha-
tidylinositol kinase at a concentration of 2% (v/v)
with inhibition at higher concentrations.

Reaction rate (Fig. 2). The rate was constant for the
first 5min. Diphosphoinositide synthesis reached a
maximum at 15min, after which labelling of diphos-
phoinositide decreased rapidly. If the reaction rate

* Abbreviation: ATPase, adenosine triphosphatase.
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Fig. 1. Conditionsforphosphatidylinositol kinase

(a) Shows the ATP requirement. Incubation was for 5min at 37°C in a total volume of Iml using kidney microsomal fraction
(1.8mg of protein). The mixture contained mm-phosphatidylinositol, 1% (v/v) Cutscum, 40mM-MgCI2 and 50mM-Tris/
HCl buffer, pH7.4. (b) Shows the phosphatidylinositol requirement. The conditions were the same except that 3nM-ATP
was present. (c) Shows the Mg2+ requirement. The conditions followed those for (b), except that lmm-phosphatidylinositol
was present, with 1.1mg of microsomal protein. (d) Shows the effect of Cutscum. The conditions were exactly as in (c) with
the addition of the detergent and 40mM-MgCI2.

was decreasing simply because of lack of ATP, a
plateau in the time-curve would be reached, but there
would be no subsequent loss of diphosphoinositide.
ATP breakdown was studied under the conditions
of the kinase assay. After 15min under these condi-
tions, only 33% of the ATP was hydrolysed. Thus
diphosphoinositide synthesis could still continue
under almost optimal conditions. The probable
explanation for the loss of diphosphoinositide is
that when we measure phosphatidylinositol kinase
we are only measuring net synthesis of diphospho-
inositide in the presence ofother inositide-metaboliz-
ing enzymes in the microsomal fraction. Diphospho-
inositide phosphatase is present in this fraction
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(Cooper & Hawthorne, 1975) and under optimal
conditions is about 200 times as active as phospha-
tidylinositol kinase. The peak in diphosphoinositide
formation and the subsequent plateau at a low rate
would both be expected if this lipid is acting as sub-
strate for a second enzyme.
When the plateau is reached, diphosphoinositide

concentration is less than 1 SM. Work with purified
diphosphoinositide phosphatase from brain (M. S.
Nijjar & J. N. Hawthorne, unpublished work)
showed a Km of 254uM. If the kidney enzyme is similar
its rate will be very much below V,... under these
equilibrium conditions, simply on the basis of sub-
strate concentration. In addition, the phosphatase is
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Fig. 2. Time-course of the phosphatidylinositol kinase
reaction

The reaction mixture (total volume 30mil) contained
5mm-phosphatidylinositol, 1%Y (v/v) Cutscum, 3 mm-ATP,
40MM-MgCl2 and 50mM-Tris/HCI buffer, pH7.4. After
preincubation for 2min at 37°C the reaction was started
by adding microsomal fraction (30mg of protein). Dupli-
cate lml samples were removed for analysis at various
times.

for kidney. Representative results are shown in Fig. 4.
Considerable variation was observed between experi-
ments, although maximum activity was always ob-
tained at pH7.6-7.8. A secondpH optimum at about
pH 8.0 was observed in some experiments. Generally,
however, only the single peak was observed, indicat-
ing the presence ofoneenzyme only, although activity
remained high up to pH9.0.
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Fig. 3. Effect ofenzyme concentration on diphosphoinositide
synthesis

Conditions were those of Fig. l(b), with 5mM-phospha-
tidylinositol and various amounts of microsomal fraction.

inhibited by Cutscum (Cooper & Hawthorne, 1975).
Diphosphoinositide kinase is also present in the

microsomal fraction (see Table 2) and could use the
synthesized diphosphoinositide as substrate. How-
ever, since this kinase is inhibited by Cutscum, its
presence is unlikely to affect net synthesis of
diphosphoinositide.

Effectofenzyme concentration (Fig. 3). The reaction
rate is constant over the range 0-2mg of protein and
decreases with higher enzyme concentrations. A
possible explanation is that ATPases in the enzyme
preparation have a higher affinity for ATP than the
kinase. At higher concentrations of microsomal frac-
tion such ATPases would lower the concentration of
ATP available to the kinase. A similar explanation
could apply to the fall in rate of diphosphoinositide
kinase at high concentrations of homogenate.

Effect ofpH (Fig. 4). Since Harwood & Hawthorne
(1969a) had observed two pH optima for phospha-
tidylinositol kinase in the liver microsomal fraction,
experiments were performed to establish pH curves
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Fig. 4. Effect ofpHonphosphatidylinositol kinase
Conditions are those of Fig. 3 and Tris/HCI buffers were
used.
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Presence in kidney cortex and medulla. Phospha-
tidylinositol kinase activity in cortex was more than
twice that in medulla. Measured in the presence of
Cutscum, activities (pmol of diphosphoinositide/min
per mg of protein) were 81 and 33 respectively.

Properties ofdiphosphoinositide kinase
ATP requirement (Fig. Sa). Optimal activity was

reached at a concentration of 4mM, above which
marked inhibition occurred. In this respect diphos-
phoinositide kinase was similar to phosphatidylino-
sitol kinase.

Effect of EDTA. EDTA stimulates brain di-
phosphoinositide kinase (Kai et al., 1968), but the
kidney enzyme was slightly inhibited at all concen-
trations between O.5mm and 5mM.

Diphosphoinositide requirement (Fig. Sb). A rather
unusual curve was obtained in which the activity rose
to a sharp peak at 0.5mm and then fell to a constant
value at concentrations greater than 2mM. The initial
fall in activity may be due to substrate inhibition.
Diphosphoinositide will be in the Mg2+ salt form as a
precipitate at higher concentrations and so not avail-
able to the enzyme, either as substrate or inhibitor.
Diphosphoinositide will also be removed by phos-
phatase action.

Table 1. Metal ion activation of diphosphoinositide kinase

Conditions followed those of Fig. 5(c). Specific activities
are presented as pmol/min per mg of protein.

Metal ion (2mM)

Mg2+
Fe2+
Ba2+
Co2+
Hg2+
Ca2+
Cd2+
Cu2+
Mn2+
Zn2+

Specific activity

1.3
12.8
3.7
1.5

11.2
0.8
1.3
1.1
0.9
8.2
3.4

0 20 40 60 80 loo
Mg+ (MM)

Vol. 160

Fig. 5. Conditions for diphosphoinositide kinase

(a) Shows the ATP requirement. Incubation was for 5min
at 37°C in a volume of 1 ml with kidney homogenate
(1.5mg of protein). The medium contained 0.9mM-
diphosphoinositide, 30mM-MgCl2, 4mM-EDTA (sodium
salt) and 40mM-Tris/HCl buffer, pH7.4. (b) Shows the
diphosphoinositide requirement. The conditions were
similar except that EDTA was omitted and 4mM-ATP
was present. (c) Shows the Mg2+ requirement. The same
conditions were used except that diphosphoinositide con-
centration was 0.5mM.
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Metal ion activation. Diphosphoinositide kinase
was only activated appreciably by Mg2+, Mn2+ and
Co2+ (Table 1). The presence of Mg2+ appeared to be
essential for activity and in excess exerted a consider-
able inhibitory effect on the enzyme (Fig. Sc).

Effect of detergents. Three different classes of
detergent were used: (i) non-ionic (Cutscum and
Triton X-100); (ii) anionic (sodium deoxycholate);
(iii) cationic [Cetavlon (cetyltimethylaminonium
bromide)]. The kidney enzyme was inhibited by all
types of detergent, as has been found for brain (Kai
et al., 1968). Further, it would appear that unlike
polyphosphoinositide phosphatase (Cooper & Haw-
thorne, 1975) activity was not enhanced when the
reaction was started with a diphosphoinosidde/
Cetavlon mixture.

Effect of enzyme concentration. The reaction rate
was proportional to enzyme concentration over the
range0-1.25mg of protein. At higher enzyme concen-
trations the rate declined.

Reaction rate. The reaction rate was constant for
only 5min (Fig. 6). With phosphatidylinositol kinase
(Fig. 2) there was a rapid loss ofproduct after 5min.
This was not shown by diphosphoinositide kinase,
though there was little net synthesis of triphospho-
inositide after 40min. The loss of product is again
likely to be due to phosphatase action. Since the
diphosphoinositide substrate is also attacked by the
phosphatase (Cooper & Hawthorne, 1975), it will
compete with the relatively small amount of triphos-
phoinositide product, thus partially protecting the
latter from hydrolysis.
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Fig. 6. Time-course ofthe diphosphoinositide kinase reaction

Conditions followed those of Fig. 5(c), except that 40mM-
MgCI2 was present. After 5min preincubation at 37°C,
the reaction was started by adding diphosphoinositide.
Duplicate 1 ml samples were removed for analysis at the
times indicated.
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Fig. 7. Effect ofpH on diphosphoinositide kinase

Assay conditions are given with Fig. 6. A, Sodium acetate
buffer; 0, imidazole/HCI buffer; *, Tris/HCI buffer.

Effect offpH. The optimum was observed at pH6.5
(Fig. 7) and it is noteworthy that at this pH, phospha-
tidylinositol kinase is almost inactive.

Subcellular distribution of the kinases. Kidney
cortex was homogenized by using a Potter-Elvehjem
pestle and fractionated as described in the Materials
and Methods section. The results of the distribution
ofthe marker enzymes have been published previously
in connexion with the studies on polyphosphoino-
sitide phosphatase (Cooper & Hawthorne, 1975) and
only the relevant results are repeated here (Tables 2
and 3, Fig. 8). In experiments onrat liver, the inclusion
of Cutscum detergent caused an increase of phospha-
tidylinositol kinase activity in microsomal and
lysosomal fractions without appreciably affecting
that in the nuclear fraction (Harwood & Hawthorne,
1969a). This and other results suggested that there
were two kinases in liver, one associated with the
plasma membrane and one with the endoplasmic
reticulum. This effect was not observed with kidney,
however (Table 2), distribution of phosphatidylino-
sitol kinase being the same in the presence or absence
of Cutscum.
The subcellular distribution of kidney phospha-

tidylinositol kinase resembled that of alkaline
phosphatase (marker for brush border), arylesterase,
glucose 6-phosphatase (microsomal), Ca2+-stimu-
lated ATPase (plasma membrane), galactosyltrans-
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Phosphatidylinositol Diphosphoinositide
kinase kinase
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Fig. 8. Subcellular distribution ofpolyphosphoinositide kinases andmarker enzymes in kidney cortex

Relative specific activityrepresents the percentage oftotal enzyme activity recovered in a fraction/percentage of total protein
recovered in that fraction. There was no significant difference between activities of phosphatidylinositol kinase with and
without Cutscum. The dashed lines for thiamin pyrophosphatase represent activities without added ATP. N, nuclear frac-
tion; Mt, mitochondrial fraction; LMt, light mitochondrial fraction; Mic, microsomal fraction; S, supernatant. Means of
three experiments are shown. Vertical bars represent S.D.

Table 2. Subcellular distribution ofphosphatidylinositolkinase anddiphosphoinositide kinase in kidney cortex

Specific activities are given as nmol/min permg ofprotein. The means±s.D. ofthree experiments are shown. Markerenzyme
activities and distributions are given in Table 4 (Potter-Elvehjem homogeizer) of the previous paper (Cooper &
Hawthorne, 1975).

Percentage distribution in fractions

Mito- Light mito- Recovery Homogenate
Assay Nuclear chondrial chondrial Microsomal Supernatant (%) sp. activity

Protein 20.7+2.2 14.7+2.9 10.1+1.0 14.8+0.9 39.7+1.9 98.6+1.9
Phosphatidylinositol 6.5+6.5 6.6+6.3 20.0+6.7 57.5+2.7 9.4+3.4 109.6+1.9 0.120±0.042

kinase (+Cutscum)
Phosphatidylinositol 6.9+1.1 6.6+0.4 22.2± 3.6 56.8+6.0 7.6+0.9 107.0+1.2 0.015+0.001

kinase (no Cutscum)
Diphosphoinositide 12.3±0.8 14.7±0.3 28.4± 3.7 16.6± 1.1 28.0± 3.3 95.6±4.0 0.101±0.007
kinaw
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Table 3. Correlation ofmarker histograms with those ofthepolyphosphoinositide kinases

The calculations are based on Fig. 8 and previous results (Cooper & Hawthorne, 1975). Histograms ofthe distribution ofthe
different markers are compared with those for each kinase. Areas that overlap are expressed as the percentage ofoverlapping
plus non-overlapping areas.

Correlation of area (C/o)
Phosphatidylinositol kinase

Arylesterase
Glucose 6-phosphatase
Galactosyltransferase
Thiamin pyrophosphatase (+ATP)
Thiamin pyrophosphatase (-ATP)
Alkaline phosphatase
K+-stimulated nitrophenylphosphatase
Ca2+-stimulated ATPase
(Na++K+)-stimulated ATPase
Triphosphoinositide phosphatase
Diphosphoinositide phosphatase
Acid phosphatase
Cytochrome oxidase
Catalase
fi-Galactosidase
Lactate dehydrogenase
DNA

With Cutscum

90.2
84.5
91.6
72.6
80.4
86.3
70.9
79.8
63.6
64.0
63.1
60.5
36.7
33.1
31.5
19.8
15.8

Without Cutscum

88.1
83.1
91.4
73.4
79.0
88.9
71.9
80.2
66.3
62.6
59.1
59.1
37.1
31.7
30.1
18.0
16.2

Diphosphoinositide
kinase

55.9
61.6
62.7
83.7
75.7
70.0
79.2
60.5
57.6
80.6
80.9
82.8
50.6
52.5
55.9
38.4
21.6

Table 4. Kidney brush-border preparation

Specific activities are given as nmol/min per mg of protein. Relative specific activity represents specific activity of fraction/
specific activity of homogenate. N.D., No activity detectable.

Brush border

Alkaline phosphatase
(Na4+K+)-ATPase
Glucose 6-phosphatase
Acid phosphatase
Thiamin pyrophosphatase (-ATP)
Thiamin pyrophosphatase (+ATP)
Phosphatidyilnositol kinase
Diphosphoinositide kinase

ferase and thiamin pyrophosphatase (Golgi appar-
atus). Thus the enzyme is certainly membrane bound,
but it is difficult to decide which type of membrane is
involved. Activity of the enzyme was low in purified
brush-border fragments (Table 4). Tou et al. (1969)
concluded that phosphatidylinositol kinase of kidney
was largely microsomal, but did not attempt to dis-
tinguish between the various membranes contributing
to this fraction.

Diphosphoinositide kinase showed both super-
natant and particulate activity as has been reported
for brain (Kai et al., 1968) and appeared to resemble
acid phosphatase (lysosomal) and thiamin pyro-

Homogenate
specific activity

244
106
74
49
27
62

0.10
0.08

Specific Relative specific
activity activity
2057
471

N.D.
N.D.

10
81

0.03
0.09

8.4
4.4

0.4
1.3
0.3
1.1

phosphatase. It is unlikely that the enzyme is lyso-
somal, because it did not exhibit latency, as typical
lysosomal enzymes do. Activity was also low in
purified brush-border fragments.
Though it is difficult to localize the kinases pre-

cisely, it is noteworthy that the phosphatase attacking
their products is also found in the Golgi fraction of
kidney (Cooper & Hawthorne, 1975), as judged by
thiamin pyrophosphatase as a marker. Phosphatidyl-
inositol kinase appears to be present in several types
ofcell membrane, though not in brush border or mito-
chondria. In the adrenal medulla (Lefebvre et al.,
1976) it was found in microsomal membranes, but
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also in the membranes of the chromaffin granules.
Since the latter may well be derived from the Golgi
membranes, it is significant that the kinase is a Golgi
enzyme.
Tou et al. (1970) studied the properties and distri-

bution of diphosphoinositide kinase in kidney. The
enzyme appeared chiefly in nuclear and microsomal
fractions. Its distribution resembled that of
(Na++K+)-stimulated ATPase, except that there was
more kinase in the soluble fraction. A plasma-
membrane fraction was prepared and shown to have
a 15-fold enrichment of diphosphoinositide kinase,
compared with homogenate. The present study does
not exclude the presence ofthe kinase in plasmamem-
brane, except for the brush border, but Table 3 shows
a better correlation with the Golgi marker thiamin
pyrophosphatase than with (Na++K+)-stimulated
ATPase. The properties of the plasma-membrane
kinase of Tou et al. (1970) were similar to those of
diphosphoinositide kinase in the present study, except
for ourhigher Mg2+ optimum andlowerpH optimum.
The use of homogenate in the present work may
account for the differences.
Tou et al. (1970) suggest that the polyphospho-

inositides may be involved in cation transport in
kidney. The absence ofthe kinases from brush-border
membranes, however, seems to preclude a direct role
in tubular reabsorption. It is more likely that triphos-
phoinositide plays some part in the control of Ca2+
concentrations within cells. Garrett et al. (1975) have
shown, for instance, that entry of Ca2+ into erythro-
cytes leads to rapid hydrolysis of this lipid. Mito-
chondrial accumulation of Ca2+ could be related in
some way to phosphatidylinositol, which is required
for the ATP-induced contraction of liver mitochon-
dria caused to swell by Ca2+ (Vignais et al., 1964). It
remains to be seen whether these observations might
be relevant to the kidney.
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