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SUMMARY 

I. Studies of subcellular fractions from rat liver indicate the presence of more 
than one phosphatidylinositol kinase. 

2. Some properties of two kinases in liver are reported. 
3. The distribution of phosphatidylinositol kinase in subcellular fractions from 

rat brain, kidney, heart, skeletal muscle and testis indicates that  the enzyme is most 
active in fractions likely to contain the plasma membrane of these tissues. 

4. The enzyme is also present in human erythrocyte membranes and in the 
surface membrane fraction of rabbit  polymorphonuclear leucocytes. 

5. Rat  kidney, like rat  liver, has a separate Cutscum-stimulated kinase associ- 
ated with the endoplasmic reticulum. 

6. The kinase has been found in all tissues studied, but is most active in brain. 
7. A subcellular fractionation procedure for testis is presented and the purity 

of the fractions discussed. 

INTRODUCTION 

Phosphatidylinositol kinase, which catalyses the synthesis of diphosphoinositide 
by the reaction below, has been described in liver and brain x-3 and reported to occur 
in several other tissues. 

Mg2+ 
Phosphatidylinositol + ATP--- -+ diphosphoinositide + ADP 

MICHELL et al.  4 have shown that  the kinase is found in a purified plasma mem- 
brane fraction from rat  liver. 

The apparent  association of phosphatidylinositol kinase with cell surface mem- 
branes 3,4 has led to a more detailed s tudy of different tissues, especially liver, where 
the non-ionic detergent Cutscum causes a marked difference in the subcellular 
distribution pattern.  This work is now reported, together with evidence that  there 
is more than one distinct phosphatidylinositol kinase in rat  liver. 
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MATERIALS AND METHODS 

Labelled A T P  
Terminally labelled [a2PiATP was prepared by the method of (ILVXX AN1) 

CHAPPELL '5. The o.2 5 M HC1 eluate was neutralised by adding solid Tris until the pH 
was 7.4. The ATP had a specific activity of about IO 6 counts per IOO sec per/~mole 
in a liquid Geiger- Mfiller tube of 6% efficiency. 

Phosphatidylinositol 
This lipid was prepared fronl Inosithin, a phospholipid fraction from s(,ya beans 

(American Lecithin Company, New York, N.Y., U.S.A.) by the method previously 
described 3. Before use in the incubation systems, phosphatidylinositol solutions in 
chloroform were dried under N 2 at room temperature and the residual lipid dissolved 
in sufficient water to give an emulsion of the required concentration. 

Diphosphoinositide 
As a reference material fl)r chronmtography, the diphosphoinositide fraction of 

FOLCH 6 w a s  prepared. 

Preparation of subcellular fractions 
The procedures used for the preparation of subcellular fractions from brain, 

liver, heart, skeletal nmscle, testis and kidney are described below. 
Liver. The method was that of SEDGWICK AND HUBSCHER 7 modified by the use 

of a loose-fitting homogeniser (radial clearance 0.20 mm ; speed 5oo rev./min ; 6 com- 
plete strokes used) which made it possible to prepare the purified plasma membrane 
fraction of COLEMAN et al. s at the same time. This method is also discussed by MI(;HELL 
et al. 4. 

Brain. The method of NYMAN ANI) WHITTAKER 9 was used. This yields nuclear, 
synaptosomal, mitochondrial, microsomal, myelin and supernatant fractions. 

Testis. The centrifuge speeds used were the same as those for liveff and the 
same loose-fitting homogeniser was taken. 

Heart and skeletal muscle. Centrifugation was as for testis but the initial homo- 
genisation was with a tightly-fitting pestle for three rain. Even after this vigorous 
treatment some material was not broken up and about one-third of the starting tissue 
remained on the muslin cloth used to filter the homogenate. 

Kidney. SHIBKO AND TAPPEL x° have reported a method for kidney fractionation 
and the initial stages of this were used. The pellet which came down at the mito- 
chondrial speed did not have the expected three layers and from this point the 
method for liver was followed. 

Other tissue preparations 
Homogenates of rat lung, pancreas and spleen were made in 0.32 M sucrose at 

lO% (w/v) concentration. 
Leucocytes. Fractions from rabbit polynlorphonuclear leucocytes were prepared 

by Dr. A. M. WOODIN of Oxford. Light and heavy membrane fractions were compared 
with the nfixed-menlbrane pellet and the supernatant fraction. WOODIN AND WIE- 
NEKE H have described the method of preparation. 
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Erythrocytes. Whole human blood containing a citrate anti-coagulant was ob- 
tained from the local Transfusion Centre. A volume of blood was centrifuged at 
20 ooo × g for 20 min and the packed cells were then washed three times with 4 vol. 
of o.155 M sodium bicarbonate buffer (pH 7.4) and similarly centrifuged each time. 
The "buffy coat" was removed from the surface after each centrifugation. The final 
erythrocyte sediment was suspended in an equal volume of bicarbonate buffer of the 
same concentration and pH. This was the isotonic (31o mosM) suspension. Other 
suspensions prepared in this way were treated as follows with different hypotonic 
buffers (see Fig. 4). A Io-ml volume of cell suspension was added to 60 ml of hypotonic 
buffer (pH 7-4) and after 30 min at 4 ° the mixture was centrifuged as above. To the 
sediment fresh hypotonic buffer was added to give a total  volume of 7 ° ml and the 
centrifuging repeated. The process was repeated until the supernatant was no longer 
pink in colour (3-4 washes) and the ghosts were finally suspended in hypotonic buffer 
to give the original total  volume of IO ml. 

Assay of phosphatidylinositol kinase 
The opt imum conditions for the kinase reaction in liver and brain, respectively 

have been described by MICHELL et al. 4 and KAI, WHITE AND HAWTHORNE 3. The 
conditions for opt imum synthesis in other tissues were determined and found to be as 
follows. The basic incubation mixture consisted of 50 mM Tris-HCl buffer (pH 7.4), 
4 ° mM MgCI~, 5 mM labelled ATP, 5 mM phosphatidylinositol and tissue sample 
(less than 5 mg protein) in 0.32 M sucrose, the total  volume being I.O ml. These 
modifications were made for individual tissues: kidney, I.O mM phosphatidylinositol; 
brain, I.O mM phosphatidylinositol and 20 mM MgC12; leucocytes, IO mM MgC1,. 

Tubes were incubated at 3 °0 for 5 min and the reaction then stopped by  the 
addition of 3.75 ml chloroform-methanol (I :2, by  vol.). The extraction of labelled 
diphosphoinositide followed Method A of KAI, WHITE AND HAWTHORNE 3. This ex- 
traction method, which involves the addition of 2 M KCI-o.5 M potassium phosphate 
buffer, gave recoveries of labelled diphosphoinositide as great as those obtained with 
acidified chloroform-methanol (see Discussion, KAI, WHITE AND HAWTHORNE3). The 
final lipid extract was concentrated to a small volume under a stream of N 2 and 
applied to formaldehyde-impregnated papers for chromatographic determination of 
diphosphoinositide radioactivity as described previously 3. Better separations were 
obtained if the formaldehyde t reatment  of the papers was continued for 8 h (instead 
of 6) at IiO °. 

Phosphatidylinositol kinase activity was measured as ~P  incorporated into 
diphosphoinositide. The number of moles of the latter which were synthesised could 
be calculated from the specific activity of the ATP, assuming that  only its terminal 
phosphate was incorporated into the lipid. The absence of labelled phosphatidylinositol 
from the chromatograms in all cases indicates that  this assumption is reasonable. 
Labelling of the 1-phosphate of diphosphoinositide could only arise from 3~P-labelled 
phosphatidylinosit ol. 

The assay is not likely to give maximum kinase activity in fractions containing 
the phosphomonoesterase attacking diphcsphoinositide, particularly the supernatant.  
The effect of the phosphomonoesterase was not great, however. The kinase activity 
of a liver microsomal fraction (1.2 mg protein) was reduced 12% by  addition of 
supernatant fraction (o.41 mg protein). A similar effect was noted by  COLODZIN AND 
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KENNEDY 1. Comparison of activities in the subcellular fractions is not likely to be 
invalidated by this effect, though values for the kinase in the supernatant fraction 
will be low. Kinase activity was proportional to protein concentration with all 
fractions over the range 0- 5 mg protein per ml. 

Assay of other e.nzvmes 
Succinate dehydrogenase (EC 1.3.99.1) was determined as succinate-2-(p-iodo- 

phenyl)-3-(p-nitrophenyl)-5-phenyltetrazolium reductase a. Methods for acid phos- 
phatase (EC3.I.3.I),  glucose-6-phosphatase (EC 3.1.3.9) and 5'-nucleotidase (EC 
3.1.3.5) have been described 8. The same applies to (Na<K+)-stimulated ATPase a. 
Lactate dehydrogenase (EC I.I.i.27) was deternfined by a modification of the method 
of JOHNSON '12, the reaction mixture being made up as follows: o.05 ml NADH solution 
(IO mg/ml), o.o2 ml o.3 M sodium pyruvate, I.O ml o.27 M potassium phosphate 
buffer (pH 7.6), o.o2 ml sat& ethanolic solution of rotenone, approx, o.o5 ml of 
enzyme, and water to give a total volume of 3.o ml. The reaction was started by 
adding the pyruvate and the change in absorbance at 34 o m# was measured over the 
3o-9o-sec time interval. 

A ~zal3,tical methods 
Protein was estimated by the method of W E I C H S E L B A U M  la o r  o f  L O W R Y  et al. ~4 

and DNA as described previously 4. Pi was measured by the method of KIN(; la or that 
o f  BAGIN.qKI ,  F o a  AND Z A K  16. 

RESULTS 

Liver phosphatidyliuositol kiuase activity 
The distribution of phosphatidylinositol kinase in subcellular fractions of rat 

liver, including the plasma membrane fraction, is given in Fig. 1. Addition of the 
detergent Cutscum (iso-octylphenoxy-polyethoxyethanol) markedly stiinulated the 

T A B L E  I 

EFFECTS OF IONS AND INHIBITORS ON PHOSPHATIDYLINOS1TOL KINASE 

T h e  bas ic  assay" s y s t e m  a t  p t t  7-4 w a s  used  w i t h  t he  a d d i t i o n  of  2 0% C u t s c u n l  in all cases.  F i g u r e s  
a r e  m e a n s  wi th  t h e  n u m l ) c r  o f  e x p e r i m e n t s  in p a r c n t h c s c s ,  

A ddi l ion l ( i nase  act iv i ty  ( o., o /  

P l a s m a  ,ll icrosomal 
?t'l e YtZ b t ' a  H e 

C o n t r o l  (no a d d i t i o n )  loo  
1o m M  N a F  28 (2) 
ioo  m M  KC1 55 (3) 
ioo  m M  N a i l  93 (2) 
ro m M  CaCI_~ 9 (4) 
i o  m M  CaCL (pl-t 8.3) 
120 m M  NaC1, 3 ° m M  KC1 
i 2 o  m M  NaC1, 30 m M  KCI, 0.o5 m M  o u a b a i n  
o.1 m M  i o d o a c e t a m i d e  94 (2) 
o . l  m M  N - e t h y l m a l e i m i d e  26 (2) 

1 0 0  

5-' (2) 
2s (3) 

,24 (2) 
3 ~ (.5) 
29 ( i )  

~oo (~) 
s5 (~) 
5s (2) 
5s (2) 
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Fig. I. Effect  of Cu t scum on subcet]ular  d i s t r i bu t i on  of r a t - l ive r  phospha t idy l inos i t o l  kinase.  The 
basic  a s say  condi t ions  were used and  the  reac t ion  was s t a r t ed  by  the  add i t i on  of the  subcel lu lar  
fract ion.  The ord ina tes  give the  p ro te in  con ten t  of each f rac t ion  as % recovered protein.  Shaded  
areas  represent  the  crude nuc lear  f rac t ion  and c e r t a i n  sub-f rac t ions  ob ta ined  from it. 
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mic rosomal  fract ions.  The basic  a s say  s y s t e m  was used wi th  Tris-HC1 m i x t u r e s  and  2 % Cutscum 
a t  each pH.  The p H  of the  m i x t u r e  was  measured  before and  af ter  each reac t ion  and  the  average  
recorded on the  graph.  ~ - - - O ,  p l a s m a  m e m b r a n e  fract ion.  
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kinase of the microsomal traction while the other fractions were unaflhcted. This 
suggested that there might be more than one phosphatidylinositol kinase in liver and 
so the properties of the enzyme in plasma nmmbrane and microsomal fractions were 
investigated. Fig. 2 shows the effect of pH on the kinase activity in the two fractions. 
The pH optimum for the plasma membrane enzyme was 7.4, while the microsomal 
fraction gave two peaks of activity, one at pH 7.4 and the other at pH 8.I. The 
double peak was obtained in three separate experiments. 

The effects of a number of ions and inhibitors are shown in Table i. The plasma 
membrane enzyme was more readily inhibited by Ca 2+ than the microsomal enzyme. 
K + activated the nlicrosomal kinase but inhibited the plasma membrane enzyme. 
Both iodoacetamide and N-ethyhnaleinfide differed in their effects on the two en- 
zymes. Ouabain did not significantly inhibit the microsomal phosphatidylinosit.1 
kinase. 

The requirements of the two enzymes for Mg 2+, ATP and phosphatidylinositol 
were similar, as were the graphs of reaction rate against time. The rates were pro- 
portional to enzyme concentration in the range o-5 lng enzyme protein. 

Solubilisation. The microsomal suspension was treated in several ways in an 
attempt to make the kinase soluble. Ultrasonic treatment had little effect ,m total 
activity whether done in the presence or absence of 2'},/o Cutscum, The microsomal 

T A B 1 , E  1[ 

EFFECTS OF CUTSCUM AND SONICATION ON PHOSPHAT1DYLINOSITOL KINASE S O L U I > , I L I T ' , "  

R a t - l i v e r  m i c r o s o m a l  a n d  p l a s m a  m e m b r a n e  preparat ions  were  each s u s p e n d e d  in 2 inl o.32 M 
sucrose .  T h e  t o t a l  p r o t e i n  c o n t e n t  is g iven  in the  table.  Detai l s  o f  the  u l trasonic  t r e a t m e n t  are 
g i v e n  in RESULTS. F o r  detergent  t r e a t m e n t  C u t s c u m  was  added to g ive  a final c o n c e n t r a t i o n  of  
,o,_/o. Suspens ions  t rea ted  in e i ther  of  these  t w o  wavs~ were t h e n  centr i fuged  a t  IO5. ooo g for 
I8o  m i n  to  g ive  pe l l e t  and s u p e r n a t a n t  fract ions  as  below.  The basic  assay  s y s t e m  was used  w i t h  
2 °/o C u t s c u m  and Tris buffers a t  p H  7.4 or  8. 3. The de tergent - t rea ted  s u p c r n a t a n t s  c o n t a i n e d  
add i t iona l  C u t s c u m  b u t  c o n t r o l  e x p e r i m e n t s  showed  t h a t  this  did  n o t  a f fee t  t h e  kinase  assay.  

Preparation Fractio~ Quaa,zlily Prolein 
(rag) recovery 

(%) 

Phospkatidylinosilol kina,~e 

pH 7.4 p[f  8. 3 

actl~'l'lW" Fg(-Ot~E'VV 
( % ) 

(lC¢li'[[W* I'gCO{'e,eV 
( % .) 

Microsomal  t o t a l  2().o 5.55 5.43 
( son ica t ed )  pe l l e t  20. 4 3.3 t 2.4 t 

s u p e r n a t a n t  4.2 J 1 7 o.()() 78 ').74 

Microsomal  t o t a l  t 5.0 4.74 | . - t  8 
( C u t s e u m )  pe l l e t  9.0 2.60 3.12 

s u p e r n a t a n t  4.0 87 0.57 O9 ~.~'5 

P l a s m a  m e m b r a n e  t o t a l  2.8 o. 27 
(sonicated)  pe l l e t  2.8 o. -' 7 

s u p e r n a t a n t  - -  1 oo 

P l a s m a  m e m b r a n e  t o t a l  2. 4 o.18 
( C u t s c u m )  pe l l e t  2.2 o. 18 

s u p e r n a t a n t  o. 2 Too - 

O . 1 2  

O . I  1 

99 

o.o 5 
o.o 5 

to  3 --- 

59 

tO() 

91 

00 

* A c t i v i t y  in nmole s  product  per min.  
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suspension in o.32 M sucrose at pH 7.4 was treated at o ° and 19 ooo cycles/sec for 
IO sec in every 30 sec over a period of IO min. 

An acetone powder was also prepared at o ° and subsequently extracted with 
20 mM Tris-HC1 buffer at pH 7-4. The extract was inactive, as was a similar extract 
prepared from a powder produced by treatment of the microsomal suspension with 
20% n-butanol at o ° followed by acetone at -- 15 °. 

Table I I  shows the amounts of the plasma membrane and microsomal kinases 
solubilised by sonication or treatment with Cutscum. Neither of these methods 
brought the plasma membrane enzyme into solution. The microsomal fraction be- 
haved differently. Detergent action released more protein than sonication. The en- 
zyme solubilised by Cutscum was about three times as active at pH 8.3 as at pH 7.4. 
The untreated suspension and the soluble protein after ultrasonic treatment had 
about equal activities at the two pH values. 

Further purification of the microsomal enzyme. Attempts to purify the micro- 
somal phosphatidylinositol kinase by fractionation with (NHa)2S0 a were not success- 
ful. Better results were obtained with columns of CM-Sephadex C5o. An (NH4)2SO 4 
fractionation was first made on a microsomal suspension in 0.32 M sucrose which had 
been sonicated as described above. The 17.6 mg protein obtained by increasing the 
(NH4)2SO a concentration from 36% saturated to 40% saturated was dissolved in 
1.5 ml 20 mM Tris-HC1 buffer (pH 7.4) and applied to a column 15 cm high and 2 cm 
in diameter. Gradient elution was arranged with IOO ml of the same buffer in the 
mixing chamber and IOO ml of buffer containing I M NaC1 in the reservoir. Protein 
in the io-ml fractions collected was estimated by the method of LOWRY et al. 14. The 
column was run at 4 ° and a 99% recovery of protein was obtained. In three separate 
experiments most of the protein was eluted in the first six fractions and this protein 
had little kinase activity. The kinase was consistently eluted at a concentration of 
0.75 M NaC1 with a specific activity about IOO times that of the original homogenate. 

T A B L E  I I [  

PHOSPHATIDYLINOSITOL KINASE ACTIVITY IN MAMMALIAN TISSUES 

The  basic  a s s ay  s y s t e m  was  used  in the  absence  of Cu t scum.  Tissues  were homogen i sed  in 0.32 M 
sucrose to give a IO~o homogena te .  The  leucocyte  suspens ion  was m a d e  in 0.34 M sucrose u and  
the  e ry th rocy t e  suspens ion  in isotonic b ica rbona te  buffer  (see MATERIALS AND METHODS). Where  
the  figures are m e a n s  the  n u m b e r  of  p repara t ions  is g iven in pa ren theses .  

Tissue (rat unless 
otherwise slated) 

t f  inase activity 
(nmoles diphospho- 
inositide per min 
per mg protein) 

Bra in  
Tes t i s  
Liver  
L u n g  
K i d n e y  
Spleen 
H e a r t  
Skeletal  musc le  
Panc reas  
Leucocy te  (rabbit) 
E r y t h r o c y t e  (human)  

o.122 (9) 
0.072 (4) 
o.o71 (5) 
0.059 (I) 
0.045 (4) 
0.023 (i) 
0.022 (3) 
0"005 (3) 
o.0o 4 (I) 
0.056 (2) 
0 . 0 2 2  (2) 
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U n f o r t u n a t e l y  t h i s  p u r i f i e d  k i n a s e  l o s t  m o s t  o f  i t s  a c t i v i t y  w h e n  s t o r e d  a t  - 2 ¢ '  f o r  

o n e  w e e k .  I n  o n e  e x p e r i m e n t  t h e  e a r l i e r  f r a c t i o n s  o f  t h e  k i n a s e  p e a k  w e r e  o n l y  a c t i v e  

a t  p H  8.3,  w h i l e  t h e  l a t e r  f r a c t i o n s  w e r e  o n l y  a c t i v e  a t  p H  7.4, s u g g e s t i n g  t h a t  t w o  

e n z y m e s  w e r e  p r e s e n t .  

P h o s p h a t i & ~ l i n o s i t o l  k i u a s e  i n  o ther  t i s s u e s  

Since  t h e  u s e  o f  t h e  d e t e r g e n t  C u t s c u m  h a d  r e v e a l e d  m o r e  t h a n  o n e  p h o s p h a -  

t i d y l i n o s i t o l  k i n a s e  in  l ive r ,  a s u r v e y  o f  o t h e r  t i s s u e s  w a s  u n d e r t a k e n .  T a b l e  I I I  g i v e s  

t h e  t o t a l  p h o s p h a t i d y l i n o s i t o l  k i n a s e  a c t i v i t y  o f  t h e  t i s s u e  h o m o g e n a t e s  m e a s u r e d  in 

t h e  a b s e n c e  o f  C u t s c u m  u n d e r  t h e  c o n d i t i o n s  g i v e n  in MATERIALS AND METHODS. 

C u t s c u m  h a d  l i t t l e  e f fec t  on  t h e  k i n a s e  a c t i v i t y  in h o m o g e n a t e s .  T h e  m o s t  a c t i v e  

t i s s u e  w a s  b r a i n ,  f l ) l towed  b y  t e s t i s  a n d  l iver .  H e a r t  n m s c l e  w a s  f o u r  t i m e s  a s  a c t i v e  

a s  s k e l e t a l  ( f e m o r a l )  m u s c l e .  

T A B L E  IV 

P H O N P H A T I D Y L I N O S I T O L  K I N A S E  A N D  M A R K E R  E N Z Y M E  A C T I V I T Y  I N  S I . ! B C I £ 1 A . U L A R  I i R A C T I O N S  

F R O M  K I D N E Y  A N D  M U S C L F  

Subceltular fractions were prepared as described under MATERIALS AND METHODS. Fnzyme 
activities are expressed as nmoles subs t ra te  converted per min per mg protein, and protein in rag. 
Phosphatidylinosi tol  kinase was assayed by the basic method with Cutscum unless otherwise 
stated. N.D. indicates tha t  no activity was detectable. 

F.nzvme E~zvme activity 

Ilo~'.~o Nuclear Mitt): l:yso Micro Nuper- 
,~UII~I[!' C]lCJkl : ,qOtH(ll No,a;~l(J llata*l[ 

drial 

K i d n e v  
Succinate dehydrogenase ,84 t 51 065 34,~ 4 s t o 
Acid phospha tase  35 2.~ 23 1oo .to 32 
G lucose-()-t)hosphatase 57 5 ° 3-t 7 ° 85 i t 
Lactate  dehydrogcnase 7.t 8 2 7 0  I I (, I I I  5 3  2 2 8 5  

(Na i -K ~)-ATPase zc)o -tq~) ' 97 -'34 231 t5 
Phosphat idyl inosi tol  kinasc o.o585 o.o377 o.o, 3 ° o.o449 o. 1374 o.o t4 ' 
l)hosphatidylinositol kinasc o.o146 o.o227 o.oo06 0.o|28 o.ot98 o.o34, 

(no ( u t s c u m )  
Protein (mg) _,7~ I 1[) ~lr2 2 I .  5 23.5 (,o.5 

Skeletal muscle 
Succinate dehydrogenase 93 i o 4 23(7 3 n (, 30 7 
Acid ph osphat  ase 14 I o 18 9o o _,t, 
Glucose-6-phosphatase t.o 4 1.77 o 2.Oz 3.78 o.77 
l .actate  dchydrogenase ! 07 ~,2 o i o l I~q v -t 2o 
5'-Nucleotidase 9.0 5.-' i. 2 -'5.1 33.4 22.3 
Phosphatidylinositol  kinasc 0.0024 N.I). N.I). N.I). o.0250 N.t). 
Protein (rag) 388 ,03 65 16. 5 ' 7.5 ~1.5 

Hearl 
Succinate dehydrogcnasc 270 I 2,S 820 382 2(, t I, 4 
Acid phospha tase  7.85 3.23 o -' n .5 o 7.5-' 
Glucose-6-phosphatase t.90 o.37 (7.73 i .o9 t.51~ -'.3S 
Lactate  dehydrogenase 266 133 03 o -t ' n 135 
5'-Nucleotidase 3o.o I() .  I I 8 .  I 2 2 . , t  51.o 23.6 
Phosphatidylinosi tol  kinase O.OIO o.o15o o.ot38 O . O I 8 5  o.o75o N.t). 
Protein (mg) 339 155 52..5 28.3 I O.O 85.O 
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Table IV shows the activity of phosphatidylinositol kinase in subcellular frac- 
tions prepared from kidney, heart and skeletal muscle. Marker enzyme activities 
indicated that  the fractionation was satisfactory. Succinate dehydrogenase was most 
active in the mitochondrial fraction in each case. The same applied to the following 
markers in the fractions indicated: DNA (nuclear), acid phosphatase (lysosomal), 
glucose 6-phosphate (microsoma]) and lactate dehydrogenase (supernatant). The 
distribution of phosphatidylinositol kinase activity among the kidney subcellular 
fractions resembled that  for liver (Fig. I) with most of the activity in the nuclear 
and microsomal fractions. Because of the high phosphatase level in kidney, 5'-nu- 
cleotidase cannot be used as a marker. Distribution of phosphatidylinositol kinase 
was bimodal, like that  of the (Na+-K+)-stimulated ATPase, which suggests an as- 
sociation with plasma membrane. As with liver, the kidney microsomal kinase was 
stimulated by  the addition of Cutscum. Kinase activity in the rat heart and skeletal 
muscle was confined to the microsomal fractions, presumably as a direct result of the 
very vigorous homogenisation required for these tissues. Such homogenisation would 
cause plasma membrane fragments to appear in the microsomal rather than the 
nuclear fraction. The distribution of the kinase resembled that  of 5'-nucleotidase and 
was not affected by Cutscum. 

Fig. 3 shows the subcellular distribution pat tern of the kinase and various 
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1200- 
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0.3-~ 
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Fig. 3. Subcel lu lar  f r ac t iona t ion  of  r a t  testis .  The  o rd ina tes  give the  pro te in  con t en t  of  each 
f ract ion as % recovered protein.  F igures  in pa ren theses  represen t  the  recoveries of  D N A  and  the  
m a r k e r  enzymes .  D N A  con t en t  is expressed  as/~g D N A - P  per m g  pro te in  and  the  e n z y m e  act iv i t ies  
as nmoles  s u b s t r a t e  conver ted  per  rain per  m g  protein.  In  each case the  blocks represent ,  reading  
f rom left to r ight ,  nuclear ,  mi tochondr ia l ,  lysosomal ,  microsomal  and  s u p e r n a t a n t  fract ions.  

marker enzymes in rat testis. As a result of the very gentle homogenisation employed 
and the delicate nature of the tissue, the fractions were not so pure as those from 
liver. However, the specific activity of each marker enzyme was highest in the 
appropriate fraction apart from glucose-6-phosphatase, which was higher in the 
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T A B L E  V 

P E I O S P H A T I D Y L I N O S I T O L  K I N A S I ' ;  1N S U B C E L L U L A R  F R A C T I O N S  F R O M  R A B B I T  P O L Y M O R P H O N U C L E A R  

L E U C O C Y T E S  

The  fract ions  w e r e  o b t a i n e d  f r o m  Dr .  , \ .  M. WOODIN a n d  h a d  I)cen p r e p a r e d  by  the  m e t h o d  o f  
WOODIN AND WIENEKE 11. The  l ight  m e m b r a n e  fract ion  corresponds  to the  surface  m e m l ) r a n e .  
The  basic  a s s a y  s y s t e m  was  used w i t h  2% C u t s c u m  at  p H  7.4. N . D .  indicates  t h a t  n .  a c t i v i t y  
was  detectable .  

Leucoc34e 
preparation 
Fraction 

lqinase activity 
(umoles diphosphoinositide per rain per 
mg proteh*) × Io a 

Pel let  o. 5 14 N .D .  
Light  m e m b r a n e  I 14 ('42 ] 86 
H e a v y  m e m b r a n e  2~> J o5 72 
S u p e r n a t a n t  i 1.9 17 N . I ) .  

lysosomal than microsomal fraction. Again the distribution of phosphatidylinositol 
kinase resembled that of 5'-nucleotidase. Cutscum did not stimulate the activity of 
the kinase. Electron microscopy showed that the nuclear fraction contained sperma- 
tozoa and cells of Sertoli in addition to nuclei and clumps of interstitial cells. The 
mitochondrial fraction contained cell debris in addition to mitochondria and the 
lysosomal fraction contained plasma lnembrane fragments and nfitochondria in 
addition to the dense-staining lysosomes. The latter finding accounts for the succinate 
dehydrogenase and 5'-nucleotidase activities in the lvsosomal fraction. 

Table V gives the activities of phosphatidylinositol kinase in subfractions of 
rabbit polymorphonuclear leucocytes. The light membrane fraction, which is rich 
in surface membrane, was much the most active. 

Fig. 4 shows the variation of phosphatidylinositol kinase activity in hulnan 
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Fig.  4. Phosphatidylinositol kinase activity in erythrocyte preparations treated with hypotonic 
bicarbonate  buffer. Detai l s  are g iven  in MATERIALS AND METHODS. 
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erythrocytes treated with bicarbonate buffers of different osmolarities. The enzyme 
activity rises as soluble proteins are removed, suggesting that  the kinase is a mem- 
brane constituent (see DISCUSSION). 

Formation of triphosphoinositide 
Traces of labelled triphosphoinositide were seen on the chromatograms prepared 

from brain fractions in the assay of phosphatidylinositol kinase, but not in those 
from any other tissue studied. This suggests that  diphosphoinositide kinase was 
relatively inactive outside the nervous system, but confirmatory work is necessary 
since the assay conditions were not designed for this enzyme. 

DISCUSSION 

Erythrocyte membrane preparations 
Several workers have studied the haemolysis of human erythrocytes under 

carefully controlled conditions. DODGE, MITCHELL AND HANAHAN 17 showed that  
erythrocyte membranes prepared in 15-20 mosM buffers contained least haemoglobin. 
Such membranes also contained minimum amounts of non-haem nitrogen and of 
certain enzymeslS, 19. MITCHELL, MITCHELL AND HANAHAN 19 suggested that  acetyl- 
cholinesterase (EC 3.1.1.7) was tightly bound to the erythrocyte membrane since 
t reatment  with hypotonic buffers did not remove it. Fig. 4 shows that  phospha- 
tidylinositol kinase behaves in a similar way, indicating that  this enzyme may also 
be an integral part  of the membrane. The drop in specific activity after t reatment  
with buffers of osmolarity below io may  be due to deposition on the membrane of 
other proteins such as haemoglobin or to denaturation of the kinase as a result of 
damage to the membrane. Under these conditions the erythrocyte membrane is 
damaged*. 

Phosphatidylinositol kinase and the plasma membrane 
Previous work from this laboratory* indicated that  phosphatidylinositol kinase 

is associated with the plasma membrane of rat-liver cells. Several observations in the 
present s tudy suggest that  such an association with the cell surface applies generally 
to mammalian tissues. (I) In kidney the kinase distribution among subcellular frac- 
tions followed that  of the (Na+-K +)-stimulated ATPase, which is associated with the 
plasma membrane ~°. (2) Distribution in heart, skeletal muscle and testis followed 
that  of 5'-nucleotidase, which has been shown to be a plasma membrane marker in 
a variety of tissues2°, 21. (3) The kinase is present in the erythrocyte and on lysis in 
bicarbonate buffer it behaves like a true constituent of the cell membrane. (4) The 
enzyme is concentrated in surface membrane fractions prepared from leucocytes. 
(5) Distribution of phosphatidylinositol kinase resembles that  of 5'-nucleotidase and 
(Na+-K+)-stimulated ATPase in brain fractions 3, again indicating the involvement of 
plasma membrane. 

Evidence for two phosphatidylinositol kinases 
That  there might be more than one kinase in liver tissue was first suggested 

T. A. BRAMLEY, personal communication. 
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by the effect of Cutscum (Fig. z) which caused an increase of4oo 7oO°/o in the activity 
of the microsomal kinase without affecting the other fractions greatly. The detergent 
caused no increase in 5'-nucleotidase activity, indicating that the increased kinase 
activity was not merely due to the rupture of plasma membrane vesicles in the 
microsomal fraction. Nor is the activation likely to be due to better dispersion of 
phosphatidylinositol in the aqueous medium, since this would have affected other 
fractions than the microsomal. It seems therefore, that the Cutscum directly stimu- 
lates a kinase of the microsomal fraction which originated in the endoplasmic re- 
ticulum rather than the plasma membrane, Table II  indicates that this stinmlation 
involves solubilisation of the enzyme from the endoplasmic reticulum. Cutscum 
liberates more protein from the microsomal fraction than does ultrasonic disinte- 
gration, and the kinase liberated has greater activity at pH 8.3. UI)P glucuronyl- 
transferase (EC 2.4.IA7) is another microsomal enzyme which is activated by a non- 
ionic detergent 22. 

The two pH optima of Fig. 2 indicate the presence of two enzyme proteins in 
the nficrosomal fraction of liver. The enzyme with the pH optimum of 8.3 was not 
found in the plasma membrane fraction. The brain microsomal phosphatidylinositot 
kinase of COLODZIN AND K E N N E D Y  1 had the same pH optinmln and was also stinm- 
lated by Cutscum. In the absence of the detergent, the kinase actixity at pH 8.3 was 
still seen in liver microsomal fractions. 

Cutscum also stinmlated the kinase of the kidney microsomal fraction and 
though further evidence is not available at present, there may be mo,e than one 
kinase in kidney as well as in liver. 

The effects of inhibitors (Table I) also ir:dicate that there is more than (me 
phosphatidylinosit(~l kinase in liver. The plasma meml:rane kinase was more se1~sitive 
to Ca 2+ and F ions than was the microsomal enzyme. K + stimulated the latter en- 
zyme, but inhibited the former. The effects of thiol reagents were also different. 

Purificatio,~ of the rnicrosomal kinase 
Enzymes acting upon lipid substrates are usually particulate lipoproteins and 

very few have been purified. The present purification experiments with Sephadex 
columns were not extended further because the purified soluble enzyme was so 
unstable. This was presumably due to loss of stabilising lipid. However, the columns 
produced some separation of the pH 7.4 and pH 8.3 activities, thus confirming the 
presence of two enzymes. 

Subcellular fractiosation of rat testis 
Tile authors are not aware of any previous accounts of subcellular fractionation 

of testis. The present method may provide a starting point. Marker enzymes showed 
their usual distribution except for glucose-6-phosphatase which was most active in 
the lysosomal fraction and also appeared in the supernatant. This may be due to 
differences in the behaviour of the endoplasmic reticulum from the various cell types 
of testis. More vigorous homogenisation should improve the purity of the fractions. 
KOUDSTAAL et al. 2a describe the histochenfical pattern of human testis. Lactate 
dehydrogenase and 5'-nucleotidase were generally distributed but blood vessels and 
tunica propria were dew:rid of acid phosphatase. Subcellular fractionation gives no 
evidence about the distribution of enzymes between different cell types in a tissue, 
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It is possible that  phosphatidylinositol kinase only occurs in certain cells of the testis. 
The unusually high recovery of the kinase is probably due to polyphosphoinositide 
phosphomonoesterase which is very active in the supernatant*. This would reduce 
the yield of diphosphoinositide from the kinase in the homogenate. 

Diphosphoinositide and triphosphoinositide 
The formation of diphosphoinositide by the phosphorylation of phosphatidyl- 

inositol appears to be widespread among mammalian tissues. The kinase is usually 
associated with the cell surface membrane (plasma membrane) though in liver and 
kidney a second kinase occurs, probably in the endoplasmic reticulum. Similar 
information on triphosphoinositide synthesis is lacking. The assay conditions used 
in the present work are not designed to measure diphosphoinositide kinase activity, 
and Cutscum would almost certainly inhibit this enzyme. In brain, diphosphoinositide 
kinase is found in the supernatant fraction z4. Synthesis of triphosphoinositide may 
also take place in the erythrocyte membrane ~5. 

I t  has been suggested 2~ that the polyphosphoinositides may be important in 
controlling membrane permeability by their interaction with Ca 2+. The association 
of diphosphoinositide synthesis with the plasma membrane lends support to this idea. 

Since this paper was originally submitted the work of HAJRA, SEGUIN AND 
AGRANOFF 27 has appeared. These authors conclude that in liver, phosphatidylinositol 
kinase is most active in a mitochondrial fraction. Their microsomal and nuclear 
fractions had considerable activity, however, and the kinase was assayed under sub- 
optimum conditions, i.e. without added phosphatidylinositol. A valid comparison of 
subcellular fractions requires use of optimum conditions for each fraction. In ad- 
dition, use of a marker enzyme for plasma membrane might have shown that the 
mitochondrial fraction of HAJRA, SEGUIN AND AGRANOFF 2~ contained such membrane. 
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