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Earlier studies showed that  acetylcholine stimulates the turnover of phosphate in 
the total  phospholipids of slices of pancreas, parotid gland, submaxillary gland and brain 
cortex 1, 2, a, ~. In pancreas slices maximal stimulation (up to ten-fold) of phosphate turn- 
over in phospholipids was achieved with a relatively low concentration of acetylcholine 
(io 5M), whilst in brain cortex slices this stimulation increased with increasing concen- 
trations of acetylcholine, being approximately two to three-fold at Io 2 M acetylcholine. 
Chemical fractionation procedures showed that  in pancreas the turnover of phosphate 
in the cephalins was stimulated to a much greater extent than in lecithin 2. This marked 
difference in tile behaviour of the cephalins as compared to lecithin was not found in 
brain cortex slices. In brain cortex the stimulation of phosphate turnover was greater in 
the total ether-soluble phospholipids than in the glycerophosphate isolated after strong 
alkaline hydrolysis of the lipid extract 't. This indicated that  in brain cortex, phosphate 
turnover in some ether-soluble phospholipid which did not yield glycerophosphate oil 
strong alkaline hydrolysis was particularly responsive to acetyleholine. I t  was suggested 
that  this phospholipid might be diphosphoinositide. 

Naturally, the isolation of the individual phospholipids in pure form would be prefer- 
able to the somewhat crude chemical frac±ionation procedures employed in our earlier 
studies. Recently, DAWSON 5 described chromatographic procedures for isolating the 
water-soluble hydrolysis products of the individual phospholipids. The hydrolysis 
products which were identified on paper were glycerylphosphorylcholine, glyceryl- 
phosphorylethanolamine, glycerylphosphorylserine, a phosphorus-containing hydrolysis 
product of diphosphoinositide, and glycerophosphate. These hydrolysis products were 
derived from phosphatidyl choline, phosphatidyl ethanolamine, phosphatidyl serine, 
diphosphoinositide and phosphatidic acid, respectively. Quantities of tissue as small 
as I5 o mg were found satisfactory for this procedure. With the use of this method, 
D+~wsoN a was able to determine the specific activities of the individual phospholipids 
of brain dispersions after incubation with a2p under appropriate conditions. We have 
found the procedure of DAWSON 5 to be well suited for studies on the effect of aeetyl- 
choline on the turnover of phosphate in the individual phospholipids in small quantities 
of tissue slices incubated i~a vitro. The data reported below are from such studies. 

* This work was suppor ted  by Research Fellowships from the National  Cancer Inst i tute ,  U,S. 
Public Heal th  Service and from the National  Cancer Ins t i tu te  of Canada. 

** Present  address:  Depar tmen t  of Pharmacology,  McGill University,  Montreal, Canada. 
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MATERIALS AND METHODS 

Procedures  a l ready  describedl,2,  4 were used for the  p repa ra t i on  and  incuba t ion  of slices of 
p igeon pancreas  and  gu inea  pig b ra in  cortex.  In  expe r i men t s  wi th  b ra in  cortex,  equal  por t ions  of 
surface slices f rom each of two gu inea  pig  b ra ins  were added  to the  control  vessel and  to the  vessel 
con ta in ing  acetylchol ine  (plus eserine). In  expe r i men t s  wi th  pancreas ,  slices f rom the  pancreas  of 
one pigeon were added  to control  and  to expe r imen ta l  vessels. 5 ° to IOO nag of t i ssue  were added  
per  ml  of i ncuba t ion  med i um.  The  slices were i ncuba t ed  in conical flasks wi th  shaking .  The  vo lume  
of the  f lask was  a p p r o x i m a t e l y  ten  t i m e s  the  vo lume  of the  i ncuba t ion  med ium.  

The  following isotopes were used in the  var ious  expe r imen t s  : NaH23~PO~ (obtained f rom Atomic  
E n e r g y  of Canada ,  Ltd. ,  Chalk River ,  Ontario) ,  glycerol-I-14C (obtained from the  Radiochemica l  
Centre,  A m e r s h a m ,  England) ,  and  ethanolamine-2-14C (HOCH21*CH2NH~) w h i c h  was  synthes i sed  
by  Dr. D. E. DOUGLAS of the  Resea rch  Ins t i tu te ,  the  Montrea l  General  Hospi ta l .  

Af ter  i ncuba t i on  the  t i ssues  were homogen i sed  in 5 % tr ichloroacet ic  acid and  t rea ted  according 
to the  m e t h o d  of DAWSON 5, with  the  following modif icat ions.  In s t ead  of ascending  ch roma tog raphy ,  
descend ing  c h r o m a t o g r a p h y  was used in the  second d imens ion  w i t h  the  tert-butanol/trichloroacetic 
acid solvent .  The  p h o s p h o r u s  c o m p o u n d s  were identif ied on paper  by  the  m e t h o d  of WADE AND 
MORGAN 6. Th i s  m e t h o d  does no t  decompose  the  compounds ,  so t hey  can  be e luted f rom the  paper .  
The  spots  were cu t  ou t  and  e luted wi th  molar  a m m o n i a  by  a p rev ious ly  descr ibed t echn ique  7. Counts  
and  to ta l  p h o s p h o r u s  were de t e rmi ned  on a l iquots  of the  eluate.  P h o s p h o r u s  de t e rmina t ions  on the  
samples  of g lycery lphosphory lser ine ,  the  hydro lys i s  produc t  of d iphosphoinos i t ide ,  and  glycero- 
p h o s p h a t e  were carr ied ou t  by  the  m e t h o d  of BERENBLUM AND CHAIN 8. Glycery lphosphorylchol ine  
and  g lyce ry lphosphory l e thano l amine  were ob ta ined  in larger a m o u n t s ;  the  phospho rus  in these  
samples  was de t e rmine d  by  t he  m e t h o d  of FISKE AND SUBBAROW 9. Specific ac t iv i t i e s  after i ncuba t ion  
w i t h  ei ther  32p or 1'C labelled c o m p o u n d s  are expressed  as coun t s /min / / t g  phospho l ip id  P (corrected 
in the  case of 3~p to a specific ac t iv i ty  of ioo,ooo counts /min/ /*g  inorganic  P in the  medium) .  

RESULTS 

Effects o/ acetylcboline on the incorporation o/ 32p into the individual phospholipids o/ 
pigeon pancreas slices 

The paper chromatogram obtained from the lipids of pancreas slices showed phos- 
phorus-containing spots corresponding in RF values to each of the spots illustrated by 
DAWSON 5 on a chromatogram obtained from the lipids of a guinea pig brain dispersion. 
The products of mild alkaline hydrolysis of the lipids of these two tissues would appear 
therefore to be qualitatively identical. The material from brain tissue which has the 
lowest RF in each of the solvents was shown by DAWSON 5 to be hydrolysis product of 
brain diphosphoinositide. The similarity in RF values of the corresponding spot on the 
chromatogram obtained from pancreas material suggests that the inositol-containing 
phospholipids of pancreas give rise to the same hydrolysis product as that obtained from 
brain diphosphoinositide. For convenience, we refer to the parent material of this hydro- 
lysis product as pancreas phosphoinositide, although it should be pointed out that 
there is at this stage no rigorous proof of identification of the material isolated. The 
parent material of the small quantity of glycerophosphate obtained after mild alkaline 
hydrolysis of the lipid extracts is referred to as "phosphatidic acid". The existence of 
phosphatidic acid in the tissue may be an in vitro artefact since DAWSON 5 was unable to 
find free glycerophosphate in alkaline hydrolysates of the lipids extracted from fresh 
liver or brain. 

Of the five phospholipids studied, "phosphatidic acid" and phosphoinositide had the 
highest 3~p specific activity in slices of pigeon pancreas incubated without acetylcholine. 
The specific activity of phosphatidyl ethanolamine was intermediate; the specific activ- 
ities of phosphatidyl choline and phosphatidyl serine were by comparison very low. 
Acetylcholine (io-SM) stimulated the incorporation of 3~p into each of the five phospho- 
Re/erences p. zIo.  
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lipids -lint to an unequal degree. The average per cent increases in specific activity 
as compared with the controls in three experiments were as follows' phosphatidyl choline 
/3 ,,, phosphatidvl_, ethanolainine /3 o, phosphatidyl serine 203~ o , , ,  phosphoinositide 
IOq3 °,,,, and "phosphatidic acid" 5 ° o...o. A representative experiment is shown in Table I. 

"1",\ HI . I~  1 

I '2F|:I;;CTS OF A C P ; T Y L C H O I . I N E  ON T H E  I N C O R P O R A T I O N  O F  a21~ I N ' I ( )  

T H E  P H O S P H O L I P I D S  OF P I G E O N  P A N C R E A S  S L I C E S  

,qpccilic ac t iv i ty  (counts  m i n  ! g I )l 

t ' h . s p h o l i p M  t ype  - . . . . . . .  
Conlrol  W i t h  acetvlcholim" 

(~,, a M) 

Phosphatidyl choline 41 55 
Phosphatidyl ethanolamine 230 433 
Phosphatidyl serine 9 25 
Phosphoinositide 44 ° 748o 
"Phosphatidic acid" 754 t 25o 
Calculated overall 

specitic activity* ~ 35 782 

* Calculated from the relative quant i t ies  of phosphorus  in each of the five derivatives isolated 
(see text). 

Approximately 050 mg tissue incubated for 3 hours  at 3 9 ' C  in 14 ml Krebs-Henseleit  bicarbon- 
ate saline containing 2o0 mg per cent glucose and NaH2a2po 4 (2o [~c/ml). Eserine sulphate (final 
concentrat ion 6.1o 4 M) was added with the acetylcholine. All counts  are corrected to a specific 
activity of 1oo,ooo counts/min//~g P for the inorganic P in the medium. 

The figures for the specific activity of the "phosphatidic acid" were more variable than 
for the other derivatives. I t  is of considerable interest that  by far the greatest increase 
in specific activity after incubation with acetylcholine was found in the hydrolysis prod- 
uct of phosphoinositide. Calculations indicated that  the increase in radioactivity ot the 
phosphoinositide accounted on average for about 75 % of the increase in the net radioac- 
t ivity of the "total  lipid phosphorus" (calculated by summation of the quantities of 
phosphorus in the five phospholipid derivatives isolated). I t  was previously observed that  
acetylcholine markedly stimulated (85o%) the incorporation of a2p into those phos- 
pholipids which yield glycerophosphate on strong alkaline hydrolysis ~. The data in Table I 
indicate that  this could not have been due to the stimulation of a2P-incorporation into 
phosphatidyl choline, phosphatidyl ethanolamine and phosphatidyl serine. The only 
substance which shows an increase in specific activity comparable to that  of the glycero- 
phosphate obtained on strong alkaline hydrolysis is phosphoinositide. I t  seems likely 
therefore that  under the conditions used previously (strong alkaline hydrolysis) a large 
part  of the phosphoinositide was hydrolysed to give glycerophosphate. This does not 
apparently occur to the same extent with brain diphosphoinositide (see below), suggest- 
ing that  the properties of pancreas phosphoinositide are somewhat different from those 
of brain diphosphoinositide. The marked stimulation by acetyleholine of a~p incorpora- 
tion into pancreas phosphoinositide can account for the much greater stimulation of 
a2p incorporation into the total ether-soluble phospholipids of pancreas as compared 
with brain cortex slices (compare Tables I and III) .  This suggests tha t  phosphoinositide 
may play an important  role in pancreatic function; the suggestion is supported by the 
fact that  pancreas has an unusually high inositol content (TAYLOR AND McKIBBENI°) .  

The marked stimulation of 3~p incorporation into pancreas phosphoinositide can also 
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account for our earlier observation "~ that  acetylcholine stimulates the incorporation of 
32p into the eephalins three to five times more than into the lecithins. 

Although the specific activity of phosphatidyl choline was not high in pancreas 
slices, its total  radioactivity was appreciable, since this substance accounted for 54% of 
the " to ta l  lipid phosphorus". The total  activity of phosphatidyl ethanolamine was even 
greater; this substance had a high specific activity and accounted for 26 % of the " total  
lipid phosphorus". I t  would be of interest to know whether the relatively high incorpo- 
ration of a2p into phosphatidyl ethanolamine is related to the high content of phosphoryl- 
ethanolamine in the pancreas (AwAPARA, LANDUA AND F U E R S T l l ;  TALLEN, MOORE AND 

STEINa2.) Phosphatidyl serine, phosphoinositide and "phosphatidic acid" accounted for 
I0, 8 and 2 %, respectively, of the "total  lipid phosphorus". 

Effect o/acetylcholine on the incorporation o/ethanolamine-2-14C into phosphatidyl ethanol- 
amine and phosphatidyl choline in pigeon pancreas slices 

Earlier studies ~ showed that  glycerol-i-14C incorporation into glycerophosphatides 
in pancreas slices was not stimulated by acetylcholine, indicating that  the increased 32p 
incorporation was due to an accelerated rate of independent turnover of phosphate in 
the phospholipids. Since increased ~P incorporation in response to acetylcholine in 
the pancreas takes place in glycerophosphatides in which the phosphate is esterified 
both to glycerol and to a base or amino acid (choline, ethanolamine or serine) it would 
be expected that  in these phospholipid types the incorporation of the base or amino acid 
would be increased to the same extent as that  of phosphate. In liver, radioactive ethanol- 
amine has been shown to be incorporated into phosphatidyl ethanolamine and, by con- 
version to choline, into phosphatidyl choline (PILGERAM, GAL, GASSENRATH AND GREEN- 
BERG13). To test whether acetylcholine stimulates the turnover of the base, pancreas 
slices were incubated with ethanolamine-2-x4c in the presence and absence of acetyl- 
choline (Io-3M). Table I I  shows that  the '*C was readily incorporated into phosphatidyl 
ethanolamine, and to a lesser extent into phosphatidyl choline; in slices incubated in the 
presence of acetylcholine the specific activities of both phosphatidyl ethanolamine and 
phosphatidyl choline were approximately doubled. These increases in specific activity 
were of the same order as found with 3*P-- the average increases in specific activities 
in three experiments with 32p were 75 % for phosphatidyl ethanolamine and 73 % for 
phosphatidyl choline. In view of this it seems likely that  acetylcholine stimulates the 
turnover of phosphorylcholine and phosphorylethanolamine as units in their respective 

TABLE II 
EFFECT OF ACETYLCHOLINE ON THE INCORPORATION OF ETHANOLAMINE-2-14 c 

INTO THE PHOSPHOLIPIDS OF PIGEON PANCREAS SLICES 

Phospholipid type 
Specific activity (counts/min/l*g P) 

Control With acetylckoline 
( to  -3 M) 

P h o s p h a t i d y l  chol ine 0.9 2.2 
P h o s p h a t i d y l  e t ha no l a m ine  79.5 151 

Approximately 300 mg tissue incubated for 3 hours at 39 ° C in 6 ml Krebs-Henseleit bicarbonate 
saline containing 2oo mg per cent glucose and 2. 5/~mol/ml ethanolamine-2-14C .He1 (35,ooo counts/ 
min//~mol). Eserine sulphate (final concentration 6. IO -4 M) was added with the acetylcholine. 
Re/erences p. Ho. 
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1)hospholipids. The specitic activities after incubat ion with a')p or ethanolamine-2-~4(i art' 
not, of course, directly coral)arable since the specific activities of a'q) and 1~(7 in the donor 
moieties are not known. 

Effects oi acelylcholine (m lhe incorporation o! a.,p into the imlividual phospholipids ol ~uinea 
pig brain cortex slices 

In  brain cortex slices azp was incorporated very readily into diphosphoinositide and 
"phosphatidic  acid" and to a lesser extent  into phosphat idyl  choline, l int  there was 
relat ively little incorporat ion into phosphat idyt  e thanolamine and phosptaatidyl serine 
(Table III) .  Similar findings were made by  DAWSON '~ in brain  dispersions, except tha t  
he failed to find any  significant incorporat ion of a2p into phosphat idyl  choline. As con> 
pared to the atropinised control, the incorporat ion a2p into diphosphoinosit ide and into 
"phosphatidic  acid" was increased about  Ioo % in the presence of acetvlcholine ( I ( - M )  
the incorporat ion into phosphat idyl  choline was increased by about  5o%. The specific 
activities of phosphat idyl  e thanolamine  and phosphat idyl  serine in these experiments  
were too low for the slight increases to be regarded as significant. 

TABI,E 1 II 

E F F E C T S  OF A C E T Y L C H O L I N E  ON T H E  I N C O R P O R A T I O N  OF a 2 p  INTO T H E  

P H O S P H O L I P I D S  OF G U I N E A  PIG B R A I N  C O R T E X  S L I C E S  

~;peci/ic activity (counls m in  I g P) 

Phosphol ip id  type - " 
Control" With acetvlcholinc 

( zo  ~- M)  

Phosphatidyl choline 7 t, 126 
Phosphatidyl ethanolamine 0 I 2 
Phosphatidyl serine 2 3 
Diphosphoinositide 7 T o ~ 050 
"t'hosphatidic acid" i o2o 2180 
Calculated overall 

specific activity* * 7 ° [ 35 

* Atropine sulphate (final concentration Io -v 31) was added to the control vessel. 
** Calculated from the relative quantities of phosphorus in each of the five derivatives isolated 

(see text). 
Approximately 4oo mg tissue incubated for 3 hours at 39 C in 4 ml Krebs-Henseleit bicarbonate 

saline containing 2oo nag per cent glucose and NaH2a2po 4 (2o/,c/ml). Eserine sulphate (final concen- 
tration 6. io 4111)  WaS added with the acetylcholine. All counts are corrected to a specific activity 
of Ioo,ooo counts/min//*g P for the inorganic P in the medium. 

The observat ion tha t  acetylcholine s t imula ted  the incorporat ion of a',p into the 
to ta l  ether-soluble phospholipids to a greater extent  than  into those ether-soluble phos- 
pholipids which yield glycerophosphate on strong alkaline hydrolysis 4 indicates tha t  
brain  diphosphoinositide,  which appears to be responsible for a large part  of the overall 
s t imulat ion,  does not yield glycerophosphate to any  great ex tent  dur ing strong alkaline 
hydrolysis. The " to ta l  lipid phosphorus" (calculated, as in the case of the pancreas, by 
summat ion  of the quant i t ies  of phosphorus in the five phospholipid derivat ives isolated) 
showed the following per cent composit ion:  phosphat idyl  choline, 47.4; phosphat idyl  
e thanolamine  27.8; phosphat idyl  serine I9.3;  diphosphoinosit ide 3.4; "phosphat idic  

acid" o.7. 
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Incorporation o/glycerol-r-14C into the individual phospholipids o~ guinea pig brain cortex 
slices. 

When slices of brain cortex were incubated with glyccrol-I -14C and the specific 
activities of the various phospholipids determined it was found that  these specific activi- 
ties were all of the same order of magnitude (Table IV). KARNOVSK¥ AND GIDEZ 14 have 
provided good evidence that  glycerol is an obligatory intermediate in the synthesis of 
phospholipids. The incorporation of glycerol-I-~4C should therefore be a good measure 
of phospholipid synthesis. If this is so it can be concluded from the data in Table IV 
that  the rate of synthesis of each of the five phosphatides examined is approximately 
the same. 

TABLE IV 

THE INCORPORATION OF GLYCEROL-I-14C INTO THE PHOSPHOLIPlDS OF 
GUINEA PIG BRAIN CORTEX SLICES 

Phospholipid type Specific activity 
(counts/min/l~g P) 

Phosphat idyl  choline 41.o 
Phosphat idyl  e thanolamine 17.7 
Phosphat idyl  serine 38.8 
Diphosphoinosi t ide 28.8 
"Phosphat id ic  acid" 27.0 

Approximate ly  200 mg tissue incubated 3 hours  at  37 ° C in 4 ml Krebs-Henselei t  bicarbonate 
saline containing 200 mg per cent glucose, 2. 5/~mol/ml glycerol-I-l~C (i #c//~nlol) and lO -7 M 
atropine sulphate.  

The relatively equal rates of incorporation of glycerol-I-14C into the phospholipids 
contrast sharply with the very unequal rates of incorporation of a2p into these phospho- 
lipids. KORNBERG AND PRICER 15, 16, KENNEDy17, 18 and KENNEDY AND WEISS 19 have 
shown alternative pathways for the incorporation of a~p and choline into phospholipids 
in cell-free liver preparat ions--one in which glycerophosphate is an intermediate for 
phosphatidic acid synthesis 1~, 17, one in which free choline and presumably phosphatidic 
acid are the intermediates for lecithin formation 18 and one in which phosphorylcholine is 
an intermediate for lecithin formation 16,19. If, in the present work, glycerophosphate was 
the intermediate for phospholipid syn thesis it follows that the amount of 32p incorporated 
into that  phospholipid with the lowest 32P/14C ratio, i.e. phosphatidyl serine, would be 
the maximum amount of 32p which could be incorporated as a result of phospholipid 
synthesis-unless it is postulated that the glycerophosphate moieties forming the different 
phospholipid types have different 3~P/14C ratios. Thus with glycerophosphate as an 
intermediate the bulk of the incorporation of 3~p into the various phospholipids would be 
due to turnover of phosphoryl units on preformed diglyceride. The very high a2P/14C 
ratio of the glycerophosphate isolated argues against "phosphatidic acid" being a 
precursor for the incorporation of 3zp into phosphatidyl choline, phosphatidyl ethanol- 
amine or phosphatidyl serine, since these all have lower ~2P/14C ratios. 

If the phospholipids were synthesised by esterification of diglycerides with various 
phosphoryl units such as phosphorylcholine, phosphorylethanolamine and phospholyl- 
choline or, in the case of "phosphatidic acid", with free phosphate it becomes more 
difficult to distinguish between synthesis (defined as including the incorporation of 
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glycerol) and turnow:r (defined as the turnover of tlhosphoryl units in preformed glycc- 
ride). I t  would t)v t)ossible to obtain the results shown in Tables 111 and IV if th(' phos- 
pholipids were synthesised by cstvrificati(m of newly formed diglyceri(h, with 1)host)horyl 
units having different individual specific activities (c.2. that of phostfllorylserine would 
be the lowest). By this mechanism different a',p/1,(- ratios could be obtained in different 
glycerophosphatides without any independent turnover of phosphoryl units taking t)lacc 
on preformed diglyceride. However, in view of the fact that  the incr<tsed incorporation 
of a2p into the phospholipids of slices incubated in the t)resence of acctylcholine is ~'x- 
clusively due to an increased turnover of phost/horyl units in preformed lipid rather 
than to an increased synthesis of lipid ~t, it seems rather likely that an apprecialde incor- 
poration of a'ep into the phospholipids of slices incubated in tile absence, of acvtvlcholinc 
may also tile due to this type of turnover. This idea is strengthened I)\, the fact that, 
in general, phosphate turnover wets stimulated most in those phostfllolipids which have 
the highest unstimulated rate of asp incorporation. 

Tile exact chemical composition of tile alkaline hydrolysis product of diphosphoino- 
sitide which is isolated on paper  is unknown. D~WSON a wets of the opinion that  it might 
be inositol metadiphosphate or that  it might contain a glycerol residue. The fact that the 
specific activity ('4C counts/min//xg I )) of this substance after incubation with glycerol- 
I34( TM was of the sltme order of magnitude its that  of the hydrolysis products of the gly- 
cerophosphatides suggests that  this hydrolysis product of diphosphoinositidc does con- 
tain glycerol. 

DISCUSSION 

I t  is of interest tha t  in both pancreas slices and brain cortex slices tile major stinm- 
lation by acetylcholine of phosphate turnover occurs in the inositol-containing phospho- 
lipids. FOLCH 20 has shown t h a t  all of the phosphoric acid of brain diphosphoinositide is 
present in the diesterified form. The structure of pancreas phosphoinositide has not yet 
been defined ; however, there is as yet no evidence that  the phosphate ot phosphoinositides 
from other tissues is present in the monoesterified form. One can therefore predict that  
the stimulation by acetylcholine of the turnover of phosphate in the inositol-containing 
phospholipids of brain and probably of pancreas involves the turnover of phosphorylino- 
sitol as a unit in a manner analogous to the turnover of phosphorylethanolamine and 
phosphorylcholine. 

I t  is apparent  from the effects of acetylcholine on asp incorporation into phospho- 
lipids that  enzymes exist which are capable of catalysing the turnover of phosphoryl units 
on preformed diglyceride. In view of this, the widely accepted concept of the measure- 
ment of synthesis of phospholipids by the incorporation of asp should perhaps be revised. 
If the synthesis of lipids is defined as including the condensation of fat ty  acids with 
glycerol, then in the absence of evidence tha t  glycerol is being incorporated to the same 
extent as aep in any particular system, it would perhaps be better  to described the in- 
corporation of asp-labelled compounds as turnover rather than synthesis. 

The physiological significance of the stimulation by acetylcholine of the turnover of 
phosphate and phosphoryl units in the phospholipids of pancreas and brain remains 
unknown, although these and earlier studies do point to the phospholipids as participat- 
ing in the physiological events thrown into play by acetylcholine. 
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SUMMARY 

The incorporation of 32p has been followed in five individual phospholipid types in slices of 
pigeon pancreas and guinea pig brain cortex, incubated in the presence and absence of acetylcholine. 
In pancreas slices the average aSP-specific activities of the individual phospholipids show the following 
increases after incubation with acetylcholine (io a M) as compared with the control: phosphatidyl 
choline 73 %, phosphatidyl ethanolamine 75 %, phosphatidyl serine 293 %, phosphoinositide lO93 %, 
"phosphatidic acid" 5 ° %. The increase in radioactivity of phosphoinositide accounts for about 75 % 
of the increase in radioactivity of the "total phospholipid phosphorus". In brain cortex slices acetyl- 
choline (lO -2 M) stimulates s2p incorporation into diphosphoinositide and "phosphatidic acid" by 
about IOO % and into phosphatidyl choline by about 5 ° %. The incorporation of 32p into phosphatidyl 
ethanolamine and phosphatidyl serine under these conditions is too low for the slight increases to 
be regarded as significant. 

The incorporation of ethanolamine-2-14C into phosphatidyl ethanolamine and phosphatidyl 
choline was followed in pancreas slices incubated in the presence and absence of acetylcholine 
(lO -3 M). Acetylcholine stimulates the incorporation of 14C into these phospholipids to approximately 
the same extent as it stimulates the incorporation of a2p. This suggests that  acetylcholine stimulates 
the turnover of phosphorylcholine and phosphorylethanolamine as units in their respective phospho- 
lipids. 

The rates of incorporation of glycerol-l-14C into the various phospholipids of brain cortex slices 
are approximately the same, indicating that  the total synthesis (or total turnover) of each of these 
phospholipids is of the same order of magnitude. The rates of 3zp incorporation into the various 
phospholipids in this tissue are highly disproportionate, suggesting that  most of the incorporation 
of a2p into the different phospholipids may be due to the same type of independent turnover of 
phosphoryl moieties as that  which is found in the presence of acetylcholine. 

RI~SUMt~ 

L'incorporation de a2p dans cinq types individuels de phospholipides a 6t6 suivie dans des 
coupes de pancr6as de pigeon et de cortex c6r6bral de cobaye, incub6es en pr6sence et en absence 
d'ac6tylcholine. Dans des coupes de pancr6as, les activit6s sp6cifiques moyennes de a2p dans les 
phospholipides individuels pr6sentent les augmentations suivantes, aprbs incubation avec de l'ac6tyl- 
choline (io s M), par rapport 5. un t6moin: phosphatidyl choline 73 %, phosphatidyl 6thanolamine 
75 %, phosphatidyl s6rine 293 %, phosphoinositide lo93 %, "acide phosphatidique" 5 ° %. L'augmen- 
ration de la radioactivit6 du phosphoinositoside repr6sente environ 75 % de l 'augmentation de la 
radioactivit6 du "phosphore phospholipidique total". Dans les coupes de cortex c6r6bral, l'ac6tyl- 
choline (io-~ M) stimule l 'incorporation de a2p dans le phosphoinositoside et dans l '"acide phos- 
phatidique" d'environ IOO % et, dans la phosphatidyl choline d'environ 5 ° %. L'incorporation de 
a2p dans la phosphatidyl 6thanolamine et la phosphatidyl s6rine dans ces conditions est trop faible 
pour que les 16gers accroissements observ6s soient significatifs. L'incorporation de la 2-14C-6thanol - 
amine dans la phosphatidyl 6thanolamine et dans la phosphatidyl choline a 6t~ suivie dans les coupes 
de pancr6as incub6es en pr6sence et en absence d'ac~tyl choline (lO _3 M). L'ac~tyl choline stimule 
l 'incorporation du 14C darts ces phospholipides 5. peu pros dans les m6mes proportions que celle du 
a~p. Ceci sugg~re que l'ac6tylcholine stimule le "turn-over" de la phosphorylcholine et de la phos- 
phoryMthanolamine en tant  que telles dans leurs phospholipides respectifs. 

Les vitesses d'incorporation du 1-14C-glyc6rol darts les divers phospholipides du cortex c6r6bral 
sont 5, peu pros les m6mes, ce qui indique que la synth~se totale (ou le "turn-over" total) de chaque 
phospholipide est du m6me ordre de grandeur. Les vitesses d'incorporation de asp dans les divers 
phospholipides de ce tissu sont fortement disproportionn6es, ce qui sugg~re que la majeure pattie 
de l 'incorporation de 3~p darts les divers phospholipides peut 8tre due au m6me type de "turn-over" 
ind6pendant des moiti6s phosphoryMes, que celui qui a 6t6 trouv6 en pr6sence d'ac6tylcholine. 
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ZITSAMMENFASSUN(; 

Man verfolgte die Einverleibung yon 12t' in ffinf individuelle Phosphol ipidtypen in Tauben- 
pankreas-  und Meerschweinchengehirnrindenschnit ten,  welche in Gegenwart  und in . \bwescnheit  yon 
Azetylcholin inkubier t  wurden. Nach lnkubat ion  mit  :\zetylcholin (1o a M) wurde in l 'ankreas- 
schnitten, verglichen mit dem Kontrollversuch, folgende Erh6hung  der durchschnit t l ichen a2p_ 
spezifischen Aktivit 'aten der individuellen l 'hospholipide festgestellt: lqlosphatidylcholin 73%, 
l: 'hosphatidylethanolanain 75 o , Phosphatidylserin 293 o{~, I 'hosphoinosi t id 1o93 °0, " lqmspha t id -  
sgure" 50%. Die in tier Phosphoinosi t idfrakt ion gefundene Erh6hung  der Radioaktivi tSt  stellt 
ungefShr 75 o(, tier Erh6hung  dar, welche in der Radioakt ivi tSt  des "in lq10spholipi(len enthaltenen 
totalen lqlospllors" gefunden wurde, hi Gehirnr indenschni t ten wird durch Azetylcholin (Io 2 5I) 
die Einverleillung yon a2p in Diphosphoinosi t id und "Phosphat ids t iure"  ungef~fllr loo prozentig und 
in lqlosphatidylcholin ungefithr 5 ° prozentig gesteigert. Die l:.inverleibung yon a,.,p in Phosphat idyl-  
e thanolamin und Phosphatidylserin ist unter  diesen Bedingungen so gering, dass die ldeinen Er- 
h6hungen nicht als bedeutungsvoll  angesehen werden k6nnen. 

1)ie Einverleibung yon Ethanolamin-eJ4C in Phosphat idyle thanolamin und l 'hosphatidylcholin 
wurde in Pankreasschnit ten verfolgt, welche in Gegenwart  und in Abwesenheit  wm Azetylcholin 
(lo a M) inkubier t  ~orden waren. Azetylcholin steigert die Einverleibung yon 14C in diese l 'hospho- 
lipide ungefXhr in gleichem Masse, wie die Einverlei lmng wm 1211. Dies fiihrt zu der Annahme, dass 
Azetylcholin die Umsetzung \ o n  lq~osph(~rylcholin tln(l lqlosphorylethanolamin als Einhei ten inner- 
halb ihrer betreflenden Phospholipiden steigert. 

Die Einverleilmngsgeschwindigkeiten \ o n  Glyzerin- l -uC in die verschiedenen lqlospholipide 
der Gehirnrindenschnit ten sind ungeftihr die gleichen; dieses Ergebnis  weist darauf  bin, dass (lie 
gesamte Synthese (oder gesamte Umsetzung) eines jeden dieser Phospholipide wm der gleichen 
Gr6ssellordnung ist. Die Einverleibungsgeschwindigkeiten wm 121' in (lie verschiedenen t 'hospholipide 
dieser Gewebe sind sehr ungleichmtissig; dies fiihrt zu der : \nnahme,  dass der gr6sste "Feil der Ein- 
verleibung yon a2p in die verschiedenen Phospholipide durch denselben unabhgngigen Umsetzungs-  
typus  der PhosphorylhSlften verursacht  wird, wie derjenige, welcher in Gegenwart  yon Azetylcholin 
gefunden wird. 
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