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IN  A S M A L L  S A M P L E  O F  T I S S U E  

by 
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There is at present no method of lipid fract ionat ion available which can be used for 
measur ing the 32p labelling of indiv idual  phospholipids present in a small  sample of 
tissue. However, it  has recently been found possible to measure the labelling of some of 
the phospholipids by  isolating identifiable fragments  of their  molecules after they had 
been subjected to various hydrolyt ic  procedures (NORMAN AND DAWSON 1, DAWSON2). 
Using this same principle, a method has now been developed whereby the 3,p labell ing 
of phosphat idyl  e thanolamine,  phosphat idyl  serine, phosphat idyl  choline and  also 
diphosphoinosit ide can be quickly measured in a single small sample of tissue (150-400 
mg). The lipids isolated from the tissue are hydrolysed with methanol ic  KOH, and  after 
the removal  of alkali and  fa t ty  acids, the breakdown products  of the phospholipids are 
completely resolved by  two-dimensional  filter paper chromatography.  

The method has been used to measure the degree of labelling of the phospholipids 
present  in a guinea-pig brain  dispersion after this had been incubated  under  condit ions 
which ensured a lively uptake  of labelled phosphate into its lipid fraction. The results 
confirm that  in such dispersions there is a rapid synthesis  of diphosphoinosit ide and of 
a lipid which is probably  phosphatidic acid, while the incorporat ion of 82p into lecithin 
and  the other kephalins is negligible (DAwsON2). 

METHODS 

The labelled sample of tissue (I5O-4OO mg according to its phospholipid content) was precipi- 
tated with ice-cold 5 % trichloroacetic acid solution, and the lipids extracted from the precipitate 
by a method described previously (DAWSONS). The extraction with chloroform/methanol was carried 
out for one hour by which time over 95 % of the solvent-soluble lipids were in solution. Contaminating 
acid-soluble phosphorus was removed from the extract by shaking for 2 min with 2 volumes of ice-cold 
o.i N HC1. The CHC13 layer which separated was clarified from suspended aqueous phase by cen- 
trifuging and taken to dryness in vaeuo at room temperature. The lipid residue was then taken up 
in 0.8 ml of carbon tetrachloride and to the solution was added 6. 3 ml of methanol and o.9 ml of 
water. The mixture was then treated with 2.o ml M methanolic NaOH and immediately incubated 
at 37 ° for 15 min. After cooling in ice the hydrolysate was diluted with 16 ml of ice-cold water and 
the milky fluid quickly passed through a column of Amberlite IRC 50 resin (7 cm × 0.8 cm2). After 
washing through with io ml of water the ice-cold hydrolysate which now gave a slightly acid reaction 
(pH 6) was shaken successively with 25 ml portions of carbon tetrachloride, ether and petroleum 
ether. The aqueous phase which still remained turbid was shaken with 2 vols of isobutyl alcohol, 
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which  r emoved  t he  tu rb id i ty ,  a n d  also cons iderab ly  reduced  the  vo lume  of t he  hydro lysa te .  The  
a q u e o u s  solut ion was  filtered, neu t ra l i zed  to p H  7 wi th  a m m o n i a  and  t a k e n  to d rynes s  u n d e r  r educed  
pressure  below 5 o°. T h e  res idue  was  t a k e n  up  in a l i t t le wa te r  and  appl ied  to a filter pape r  chro-  
m a t o g r a m  which  was  developed in two d imens ions  wi th  p h e n o l / N H  3 (I8 h) and  tert-butanol/trichloro- 
acetic acid (20 h) so lvents .  The  spo t s  were located  by  sp r ay ing  wi th  t he  a c i d - m o l y b d a t e  r eagen t  
of HANES AND ISHERWOOD 4 and  i r rad ia t ion  wi th  u l t rav io le t  l ight  (BANDURSKI AND AXELRODS). 

Phosphorus and radioactivity determinations 
The  p h o s p h o r u s  con ta ined  in t he  spo t s  was  b r o u g h t  in to  solut ion by  a t echn ique  descr ibed 

in a prev ious  pape r  (ANSELL AND DAWSONS). R ad i oac t i v i t y  of tile solut ion was  m e a s u r e d  in a l iquid 
coun te r  t u b e  as p rev ious ly  repor ted  (DAWSON AND RICHTER~). P h o s p h o r u s  was  e s t ima t ed  by  the  
m e t h o d  of FISKE AND SUBBAROW 8. I t  was  shown  t h a t  q u a n t i t a t i v e  recoveries  of p h o s p h o r u s  were 
ob ta ined  w h e n  k n o w n  a m o u n t s  of inorganic  p h o s p h a t e  were spo t t ed  on paper ,  sp rayed  wi th  acid- 
m o l y b d a t e  and  t t len i r rad ia ted  wi th  u l t rav io le t  l ight  before t h e y  were a s sayed  for phosphorus .  

Chromatographic solvents 
Phenol/NHs; pheno l  A .R .  s a t u r a t e d  wi th  o . i  % w/v  NHs / so lu t ion .  
Butanol[trichloroacetic acid: tert-butanol, wat e r  62/38 v /v ,  t r ichloroacet ic  acid lO% w/v.  Af te r  

u s ing  th i s  solvent ,  t h e  c h r o m a t o g r a m  was  dr ied in air and  t r ichloroacet ic  acid r e m o v e d  by  wash ing  
the  c h r o m a t o g r a m  in e ther .  

Propanol/ammonia; (HAYES AND ISHt~RWOOD4). 
Propanol//ormic acid; n-propano l :  formic  acid (88 %) wa te r  (8o/I5/5;  v/v) .  
Ethylene glycol]butanol; (LEVINE AND CHARGAFFg). 

Descend ing  c h r o m a t o g r a p h y  was  used  for the  pheno l /NH~ so lven t  and  ascend ing  for the  o ther  
so lvents .  W h a t m a n  No. I filter paper  shee ts  were well washed  wi th  2 N acetic acid before use.  

RESULTS 

Mild alkaline hydrolysis o/isolated or synthetic phospholipids 

On subjecting phosphatidyl serine, phosphatidyl ethanolamine and phosphatidyl 
choline to mild alkaline hydrolysis, as described in the experimental section, the fatty 
acids were rapidly removed, leaving the glyceryiphosphoryl "base" residue as the 
dominant phosphorus containing product. After a short period of hydrolysis only traces 
of free glycerophosphoric acid could be detected in the hydrolysate. 

Phosphatidyl ethanolamine 

Synthetic DL-a-dimyristyl kephalin and phosphatidyl ethanolamine isolated from 
ox brain gave on mild alkaline hydrolysis a water-sohible phosphorus-containing deriva- 
tive of ethanolamine. This derivative was inseparable from synthetic L-~-glyceryl- 
phosphorylethanolamine on paper chromatography in propanol/NH 3 (RF 0.42) propanol/ 
formate (RF 0.08) ethylene glycol/butanol (RF 0.28) phenol/NH 3 (RF 0.62). On hydrolysis 
in acid (18 min, N HC1, IOO °) the derivative was completely decomposed and ethanol- 
amine and glycerophosphoric acid were chromatographically detected in the hydrolysate. 
The yield of glycerylphosphorylethanolamine obtained from a phenol/NH 8 chromato- 
gram after 15 minutes alkaline hydrolysis of the synthetic kephalin was 55 % of theoret- 
ical. The yield did not change appreciably on prolonging the hydrolysis to 3 hours. 

Phosphatidyl choline 

Mild alkaline hydrolysis of synthetic DL-a-dipalmityl lecithin yielded a phosphorus 
derivative which was inseparable from a-glycerylphosphorylcholine (prepared from ox 
p a n c r e a s  by t h e  m e t h o d  o f  SCHMIDT, HERSHMAN AND THANNHAUSER 1°) o n  c h r o m a t o -  
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graphy in the following solvents: propanol /NH 3 (RF o.41) propanol/formate (Rr o.o6) 
ethylene glycol/butanol (RF 0.26) phenol/NH a (RF 0.88). The derivative was water- 
soluble and on hydrolysis for 15 rain. at N HCI at IOO ° it was completely decomposed, 
giving glycerophosphoric acid which was identified chromatographically, and choline 
which was precipitated as its characteristic reineckate. After 15 min. alkaline hydrolysis 
84% of the theoretical yield of glycerylphosphorylcholine was obtained, but this 
decreased somewhat on prolonging the hydrolysis. 

Phosphatidyl serine 

When phosphatidyl serine isolated from ox brain was mildly hydrolysed with alkali, 
there appeared in the hydrolysate a water-soluble phosphorus derivative of serine. When 
this was hydrolysed with N HC1 (I h, IOO °) it was completely decomposed and serine 
and glycerophosphoric acid were chromatographically identified in the hydrolysate. 
From this evidence and by analogy with the behaviour of phosphatidyl choline and 
phosphatidyl ethanolamine on alkaline hydrolysis, there seems little doubt that  the 
derivative is glycerylphosphorylserine. About 55% of the phosphorus of tile original 
phosphatidyl serine was recovered as "glycerylphosphorylserine" after 15 min alkaline 
hydrolysis; the yield was smaller after longer periods of hydrolysis. 

Phosphatidic acid 
A sample of phosphatidic acid was prepared from cabbage leaves by the method of 

CHIBNALL AND CHANNON 11. This method depends upon the activity of a recently 
discovered enzyme which splits off the bases from phospholipids present in tile cabbage 
(HANAHAN AND CHAIKOFFlZ). On mild alkaline hydrolysis of phosphatidic acid for 
15 minutes a water-soluble phosphorus derivative was split off with a minimum phos- 
phorus yield of 5o%. The derivative was stable when heated for 2 h in N HC1 at IOO °, 
and was inseparable from a-glycerophosphoric acid on paper chromatography in propanol 
/NHa (RF o.18) ; propanol/formate (RF 0.09); ethylene glycol/butanol (RF 0.29) and 
phenol/NH3 (RF o.19). 

Diphosphoinositide 

The dominant water-soluble phosphorus-containing derivative obtained after the 
mild alkaline hydrolysis of pure K diphosphoinositide was found on chromatography to 
run a little slower than "glycerylphosphorylserine" in both phenol/NH a and butanol./ 
trichloroacetic acid solvents. The structure of the derivative was not established, 
although in these solvents it had RF-values which are similar to those of inositolmeta- 
diphosphate. However, although the structure of diphosphoinositide has not yet  been 
completely established it is known to contain glycerol and it seems likely, therefore, that  
the release of fa t ty  acids on alkaline hydrolysis may initially produce a phosphorus- 
containing breakdown product containing a glycerol residue. After 15 min. mild alkaline 
hydrolysis, 5o% of the phosphorus of.diphosphoinositide was recovered from the spot 
formed by the derivative on a two-dimensional chromatogram developed with phenol/ 
NH 3 and butanol/trichloroacetic acid. 

Mild alkaline hydrolysis o/lipid extracts/rom tissues 
Mild alkaline hydrolysis has been carded out on samples of liver and brain lipids 

obtained from the guinea-pig and rat. Fig. I illustrates the type of chromatogram 
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obtained after the acid-soluble phosphorus had been separated on the paper with phenol/ 
NHa and butanol/trichloroacetic acid solvents. The parent phospholipid responsible for 
each spot was identified by carrying out hydrolysis experiments with single isolated 
phospholipids and known mixtures of these. Spraying with ninhydrin before the acid- 
molybdate reagent also helped in the location of "glycerylphosphorylserine" and glyceryl- 
phosphorylethanolamine. The glycerylphosphorylcholine and glycerylphosphoryl- 
ethanolamine are seen to be well separated from the other phosphorus-containing 
hydrolysis products in the phenol/NH 3 run. The butanol/trichloroacetic acid solvent was 
the only one of a number tried which adequately separated "glycerylphosphorylserine", 
glycerophosphoric acid and the phosphorus-containing hydrolysis product of diphos- 
phoinositide. It  seems likely that  owing to the slow running and strongly acid nature of 
this solvent a little decomposition of the acid-labile glycerylphosphoryl derivatives of 
serine, ethanolamine and choline may occur during the development of the chromato- 
gram. This, however, will not affect the specific activities of the phosphorus contained 

Fig. i.  Tracing of a paper  chroma-  
togram of the  P-conta in ing  spots  
in an alkaline hydro lysa te  of the  
lipids ex t rac ted  from a guinea-pig 
brain dispersion. P-containing spots: 
I. Glycerylphosphorylchol ine ;  2. 
Glycery lphosphoryle thanolamine  ; 
3. Unident if ied (also seen in hydro-  
lysates  of ra t  l iver lipids); 4. Gly- 
cerophospbor ic  acid;  5. Glyceryl-  
phosphorylser ine ;  6. Unident i f ied 
(also seen in hydrolysa tes  of ra t  
liver lipids) ; 7. Hydrolys is  p roduc t  

of diphosphoinosi t ide.  
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in their respective spots. Free glycerophosphate was never found in aklaline hydrolysates 
of the lipids extracted from fresh tissue which would suggest that phosphatidic acid is 
either absent or only present as a trace constituent of the lipid fraction. Inorganic 
phosphorus which contaminates crude lipid extracts shows as a yellow spot on the 
chromatogram immediately after spraying with the acid-molybdate reagent. This was 
not however seen on chromatograms obtained after the alkaline hydrolysis of purified 
lipid extracts obtained from trichloroacetic acid precipitates of tissue. 

Application o/the method o/alkaline hydrolysis to determine the specific activities o/the 
phospholipids present in a labelled brain dispersion 

A guinea-pig brain dispersion was prepared and labelled with z2p by a method 
previously described (DAwsoN3). The comparative specific activities of the phospholipids 
were measured after a purified lipid extract of the dispersion had been hydrolysed with 
alkali and the hydrolysis products separated by two-dimensional chromatography. It  is 
seen (Table I) that in such dispersions which had actively incorporated labelled phos- 
phate into their lipids there was little or no deposition of 32p in phosphatidyl serine, 
phosphatidyl ethanolamine and phosphatidyl choline. On the other hand there was an 
appreciable synthesis of diphosphoinositide. The glycerophosphate spot on the chromato- 
gram which is probably derived mainly from phosphatidic acid present in the dispersion 
also had a high specific radioactivity. The results of a previous investigation (DAWSON 1) 

using similar tissue preparations but different methods of measuring specific radio- 
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activities are included in Table I for comparison, and it is seen that  a good measure of 
agreement was obtained. 

T A B L E  I 

SPECIFIC RADIOACTIVITIES OF PHOSPHOLIPIDS IN A LABELLED GUINEA-PIG BRAIN DISPERSION 
COMPARI~D WITH THE SPECIFIC ACTIVITY OF THE WHOLI~ LIPID EXTRACT 

Specific radioactivities as % 
Phospholipid of specific radioactivity of whole lipid fraction 

Present investigation DAWSON* 

P h o s p h a t i d y l  cho l i ne  i < i o  
P h o s p h a t i d y l  e t h a n o l a m i n e  2 < 5 
P h o s p h a t i d y l  s e r i n e  3 < 5 
D i p h o s p h o i n o s i t i d e  96o 950 
" G l y c e r o p h o s p h a t e  s p o t "  4,34 ° - -  

p h o s p h a t i d i c  a c i d  ? 

D I S C U S S I O N  

It was concluded in a previous paper that a guinea-pig brain dispersion incubated 
under favourable conditions was able to synthesise both diphosphoinositide and another 
acidic glycerophosphate-containing lipid, although it had little capacity for labelling 
the phosphorus in the other kephalins or lecithin (DAwsON*). These results have been 
confirmed using the method of mild alkaline hydrolysis described in the present paper 
for measuring the specific radioactivities of the phospholipids. 

I t  is interesting that the small quantity of glycerophosphate present in the alkaline 
hydrolysate prepared from the lipids of a labelled brain dispersion had a high specific 
radioactivity. This high specific radioactivity cannot be due to g]ycerophosphate 
originating from phosphatidyl serine, phosphatidyl ethanolamine, or phosphatidyl 
choline as their specific radioactivities are less than 1% of that of the glycerophosphate. 
Moreover the glycerophosphate is not likely to be derived from plasmalogens as these 
like sphingomyelin are reported to be stable on alkaline hydrolysis (FEULGEN AND 
BERSlN13). It would therefore appear probable that  this high specific activity glycero- 
phosphate had originated from phosphatidic acid present in the dispersion. This lipid 
has been shown in the present investigation to yield glycerophosphate on alkaline 
hydrolysis. KORNBERG AND PRICER 14 have recently isolated an enzyme from liver 
which is capable of condensing activated long chain fat ty acids, with glycerophosphate 
to give phosphatidic acid. The present results would therefore suggest that  a similar 
enzyme is present in brain tissue, and that  when isolated brain tissue is incubated with 
labelled phosphate this enzyme is responsible for most of the incorporation of asp into 
tile lipid fraction. 
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S U M M A R Y  

I. A m e t h o d  has  been devised which  enables  the  specific rad ioac t iv i t ies  of p h o s p h a t i d y l  e thanol -  
amine,  phospha t i dy l  serine and  p h o s p h a t i d y l  choline, and  also d iphosphoinos i t ide ,  to be de t e rmined  
in a single smal l  sample  of t i ssue  (15o-4oo rag) which  ha s  been labelled wi th  asp. 

2. A lipid e x t r a c t  of t h e  t i ssue  is hyd ro lysed  unde r  mi ld  alkal ine condi t ions ,  and  identif iable 
phosphorus - con t a in ing  hydro lys i s  p roduc t s  of the  phosphol ip ids  are comple t e ly  resolved by  two- 
d imens iona l  filter pape r  c h r o m a t o g r a p h y .  

3 - T h e  m e t h o d  ha s  been used to e x a m i n e  a lipid ex t r ac t  p repa red  f rom a gu inea-p ig  b ra in  
dispers ion af ter  i ncuba t ion  wi th  labelled phospha t e .  

4. In  such  dispers ions  there  is li t t le incorpora t ion  of 82p into p h o s p h a t i d y l  e thano lamine ,  
-serine or, -choline, while the re  is an  appreciable  syn thes i s  of d iphosphoinos i t ide  and  a l ip id-solvent  
soluble subs t ance  wh ich  is p robab ly  phospha t id i c  acid. 

R1~SUMt~ 

I. L ' a u t e u r  ddcrit  une  m 6 t h o d e  qui  p e r m e t  la d6 te rmina t ion ,  sur  un  pe t i t  dchant i l lon  d ' u n  
t i ssu  (15o-4oo mg) m a r q u 6  pa r  a2p, des  rad ioac t iv i t6s  sp6cifiques de la p h o s p h a t i d y l 6 t h a n o l a m i n e ,  
de la phospha t idy l s6 r ine  et  de la phospha t idy lcho l ine ,  a insi  que  du  d iphosphoinos i t ide .  

2. Un  ex t r a i t  l ipidique du t i ssu  est  hydro lys6  dans  des condi t ions  alcal ines douces  et  les p rodu i t s  
d ' hyd ro lyse  ident if iables  c o n t e n a n t  du  phosphore ,  issus des phosphol ip ides ,  son t  c o m p l ~ t e m e n t  
sdpar6s pa r  c h r o m a t o g r a p h i e  b id imens ionnel le  sur  papier .  

3. La  m6thode  a servi  g l ' e x a m e n  d ' u n  ex t r a i t  l ipidique prdpar6 g pa r t i r  d ' u n e  d ispers ion de 
cerveau de cobaye  apr~s i ncuba t ion  avec  du p h o s p h a t e  marqu6 .  

4. D a n s  ces dispersions,  l ' incorpora t ion  de a2p dans  les p h o s p h a t i d y l 6 t h a n o l a m i n e ,  -sdrine ou 
-choline est  faible. Au cont ra i re  il se p rodu i t  une  syn th~se  appr6ciable  de d iphosphoinos i t ide  et  
d ' u n e  s u b s t a n c e  soluble darts les so lvan t s  des l ipides qui  es t  p r o b a b l e m e n t  l 'acide phospha t id ique .  

Z U S A M M E N F A S S U N G  

I. Eine  Methode  wurde  entwickel t ,  welche es e rmhg l i ch t  in einer einzigen kleinen Gewebsprobe  
(15o-4oo mg), welche m i t  82p gezeichnet  wurden ,  die spezifische R a d i o a k t i v i t g t  yon  Phospha t i dy l -  
E t h a n o l a m i n ,  -Serin u n d  -Cholin u n d  auch  yon  Diphospho inos i t  zu b e s t i m m e n .  

2. E in  F e t t e x t r a k t  des Gewebes  wird u n t e r  mi lden  a lka l i schen B e d i n g u n g e n  hydro lys ie r t .  Die 
ident i f iz ierbaren phosphorha l t i gen  H y d r o l y s e p r o d u k t e  der Phosphol ipoide  werden  du rch  zwei- 
d imens iona le  F i l t e rpap ie r ch roma tog raph ie  volls t / indig ge t r enn t .  

3 - D i e  Methode  wurde  b e n u t z t  u m  einen F e t t e x t r a k t  zu priifen, der  au s  Meerschweinchen-  
Gehi rn-Dispers ion  herges te l l t  war,  die m i t  geze ichne tem P h o s p h a t  i nkub ie r t  war.  

4. I n  solchen Dispers ionen wird wenig  a2p e ingebau t  in P h o s p h a t i d y l - E t h a n o l a m i n ,  -Serin u n d  
-Cholin, w/ihrend betr i icht l ich syn the t i s i e r t  werden  sowohl  D iphospho inos i t  als auch  eine fe t t l6sende 
Subs tanz ,  die in F e t t l 6 s u n g s m i t t e l n  16slich u n d  wahrsche in l i ch  Phosphatids~Lure ist. 
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