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T H E  A P P L I C A T I O N  OF C H R O M A T O G R A P H I C  M E T H O D S  TO S T U D Y  

T H E  I N C O R P O R A T I O N  OF a 2 P - L A B E L E D  O R T H O P H O S P H A T E  INTO 

T H E  P H O S P H A T I D E S  OF RAT LIVER HOMOGENATES* 

O. V. M A R I N E T T I  "*, J.  E R B I . A N I ) ,  M. AI..BIC, E ( ' H T  AND E I . M I ' : R  S ' I 'OTZ 

Deparlment o/ Hiochemislry, Universi ty  o[ Rochester School o[ 3[edicine and Dentistry, 

Rochester, N . Y .  (U.S..q.) 

In light of the newer paper and column chromatographic techniques for lipide fractio- 
nation ~-4 the study of the incorporation of labeled orthophosphate into the phos- 
phatides of rat liver was undertaken. The results presented in this paper show that 
liver homogenates can carry out this latter process to a small extent and that the 
lipides which become most actively labeled resemble but are not i(tentical to phos- 
phatidic acids, s In contra.nt to in vivo studies ~,3,s, lecithin and phosphatidyl ethanol- 
amine show very little incorporation in the in vitro system. 

E X P E R I M E N T A l .  

Methods and reagents 
M e t h a n o l ,  p e t r o l e u m  e t h e r  (b.p.  35"-6o:;) ,  a n d  c h l o r o f o r m  wh ich  were  nse(l  for l ipicie e x t r a c t i o n  
a n d  f r a c t i o n a t i o n  were  M a l l i n c k r o d t  ' a n a l y ' t i c a l '  r e a g e n t s .  T o t a l  l ip ide  P w a s  d e t e r m i n e d  by  a 
m o d i f i e d * * "  m e t h o d  of HARRIS AND POPAT 7 a n d  est t : r  a n a l y s e s  b y  t he  m e t h o d  of RAPPORT AND 

" T h i s  w o r k  w a s  s u p p o r t e d  in  p a r t  f r o m  G r a n t  H2o03  f rom t h e  N a t i o n a l  H e a r t  i n s t i t u t e ,  
N a t i o n a l  I n s t i t u t e  of H e a l t h ,  17.S. P u b l i c  H e a l t h  Serv ice .  

** R e c i p i e n t  of a Lede r l e  Med ica l  F a c u l t y  : \ w a r d .  
*** T h e  m e t h o d  w a s  m o d i f i e d  b y  u s i n g  ha l f  t he  a m o u n t  of p e r c h l o r i c  ac id ,  m o l v b d a t e  a n d  e lon  

r e a g e n t s  a n d  b r i n g i n g  t h e  s o l u t i o n  to  a f n a l  v o h l m e  of lO ml .  

JCe/erem es p. 59l .  
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ALONZO 8. 32p activity was determined with a Radiat ion I n s t r u m e n t  Development  Labora tory  
Scaler, Model zoo, by plat ing aliquots on a luminum planchets, or by plat ing on filter paper.  
Mallinckrodt C.P. silicic acid, IOO mesh, was used for column chromatography  of the lipides. Paper  
chromatographic  analyses of the phosphatides were carried out  as described previously 1-s. 

Liver homogenates 

Rat  liver (7.93 g wet weight) was homogenized in a ground glass homogenizer for 5 minutes  in i2 
ml of o.oi ~'~1 phospha te  buffer pH 7.4 and strained once through cheesecloth. Seven ml of the  
filtered suspension were added to each of two 125 ml Erlenmeyer  flasks and to each were added 
the following: i.o ml of o.i M glucose, i.o ml of o.i M succinate, l .o ml of o.I M glycerol, l .o ml 
of o.oi M ATP (Pabst),  and o.I ml (z3o ktc) of sSP-labeled or thophosphate .  To one flask, reaction 
B, was added I.O ml of o.I M NaCN and to the other  flask reaction R, was added i.o ml of water.  
Cyanide, ATP, and succinate were neutralized to p H  7.4 before use. The flask containing cyanide 
was flushed with nitrogen and stoppered.  Both flasks were then shaken in a water  bath at 37 ~" for 
45 minutes.  

Lipide extraction 

After the incubat ion period, the contents  of each flask were treated with 3 ° m l  of methanol  and 
heated at  60 ° for IO minutes.  After addition of 15 ml of chloroform, the suspensions were heated 
again for IO minutes,  cooled, and centrifuged. The superna tan t  fluids were t ransferred to appro-  
priate flasks, the residues extracted once more with chloroform-methanol  i :z and centrifuged. 
The respective superna tan t  fluids were combined and evaporated just  to dryness in vacuo under 
nitrogen. The residues thus  obtained were treated successively with one 20 ml and two zo ml 
port ions of warm chloroform to selectively extract  the total lipides. Each solution was brought  to 
50 ml with chloroform in a volumetric flask. Reactions R and B yielded 126 and 13o mg of total 
lipides and 4.6 and 4.5 mg of total  P respectively. 

The chloroform solution of the total liver lipides was found to contain trace amounts  of water -  
soluble phosphate  esters and or thophospha te  having a high specific activity.  The removal of these 
contaminants  by washing the chloroform extract  with aqueous solutions of unlabeled phosphate  
was avoided, since this t r ea tment  gave rise to emulsions which were difficult to separate and in- 
variably led to a loss of significant amounts  of phosphat ides  which accumulated a t  the chloroform- 
water  interface. The use of Io per cent trichloracetic acid to precipitate the lipides and proteins 
and washing this precipitate with 5 per cent trichloracetic acid and then with water, was found 
to be more sat isactory since the lipides extracted in the usual manner  from this washed residue 
contained only barely detectable amounts  of the aforementioned contaminants .  Some lipide P 
is lost during this procedure, but  paper  chromatographic  analysis showed tha t  all the phosphat ides  
found in the usual lipide ext rac t  also were found in the lipide extract  of the washed trichloracetic 
acid precipi tate .The use of perchloric acid to precipitate the lipides was not  satisfactory,  since this 
reagent  altered the phosphat ides  so as to render them unsuitable for paper  chromatography .  A 
simple yet effective method for counting the radioactivi ty of a total lipide ext rac t  was ult imately 
found to be as follows : A known a m o u n t  of lipide extract  (z5-5o t,1) is pipetted on acetic acid wash- 
ed W h a t m a n  no. i filter paper  and the radioact ivi ty determined before and after  washing with water  
for one hour. The water  washing removes all the water  soluble con taminan ts  and leaves only the 
lipides on the  paper. This method also gives a more uniform distr ibution of the lipides and more 
reproducible results than can be obtained by pipett ing on the metal surface of planchets.  

Paper chromatographic analysis 

A 5 ml al iquot of lipide extract  R and B was evaporated to dryness  and o.6o ml of isoamyl 
alcohol-benzene i : t added to each. Ten #1 of each solution* were employed for paper  chromato-  
graphic analysis. Diisobutyl ketone-acetic ac id-water  4o:3o: 7 was used wi th  silicic acid impreg- 
nated paper  l, whereas 2-octanol-lutidine-acetic acid 9o:5:52 and diisobutyl ketone-acetic acid 
3o:53 were employed with non-impregnated paper. Autoradiograms were prepared of the water  
washed (i hr  washing) chromatograms  on Kodak no-screen X-ray  film (4 weeks exposure) .The de- 
tection methods  and chromatographic  technique used are reported elsewherel, 2. 

In order to obtain  quant i ta t ive  information on the lipide spots  obtained by paper  chro- 
matography ,  forty four io/*1 spots* of reaction R were placed on nine silicic acid impregnated 
papers  (i 2 × 42 cm) and the ch romatograms  developed with the diisobutyl ketone-acetic acid-water  
solvent. The lipide spots  were detected with Rhodamine 6G (see Table I) and eluted under reflux 
for io minutes  with chloroform methanol  I : ~ and then with methanol  alone. The extracts  were 
made to a known volume and aliquots used for total  P analysis  and 3sp activity.  The results of 
these exper iments  are summarized in Table I. 

* Ten/*1 of sample R contained 2xo tLg of total lipides and 7.67/,g of total P. 

Re/erences p. 59r. 
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Colum~ /ractionatiou o/the" lotal lifiides 
.\ 5 ° m l  bu re t t e  was packed  with xo g rams  of silicic acid which was suspended in 3 ° m l  of pe t ro leum 
ether .  The co lumn was washed  success ive ly  wi th  2o ml of pe t ro leunl  ether ,  - o m l  of chloroform- 
n le thano l  1 : 1, a n d  20  ni l  o~ petr(~leum e t h e r . . \  to rill a l iquo t  of t i le  chloroform s:)hltion fr~nn reac- 
t ion R con ta in ing  23.2 mg of to ta l  l ipides was pu t  on the  c~lumn and eluted with the fl~lh~wing 
so lvents  ill t i le order  g iven:  5 ° nil of chloroform, 1oo illl of chh)rof¢)rnl lnt,tll~tn()l 4 :  1, Ill,) Ill] 
t~f chh~rof<~rm methano l  l : t ,  aml 15o ml of methanol .  E i g h t y - t w o  5 ml fract ions were collected 
and a l iquo t s  of each were t aken  for es ter  and to ta l  P anah-s is  and  fl~r a"p-ac t iv i ty .  "['he es ter  and  P 
d i s t r i tmt ion  curves  are given in Figs. I and  2. In addi t ion ,  each fract ion was subjec ted  to paper  
c h r o m a t o g r a p h i c  ana lys i s  {Fig. 3) amd a u t o r a d i o g r a m s  made  of the re.suiting ch roma t og rams .  
. \ l iquors  of the peak  f ract ions  were also hydro lyzed  with x N t t ( ' l  and the pr~ducts  ~b ta ined  ana- 
h 'zed c h r o m a t o g r a p h i c a l l y  for choline, serine, and e than~lamine .  

RI-SU l / lS  

By the combined paper and column chromatographic methods for lipide fractionation 
it has been demonstrated in the present experiments that rat liver homogenates arc 
able to incorporate labeled orthophosphate to a small extent into several different 
phostlhatides, tile most active of which are unidentified lipides having the chromato- 
graphic properties l," of phosphatidic acids. "l'he other phospllatides such as lecithin, 
phosphatidyl ethanolalnine, t)hosphatidyl serine, inositol phosphatide, and sphingo- 
myelin show very little or no labeling. The incorporation into the t)hosphatides is com- 
pletely abolished by cyanide and is therefore an aerobic-dependent process, l:RIl~.Di{IX 
AND LEHNINt;ER 9 observed a similar phenomenon with rat liver particulates. 

Because of the small amount of lipides used for paper cllromatography, only by 
autoradiography was it possible to detect those phoslthatides which were very weakly 
labeh.'d. \Vhen multiple chroinatograms were run and the individual spots combined 
and concentrated, or when column chromatography was employed, the activity of the 
weakly labeled lipides was more conclusively ascertained. Thus the data in Table [ 
show that spot R-8 occurs in small amount as evidenced by the P analysis but has 
the highest specific activity of all the lipides. "l'he spots R- 7 and R-b corresponding to 
phosphatidyl ethanolamine and ptmsphatidyl serine, respectively, contain significant 
activity, trot some of this labeling was shown to be due to trailing from spot R-8 °. It 
is further evident that the lecithin spot I{- 5 contains very little activity, as do the 
spots corresponding to inositol phost)hatide, acetal phosphatide, and sphingomyelin. 
The material (spots R-o and R-I), at or near the origin, represents a mixture of small 
amounts of unidentified lipides having very little activity, and trace amounts of water- 
soluble phostthate esters* * and inorganic phospllate having very high specific activity. 
These latter water soluble compounds can to a large measure be washed out of ehro- 
matograms prepared on silicic acid impregnated paper as evidenced by the simul- 
taneous preparation of autoradiograms from washed and unwashed chromatograms. 
However, minute amounts of these compounds still remain on tile palter. The phos- 
phatide spots, howe.ver, exhibit no diminution in intensity of the darkening of the film, 

• \Vhen c h r o n l a t o g r a m s  were developed  on paper  sheets  measur ing  12 .< 42 cm llsing Challll)ers 
~/" i.d.Y. 18" the  fast  mov ing  1t-8 t ra i le : l  in to  spots  R- 7 and R-6. This  t r a i l ing  was min imized  and 
comple te  sepa ra t ions  of these l ipides were ach ieved  by c h r o m a t o g r a p h y  on 4 < 4-' cm s t r ips  and  
by the  use of looo ml g r a d u a t e  cvl imlers .  

• " The following water-soluble', phospha te  compounds  were tes ted ;  g lycerophospha te ,  gl.vcer(J- 
phosphorv lchol ine ,  phosphorvlchol ine ,  phosphoglycer ic  acid, adenosine  tri-, di-, and monophos-  
phates ,  c,~'tidine t r i phospha te l  t, r idine t r iphospha te ,  guanos ine  t r iphospha te ,  and o r thophospha te .  
All excep t  g lycerophospha te ,  phosphogh 'cer ic  acid,  and  o r t h o p h o s p h a t e  remained  a t  the origin 
when run in the diisolmtyl k e t o n e - a c e t i c  acid--water  sy s t em and using silicic acid i mpregna t ed  
paper.  The l a t t e r  three  compounds  moved  only s l igh t ly  (RI." less than  o.o5) in this  solvent .  

lee~crevices p..59~- 
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TABLE I 

S U M M A R Y  O F  D A T A  O B T A I N E D  F R O M  C O M B I N E D  C H R O M A T O G R A M S  O F  P H O S P H A T I D E S  

F R O M  R A T  L I V E R  H O M O G E N A T E S  O F  R E A C T I O N  R 

Spot R F Dye Lipidee Fraction o/ Spry. 
No. Value a Test, b Ninh.e Ck°l'd P total P Ac$. Phosphatide components f 

R-o o.oo b +m 

R-x 0.05 b - -  
R-2 o.I 3 b - -  

R- 3 0.34 b-o - -  
R-4 0.38 p *w 

• w / 

R-5 0.44 y - -  +s 

R-6 0.58 b +w - -  
R- 7 0.62 y +s +w 

R-8 0.69 b - -  - -  
R-9 0.73 y - -  *vw 

~, per cent c.p.rn.:mg P 

2.02 3.71 634 ° unidentified 

unidentified (possibly 2"30 4"22 2IOO 
2.22 4.04 lysophosphatides) 

inositol phosphat ide  
7.46 I3.65 87o sphingomyel in  + acetal 

phosphat ide  

lecithin + phosphat ida l  
25.o 45.7 403 choline-like lipide 

phosphat idyl  serine 
2.99 5.48 17oo phosphat idyl  ethanol- 
8.88 i6.3o 4 ioo  amine 

2.92 5.34 x4,4oo unidentified 
0.80 1.46 6ioo unidentified 

a The solvent sys tem used was  d i i s o b u t y l  ketone-acetic acid-water  4 ° : 3 ° : 7. The R F values varied 
± 0.05. 

b The chromatograms  were stained by  immersing in o.ooi % Rhodamine 6G (Colour index 752, 
National Aniline Division, Allied Chemical and Dye Corporation) for ten minutes  and observed 
while wet under ultraviolet  light, b = blue, b-o = blue orange, p = purple, y = yellow. 

e The ch romatograms  were sprayed with 0.3% ninhydr in  in acetone- lut idine 9:~. w =  weak, 
m = moderate ,  s = strong, vw ~ very weak. --- = negative. 

d Phosphomolybdate-SnC1,  was used as described previously *. The letters w, vw, and s have the 
same meaning with respect to the intensi ty of the test  as given in footnote c. 

e Represents  lipide material  from eight lo pl spots containing 1.68 mg of total lipide and 61.3 Pg 
of total lipide P. The per cent recovery of the P pu t  on the paper  was 89%. The filter paper  blank 
for the a m o u n t  used in these determinat ions was between o . i -o .8  y. The value for spot  R-9 is 
thus  of questionable significance. The specific activity of this spot  is probably  much higher t han  
shown. 

JThe identification of inositol phosphat ide  and acetal phosphat ide  is tentat ive.  

whereas the spots due to the phosphate compounds previously mentioned show a 
marked decrease in intensity. This study was confirmed with model experiments by 
the use of 32p-labeled orthophosphate and glycerophosphate either alone or mixed 
with unlabeled lipides. Spot R- 9 contains appreciable activity but was not identified. 

From the data in Table I it can be seen that lecithin, phosphatidyl ethanolamine, 
phosphatidyl serine, acetal phosphatide, inositol phosphatide, and sphingomyelin 
constitute 8I % of the total lipide P. These results were supported by column chroma- 
tographic studies (Fig. I). The finding that only 89°.'0 of the P applied to the paper was 
recovered by the elution method used is believed due to the fact that the water wash- 
ing of the chromatograms prior to eluting the lipides removes some water-soluble 
phosphate esters and orthophosphate. Furthermore, small amounts of phosphatides 
are firmly bound to the filter paper and are very refractory to elution with organic 
solvents. These studies were confirmed by the use of pure phosphatides. It has subse- 
quently been found that repeated extraction with hot 0.5 N HCI in redistilled methanol 
can raise the P recovery yield up to 95 %. 

The experimental data on the fractions obtained by column chromatography are 
given in Figs. r -  3. It was found that fractions I4- i8  contained the fast moving lipides 
Re/erences p. 59 r. 
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Fig. r. Elution curveof tile total lipides extrac- 
ted from rat  liver homogenates  showing the 
distr ibution of lipide P. The experimental  details 
are given in the text.  The am oun t  of P in t~g and 
the per cent of the total 1' represented by the 
major  peaks are as follows : ] o-1 O, 15/~g, 2.4°~, ; 
17-3 I, T40 /tg, 22.8°,'£>; 32--39, 74 #g, I2-T°,o; 
40--5 o, 214 /tg, 34.8~".; 5[-55, I~8 ttg, ]9"3°'o; 
and 56 -58, :~5 l~g, 4 .T °o. The significance of the 
small peaks (~4 77 is uncertain. Most of the 

radioactivity occurred in fractions T 4- t 8. 

'°'i / 
~o_ 6oi 

x 

c~ 50' 

o ! 

' 0  20 30 40 50 60  70 80  
Fro Ct.ion NO. 

Fig. _'. Elution curve of tile total lipides ex- 
tracted from rat  liver homogenates  showing 
the distr ibution of lipide ester. The experi- 
menta l  details are given in the text .  The sig- 
nificance of the minor  peaks 6o 77 is uncertain.  
Tile eSter/P molar rat ios of the peak fractious 
were as follows: 3--5 ~ ;  14-J8, 3.58; H~-23, 
2.18; 33-37-varied o-55 to 1.42; 4(> 5o, o.97 and 

51-59, 1.88. 

R- 9 and R-8 (see "fable I); fractions 10-23 contained mainly phosphatidyl ethanol- 
amine (R-7) and a small amount of phosphatidyl serinc (R-6); fractions 33-37 con- 
tained a mixture of lipides corresponding to acetal phosphatide (R-4), inositol phos- 
phatide (R-3), and smaller amounts of phosphatidyl serine (R-6) and the unidentified 
phosphatides R-2 and R-1 ; fractions 46-5 ° contained lipides resembling phosphatidal 
cholines*~°; fractions 51--54 contained mainly lecithin (R-5)" and fractions 55-59 

Front 

Q (~) :2" .:;(;. 

(9 

o6 
Q G G G  

6) 

/b'i 
,.... 

• :.~;, @ 
Or,gm 

15 20 33 3 6  4 6  48 52 57 
Frclction NO. 

Fig. 3- Tracings of paper  ch romatograms  of the 
peak lipide fractions obtained by column chro- 
matography .  The solvent sys tem used for paper  
ch romatography  was diisobutyl ketone-acet ic  
acid-.water 4 o : 3 ° : 7 I. The lipides were detected 
with Rhodamine t)G. The spots  shnwn in broken 
lines occurred in very small amount .  The identi ty 
of the lipide spots  is as follows: t5a-unidentified; 
-,oa-phosphatid.vl e thanolamine;  33d-, 30e-phos- 
phat idyl  serine (tentative);  33 b-, 30c-inositol 
phosphat ide  (tentative);  36d-acetal phosphat ide  
(tentative);  4(~a -, ,tSa-phosplaatidal choline-like 
lipide; 52a -, 57b-lecithin; 57a-sphingomyelin;  
o t h e r s - - n o t  identified. A positive choline test  was 
given by spots  zoa, 40a, 48a, 52a, 57 a, and 57 b. 
The positive test given by 2oa is a non-specitic 
reaction due to unsa tura ted  phosphat idyl  etha- 
nol-amine. A positive ninhvdrin test was given 
by spots  2oa, 33 d, 36d anti 3be. Details of the 

experimental  procedure are given in the text. 

In agreement  with the s t ruc ture  of phosphat idal  choline 1° it was found tha t  the es ter / l '  
molar  ratio for fractions 46 and 49 was 0.97 and tha t  of lecithin (fraction 5-') was 1.88, correspond- 
ing to a monoester  and a diester respectively. 

Re/eycmr~ k. ~:r. 
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contained nearly equal amounts of lecithin and sphingomyelin. Very few or no phospha- 
tides were detected in the other fractions, either because none was present or because 
they occurred in very small amount. The non-phosphatides were found in fractions 
2- 7 (Fig. 2). A further characterization of the phosphatides present in the peak frac- 
tions was made by acid hydrolysis studies, which revealed that the highest amount of 
ethanolamine occurred in fraction 20 and a small amount in fraction 34; serine was 
pre~sent in small amount in fraction 20 and 34; and choline was present in fractions 

46 , 49, 52, and 57. 
From the combined ester and P analyses it was shown that the ester peak at 

fraction 4 (Fig. 2) contained essentially only non-phosphatides such as cholesterol 
esters and triglycerides. These latter lipides were separated and identified by paper 
chromatographic analysis on silicic acid impregnated paper using isooctane-acetone- 
acetic acid 95 : 4: I as solvent. Free cholesterol also occurred in this fraction. This latter 
solvent system, which was developed in this laboratory, separated the major types of 
non-phosphatides such as cholesterol, cholesterol ester, glycerides, and fat ty  acids. 

The studies presented in this paper are to be contrasted with the in vivo incorpora- 
tion of 32P-labeled orthophosphate into various tissues of the rat 1,e in which it was 
found that lecithin and phosphatidyl ethanolamine and a lipide behaving like inositol 
phosphatide were heavily labeled, whereas phosphatidic acid could not be detected. 
The fast moving lipide observed on the autoradiograms from phosphatides of liver 
homogenates does not correspond to the fast moving lipide observed on autoradio- 
grams of phosphatides from the previous in vivo experiments, since they move 
differently on non-impregnated paper  in solvents consisting of octanol-lutidine-acetic 
acid 2 and diisobutyl ketone-acetic acid 3. The fast moving component which is labeled 
in the in vitro homogenate system migrates like a phosphatidic acid 1,2 whereas the 
corresponding component labeled in vivo does not. However, the active lipide in this 
present in vitro study has not been characterized. 

Further studies on the incorporation of labeled orthophosphate by  rat liver homo- 
genates showed that glycerol stimulated the incorporation two-fold but that choline, 
ethanolamine, and serine caused no stimulation. Dinitrophenol had an inhibitory 
effect similar to that of cyanide. The addition of ceramide and phosphatidic acid to 
the system caused a slight inhibition of the incorporation rather than enhancing the 
synthesis of phosphoglycerides and sphingomyelin. As expected, it was also found 
that the addition of unlabeled phosphate caused a decrease in the incorporation. 

DISCUSSION 

The results of the present experiments demonstrate the incorporation of labeled 
orthophosphate by  rat liver homogenates into several phosphatides, the most active 
of which remain unidentified. KORNBERG AND PRICER u, KENNEDY ll and DAWSON 13 
have indicated that  phosphatidic acids are synthesized in vitro. The identification ot 
these active lipides is however tentative, and the possibility exists that they are dif- 
ferent anionic phosphoglycerides. In the present study, the ester/P molar ratio of this 
lipide was about twice the theoretical value for a phosphatidic acid. KORNBERG AND 
PRICER n have observed a similar high ratio for their 'phosphatidic acid' fraction. It  is 
noteworthy that  these phosphatides constitute only a small fraction of the total lipides 
of either liver homogenates or mitochondria 5. 

Re/erences p. 591. 



VOL. 2 5  (1957)  I..XBI'.'LIN(; OF R.VI" LIVER PHt)SPH.\I'II)I-S 5(jI 

The remarkable difference between in vivo and in. vitro systems is ch,arlv manifes- 
ted by comparing the results of the present experiments with previous in vivo studies 
from this laboratory 1,". The relative inertness of liver hoinogenates la- l~ and live.r mito- 
chondrial suspensions 12 to incorporate orthophosphate into the common and abundant- 
ly occurring phosphatides such as lecithin and phost)hatidyl ethanolamine might be 
due to the inactivation of enzymes required for their synthesis or to thv accentuation 
of metabolic pathways leading to the synthesis of the phosphatidie acid-like com- 
pounds. In any case the enigma exists that although these latter lipides are heavily 
labeled in. vitro, they are completely non-existent or show no labeling in the i~ viv, 
systems. If they were intermediates in the metabolic route toward lecithin or the other 
common phosphatides, at least trace amounts of these compounds should have been 
detected on autoradiograms of rat tissue phosphatides labeled i~ vivo. 

"l'he. colnbined paper and column chromatograt)hic methods have now been shown 
to be very effective techniques for the study of the phosphatides both on a micro and 
macro scale and may open the way for the elucidation of the metabolism and for the 
isolation and purification of these compounds. With these te.chniques it aptx.'ars that 
lipides behaving like phost)hatidal choline.s" are constituents of liver and this extends 
the work of R.\PP()RI AND ALONZO 1° who have demonstrated the l~res('nee of these 
conll)Ollnds in heart muscle. 

S U M M : \ R Y  

The incorpora t ion  of aaP-labeled o r t h o p h o s p h a t e  in to  the phospha t ide s  of r a t  l iver  homogena te s  
was  s tud ied  by paper  and  co lumn c h r o m a t o g r a p h i c  methods .  The resul ts  show t h a t  the  degree of 
i nco rpora t ion  is smal l  and t h a t  the l ipides  hav ing  the  h ighes t  a c t i v i t y  correspond ch roma t og raph i c -  
a l ly  to phospha t id i c  acids  l int  st i l l  remain  to be charac te r ized .  On the o the r  hand,  the  common 
and a t m n d a n t t y  occurr ing phospha t ides  such as leci thin anti  phospha t i dv l  e t h a i m l a m i n e  show 
very  l i t t le  incorpora t ion .  The incorpora t ion  is an aerobic  dependen t  process and  is s t i m u l a t e d  
by glycerol.  By colulnn ch r (mla tog raphv  it appears  t h a t  phospha t idcs  behav ing  l ike phospha t ida l  
chol ines  occur in r a t  liver. 
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