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Discussion 
Gas chromatography of the sphingolipid bases as 

their trimethylsilyl derivatives provides a simple and 
direct method for qualitative and quantitative estima- 
tions of the bases. Compared with the method de- 
scribed earlier (29), in which the aldehydes liberated 
by periodate were separated by gas chromatography, 
this procedure has obvious advantages. Since analyses 
are nlade of the bases themselves, several lengthy steps 
can be eliminated from the method. Furthermore, the 
first two carbon atoms of the bases are not lost to 
analysis, as they were in the periodate nlethod, so that 
the new method can be used for separations of isotope- 
labeled bases and determinations of their specific ac- 
tivities at the same time. On a semipreparative scale, 
anaIyticai columns can be used to obtain pure TMS 
derivatives, from which the free sphingolipid bases 
can be recovered easily and quantitatively by mild hy- 
drolysis (9). A disadvantage of the present method is 
that bases are not well separated according to differ- 
ences in olefinic bonds. Selective liquid phases such 
as nitrile silicone (XE-60) are not much better than 
SE-30 in this respect, though no investigation has been 
made of separations on polyester columns. 

Methanolysis of sphingolipids under anhydrous 
acidic conditions leads to the formation of 3-O-methyl 
sphingosine in yields of 50% or more, as illustrated 
by this study. This compound and a related unknown 
base are formed from any N-acylated sphingosine, but 
not from the free base or from N-acyl dihydrosphin- 
gosine. The unknown by-product may be the 5-0- 
methyl-Aa-sphingosine described recently by Weiss 
(33). The presence of O-methyl ethers complicates 
determinations of sphingolipid bases by TLC or gas 
chromatography and conditions were, therefore, sought 
which would completely eliminate their formation. 
Though we have not found such a reagent, the pres- 
ence of water in the methanotysis mixture effectively 
inhibits the formation of O-methyl ethers to a large 
degree. Morrison and Smith (18) have described con- 
ditions for the quantitative liberation of sphingolipid 
bases and fat ty acid methyl esters from sphingomyelin 
by methanolysis with boron trifluoride-methanol. We 
have not yet studied this condition with regard to the 
yield of O-methyl ethers ; it may prove to be a superior 
reagent. 

The presence of an unidentified sphingolipid base in 
sphingomyelin from human plasma present~ an excel- 
lent example of the utilization of this method for struc- 
tural work. The presence and cohen of the coInpound 
have been demonstrated in this study. The base has 
been identified tentatively as Ci6-sphingosine. Though 
it could probably never be separated from sphingosine 
by classical techniques, it will be possible to obtain 
small quantities of the pure base by preparative gas 
chromatography. 
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Individual Molecular Species of Different Phospholipid 

Classes. Part II. A Method of Analysis 1 
OSSI RENKONEN, Department of Serology and Bacteriology, University of HeMnki, Finland 

Abstract 
New analytical possibilities arise when glycero- 

phosphatides are converted into diglyceride ace- 
tates or analogous compounds: In this less polar 
form the phospholipids can be subjected to the 
usual methods of triglyceride fractionation, in- 
cluding chromatography on silica gel mixed with 
silver nitrate. This opens a route to subfractiona- 
tion of various glyeerophosphatide classes, and 
makes analysis of the individual molecular species 
potentially possible in many cases. The same ap- 

1 P a r t  1. Proposal for a lV~ethod of Analysis. ACTA Chem. Scand. 
18, 271 (1964).  

preach can also be applied to the analysis of 
sphingomyelins. 

Two methods are suitable for the conversion of 
glycerophosphatides into "diglyeeride acetates": 
1) Acetolysis in a mixture of acetic anhydride 
and acetic acid, and 2) treatment with phospho- 
lipase C (E.C. 3.1.4.3.) followed by acetylation. 
Acetolysis was used successfully with phospha- 
tidyl choline, phosphatidyl ethanolamine and cor- 
responding alkoxy phosphatide (native cephalin 
B),  phosphatidyl serine, phosphatidyl inositol, 
phosphatidyl glycerol, phosphatidic acid and car- 
diolipin. Phospholipase C from Clostridium 
welchii was used for native choline and ethanol- 
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amine plasmalogens as well as for sphingomyelins. 
Although this enzyme does not attack pure etha- 
nolamine phosphatides it did so in the presence 
of added (dipalmitoyl) phosphatidyl choline or 
serum sphingomyelin. The mixed substrates con- 
taining sphingomyelin proved particularly valu- 
able, since the plasmalogenic diglyceride acetates 
were easily separated from the usual diglyceride 
acetates and ceramide diaeetates on silieic acid. 

The diglyceride acetates obtained from lecithins 
of hens' eggs, ox-brain and human serum were 
subjected to preparative TLC on Kieselgel G 
mixed with silver nitrate. The resulting subfrae- 
tions were characterized by GLC analysis of the 
fat ty acid methyl esters. When these data were 
eombined with enzymic analysis of the acids oc- 
cupying the alpha and beta positions of the mole- 
cules a rather detailed description of the lecithins 
became possible. 

The use of diglyceride acetates provides a route 
to analysis of fat ty acids in many phosphatidyl 
compounds which have been obtained previously 
only as mixtures with the alkoxy analogs. 

I n t r o d u c t i o n  

The samples of different phospholipid classes as ob- 
tained from natural sources always contain many fatty 
acid components; hence they represent complicated 
mixtures of several molecular species. For instance a 
lecithin preparation containing only two fat ty acids 
A and B could be composed of four different types of 
lecithin molecules; AA, AB, BA and BB. Quite ob- 
viously the true composition of any such phosphatide 
cannot be analyzed by simple fat ty acid analysis, or 
even by analysis of the acids occupying the alpha and 
beta positions within the molecules; therefore, frac- 
tionation of the mixture of complex molecules them- 
selves seems necessary. At first this seems a difficult 
task because of the great difference in the properties 
of the numerous phosphatide classes. However, in the 
present paper a simple and general method of frac- 
tionation is described that appears to be suitable for 
the analysis of the different molecular species within 
all known phosphatide classes. A preliminary report 
of this investigation has been published elsewhere (1). 

The basic idea of this procedure is to convert the 
glyeerophosphatides into diglyeeride acetates and to 
subject the latter to the usual procedures of triglye- 
eride fractionation. The conversion step serves two 
purposes: first, it makes the subsequent fractionation 
much easier, for such methods as GLC, reversed phase 
partition, and chromatography on adsorbents contain- 
ing sih, er nitrate appear to be easily adapted to frac- 
tionation of diglyceride acetates, although use of such 
procedures seems difficult or impossible with the origi- 
nal polar phosphatides. Secondly, the conversion step 
helps to keep the number of necessary fractionation 
procedures to a minimum. Since all types of phos- 
phatidyl lipids can be converted into diglyceride ace- 
tates, a procedure for their fraetionation is all that is 
required in the analysis of all the phosphatides. With- 
out the conversion, on the other hand, the fraetiona- 
tion of lecithins would represent one problem, that of 
phosphatidyl ethanolamines another problem and 
SO on.  

Convers ion  of  P h o s p h a t i d y l  L ip ids  Into  
D i g l y c e r i d e  A c e t a t e s  

Two different methods for converting glyeerophos- 
phatides into diglyceride acetates have been used; 
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acetolysis under conditions similar to those described 
by Malkin and co-workers (2), and enzymic cleavage 
of phosphatidyl lipids into diglycerides with phospho- 
lipase C (phosphatidyleholine choline phosphohydro- 
lase; EC 3.1.4.3.) (3) and subsequent aeetylation with 
pyridine and acetic anhydride. 

For the aeetolysis the phosphatides (0.6-60 t~moles) 
and the solvent, 2 ml of acetic anhydride-acetic acid 
(2:3) (4) are sealed in anlpules and heated in an oven 
at 145C. The reaction mixture is evaporated to dry- 
ness and the dried residue partitioned in the system 
chloroform-methanol-water (8:4:3) (5) ; The phos- 
phorus content (6) of the aqueous methanolic layer 
gives the amount of the acetolyzed phospholipids. 
Figure I shows the observed rate of aeetolysis for some 
glycerophospbolipids. It is of some interest that phos- 
phatidylethanolamine (and phosphatidyl serine) were 
converted to the acetates faster than phosphatidyl 
choline. The deacylated alpha-alkoxy derivative of 
glyccrylphosphorylcholine (7) reacted snore slowly 
than the aeylated alkoxy derivative or the usual 
lecithin. 

Our study of the lipophilie acetolysis products was 
begun with a careful analysis of the reaction mixture 
obtained from a highly purified specimen of egg leci- 
thin. After 4 hours' heating with the acetolysis mix- 
ture the sample yielded a lipophilic fraction, which 
on TLC showed, besides unchanged lecithin, a major 
constituent of the same mobility as acetylated ],2- 
diglyeerides (Fig. 2). The diglyceride acetates are 
seen to be easily separated from the usual triglyc- 
erides, and also from diacetates of the common mono- 
glycerides. After 48 hours' heating with 2 ml of the 
acetolysis mixture another sample (66.7 ~mo]es P) of 
the lecithin gave a crude lipophilic fraction which con- 
tained 65.6 t~moles glycerol (8) and 202 t~moles car- 
boxylie ester (9) but less than 0.1 ~moles phosphorus. 
The reaction product most probably consisted of rather 
pure diglyceride acetates since the molar ester-glycerol 
ratio was 3.06:1.00 and one third of the ester linkages 
was contributed by acetate group (Table I). Further- 
more, the yield of the reaction was seen to be excellent 
in that 98% of the original glycerol, but only 0.2% 
phosphorus was recovered in the lipid fraction. 

It does not seem probable that the acetic acid would 
add to the double bonds, since this would be reflected, 
e.g., in higher total ester to glycerol ratios than 3:1. 
However, the problem of possible fat ty acid exchange 
between neighboring phosphatide or diglyceride mole- 
cules required special investigation, since such ex- 
change would make subsequent analysis of the diglyc- 
eride acetates pointless. Therefore 2 mg samples of 
diolein and dipalmitin were subjected together to the 
conditions of acetolysis, the reaction volume being 1.0 
ml. Had any exchange of acids occurred the reaction 
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FIG. 2. TLC of different 
types of triglycerldes on 
Kieselgel O. Solvent: petro- 
leum ether-dlethyiether (4: 
1) :  1: Triolein. 2: Acetol- 
ysis product of egg lecithin. 
3: Acetylated 1,2-4iglyc- 
eride. 4: Mono-olein diace- 
tate. The plate was charred 
with sulfuric acid. 

mixture would have contained monoenoie dig]yceride 
acetates in addition to the saturated and dienoic ones. * 
However when the reaction mixture was analyzed on 
a silver nitrate Kiesel-gel G plate, no monoenoic com- 
pounds were detected (Fig. 3). A similar experiment 
with the same result was carried out also with 1 mg 
samples of dipalmitoyl-phosphatidyl cthanolamine and 
dioleoyl-phosphatidyl ethanolamine, Thus it appears 
that aeetolysis of g]ycerophosphatides can be carried 
out without any appreciable intermoleeu]ar exchange 
of fa t ty  acids. 

One minor side reaction, however, takes place dur- 
ing the aeetolysis ; the reaction mixtures obtained from 
egg lecithin invariably seemed to contain small 
amounts of 1,3-diglyceride acetates in addition to the 
expected, and quite predominating, 1,2-diglycerides. 
This is shown on TLC (Fig. 4) where the two types of 
acetates are separated quite as the corresponding di- 
glyeerides themselves (11). The separation of these 
two types of isomers is possible even on preparative 
scale TLC. However, this will probably not often be 
necessary since in principle the intramolecular move- 
ments do not hinder the analysis of the fat ty acid 
combinations. 

Cis-trans isomerization was not observed, but poten- 
tial trouble is caused by oxidative reactions. In pre- 
parative scale experiments with lipids of high content 
of polyenoic acids some darkening of the reaction mix- 
tures was inevitable. It  could not be prevented by use 
of tert. butyt-p-hydroxy-anisol as antioxidant nor by 
the presence of nitrogen and the absence of light. 
Samples isolated immediately before the acetolysis 
might not darken. The samples used in this study were 
not quite fresh. Itowever, even when there was some 
darkening of the reaction mixtures, quite colorless 
material could easily be isolated in satisfactory yields 

T A B L E  I 
Ana lys i s  of Acetyl  G r o u p s  in  Glycer ides  

Molar ratio 
A c e t a t e  total to 
es ter  ~ long-chain  

e s t e r  

tmmles 
0.000 / 3.00:3.00 
0.257 3 . 0 0 : 2 . 0 2  
0.224 / 3 . 0 0 : 1 . 9 6  
0.323 t 3 . 0 0 : 1 . 0 9  
0.390 3 . 0 0 : 0 . 1 2  

0.324 3 . 0 0 : 1 . 9 8  

I • 

Li id Total ~on~'- P " r I c a ln  
_ e %  / ester. 

~mo~es I t~mo~es [ 

D i p a l m i t i n  aceta te  . . . . . . . . . . . . . . . . . .  0.656 [ 0.432 
Mono-olein d iace ta te  ................ ~ 0 .507 / 0 .184 
Tr i ace t in  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 0.406 / 0 .016 

D ig lyee r ide  a, eetate  I I 
f o r m  egg  leci th in  . . . . . . . . . . . . . . . . .  0.960 0.636 

a M e a s u r e d  as  fol lows:  The  l i p i d  w a s  subjec ted  to me thano lys i s  a t  
20C in  0.05 N N a O t t  in  mois t  ch loroform-methanoI  ( 3 : 4 )  ( 1 0 ) .  /~ar- 
¢ition of the  reac t ion  m i x t u r e  in  ch lo ro fo rm-methano l -wa te r  ( 8 : 4 : 3 )  g a v e  
the  me thyIes te r s  in  ch loroform solution. E v a p o r a t i o n  a n d  d r y i n g  in h i g h  
v a c u u m  at 20C fox" 5 rain e l imina ted  methyl  acetate,  a n d  the  r e m a i n i n g  
long'-chain compounds  w e r e  a s sayed  for  earboxyl  e s t e r .  

b Calculated as the  difference be tween  total  and  long-chain  e s t e r ;  o ther  
shor t  cha in  es ters  would  n a t u r a l l y  behave  m o r e  or less l ike methyl  
acetate .  

* A dienoic phosphol ip id  or diglyceride is defined as a l ip id  con ta in ing  
two double bonds which may or may not  be in  the same fa t ty  acid. 
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FIG. 3. TLC of diglyceride 
acetates on a ' ' silver plate. ' ' 
Solveat: benzene-ch]oroform 
(9:1).  1: 1 ,3 -Dipa lmi t in  
acetate. 2: Aeetolysis prod- 
uct of a mixture of 1,3-di- 
palmitln and 1,3-diolein (the 
second spot is 1,2-dipalmltin 
acetate). 3: 1,3-diolein ace- 
tate. d: A monoenoic 1,2-di- 
glyceride acetate. 

after preparative TLC on Kieselgel G in petroleum 
ether-diethylether (4:1). The dark material was re- 
tained much more strongly than the diglyeeride ace- 
tates. 

Besides egg lecithin, brain and serum lecithins also 
have given good yield of diglyeeride acetates upon 
acetotysis, and the same is true of phosphatidic acid, 
phosphatidyl ethanolamine, phosphatidyl serine, phos- 
phatidyl inositol and phosphatidyl glycerol. Even 
cardiolipin gave diglyceride acetates under these con- 
ditions. 

The enzymic method used to convert the phos- 
phatidyl lipids into diglyceride acetates was an adap- 
tation of a procedure described by Sribney and Ken- 
nedy (12). I t  can be illustrated by an example: A 
sample of 96.1 ~moles of highly purified lecithin from 
human serum (13) was suspended into 15 ml water 
and 7 ml of a buffered enzyme solution, pH 7.3, were 
added. [3 mmoles tris (hydroxymethyl) aminometh- 
ane, 0.6 rumples CaC12 and 2.5 mg phospholipase C 
(alpha-toxin of Cl. welchii) obtained from Sigma 
Chemical Company, St. Louis, Mo.] Finally, 20 ml 
diethyl ether was added and the mixture stirred. The 
reaction was followed by TLC analysis. After 3 hr, 
when the reaction seemed complete, the ether layer 
was separated and the water layer was reextraeted 
three times with 30 ml of ether. The combined ether 
extracts contained only 2 ~moles phosphorus and 
showed a rather pure 1,2-diglyceride spot on TLC. 
The crude product was acetylated with 0.5 ml pyridine 
and 2.5 ml acetic anhydride by keeping the reaction 
mixture for 2 hr at 70C and then over night at 20C. 
Evaporation and partition in 60 ml of chloroform- 
methanol-water (8:4:3) gave 60.5 mg of 1,2-diglyc- 
eride acetates which appeared rather pure on TLC and 
contained 287 ~moles carboxylic ester. Thus the yield 
was over 99%. 

Analysis of Simple Leeithins 
Chromatography on adsorbents containing silver 

FIG. 4. TLC of diglyceride 
acetates on Kiese lge I  G. 
Solvent: petrolemn, ether-di- 
ethylether (4:1) .  1: 1,3-di- 
olein acetate. 2: Acetolysis 
product of egg lecithin. 3: 
1,2-diglyceride acetates. 
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ni t ra te  has been used for  the fract ionat ion of the di- 
glyceride acetate mixtures  obtained f rom simple leei- 
thins (14). This type of fraet ionat ion separates the 
diglyceride acetates according to the total  number  
(and geometry)  of double bonds in the molecules; 
ful ly  sa tura ted  molecules t ravel  faster  than  monoenes, 
and these precede dienes and so on. 

We have used both column chromatography  and 
prepara t ive  TLC for  these separations, and pre fe r  the 
latter.  The following example demonstrates the details 
of our present  procedure. A sample (51.3 ~moles) of 
chromatographical ly  purified diglyceride acetates de- 
rived f rom egg lecithin was dissolved in 300/~1 chloro- 
form and applied to 6 silver ni t ra te  Kiselgel G plates 
(200 x 200 x 0.25 ram). The adsorbent  was p repared  
by mixing in the usual way 3 par ts  AgNO3 and 10 
par ts  Kieselgel G in 20 par t s  water. Af te r  develop- 
ment  in benzene-chloroform (9:1) the plates were 
sprayed with Rhodamine 6G and inspected under  ul- 
traviolet  light. Four  yellow zones were visible, and 
corresponded to fu l ly  saturated,  monoenoie, dienoic 
and polyenoie diglyceride acetates. The individual  
zones were scraped off and extracted by elution with 
chloroform-methanol (9:1) in chromatographic  col- 
umns. The eluates were washed with one-fifth volume 
of water  and finally chromatographed on small silicie 
acid columns for  removal of Rhodamine 6G. In  more 
recent work the separat ion between diglyeeride ace- 
tates and the dye has been carried out by  prepara t ive  
TLC. The yields of the result ing purified sub@actions 
were obtained by ester analysis. Good recoveries were 
obtained (94.7% and 97.8%) as shown in Table I I .  

The purified subfract ions were colorless and showed 
unchanged diglyceride acetate spots on TLC. The 
sa tura ted  fraction, however, was contaminated with 
Rhodamine 6G components. Fu r the r  characterization 
of the purified subfract ions was obtained on silver 
ni t ra te  Kiselgel G plates witb dipahni t in  acetate and 
diolein acetate as reference compounds. F igure  5 
shows that  the second, th i rd  and four th  zone materials  
were really pure  and well separated f rom each other. 
I t  is also evident tha t  the material  f rom the second 
zone must  be monoenoic since it occupies a position be- 
tween the sa tura ted  and  dienoie reference compounds. 
The diglyceride acetates f rom the th i rd  zone must  be 
dienoic as they run  approximate ly  to the same position 
as diolein acetate. The mater ial  f rom the four th  zone 
finally must  contain polyenes, because it  runs  so much 
slower than  the dienes. The impure  mater ial  of the 
first, zone is not shown in F igure  5, but  since it  runs  
ahead of the monoenes with about the same mobili ty as 
dipalmit in  acetate it  was considered to be sa tura ted  in 
nature.  

Next  the component  f a t t y  acids were analyzed;  The 
diglyeerides were methanolyzed in d ry  methanol-sul- 
furic acid 94/6 (v :v)  and the methylesters analyzed 
by GLC. F igure  6 shows the t racing obtained f rom 
the acids of the original diglyceride acetates. The pic- 
ture was identical with tha t  obtained f rom the pa ren t  
leeithins. The f a t ty  acid spectra of the monoenoie, 
dienoic and polyenoie diglyceride acetates are also 
given in F igure  6. 

TABLE I I  
Subfractions of niglyceride Acetates Derived from Egg  Leeithins 

Subfractions Experiment  1 Experiment  2 

Satll:ea, tes ....................... 
~ o n o e ~ e 8  . . . . . . . . . . . . . . . . . . . . . . .  

Dienes . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Polyenes ........................ 

Total .................... 

amoles % 
1.68 3.3 

32.2 62.8 
11.3 22.0 

4.97 9,7 

50.1 97.8 

/tmoles % 
1.07 2.1 

31.5 61.5 
12,1 23.6 

3,83 7.5 

48.5 94.7 

OF P H O S P H O L I P I D S  

Fm. 5. TLC of diglyc- 
eride acetates on a ~'si]ver 
plate.' ~ Solvent: benzene- 
chloroform (9:1). I :  Di- 
palmltin acetate. 2: Ma- 
terial from the seco~d zone 
of prep. TLC. 3: Diglyc- 
eride acetates from egg leci- 
thins, starting material for 
prep. TLC. 4: Material from 
the third zone of prep. TLC. 
5: Material from the fourth 
zone of prep. TLC. 6: Di- 
olein acetate. 
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The monoenoie diglyeeride acetates indeed appeared 
to contain sa tura ted  and monoenoic acids in equimolar 
amounts whereas the more unsa tura ted  acids were 
lacking. A separate  experiment  with phospholipase A 
(15) showed tha t  the parent  leeithins contained almost 
exclusively myristic,  pahnit ic  and stearic acid in the 
a lpha position whereas all the unsa tura ted  acid and a 
little palmitic acid were found in the beta position of 
the molecules. This information together with the re- 
sult of f a t t y  acid analysis settles the composition of 
the monoenoic f r a c t i o n :  O n l y  t h r ee  g r o u p s  of 
nloleeules seemed to be present, namely 1-myristoyl-2- 
monounsa tura ted  aeyl lecithins ( t race) ,  1-palmitoyl-2- 
monounsa tura ted  acyl leeithins (74%) and 1-stearoyl- 

ORIGINAL 
DIGLYCE RiDE 
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~:0 
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FIG. 6. GLC of methylesters of egg Ieeithin subfraetions. 
The experimental conditions were as follows: A Barber-Colman 
apparatus; Argon detector with radium as source of ionlzing 
radiation ; detector voltage 820; a 6 ft glass column of EGSS- 
X (Applied Science, State College, Pa.) operated at 182C. 
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2-monounsaturated aeyl lecithins (24%).  In  each of 
the three groups the monounsatura ted  component was 
either a hexadeeenoic or an octadeeenoic acid but  it  is 
not known whether both occurred in all three groups. 
Fu r the r  separat ion of the monoenoie fraction, e.g., 
with GLC, will very likely answer this question in the 
near  future.  

Similar  analysis of the dienoie fract ion suggested 
the following composition: l -myr is toyl -2-oc tadeca-  
dienoic acyl lecithins ( t race) ,  l-palmitoyl-2-octadeea- 
dienoic aeyl leeithins (64%),  1-stearyl-2-octadeca- 
dienoie acyl lecithins (36%).  However  GLC analysis 
suggests that  a small amount  of dioleoyl type of Ieci- 
thins might  also have been present. 

The polyenes quite expectedty showed approxi-  
mately  equimolar amount  of sa tura ted  and polyenoic 
acids, but  as this fract ion appears  much more complex 
than the previous ones, fu r ther  fraet ionat ion with 
silver ni t ra te  adsorption chromatography  and then 
with par t i t ion methods is necessary before its compo- 
sition can be given. However  an interesting feature  is 
a l ready evident in F igure  6: The polyenoie fract ion 
seemed to contain a higher relative proport ion of 
stearic acid than the monoenes and dienes. 

Lecithins of ox-brain and human sermn, which are 
also examples of relatively pure phosphatidyleholines 
were quant i ta t ively  isolated in a very pure  form and 
subjected to similar analysis as described above. Brain  
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Fro. 7. GLC of methylesters of brain lecithin subfractions. 
Conditions as in :Fig. 6. 
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:FIG. 8. GLC of methy]esters of human serum lecithins. Con- 
ditions as in Fig. 6. 

lecithins gave pure  diglyceride acetates in a quanti ta-  
tive yield, and a sample of 103 ~moles of these was 
fract ionated on twenty  silver ni t ra te  Kieselgel G 
plates. Af te r  purification of the different subfract ions 
the following yields were obtained: saturates  14.8 
~moles, monenes 50.7 ffmoles, dienes 5.8 ~moles, and 
polyenes 11.5 ffmoles (an overall recovery of 80%).  
The GLC record of the corresponding methyl  esters is 
given in F igure  7. The high content of total ly satu- 
rated lecithins is s tr iking when compared to egg ]eci- 
thins. Another  difference is that  the dienoie fract ion 
here consists pr incipal ly  of the dioleyl type of lecithin 
and less of the pahnitoyl-linoleoyl type  molecules 
found in egg Iecithins. The very complex polyenoic 
fract ion was subjected to refraet ionat ion with chloro- 
form-methanol  (97:3) on plates containing silver 
nitrate.  In  this system the monoenes and dienes moved 
with Rf values of 0.93 and 0.73, respectively. The poly- 
enes appeared  to be separated into four  zones in a 
prepara t ive  experiment.  Palmitate ,  stearate,  a n d  
oleate were the a lpha acids found in each of these 
zones; linoleate was in the most rapid  zone, linolenate 
in the next, arachidonate in the third,  and dodeca- 
hexaenoate in the last. Interest ingly,  stearic acid con- 
st i tuted a ra ther  high propor t ion of the sa turated acid 
which appeared together with araehidonie acid. 

The leeithins of human  serum appeared  the most 
complex. Their  f a t t y  acid pa t te rn  as well as the rec- 
ords of their a lpha and beta acids are given in F igure  
8. The fraet ionation of the corresponding diglyceride 
acetates gave 2% saturates,  21% monoenes, 36% 
dienes, and 40% polyenes. The GLC records of these 
methyl  esters is shown in F igure  9. 

Analysis of Samples Containing Plasmalogens and 
Alkoxy Phosphatides 

The na tu ra l  phosphat idyl  lipids often occur together 
with corresponding plasmalogens and acylated alkoxy 
phosphatides. Such mixtures  present  a more complex 
problem than  the simple lecithins described above. 
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These three subtypes of glycerophosphatide classes 
cannot at present be separated by chromatographic 
means, but  some methods of selective hydrolysis are 
available for  their  part ial  fractionation. Acid hy- 
drolysis (16) destroys the plasmalogens and yields a 
mixture of the phosphatidyl  Iipids and aeylated alkoxy 
phosphatides. Alkaline hydrolysis (17) can be used 
for selective deacylation of the phosphatidyl  lipids 
whereby mixtures of native plasmalog'ens and acylated 
alkoxy phosphatides are obtained. F inal ly  a combina- 
tion of these two hydrolyt ic  procedures can be used 
(13) for  par t ia l  isolation of the pure acytated alkoxy 
phosphatides. 

The dephosphorylation reactions described above 
seem useful in two ways in the analysis of these three 
subtypes: First ,  in nonpolar form they can be frac- 
t ionated by chromatographic means quite successfully. 
F igure  10 shows that  on TLC the "dig lycer ide  ace- 
t a t e s"  derived from plasmalogens and acylated alkoxy 
phosphatides run  more rapidly  than those derived 
from the phosphatidyl  lipids. This type of separation 
provides a route to uncontaminated phosphatidyl  
lipids; previously these compounds have not been 
separated from the accompanying alkoxy phospha- 
tides. Secondly, the "diglyceride aceta tes"  derived 
from the plasmalogens and alkoxy phosphatides are 
quite suitable for  fractionation on silver ni t ra te  ad- 
sorbents just, as the usual diglyceride acetates. 

There appear  to be no difficulties in the dephos- 
phorylat ion of the acylated alkoxy phosphatides. Both 
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~k(~. 10. TLC of different 
types of diglyceride acetates 
on Kieselgel G. Solveat: pe- 
troleum ether-diethylether 
(4:1). 1: 1,3-diolein ace- 
tate. 2: crude 1,2-diglyc- 
critic-acetate. 3: Enzymic 
hydrolysate of ox-brain GPE 
lipids after acetylation; the 
upper spot is a mixture of 
plasmaloge~ic diglyceride 
acetates and corresponding 
alkoxy analogs, d : enzymic 
hydrolysate of an "iso- 
lated' ~ sample of choline 
plasmalogens and alkoxy de- 
rivatives after aeetylation. 
5: a mixture of 1,3-dipalm- 
itin acetate and 1,2-dipalm- 
itin acetate. 

aeetolysis and enzymic cleavage with subsequent acet- 
ylation can be used to yield glycerolethers containing 
one long-chain acyl- and one aeetyl-group. In  the case 
of plasmalogens, however, the conditions of acetolysis 
lead to some destruction of the vinyl ether linkages 
and the enzymic conversion method must be used for 
samples containing plasmalogen. 

The conditions described above must be modified in 
analyzing ethanolamine phosphatides since the enzyme 
of C1. welchii does not at tack these lipids in pure 
form (18). Bacillus cereus is known to contain an 
enzyme which will attack e~en negatively changed 
phosphatide classes (19), but  in this investigation 
advantage was taken of the fact even the enzyme of 
Cl. welchii will catalyze the hydrolysis of phosphatidyl  
ethanolamine in the presence of lecithin (20). There- 
fore in the enzymatic hydrolysis of glyeerylphos- 
phorylethanolamine lipids, phosphatidyl  choline was 
added to the mixture. As expected the glycerylphos- 
phorylethanolamine lipids were readily attacked in the 
mixture  although they remained quite intact  if  lecithin 
was not  added. The hydrolysate contained ordinary 
diglycerides formed both from the ]eeithins and the 
phosphatidyl  ethanolamines but  the "plasmalogenic 
diglyeer ides"  and the alkoxy analogs originated from 
the glycerylphosphorylethanolamine-preparation only, 
since the added lecithin sample was a synthetic speci- 
men of pure diaeyl form. Subsequent acetylation of 
the crude lipids of the enzymic hydrolysate,  and isola- 
tion of the "plasmalogenic diglyceride ace ta te"  frac- 
tion therefore solved the problem quite satisfactorily. 

The experimental details were as follows: A repre- 
sentative sample of highly purified ox-brain glyceryl- 
phosphorylethanolamine-lipids (14.3 mg P)  was sus- 
pended in 130 ml water and 70 ml buffered enzyme 
solution, pH 7.3, containing 25 mg phospholipase C, 6 
mmoles CaCle and 30 mmoles tris (hydroxymethyl)  
aminomethane were added;  100 ml of diethyl ether 
were finally added and continuous st irr ing was ap- 
plied. The reaction was followed by TLC in two sys- 
tems; The first was suitable for  the detection of 
diglycerides, and the second was devised for  the Orig- 
inal glycerylphosphorylethanolamine-l ipids.  A f t e r  
20 hours '  reaction time no reaction had occurred. 
Then 25 mg fresh enzyme and 300 mg DL-dipalmitoyl- 
lecithin (Fluka  AG., Switzerland) were added and the 
st irr ing continued: After  two hours "plasmalogenic 
diglycerides" as well as unsaturated and saturated 
diglycerides could be observed on TLC plates. Af ter  
additional 20 hours '  s t i rr ing the reaction nfixture was 
thoroughly extracted with ether, and the crude prod- 
uct  (530 mg total  weight, 5.42 mg P)  was chromato- 
graphed on a column packed with 70 g of Mallinc- 
krodts '  silicic acid. The f r a c t i o n s  e l a t e d  wi th  



304 T I l E  J O U R N A L  OF T H E  A M E R I C A N  O I L  C I c I E M I S T S '  S O C I E T Y  VoL. 42 

chloroform were free of phosphorus and contained 
only the diglyeerides and the corresponding plas- 
malogenic and alkoxy analogs. A preparation was 
pooled from these fractions which contained all the 
"plasmalogenic diglyeerides" and the "alkoxy diglye- 
erides" together with considerable amounts of ordi- 
nary diglyeerides. Some fractionation between the 
different "diglycer ide" subtypes had occurred on the 
column so that the pooled sample did not contain all 
the ordinary diglycerides present. A part of this 
pooled preparation was aeetylated and a sample (41.5 
rag) of the crude acetates was fractionated on 13 
Kieselgel G plates (200 x 200 × 0.25 ram) with petro- 
leum ether-diethylether (4:1) as solvent. (Larger 
loads have been used subsequently; for instance a 
sample of 154 mg has been separated successfully on 
six plates of 1 mm thickness.) The plates were sprayed 
with Rhodamine 6G and the two principal zones were 
scraped off and extracted by elution with chloroform- 
methanol (1:1) and pure chloroform in chroma- 
tographic eolmnns. The zone containing the "plas- 
nlalogenic diglyceride acetates" and the a lkoxy 
analogs gave 17.0 nlg lipids, whereas the yield of the 
ordinary diglyeeride acetates was 24.7 rag. After 
elimination of the dye, both preparations were pure 
according to analytical TLC plates (Fig. 11). 

The addition of sphingomyelin was also used 
to increase the rate of hydrolysis of glyeerylphos- 
phorylethanolamine lipids by the Cl. welchii system. 
Since sphingomyelin did not contribute any diglyc- 
erides to the hydrolysate a complete analysis of the 
glyceryIphosphorylethanolamine ]ipids was possible. 
An example of this type of experiment included the 
following: 312 mg ox brain glycerylphosphoryletha- 
nolamine lipids (22.66 mg P were mixed with 876 mg 
human serum sphingomyclins (28.64 mg P) and 
treated with phospholipase C from C1. welchii as de- 
scribed above. After 23 hr when TLC analysis showed 
that the reaction was complete, the mixture was ex- 
tracted and the crude lipids (945 rag) were chroma- 
tographed on a column containing 70 g of silicie acid. 
Elution with chloroform gave 124 mg pure "plasma- 
logenic" and alkoxy diglycerides, 120 mg of ahnost 
pure ordinary diglycerides, and chloroform-methanol 
(9:1) yielded 651 mg pure ceramides. The separation 
of the middle fraction was then conlp!eted by prepara- 
tive TLC of the acetates. 

The "plasmalogenic diglyeeride acetates" were thus 
obtained together with the "alkoxy diglyeeride ace- 
tates" from the two experiments. A sanip]e (154 mg) 
of this mixture was separated on six silver nitrate- 
silieageI G plates (200 × 200 × I ram) with benzene- 
chloroform (9:1) as solvent. Four principal zones 

Fro .  11. T L C  of  d i f f e r e n t  
t y p e s  of d i g l y e e r i d e  a c e t a t e s  
on K i e s e l g e l  G ;  So lven t  : Pe -  
t r o l e u m  e t h e r - d i e t h y l e t h e r  
( 4 : 1 ) .  1 :  P l a s m a l o g e n i c  di-  
g l y c e r i d e  a c e t a t e s  ( t o g e t h e r  
w i t h  a l k o x y  a n a l o g s )  a f t e r  
u r ep .  T L C .  2 :  M i x t u r e s  of  1 

[ 3 b e f o r e  p r e p .  T L C .  3 :  
i n a r y  d i g l y e e r i d e  a c e t a t e s  
?r p r e p .  T L C .  

were again obtained, and although we have not yet 
carried out any GLC-analyses we believe that these 
represent saturates (4.5 mg after separation of the 
dye), monoenes (25 rag), dienes (33 mg) and polyenes 
(74 rag). 

Analysis of Sphingomyelins 
The great potential value of the fractionation of 

complex lipids in nonpolar form is demonstrated also 
by sphingomyelins: For instance, the sphingomyelins 
of human serum are known to contain several "sphin- 
gosine bases" (21) and many different fat ty acids 
(22) but nothing is known about the actual acid-base 
combinations in this or other sphingomyelin samples. 
However, when the sphingomyelins were dephos- 
phorylated with phospholipase C and the resulting 
"ceramides" acetylated, preparations of "ceramide 
diaeetates" were obtained which could be separated 
into several subfractions in preliminary experiments 
with TLC. 

A sample (146 #moles) of ceramide diaeetates de- 
rived from serum sphingonlyelins was applied to 22 
silver nitrate Kieselgel C plates (200 × 200 × 0.25 
ram) and ehromatographed with chloroform-methanol 
(98:2). This gave two strong lipid zones besides a 
few, more faint and slower moving zones. All these 
materials were recovered, separated from the dye on 
small columns and analyzed. TLC showed that the 
different zones probably all were ceramide diacetates. 
GLC of the methyl esters proved interesting: 0nly 
saturated acids (C1~-C24) were present in the first 
zone (73 ~moles) whereas "nervonic"  acid predomi- 
nated in the second zone (28 ~moles). The slower 
moving materials (18 ~moles) in turn showed both the 
saturated as well the monoenoic acids. This probably 
means that the slow material contained a more un- 
saturated base than the principal components. This 
experiment shows just one more example of the versa- 
tility which makes the dephostthorylation method dif- 
ferent from other procedures of phospholipid sub- 
fraetionation (23-27). 
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