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Molecular Species of Glycerophospholipids and Sphingomyelins 
of Human Plasma: Comparison to Red Blood Cells 
J.J. Myher, A. Kuksis* and S. Pind 
Banting and Best Department of Medical Research and Department of Biochemistry, University of Toronto, Toronto, Canada M5G IL6 

In addition to diacyl glycerophosphocholine and sphingo- 
myelin, human plasma also contains small amounts of 
other glycerophospholipids, which may have special 
metabolic function. The structure and origin of these 
minor plasma lipids has not been determined. Knowledge 
of the detailed composition of the phospholipids of red 
blood cells (Myher et al., Lipids 24, 1989) permits evalua- 
tion of one of the possible sources. This study reports the 
detailed analyses of plasma glycerophospholipids made 
in parallel to those of the erythrocyte lipids obtained from 
the same blood using HPLC and GLC methods. The pro- 
portions of the major phospholipid classes in the plasma 
and erythrocytes were similar to published values, in- 
cluding the essential absence of diradyl glycerophos- 
phoserine from plasma. Plasma diradyl glycerophospho- 
choline contained 93.0% diacyl, 3.4% alkylkacyl and 3.6% 
alkenylacyl, whereas the diradyl glycerophosphoethanol- 
amine consisted of 71.8% alkenylacyl, 19.9% diacyl and 
8.3% alkylacyl subclasses. The diradyl glycerophospho- 
inositol was 100% diacyl. The content of the minor 
subclasses of plasma diradyl glycerophosphocholine is 
similar to that of the red cells, but the ether content of 
the diradyl glycerophosphoethanolamine is higher in 
plasma than in cells. The lipid ether subclasses of plasma 
glycerophospholipids also contained a higher proportion 
of the C20, C22 and C24 alkyl and alkenyl chains than 
those of the cells. Furthermore, the C16 and Cls-contain- 
ing species in diradyl glycerophosphoethanolamine sub- 
classes varied with the nature of the polyunsaturated 
acid, whereas in diradyl glycerophosphocholine sub- 
classes the polyunsaturated acids were combined with the 
C16 and Cls acids in equal proportions. The significant 
differences in the molecular species of glycerophospho- 
lipids and sphingomyelin between plasma and red cells 
would appear to limit any direct transfer or equilibration 
of their lipid components. 
Lipids 24, 408-418 (1989). 

The phospholipid class composition of plasma lipopro- 
teins is unusual. It differs from that of the red blood cell 
membranes and from the plasma membranes of the cells 
lining the vascular bed. Thus, although diradyl glycero- 
phosphocholine (GPC) and sphingomyelin {SPH} comprise 
the bulk and the diradyl glycerophosphoethanolamine 
(GPE) and glycerophosphoinositol {GPI) constitute minor 
components, the red cell membrane contains the diradyl 
GPC, GPE, glycerophosphoserine (GPS) and SPH as 
major and GPI as minor components (1}. The glycerophos- 
pholipids (GPL) from both sources contain a wide vari- 
ety of fatty chains, attached by ester or ether linkages, 
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Abbreviations: GPC, glycerophosphocholine; GPE, glycerophospho- 
ethanolamine; GPI, glycerophosphoinositol; GPL, glycerophosph~ 
lipids; GPS, glycerophosphoserine; SPH, sphingomyelin; PC ~ and 
PE ~ diacyl GPC and GPE; PC' and PE', alkylacyl GPC and GPE; 
PC" and PE ~ alkenylacyl GPC and GPE. 

with chain lengths of 16-22 carbons and up to 6 double 
bonds, whereas SPH is made up of a separate pool of fatty 
acids and nitrogenous bases joined by amide linkages. 
This results in several hundreds of chemically distinct 
species of phospholipids. We have recently determined 
the detailed molecular species composition of the red 
blood cells of man {2). The present study extends this 
work to the plasma GPL and SPH and, along with the 
accompanying study (2}, constitutes the first comprehen- 
sive assessment of the composition of GPL species of 
plasma and erythrocytes from the same blood. A pre- 
liminary account on the comparative composition of 
plasma and red cell GPL has appeared (3). A summary 
of the SPH data has been published previously (4). 

MATERIALS AND METHODS 

Blood plasma. The plasma for the diradyl GPL analyses 
was obtained from the same sample of blood as the 
erythrocytes analyzed in the accompanying paper (2). 
This subject also provided plasma SPH, which, however, 
was analyzed only for fatty acid composition and the car- 
bon number distribution of the ceramide moieties. The 
molecular species analyses of the sphingomyelins had 
been performed on 4 other samples of plasma from 3 nor- 
molipemic subjects in the fasting state (VLDL, LDL and 
HDL 3) and one normolipemic subject in the postprandial 
state (chylomicrons and VLDL), who had shown fatty 
acid and ceramide compositions of VLDL and LDL 
similar to those obtained for plasma total SPH from the 
subject supplying the diradyl GPL. Plasma and cells were 
separated by centrifugation and cells were washed to 
remove the buffy coat. Some of the plasma samples were 
resolved into the major lipoprotein classes by ultracen- 
trifugation as described elsewhere {5). 

Lipid analyses. The methods of lipid extraction and 
chromatographic analyses of molecular species were as 
previously described in detail (2). Plasma and lipoprotein 
total lipid profiles were determined by capillary GLC as 
reported (6). 

RESULTS 

Total lipid composition. The phospholipid class composi- 
tion of whole plasma was of the order reported previous- 
ly on basis of TLC separation and phosphorus analyses 
(7) or GLC analyses of the component fatty acids {8), with 
67.0% diradyl GPC, 17.7% SPH, 2.5% diradyl GPE and 
2.1% diradyl GPI. Figure 1 shows the separation of 
alkenylacyl, alkylacyl and diacyl subclasses of the diradyl- 
glycerol moieties of the plasma ethanolamine GPL. A 
similar separation of the diradylglycerol moieties of 
plasma choline GPL gave much smaller but  readily 
detectable fractions for the ether-linked species. These 
separations were performed with the TMS ethers of the 
diradylglycerols. Based on GLC quantitation the diradyl 
GPC contained 93.0% diacyl, 3.4% alkylacyl and 3.6% 
alkenylacyl, whereas the diradyl GPE contained 71.8% 
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alkenylacyl, 19.9% diacyl and 8.3% alkylacylglycerol 
subclasses. The diradyl GPI was 100% diacyl. Although 
the ether-linked GPL content was not measured in the 
individual lipoprotein classes, it has been observed that 
each lipoprotein contained at least some of this lipid class 
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FIG. 1. Normal-phase HPLC separation of alkenylacyl, alkylacyl 
and diacylglycerol moieties of human plasma diradyl GPE. Peak 
identification as given in figure. HPLC conditions: column, Supelcosil 
LC-Si (5/~), 250 cm X 4.6 m m  i.d.; solvent, hexane-isopropano199.7:0.3 
(v/v), 1 ml/min;  temperature,  30~ isothermal .  Sample:  
diradylglycerol TMS ethers. 

(9). The overall fat ty acid composition of the various 
plasma phospholipid classes was similar to those reported 
in the literature (7,8,10). The detailed fatty acid composi- 
tion of the various diradylglycerol fractions derived from 
them is discussed below under molecular species. 

Analyses of molecular species. Figure 2 shows the car- 
bon number resolution of the diacyl, alkylacyl and 
alkenylacyl subclasses of the diradyl GPC. The corre- 
sponding quantitative values are given in Table 1. It is 
seen that the subclasses differ significantly in the relative 
proportions of the chain lengths, with the alkylacyl- 
glycerol species possessing a much greater proportion of 
the longer chain lengths. Of particular interest here is the 
presence of appreciable amounts of C2o, C~2 and C24 alkyl 
chains. A comparable increase in chain length was not 
seen for the alkenylacyl GPC. There were also chain 
length differences among the diradyl GPE, as well as 
among the diacyl GPC, GPE and GPI, as shown in 
Table 1. These data were used for reconstitution of the 
quantitative composition of the molecular species of the 
diradylgiycerols derived from polar capillary GLC (see 
following discussion). 

Figure 3 shows the polar capillary GLC profile of the 
diacylglycerol moieties of ethanolamine GPL, whereas 
Figure 4 shows the polar capillary GLC profile of the di- 
acylgiycerol moieties of diacyl GPI. The quantitative 
composition of the molecular species of the diacyl GPC, 
GPE and GPI is given in Table 2. The corresponding fatty 
acid compositions are given in Table 3. It is seen that the 
diacylgiycerol moieties of the three GPL classes differ 
greatly from each other and from the alkylacyl and 
alkenylacylglycerol moieties of diradyl GPC and GPE. 
Thus, combinations of 16:0 with 18:1 and 18:2 form 
the most abundant species of diacyl GPC, whereas 
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FIG. 2. Carbon number resolution of diacyl (PC~ alkylacyi (PC') and alkenylacylglycerol (PC") moieties of human plasma diradyl GPC. 
Peak identification as given in figure. GLC conditions: column 8 m X 0.32 mm fused silica capillary coated with cross-linked 5% phenylmethyl 
silicone (HP-5), 0.17 p fi lm thickness; carrier gas H2, 6 psi; instrument and other operating conditions as previously described (2). Sample: 
1 ~1 of 0.1% diradylglycerol TMS ethers in hexane. 
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TABLE 1 

Carbon Number Distribution of Diacyl, Alkylacyl  and Alkenylacyl  Subclasses  
in Choline and Ethanolamine Phosphatides of Human Plasma 

PC 
Carbon 
number Diacyl Alkylacyl Alkenylacyl Diacyl 

PE 

Alkylacyl Alkenylacyl 

PI 

Diacyl 

Mole % 

30 0.2 0.3 0.2 - -  
31 0.2 0.1 -- 
32 1.6 3.8 3.6 0.6 
33 0.5 0.4 0.5 0.2 
34 42.4 13.5 24.3 11.1 
35 0.7 -- 2.5 0.4 
36:4 7.7 13.9 21.3 7.5 
36 30.4 11.3 17.1 27.4 
37 . . . .  
38 14.4 31.6 22.0 43.2 
40 2.3 12.1 5.5 9.7 
4 2  - -  6 . 3  1 .5  - -  

4 4  - -  5.2 i . i  - -  

4 6  - -  1 .4  0 . 2  - -  

i 

0.3 0.2 0.5 
0.3 0.1 -- 
6.2 4.9 8.2 
1.3 0.8 0.3 

12.5 11.1 4.0 
10.4 14.6 21.5 

--  1.2 1.6 
42.1 46.3 59.6 
23.3 18.1 3.9 
2.9 2.0 --  
0.7 0.7 
--  0.1 

CE 
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150 t60 ~ ~8~ ~S2 
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10 16r 180 180:20:3,,6 
~0a ~50 ~82 35 1610 224v~ 
11 160 18:IW9 36 18:Iw9 20:4 
12 1610 18:1w7 37 18~w7 3O:4 
13 ~610 16:2 38 1810 20:5.3 
14 170 181 39 ~60 22:5w3 
18 17'0 182 160 22:6w3 
19 1810 18~ 40 182 ~PO:4~ 

180 181w9 18'0 22:4w6 41 
180 18:1w7 42 1810 ~:sw~ 

22~ 18:1 18 :1~  43 18:1 22:4vr 
181 18:1w7 44 18:0 22:5 
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FIG. 3. Polar capillary GLC profile of the diaeylglycerol moieties of human plasma diacyl GPE. Peak iden- 
tification as given in figure. GLC conditions: column, 15 m X 0.32 mm fused silica capillary coated with 
cross-bonded RTx 2330; carrier gas, H2, 3 psi; temperature, 250~ isothermal; instrument and other operating 
conditions as given 12). Split  ratio 7:1. Sample: 1 ~1 of 0.1% diacylglycerol TMS ethers in hexane. 

combinat ions  of 18:0 with 18:2 and/or 20:4 are favored 
in diacyl G P E  and GPI .  

Figures  5 and 6 show the elution pa t t e rns  obtained on 
polar capillary GLC for the TMS ethers of the alkylacyl- 
glycerols derived f rom p lasma  choline and ethanolamine 
GPL, respectively. The corresponding quanti ta t ive values 
are given in Table 4. There are marked differences in both  
qualitative and quanti tat ive composition, which indicates 
tha t  the alkylacylglycerols represent  different subcellular 
pools of b iosynthet ic  precursors.  Al though bo th  choline 
and ethanolamine G P L  contain nearly identical propor- 
t ions of 16:0' 20:4 and 18:0' 20:4 species, the alkylacyl 
GPC contain much more of the sa turated,  monoenoic 
and 18:1' 20:4 and 16:0' 22:4, and less of other  poly- 
unsa tu ra t ed  species than  alkylacyl  GPE.  Figures  7 

and 8 show the separat ion obtained for the alkylglycerol 
moieties of the alkylacyl  GPC on the nonpolar  and polar  
capil lary columns, respectively.  F rom Figure 7, it is seen 
tha t  the major  carbon numbers  range  f rom 16 to 24 and 
tha t  all, except 16, show partial  split t ing due to a slightly 
earlier elution of the corresponding mono~ and diun- 
sa tu ra ted  species. F rom Figure 8, it is seen tha t  the satu- 
rated, monounsa tura ted  and diunsatura ted  alkylglycerol 
chains are resolved. I t  can now be appreciated tha t  the 
18:1' peak  contains a significant proport ion of the trans 
isomer, which is eluted earlier, and the co7 cis isomer, 
which is eluted later, than  the 18:1 r cis isomer. The 
ident i ty  of the p lasma  alkylglycerol diacetates  on the 
polar column was confirmed by  GLC analysis  of the 
alkylglycerol fract ions resolved by  argentat ion TLC. The 
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FIG. 4. Polar capillary GLC profile of the diacylglyceroi moieties of human plasma diacyl GPI. Peak iden- 
tification as given in figure. GLC conditions as given in Figure 3, Sample: 1 ~1 of 0.1% diacylglycerol TMS 
ethers in hexane. 

TABLE 2 

Molecular Species of Diacyl Glycerophospholipids of Human Plasma 

GLC 
peak 

Phospholipid classes Phospholipid classes 
GLC 

Molecular species PC PE PI peak Molecular species PC PE PI 

Mole % Mole % 

1 14:0-16:0 0.2 30 17:0-20:4 0.2 0.3 0.5 
4 16:0-16:0 0.8 0.3 0.2 33 18:0-20:4w6 ~ 6.7 22.7 ~50.0 
5 16:0-16:1 0.7 0.3 0.4 18:0-20:3r f ! 
8 16:0-17:0 0.2 -- -- 16:0-22:4w6 0.9 2.7 

10 16:0-18:0 0.2 0,2 0.1 35A 18:1-20:3 + 18:1t-20:4 ~ 3.9 
11 16:0-18:1~o9 9.3 2.8 3.4 36 18:1co9-20:4 1.3 5.5 1.6 
12 16:0-18:1w7 2.1 0.7 0.8 37 18:1co7-20:4 0.2 0.7 
13 16:0-18:2 29.4 7.7 4.0 38 18:0-20:5r 0.3 1.2 

18 17:0-18:2 0.3 0.3 16:0-22:6w3 f / J 
19 18:0-18:0 0.5 0.3 0.2 40 18:2-20:4 0.5 1,1 
20 18:0-18:1r 2.1 2.6 5.0 41 18:0-22:4r 0.4 1.1 0.8 
21 18:0-18:1co7 0.6 0.3 0.5 42 18:0-22:5r -- -- -- 
22 18:1oJ9-18:1o~9 1.3 1.9 2.5 43 18:1-22:4w6 0.4 -- -- 
23 18:1-18:1w7 -- -- -- 44 18:0-22:5 [1.5 ~4.5 ~2.8 
24 18:0-18:2 15.4 13.8 11.6 18:0-22:6 / 1 /  
25 16:0-20:4 7.7 7.5 4,0 46 18:2-22:4 -- -- 

18:1w9-t8:2 18:1-22:6 
26 18:1co7-18:2 1.0 0.5 -- Other 2.9 4.8 3.5 
29 18:2-18:2 }1.9 }0.7 - -  

16:0-20:5 0.2 % PL class 93.0 19.9 100 

peaks ident if ied as t rans  i somers  migra ted  well above the 
Iong and  shor t  cha in  c i s - m o n o e n e s  on the  si lver  n i t r a t e  
plates ,  Thus ,  the  GLC and  a r g e n t a t i o n  TLC behav io r  of 
these  c o m p o u n d s  is c o n s i s t e n t  wi th  the  k n o w n  chroma-  
tographic  propert ies of the corresponding t rans  acids (11). 
The  GLC re t en t ion  of alkylglycerol  es ters  was cons i s t en t  

with their  known chromatographic  propert ies  (12) and  the 
e lu t ion  of reference s t anda rds .  The co r r e spond ing  quan-  
t i t a t i v e  compos i t ion  of the  a lkylglycerol  a nd  the  f a t t y  
acid m e t h y l  es ters  is g iven  in Tab le  5. 

F igures  9 and  10 give the  polar  capi l lary  GLC e lu t ion  
p a t t e r n s  recorded for the a lkenylacylglycerol  moiet ies  of 
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T A B L E  3 

Fat ty  Acid Composition of Diacyl  GPC, GPE and GPI From Human Plasma 

Fatty  Diacylglycerophospholipids Fatty  

acids Choline Ethano|amine Inositol acids 

Diacylglycerophospholipids 

Choline Ethanolamine Inositol 

Mole % Mole % 
14:0 0.3 0.4 0.9 18:3w3 0.1 --  - -  
15:0 0.3 0.2 0.3 20:1co9 0.4 0.2 --  
16:0 28.8 14.4 7,7 20:2r 0.3 0.3 0.6 
16:1co9 0,4 ) 0.4 0.3 20:3w6 2.6 1.4 3.3 
16:1~o7 0.5 0.5 20:4w6 7.6 18.6 28.0 
17:0 0.2 0.3 0.6 20:5r 0.4 0.3 0.1 
18:0 12.9 21.1 37.3 22:4co6 0.2 0.3 
18: l t  0.7 1.2 2.3 22:5w6 0.3 0.2 
18:1~o9 11.2 8.7 7.9 22:5w3 0.7 2.0 0.8 
18:1r 2.3 1.5 - -  22:6~3 2.5 6.9 1.1 
18:2co6 27.3 20.0 7.8 

55 66 65 76 
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FIG, 5. Polar capillary GLC profile of  the vJkylacylglycero! moieties of  human plasma diradyl GPC. Peak 
identification as given in figure. GLC conditions as given in Figure 3. Sample: 1 ~1 of 0.1% diradylglycero] 
TMS ethers in hexane. 
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FIG. 6. Polar capillary GLC profile of the aikylacylglycerol  moieties of human plasma diradyl GPE. Peak 
identification as given in figure. GLC conditions as given in Figure 3. Sample: 1 /d  of 0.1% diradylglycerol 
TMS ethers in hexane. 
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TABLE 4 

Molecular Species of Alkylacyl Glycerophospholipids of Human Plasma 

Phospholipid 
GLC classes 

peak Molecular species PC' PE' 

Phospholipid 
classes 

GLC 
peak Molecular species PC' PE' 

Mole % 

50 30:0 0.3 
51 31:0 0.2 
52 16:0-16:0 3.0 
53 16:0-16:1 1.0 
54 16:0-18:0 0.6 0.5 
55 16:0-18:1 6.5 3.8 
56 16:0-18:2 5.7 2.9 
57-60 0.7 0.4 
61 18:0-18:0 0.2 0.2 
62 18:0-18:1 0.9 1.5 
63 18:1-18:1 1.5 1.9 
64 18:0-18:2 3.1 2.5 
65 16:0-20:4 13.9 11.7 
66 5.9 2.5 
69 16:0-20:5+ 0.9 1.6 
70 17:0-20:4 0.6 0.5 
72 38 (0,1) 0.3 0.1 
73 38 (1,1) 0.4 

Mole % 

74 18:0-20:4+ 9.1 11,1 
75 16:0-22:4 [17.9 3.2 
76 18:1-20:4 J 8.2 
77 O.9 2,0 
78 16:0-22:5 + 16:0-22:6 3.3 16,3 
79-83 0.4 3,7 
84 17:0-22:5 + 17:0-22:6+ 0.2 1.0 
85 1.6 0.7 
86 18:0-22:4 1.9 1.9 
87 1.9 
88 18:1~9-22:4 + 18:1r 1.2 1.2 
89 18:0-22:5 + 18:0-22:6 2.0 8.7 
90 18:1-22:5 + 18:1-22:6 2.3 7.0 
91-98 42 6.3 2.9 
99-102 44 4.9 0.7 
Other 0.8 0.9 

% PL class 3.4 8.3 
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FIG. 7. Nonpolar capillary GLC resolution of alkylglycerol moieties 
of alkylacyl GPC of human plasma. Peak identification as given in 
figure. Column and carrier gas as given in Figure 2. Sample: 1/A 
of 0.1% alkylglycerol diacetates in hexane. 

p l a s m a  d i rady l  GPC and  G P E .  The  co r r e spond ing  quan-  
t i t a t i v e  va lues  are g iven  in  Tab le  6. There  are s ign i f i can t  
differences be tween  the  two l ipids in  the  compos i t i on  of 
the  a lkeny lacy l  species i n d i c a t i n g  the  ex is tence  of sepa- 
r a t e  pools of p recursors  or i n d e p e n d e n t  t r a n s f o r m a t i o n  
mechan i sms .  The  a lkeny lacy l  GPC is m u c h  r icher  in  
species in  which a 16:0" a lkenylglycerol  is combined  wi th  
sa turated,  monoeneoic, dienoic and  tetraenoic fa t ty  acids, 
whereas  a lkenylacyl  G P E  is m u c h  r icher  in  18:0" alkenyl-  
glycerol combined  wi th  dienoic, t e t raenoic  and  hexaenoic  
f a t t y  acids. The above ident i t i es  of the  molecular  species 
of the  alkenylacylglycerol  moieties of the diradyl  GPC a nd  

TABLE 5 

Quantitative Composition of Alkylglycerols and Fatty Acids 
of Alkylacyl Glycerophosphocholiue From Human Plasma 

PC' 
Fatty 
chains Alkylglycerols Fatty acids 

Mole % 

14:0 0.16 0.22 
15:0 0.43 0.1 
16:0 33.14 8.39 
16:1r I 0.89 0.32 
16:1o~7 ~ 0.39 
17:0 1.0 
18:0 16.54 1.8 
18:lt 3.59 0.2 
18:1co9 ~ 21.37 6.6 
18:1co7 J 2.10 0.6 
18:2 0.41 14.5 
20:0 2.48 
20:1 3.0 
20:2co6 1.8 0.29 
20:3r 4.14 
20:4r 42.14 
20:5~3 1.01 
22:0 1.53 
22:1 3.0 
22:2 1.5 
22:4o~6 3.2 
22:5r 1.2 
22:5o~3 2.8 
22:6~o3 6.4 
24:0 0.6 
24:1 3.3 
24:2 2.3 
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Human 
Plasma PC" [AGAc) 

1~0 11 I~1 2 ( ~  22~1 24:1 20= ~ 22=2 ~ 24=2 

Time 

FIG. 8. Polar capillary GLC resolution of alkylglycerol moieties of alkylacyl GPC. Peak identification as 
given in figure. Column and carrier gas as in Figure 3. Temperature programmed from 100 (0.5 min) to 180~ 
at 20~ then to 240~ at 5~ Instrument and other GLC conditions as given (2), 24:2 eluted in 
17.5 rain. Sample: I pl of 0.1% alkylglycerol diacetates in hexane. 

c o 

Human 
Plasma PC" 
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115 ~ 7~r" 20:4 
116 160" 20:S*tTO~r" 20:4 
117 17O. 20:4 
122 180" 20:4 
~23 16:0" 22:4 
~24 18:1w~ 2O:4 
12'5 18:1w7" 20:4 
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138 18:1" 22:4 
140 189" (~25.22~6) 
~41 18:1w9" (~:5,22 ~} 
142 18:1wT (22:5,22~} 
149 20:0" (E25.22:6) 
150 20:1" I~5,22:6) 
152 44 
153 44 

Time 

]52 153 

FIG. 9. Polar capillary GLC profile of the alkenylacylglycerol moieties of human plasma diradyl GPC. Peak 
identification as given in figure. GLC conditions as given in Figure 3. Sample: 1 ~I of 0.1% diradylglycerol 
TMS ethers in hexane. 

GPE are supported by the composition of the alkenyl 
chains, determined independently by polar capillary GLC 
of the dimethylacetals, and the fatty acid methyl esters 
derived from the corresponding alkenylacylglycerol frac- 
tions, shown in Table 7. 

Table 8 gives the molecular species composition of the 
ceramide moieties of the SPH of VLDL, LDL, HDL 3 
and chylomicrons. The SPH from the fasting plasma 
samples had been obtained from 3 normolipemic subjects 
other than the one who supplied the plasma diradyl GPL. 
The SPH from the postprandial plasma was obtained 
from another normolipemic subject 2 hr after ingesting 
a fatty meal. Because the plasma total SPH of the pres- 
ent subject had fatty acid and ceramide composition 
closely similar to that of the VLDL and LDL of the 
previously analyzed subjects {data not shown}, it was 
assumed that the molecular species would be similar to 
those already determined, but not previously reported. 

As a result the data in Table 8 show minor interlipopro- 
tein and intersubject variation, except for HDL 3. They 
possess closely similar ranges of carbon numbers, but dif- 
fer significantly in the relative proportions of the short 
and long chain lengths. The major components are the 
even carbon number species, especially C34 and C42, but 
odd carbon number components are also present in readily 
detectable amounts. We have previously pointed out the 
differences between HDL and LDL in the chain length 
distribution of the plasma SPH {4,9}, but the present 
report gives the first full documentation of the composi- 
tion of the major and minor species including VLDL and 
chylomicrons. 

D I S C U S S I O N  

The present study provides the first detailed description 
of the molecular species of the different classes of GPL 
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TABLE 6 

Molecular Species of Alkenylacyl Glycerophospholipids of Human Plasma 

GLC Phospholipid classes GLC 

peak Molecular species PC" PE" peak Molecular species 

Phospholipid classes 

PC" PE" 

Mole % 

101 16:0-16:0 3.3 126 
102 0.8 127 
103 16:0-18:0 0.2 0.1 128 
104 16:0-18:1 5.7 1.6 129-135 
105 16:0-18:2 19.4 3.3 136 
107-109 2.1 0.7 138 
110 18:0-18:1 1.1 1.9 139 
111 18:1-18:1 1.2 1.3 140 
112 18:0-18:2 4.6 6.7 141 
113 16:0-20:4+ 21.3 11.1 142 

18:1-18:2 + 16:0-20:3 6.0 3.2 143-148 
115 17:0br-20:4 0.8 0.2 149 
116 16:0-20:5 + 17:0br-20:4 2.1 1.1 150 
117 17:0-20:4 1.0 0.7 152-153 
118-121 1.2 0.6 
122 18:0-20:4 6.7 21.8 Other 
123 16:0-22:4 3.0 
124 18:1r 3.8 / 13.5 
125 18:1o~7-20:4 1.9 % PL class 

18:0-20:5 
16:0-22:5 + 16:0-22:6 
18:1 20:5 + 18:2-20:4 

18:0-22:4 
18:1-22:4 

18:0-22:5 + 18:0-22:6 
18:1~9-22:5 + 18:1a~9-22:6 
18:1w7-22:5 + 18:1r 

20:0-22:5 + 20:0-22:6 
20:1-22:5 + 20:1-22:6 
44 
46 

Mole % 

0.7 2.0 
4.8 7.9 
O.2 O.6 
1.5 4.1 
0.4 0.8 
0.3 0.7 
0.2 0.3 
1.5 6.6 
1.0 3.3 
0.3 0.8 
0.9 1.2 
O.2 O.6 

0.3 
1.1 0.7 

0.1 
0.7 2.2 

3.6 71.8 

br, branched 

105 112 113 122 124 

1 I H . . . .  

Plasrna PE" 
127 

111 115 / 
716 126 

i 117 

]/ " 1,1 ~29 1 '38 142 

[ ' /  / '30 1 ,139 / 145L4~147148 149 150 

101 leg" 16g 
103 1G~ IO:O 
104 16~' 18:1 
105 16~' 182 
110 16:0" 18:1 
t i t  IS:t" fS:t 
112 18~" 10:2 

116 16~ 20~17:g/~" 20:4 
117 17:0" 20~1 
122 18:0" 20:4 
123 16g" 22:4 
124 18:1wg" L~:4 
IL~ 18:1w7" ~:4 
1~ 18:0' 205 
127 16:0" (22:5,22:1~ 
128 111:1" 20:~+18:2" ~g:4 
136 18g" 22:4 
138 18:1" 22:4 
140 I$~" (22~.2216) 
142 16:1W7" (~:5,22~) 
149 20:0" (~,22:6) 
150 ~:1" 122:5,22~) 
152 

152 

Time 

FIG. I0. Polar capillary GLC profile of the alkenylacylglycerol moieties of human plasma diradyl GPE. Peak 
identification as given figure. GLC conditions as given in Figure 3. Sample: 1 ~I of 0.1% diradylgiycerol TMS 
ethers in hexane. 

from human plasma isolated from the same subject and 
of the molecular species of SPH isolated from different 
lipoprotein classes. Previously only the major diacyl GPC 
species had been identified (13,14) in pooled or mismat- 
ched samples, whereas the analyses of plasma diradyl 
GPE (15) and GPI  (10) had been confined to the estima- 
tion of the total lipid amount  and fa t ty  acid composition. 
The presence of ether-linked phospholipids, especially the 
high proportion of the alkenylacyl GPE, has not been ap- 
preciated. The characteristic composition of the molecular 
species of the diacyl GPI ,  however, could have been 

approximately predicted from the fa t ty  acid composition 
(10). The presence of phospholipids having trans-mono- 
enoic alkyl and alkenyl chain in both plasma and 
erythrocytes  presumably arises from dietary trans-fatty 
acid precursors. The metabolic consequences of such 
substitution, if any, are unknown. We had previously 
reported (9) the ceramide carbon numbers of the VLDL, 
LDL and HDL fractions, but  molecular species had been 
given for only 4 of the total of 12 carbon numbers. In 
another s tudy (4) the ceramide carbon numbers of VLDL, 
LDL and HDL were determined for subjects on saturated 
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TABLE 7 

Quantitative Composition of Fatty Acids and Dimethylacetals of the Alkenylacyl Glycerophospholipids of Human Plasma 

PC" PE" PC" PE" 

Fa t ty  Fat ty  Fat ty  Fa t ty  Fat ty  Fat ty  
chains acids Dimethylacetals acids Dimethylacetals chains acids Dimethylacetals acids Dimethylacetals 

Mole % Mole % Mole % 

16:0 9.7 66.9 2.3 27 4 20:3o~6 3.7 2.1 

16:1co7 20:5w6 1.0 2.6 
17:0 2.0 1.3 2.1 22:0 
18:0 3.0 15.3 0.7 40.4 22:1w9 
18:lt } } 3,0 22:4~6 2.7 2.3 
18:1r 8.1 10.6 5.9 16.3 22:5w6 1,0 1.1 
18:1~o7 0.7 3.3 0.1 3.7 22:5w3 2.1 4.7 
18:2 29.3 17.8 22:6co3 5.0 16.5 
20:0 tr  2.7 24:0 
20:1G09 1.2 24:1 
20:2r 0.5 0.6 

Mole % 

0.6 
0.6 

0.2 
0.3 

TABLE 8 

Molecular Species of Sphingomyelins of Different Lipoprotein Classes of Human Plasma 

Molecular Lipoprotein classes Molecular Lipoprotein classes 

species Chylos a VLDL a VLDL b LDL b HDL3b species Chylos a VLDL a VLDL b LDL b HDL3 b 

Mole % Mole % 

32:0 0.052 0.043 0.037 0.040 0.070 38:0 0.066 0.072 0.127 0.119 0.071 
d16:1-16:0 1,382 1.279 0.976 1,073 0,170 d16:1-22:0 0.910 1.035 1.186 1.714 2.016 
d16:1-16:1 0.061 0.054 0.018 0,006 --  d16:1-22:1 0.085 0,074 0,126 0,167 0.083 
d17:1-15:0 0.010 0.005 --  0.007 0,029 d17:1-21:0 0.048 0.040 0.100 0.038 0.057 
d18:1-14:0 0.750 0.688 0.501 0,607 1.002 d18:1-20:0 1.862 2.054 1.429 2.209 2.280 
d18:2-14:0 0,155 0.111 0.057 0.062 0,310 d18:1-20:1 0.120 0.084 0,125 0.154 0.133 
33:0 0.089 0,004 0.011 --  0,010 d18:2-20:0 0,879 0,953 0,755 0.792 1.716 
d16:1-17:0 0.082 0.070 0.024 0.009 0.030 d18:2-20:1 0.31 0.128 0.051 0.107 0.144 
d17:1-16:0 1,461 1,387 0.951 0.491 0.404 39:0 0.017 0.014 0,018 0.010 0.070 
d17:1-16:1 0.031 0.027 0.012 0,003 0,015 d16:1-23:0 0.350 0.344 0,512 0.707 0.605 
d18:1-15:0 0,086 0,080 -- 0.034 0,052 d16:1-23:1 0.067 0.013 0,041 0.049 0.125 
d18:2-15:0 0.050 0.030 0.001 --  0.020 d17:1-22:0 0.485 0.384 0.510 0.612 0.622 

d17:1-22:1 0.054 0.050 0,078 0.085 0.095 
34:0 0.678 0,676 1.169 1.052 0,383 d18:1-21:0 0.269 0.229 0.150 0,249 0.239 
d16:1-18:0 1.909 2,018 1,813 1.324 1.540 d18:2-21:0 0.190 0.139 0.090 0.089 0.343 
d16:1-18:1 0.285 0.267 0.190 0.190 0.220 
d17:1-17:0 0.010 0.053 0.058 0.001 0.028 40:0 0.060 0.042 0.16 0.17 0.04 
d18:1-16:0 30.830 29.899 30.453 28,519 17.301 d16:1-24:0 0.169 0.262 0.315 0.723 1.132 
d18:1-16:1 0.394 0.392 0.266 0.305 0,297 d16:1-24:1 1.274 1,314 1.499 1,929 2.628 
d18:2-16:0 4.104 3.784 3.251 2.217 3.330 d17:1-23:0 0.403 0.425 0.239 0.340 0.438 
d18:2-16:1 --  --  d17:1-23:1 0.068 0.098 0,018 0.073 0.047 

d18:1-22:0 5.804 5.062 5.479 8.052 8.835 
35:0 0.173 0.025 --  0.019 0.160 d18:1-22:1 0.115 0.161 0.636 0,655 0,417 
d16:1-19:0 0.246 0.148 --  --  0,100 d18:2-22:0 1.934 1.821 2.363 2.241 4,716 
d17:1-18:0 0,671 0.541 0.729 0.540 0.433 d18:2-22:1 0.472 0.460 0,388 0.620 0,849 
d17:1-18:1 0.118 0.046 0.067 0.031 0.008 
d18:1-17:0 0.940 0.610 0.751 0.828 0.242 41:0 0,014 0.006 --  0.009 --  
d18:2-17:0 0.190 0.160 0.064 0,081 0.201 d17:1-24:0 0.365 0.338 0,440 0.487 0,620 

d17:1-24:1 0.554 0.549 0.694 0.688 0,996 
36:0 0.225 0.267 0.274 0.200 0.171 d17:1-24:2 0.051 0.064 0,053 0.076 0,082 
d16:1-20:0 0.953 1.105 1.168 1.001 0.905 d18:1-23:0 2.130 2.033 2,633 3,020 2,810 
d16:1-20:1 0.121 0.098 0.077 0,109 0.026 d18:1-23:1 0.075 0.219 0.307 0.264 0,384 
d18:1-18:0 5.766 6.229 4.668 4.165 2.975 d18:2-23:0 0.777 0.751 0.893 0.814 1.463 
d18:1-18:1 0,646 0.737 0.690 0.539 0.674 d18:2-23:1 0.227 0.161 0.080 0.142 0.244 
d18:2-18:0 2.502 2.487 1.808 1.326 1.941 
d18:2-18:1 0.338 0,337 0.213 0.159 0.308 42:0 0,042 --  0.015 

d18:1-24:0 5.186 4.817 5,046 6.306 5.233 
37:0 0.032 0.041 0.060 0.026 0.029 d18:1-24:1 12.885 12,907 12.945 12.076 13.420 
37:1 0,776 0.885 0.740 0,670 0.471 d18:1-24:2 0.376 0.551 0.948 0.987 2.043 
37:2 0,202 0,184 d18:2-24:0 2.277 2.130 3,200 1.595 4.588 

d18:2-24:1 3.406 4.076 3.394 3,234 4.799 
d18:2-24:2 0.890 0.648 0,325 0.401 --  

43 nd nd 1,5 1.5 1.8 

aPostprandial plasma of a normolipemic subject other than the one supplying the erythrocyte diradylglycerophospholipids. 
bFast ing plasma from three different normolipemic subjects other than the one supplying the erythrocyte diradylglycerophospholipids. 

nd, Not detectable. 
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and unsa tura ted  fat diets, but  molecular species were 
reported only for LDL. Neither of the previous publica- 
tions gave the composition of the chylomicron SPH. The 
present  s tudy shows tha t  the chylomicrons and VLDL 
possess S P H species, which are closely similar to those 
of LDL and differ from those of HDL by a lower propor- 
tion of the longer chain lengths. 

The present  s tudy also permits  the first systematic  
comparison of the molecular species of GPL and S P H  of 
ery throcytes  and plasma isolated from the same blood. 
The identification and quantitation of the species is based 
on polar capillary GLC resolution performed in parallel 
on purified subclasses and total  diradylglycerol moieties 
of the GPL. The method allowed a resolution of most  
species on the basis of carbon number and degree of un- 
saturation,  as well as of certain positional and geometric 
double bond isomers. The determined composition of the 
molecular species was found to be consistent  with the in- 
dependently measured fa t ty  acid methyl  ester, dimethyl- 
acetal and alkylglycerol composition. 

Although the quali tat ive compositions are similar, 
marked differences are seen among the quant i ta t ive  pro- 
portions of both  major and minor molecular species 
between the corresponding plasma and red cell GPL, ex- 
cluding extensive equilibration. The quant i ta t ive  differ- 
ences are as great  between the choline and ethanolamine 
GPL within plasma or cells, as between the correspond- 
ing GPL of plasma and ceils. However, the similarity in 
the composition of long chain saturated and unsatura ted  
alkyl groups in the alkylacyl GPC from plasma and red 
cells suggests  a common origin. In contras t  to the other 
GPL, the diacyl GPI  of plasma and cells possess closely 
similar quali tat ive and quant i ta t ive  composition of 
molecular species. The serine phosphatide, which was 
detected in measurable amounts  only in the red cells, 
possessed molecular species tha t  differed great ly from 
those of all other  GPL, and were characterized by a high 
proport ion of the polyunsatura ted  long chain length 
species. The use of whole plasma GPL for the comparison 
is justified on the basis of the known similarity of the 
major molecular species of choline GPL  in the different 
lipoprotein classes (16). The use of GPL pooled from the 
inner and outer halves of the red ceil membrane is justified 
on the basis of the known equilibration of the major diacyl 
GPC and GPE species between the inner and outer halves 
of the erythrocyte  membranes (17). Such an equilibration, 
however, does not  appear to exist  for the SPH either be- 
tween the inner and outer  half of the red cell membrane 
(181 or among the different lipoprotein classes (4,19). 

Red ceils could be a potential  source of longer chain 
SPH species in HDL, but  a comparison of species in- 
dicates tha t  it is unlikely. For  C42 the ratio of d18:1 to 
d18:2 containing species is slightly lower in HDL (2.3) 
than in LDL (3.7). If red ceils were the source of elevated 
C42 (d18:1/d18:2 = 8.4) an increase of this ratio ra ther  
than  the observed decrease would be anticipated. The 
same argument applies to the ratio of d18:1 24:0 to d18:1 
24:1. The chain length differences in SPH between H D L 
and LDL, therefore, must  be a t t r ibuted to the origin of 
these lipoproteins in liver and intestine, respectively (20). 

The major differences in the quantitative and to a lesser 
extent  in the quali tat ive composition of the GPL species 
between plasma and red cells can be explained on the 
basis of differences in the metabolic origin of the species 

and the absence of significant mass equilibration among 
the GPL of plasma and red cells. The present  results do 
not  exclude, however, selective exchanges of major (21) 
or nonselective exchange of minor species. The s tudy 
would appear to eliminate red cell PE as the only source 
of plasma PE, including the alkylacyl and alkenylacyl 
subclasses. Dietary fa t ty  acids affect plasma lipids much 
more rapidly and extensively than the red cell lipids (22), 
which are subject to much slower turnover  (23). Some of 
the molecular species of GPL and SPH are clearly derived 
from the clearance of intestinal VLDL and chylomicrons 
124), whereas other GPL species are derived from the 
nascent  HDL secreted by liver (25). The GPL transfor- 
mations resulting from the activity of plasma lipoprotein 
(26) and hepatic (27) lipases, and lecithin-cholesterol 
acyltransferase 128) must  also be considered. Although 
the intestinal GPL is relatively rich in the alkylacyl and 
the alkenylacyl species (29), the liver GPL is essentially 
free of them (30). 

Although the detailed comparisons were performed on 
blood from one subject only, these results were represen- 
tative of the GPL analyses from other subjects. The pres- 
ent analyses are of interest  in view of the increasing im- 
portance of the minor species of GPL in lipoprotein and 
cell membrane s t ructure  and function. A more complete 
assessment of the origin of the G P L  and SPH of plasma 
must await studies of the kinetics of appropriately labeled 
molecular species of GPL and SPH. 
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