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SUMMARY 
Fractionation of buttermilk phospholipids on silicic acid columns gave a cephalin (mixture 

of amino-pl; phospholipids) fraction, in which approximately 29% of the total fatty acids were 
saturated, and phosphatidyl choline, in which approximately 57% of the total fatty acids 
were saturated. The main difference between the fatty acids of the two phospholipid frac- 
tions was in the proportions of palmitic and oleic acid; a further dif€erence W&Q the pre- 
dominance of the polyenoic acids in the cephalin fraction. In phosphatidyl choline, the 
ratio of unsaturated to saturated fatty acids in the a'-position was 0.54 and in the @-position, 
1.05. Although the nature of the fatty acids present in minor quantities in lecithin and 
cephalin was very different, the positional distributions of the major fatty acids common to 
both phospholipid fractions were similar. Oleic and palmitic acids together contributed 
almost identical proportions to the a' and to the @ fatty acids in both the cephalin fraction and 
phosphatidyl choline. These two acids comprised 61% of the total acids in the cephalin 
fraction and 66% of the total acids in phosphatidyl choline. In both the amino-N and 
choline glycerophospholipids, most of the stearic acid was in the a'-position; whereas most of 
the dienoic, trienoic, and polyenoic acids were in the @-position. It has been found that the 
unsaturated acids are less randomly distributed than previously reported for milk glycero- 
phospholipids, but are more randomly distributed than in many other mammalian tissues. 

T h e  only available information on the fatty 
acids of the individual phospholipids of milk is contained 
in a paper by Rhodes and Lea (1). The average un- 
saturation of the cephalin (amino-N phospholipids) and 
phosphatidyl choline components of butter milk phos- 
pholipids, and the lysocompounds obtained from these 
components by phospholipase A, showed that the 
double bonds were fairly uniformly distributed between 
the a'- and @-positions in the glycerophospholipid mole- 
cules. 

The object of the present work was to provide more 
precise information on the distribution of the fatty acids 
between cephalin and phosphatidyl choline of milk and, 
in particular, to investigate the distribution of fatty 
acids between the a' and ,9-positign of each component. 

*This investigation was commenced by the author at the 
Fats Reaertrch Laboratory, TISIR, Wellington, New Zealand. 

An investigation of this nature is made possible by 
the development of quantitative chromatographic 
methods for the separation of the most important 
phospholipid components (2). Several workers have 
applied chromatographic methods to elucidate the com- 
position of the milk phospholipids. Baliga and Basu 
(3), using magnesia columns, and Rhodes and Lea (1) 
and Smith and Freeman (4), using silicic acid columns, 
have added considerably to the knowledge obtained by 
the application of the less direct hydrolysis methods 

The percentage composition of the major constituents 
given by Rhodes and Lea (1) for buttermilk phoepho- 
lipids (phosphatidyl ethanolamine [PE], 29; phos- 
phatidyl serine [PSI, 10; phosphatidyl choline, 33; 
sphingomyelin, 19) and by Smith and Freeman (4) 
for milk phospholipids (cephalin [PE and PSI, 35; 
phosphatidyl choline, 32 ; sphingomyelin, 24) agree 
quite closely. 

(5 ) .  
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256 HAWKE 

TABLE 1. SEPARATION OF TOTAL MILK PHOSPHOLIPIDS ON SILICIC ACID QITH CHLOROFORM-METHANOL 4b ELI EhT* 
- ___ 

~ - -_ __ - - 

Fractions from 
Fraction Silicic Scid C'arhoxyl 

NO. Column Wt Ainino-S /S  Choline-S/S Ester/I't N /P 
- -__ ~- __ ~ _ _ _ _ _ _  -~ ~ ____ - 

Each approx. 40 ?rd 
- - - 1 1-4 0 044 - 

2 5-13 0 856 0 93 0 99 0 0'2 2 0 
3 14-40 0 193 0 97 0 61 0 04 2 0 
4 4 1-112 0 780 0 97 0 06 1 07 2 0  
5 '33-140 0 491 1 70 0 05 - ._ 

* Fractions 2-5  werc further purified by passing througli cellulose columns in watcr-saturatrd chloroform 
1 Approximate values 

Cream contains about 55% of the phospholipids of 
milk and, on churning, about 60% of the cream phos- 
pholipids pass into the buttermilk (.i). Therefore, 
buttermilk provides a convenient source of milk phos- 
pholipid. In  addition, since the proportions of each 
phospholipid component in skim milk, buttermilk, and 
butter (1, 5, 6) are very similar, it may be concluded 
that results for buttermilk would resemble very closely 
those for the original milk. 

EXPERIMENTAL METHODS 

Analytical Methods.  Total N, P, choline, and 
amino-N were determined as previously described (7, 
8). Hydrolyzed buttermilk phospholipids, however, 
were used to calibrate the ninhydrin method for the 
determination of amino-N (9) against the Van Slyke 
manometric method. 

Carboxylic esters were determined by the method of 
Rapport and Alonzo (10) using methyl stearate as 
standard. Sphingosine-N was determined by the 
method of McKibbin and Taylor (1 1). 

The procedures for separation and identification of 
the methyl ester derivatives of fatty acids have been 
described by Hawke, Harlserl, and Shorlarid (12). 
Separation of the esters above CIS were carried out oii 
columns of 5% Apiezon L on Celite 545 at  22.5". 

Nitrogen, phosphorus, amino-S, arid choline are 
expressed as weight per cent. All other results are 
expressed on a molar basis, unless otherwise stated. 
The composition of the solvent mixtures is expressed 
as a ratio of the volumes of each solvent. 

Extraction and Purification of Buttermilk: Phospho- 
l ipids.  A sample of fresh roller-dried buttermilk 
powder' (1,000 g) was divided into two approximately 
q u a l  portions. Each portion was shaken three times 

1 Supplied by 1)r. F. H. Mclhwall, Dairy Research Institute 
(N.  Z.). 

with diethyl ether-ethanol 4 : 1 at  rooin temperature 
for 60 mill using 1,000 ml in each extrartion. After 
three further extractions with chloroform, all the ex- 
tracts from both portions were combined and the sol- 
vents removed in a rotary vacuum evaporator a t  40". 
The extracted solid weighed 83.7 g (S ,  0.71yo; 1', 
0.56%; N/P ratio, 2.80); 80.2 g of this extract was 
separated into phospholipids and glycerides by acetoiic. 
precipitation yielding 11.44 g impure phospholipid 
(N, 2..59%; P, 3.09%; K/P ratio, 1.86) aiid B8.0 p 
impure glyceride (N, 0.40%; l', 0.11%). The impure 
phospholipid (5.34 g) was dialyzed in a rubber mcm- 
brane (Londons surgeons' fingercots) against light 
petroleum (bp 55") with five solvent changes (racli of 
1 liter) at hourly intervals (13). The noiidialyzable lipid 
weighed 4.87 g (N, 2.7%; P, 3.15yo; X/l' ratio, 1.9) 
and the dialyzable lipid, 0.38 g (I', 0.03~o). Tlie 11011- 

dialyzable lipid (4.60 g) w a b  further purified by dis- 
solving in water-saturated chloroform and cliromato- 
graphing on a cellulose column (14) to winovc water- 
soluble impurities. The analysis of the purified phos- 
pholipid (4.30 g) was: 5, 1.97%; l', 3.23%; N/1' 
ratio, 1.35; choline, 751%; fatty acids 70.8%. 

Preparation of Cephalin (PE + 1's) and I'hosphw- 
tidy1 Choline. The mixed phospholipids were chroina- 
tographed on a silicic acid column (I), eluting first witli 
chloroform-methanol 99 : 1 to remove any reinaiiiiiig 
nonphospholipid, and then with chloroforiii-nietllanol 
7 : 3  to elute the cepEaIiii fraction aiid a slower-moving 
lecithin fraction (Fig. 1). The more strongly adsorbed 
sphingolipid was then eluted with methanol-chloro- 
form-water 70 : 25 : 2. The eluted lipids were combined 
into a very small noiiphospholipid fraction, a cephaliii 
fraction, a smaller cephalin fraction, a phosphatidyl 
choline fraction, and a sphingolipid fraction (see Table 
1). The high X/P ratios initially obtained indicated 
that the removal of water-soluble nitrogenous impuri- 
ties might not have been entirely effective. Retreat- 
ineiit of fractions 2 to 5 on cellulose columns lowered the 
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DISTRIBUTION OF FATTY ACIDS 

0 10 20 30 LO 50 60 70 80 90 1 
FRACTION NO. I40  M 1 . I  FRACTION I 

FIG. 1 .  Elution curve obtained by the elution of buttermilk 
phospholipids from a silicic acid column with methmol-chloro- 
form 3 :  7. First peak, cephalin; second peak, phosphatidy! 
choline. Lipid applied 2.66 g (0.086 g P); weight adsorbent 
130 g. 

S / P  ratios (Table 1) to give ratios close to unity. 
The sphingosine-K/'/S ratio of fraction 5 was close to 
0.5, the calculated figure for pure sphingomyelin. 
Fractions 2 (cephalin [PE + PSI and 4 (phosphatidyl 
choline) were further investigated. 

Hydrolysis of Cephalin and Phosphatidyl Choline. 
-1 reassessment of the specificity of phospholipase A 
present in snake venom by Tattrie (15), and later by 
Hanahan, Brockerhoff, and Barron (16), has shown 
that this enzyme hydrolyzes the ester links in the 
&position of diacyl phosphoglycerides and that the 
lysophospholipids are a'-monoacyl compounds. In 
the present investigation, the phospholipid fractions 
were reacted with snake venom (Agkistrodon pisci- 
vorous piscivorous) in diethyl ether solution (17). A 
silicic acid column was used to isolate lysophospholipid 
obtained from cephalin (1).  Chromatography of the 
lysocompounds on paper impregnated with silicic acid 
showed no spots corresponding to diacyl compounds. 
The a' fatty acids were prepared by alkaline hydrolysis 
of the lysophospholipids and extraction of the acidified 
hydrolysis mixture by diethyl ether. The CY' and /I 
fatty acids from each phospholipid fraction were con- 
verted into methyl esters by refluxing with methanols 
containing 1% H2S04 (18). 

RESULTS 

Fractionation on silicic acid of the buttermilk phos- 
pholipids (Fig. 1) into its cephalin and phosphatidyl 
choline components has provided the material for the 
study of the fatty acid distribution in these glycero- 
phospholipids. The results for buttermilk phospho- 
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TABLE 2. DISTRIBUTION OF THE FATTY ACIDS OF CEPHALIN 
AND OF PHOSPHATIDYL CHOLINE BETWEEN THE a'- AND 8- 

POSITIONS* 

Cephalin Phosphatidyl Choline 
Fatty Acid a' 8 Total a' p Total 

Saturated 
cs:o 0 . 2  Tr 0.1 
Cin:o Tr Tr - 

0 . 2  0 . 1  c11 :a 0.1  Tr 0 .05  - 
c12:, 0 . 2  0 . 6  0 . 4  0 . 1  0 .4  0 . 2 5  
G a : n  1 .0  1 . 7  1.35 3.S 7 . 4  5 . 6  

c1s:o 0 .4  0 . 2  0 . 3  0 . 4  0 .9  0 . 6 5  
c15:o  0.8 0 . 3  0 .55  1 . 2  2 . 1  1.65 

0 . 7  0 . 3 5  

iso- or anteiso- 

iso- 
- I - - elf,:" 

Cl6:O 11 .2  8 . 5  9 .85  38 .7  32.1 35.4 
iso- or anteiso- 

c17:o  1 . 0  1 . 3  1.15 0 .8  1 . 3  1.05 
c1i:o 0 . 7  0 . 9  0 . 5  1 . 0  0 . 9  0 . 9 5  
el?:" 22 .2  3 . 4  12.5 15.9 2 . 1  10.0 
C1u:o 2 .1  - 1.05 0 .9  0 . 8  0 . 8 5  
C2o:r 0 . 4  0 . 1  0.25 0 . 2  tr 0 . 1  

c16:I 0.8 1 . 7  1.25 1.1  3 . 2  2 . 3  
1 . 2  1 . 4  1 . 3  C1i:l 

CIR:I 49 .3  52 .6  50.95 28 .1  33.9 31.15 
Cla:2 4 . 7  13 .3  9 . 0  2 . 9  7 . 1  5 . 0  
C1s:3 0 . 2  4 . 2  2 . 2  0 . 7  4 . 7  2 . 7  
c1Y:I 1 . 1  - 0 . 5 5  
c20:1 0 . 4  0 . 5  0 . 5 5  
c 2 0 : 2  0 . 5  3 . 6  2 .05  
C20:4 1 . 4  2 . 6  2 . 0  0 . 4  0 . 8  0 . 6  
CW4 1 . 3  1 . 8  1 .55  
c 2 2 : 6  0 . 2  2 . 5  1.35 

Unsaturated 

- - - 

~ ~~ 

* Values are expressed aa moles % of methyl esters. 

lipids (45% cephalin fraction, 34% phosphatidyl cho- 
line, and 21% sphingomyelin) agreed quite closely with 
the figures of Rhodes and Lea (1). The composition 
of the cephalin fraction, found by Rhodes and Lea (1) 
to consist of about two-thirds phosphatidyl ethanol- 
amine and one-third phosphatidyl serine, was not in- 
vestigated in the present study. 

Cephalin would include plasmalogen and inositide, 
but the proportions of the fatty acids of these com- 
ponents in the a' and P fatty acids of cephalin would be 
small. Similarly plasmalogen, a minor contaminant 
of phosphatidyl choline, would have little effect on the 
composition of the component fatty acids of this frac- 
tion. Rhodes and Lea (1) have reported 0.8% plas- 
malogen in the cephalin fraction and 2.5% in the cho- 
line-containing fraction of buttermilk phospholipids. 

The total fatty acid composition of cephalin and of 
phosphatidyl choline has been calculated from the gas 
chromatographic analyses of the two fatty acid fractions 
obtained by hydrolysis of each component (Table 2). 
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In cephalin, approximately 71% of the fatty acids were 
unsaturated, whereas ill phosphatidyl choline, only 43y0 
were unsaturated. The main differences were due to 
variations in the proportions of palmitic and oleic acids, 
although the minor fatty acids also showed wide varia- 
fions. Myristic acid and other saturated acids of inter- 
mediate chain length appear to be preferentially in- 
corporated into phosphatidyl choline. Conversely, 
acids above C18, including the polyethyeiioid acids, 
predominate in the cephalin fraction. 

About 
83% of the acids in the P-position are unsaturated, 
compared with 60% iii the a’-position. Since oleic acid 
is almost evenly distributed between the a’- and P- 
positions (slightly higher in the former), the greater 
preponderance of unsaturated acids in the &position is 
accounted for by the presence of dienoic, trienoic, and 
polyenoic acids. Only a very small proportion of 
stearic acid occurs in the P-position, indicating that 
stearic acid has been combined in the a‘-position in 
preference to the highly unsaturated acids. Palmitic 
acid, like oleic acid, is found in similar proportions in the 
a’- and P-positions; together these two acids comprise 
about 61% of the total acids in each position. These 
analyses have been made 011 a mixed cephalin fraction; 
a t  present nothing is known about the distribution of 
fatty acids in the separate ethanolamine and serine 
phospholipids, which form the large proportion of the 
cephalin fraction in milk. 

a’ and Fatty Acids  in Phosphatidyl Choline. The 
results (see Table 2) show that the distribution pattern 
in phosphatidyl choline is somewhat similar to that in 
cephalin. As with cephalin, the proportion of the 
unsaturated fatty acids in the P-position is higher, 
largely owing to thP greater iiumbers of molecules with 
linoleic and linolenic acids in this position. Stearic 
acid is found in small quantities in phosphatidyl choline 
and is mostly in the a’-position, while palmitic acid 
present in much greater quantity, is fairly evenly 
distributed. As ill the cephalin fraction, oleic and 
palmitic acids together contribute almost identical pro- 
portions of the total acids fourid in each position (66.1% 
and 66.0% in the a’- and P-positions, respectively). 
Table 3 shows that there is a marked similarity in the 
a’/@ ratios of the major fatty acids in both cephalin 
arid in phosphatidyl choliiie. 

a‘ and P Fatty Acids in the Cephalin Fraction. 

DISCUSSION 

In  general, the distribution of the fatty acids in glyc- 
erophospholipids is such that the unsaturated fatty 

TABLE 3. RATIOS OF THE MAJOR FATTY ACIDS IN THE a‘- 
POSITIONS TO THOSE IN THE &POSITIONS O F  CEPH.4LIN (PE f Ps) 

AND PHOSPHATIDYL CHOLINE (Pc)  

a ’ / p  Ratio 

Fatty Acid PE -t PS PC 

0.59 
1.32 
6.53 
0.94 
0.35 
0.05 

0.51 
1.21 
S . 5 2  
0.  s4 
0 .41  
0 .15  

acids predominate in the /%position (13, 16). Milk 
glycerophospholipids, however, are considered to be 
an exception to this generalization since Rhodes and 
Lea (1) found that unsaturated fatty acids were present 
in both the a’- and &positions. The present experi- 
ments have shown that, while appreciable proportions 
of the molecules do contain unsaturated fatty acids in 
the a’-positions, the distribution between thc a’- and 
P-positions is far from even. On a molar basis, the 
ratios of unsaturated to saturated fatty acids in the 
cy’- and P-positions iri the mixed cephalin fractioii are 
1.48 and 4.90, respectively, and in phosphatidyl choliiie 
are 0.54 and 1.05, respectively. These ratios show 
that, as with the phospholipids from other sources, 
there are higher proportions of the molecules with 
unsaturated fatty acids in the P-position thail ill the 
a‘-position. It is not known whether this geiieraliza- 
tion can be applied to the individual components of the 
cephalin fraction. 

A further similarity between milk phospholipids and 
phospholipids from other sources is the concentration 
of the highly unsaturated fatty acids in thc cephalin 
fraction (19-22). In  addition, Gray (21) observed 
that, in lerithin of most tissues examined, the most 
abundant saturated acid was palmitic acid, whereas in 
cephalin, it was stearic acid. Also Farquhar (623) has 
found a similar distribution of C16 and CIS saturated 
units in the glycerophospholipids of human erythrocytes 
where both fatty acids and fatty aldehydes are preseut. 
h similar overall distribution of the two saturated 
acids between lecithin and cephalin occurs in milk 
phospholipids. However, since the distribution of 
palmitic and stearic acid between the a’- and 8-posi- 
tions of both phosphatidyl choline and cephalin is 
different, it is doubtful whether the similarity in the 
overall distribution in tissue and other phospholipids 
has any metabolic significance. 
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The dissimilarity in the distribution of the fatty acids 
in milk lecithin (Table 2 )  and in bovine plasma lecithin 
(24) suggests that milk phospholipids are not derived 
from plasma phospholipids as such. Unfortunately, 
no information on the distribution of fatty acids in 
bovine plasma cephalin is available for comparison. 

Interest in the fatty acid composition of the differ- 
ent glycerophospholipids from the same tissue has been 
stimulated by the existence of different pathways for 
the biosynthesis of phospholipids. Kennedy and co- 
workers @5,26)  showed that, in mitochondrial prepara- 
tions, 1 ,Z‘-diglycerides and cytidinediphosphate deriva- 
tives of choline and ethanolamine are the immediate 
preciirsors of phosphatidyl choline and phosphatidyl 
ethanolamine, respectively. On the other hand, 
Rremer, Figard, arid Greenberg (27) have shown that, 
in the microsomal fraction, phosphatidyl serine is first 
decarboxylated to phosphatidyl ethanolamine and the 
latter is subsequently methylated to lecithin. Support 
for this latter mechanism has been obtained by Borken- 
hagen, IGmiedy, and Fielding (28) working with cell- 
free extracts of livers, and also by Halland Nyc (29,30), 
who found that phosphatidyl monomethylethanol- 
amine and phosphatidyl dimethylethanolamine ac- 
cumulated in choline-requiring mutant strains of 
Neurospora rrassa. 

In  both the above pathways, it would be expected 
that the fatty acids in component phospholipids ob- 
tained from the same tissue would be similar. In  the 
present study, it is interesting to find that the composi- 
tion of the fatty acids is different in lecithin and 
cephalin, yet the positional distribution of the major 
fatty acids, as shown by a’ /p  ratios (Table 3) is similar. 
Ho~vever, the cephalin fraction represents a mixture of 
components so that the similarities in the a ’ / p  ratios 
compared to those for lecithin could be fortuitous. 
Furthermore, since the relative amounts of these fatty 
acids in the two glycerophospholipid fractions are so 
different, additional information is required before the 
mechanism of phospholipid biosynthesis in milk is 
understood. For instance, it is not known whether 
acylating enzymes similar to those found by Lands 
(31) in liver are present in mammary tissue. 

I wish to acknowledge the expert assistance of Miss 
J. T.  Barnett. 

REFERENCES 

1.  Rhodes, D. N., and C. H. Lea. J .  Dairy Res. 25: 60, 

2. Rhodes, D. N., and C. H. Lea. Biochem. J .  65: 526, 

3. lhliga, 13. S., and K. P. 13asu. Indian J .  Dairy Sci. 

4. Smith, L. M., and N. K. Freeman. J .  Dairy Sci. 42: 

5. McDowell, A. K. R. J .  Dairy Res. 25: 202, 1958. 
6. Badings, T., and J. Koops. 

7. Hawke, J. C. Biochem. J .  64: 311, 1956. 
8. Hatvke, J. C. Biochem. J .  71 : 588, 1959. 
9. Lea, C. H., and D. N. Rhodes. Biochim. Biophys. Acta 

17: 416, 1955. 
10. Rapport, M. M., and N. Alonzo. J .  Biol. Chem. 217: 

193, 1955. 
11. McKibbin, J. M., and W. E. Taylor. J .  Biol. Chem. 

178: 29, 1949. 
12. Hatvke, J. C., R. P. Hansen, and F. 13. Shorland. J .  

Chromatog. 2 : 547, 1959. 
13. Van Beers, G. J., H. de Iongh, and J. Boldingh. In 

Essential Fatty acids, edited by H. M. Sinclair, New 
York, Academic Press, Inc. ; London, lhtterworths 
Scientific Publications, 1958, p. 43. 

Biochem. J .  54: 467, 
1953. 

1958. 

1957. 

9 :  24, 1956. 

1,450, 1959. 

Fette. Seifen. Anstrichmittel 
62: 302, 1960. 

14. Lea, C. H., and D. N. Rhodes. 

15. Tattrie, N. H. 
16. Hanahan, D. J., H. Brockerhoff, and E. J .  13arron. 

17. Long, C., and I. F. Penny. 
18. Hilditch, T. P. The Chemical Constitution of Natural 

Fats, 3rd ed. rev., New York, John Wiley & Sons, Inc., 
1956, p. 581. 

Z .  Physiol. Chem. 288: 98, 
1951. 

J .  Lipid Res. 1 : 60, 1959. 
J .  

Biol. Chem. 235: 1917, 1960. 
Biochem. J .  65: 382, 1957. 

19. Klenk, E., and P. I30hm. 

20. Rhodes, D. N. 
21. Gray, G. M. 
22. Nelson, G. J. 
23. Farquhar, J .  W. 
24. Hanahan, D. J., R. M. Watts, and D. Poppajohn. 

J .  Lipid Res. 1 : 421, 1960. 
25. Kennedy, E. P., and S. 13. Weiss. J .  Biol. Chem. 222: 

193, 1956, 
26. Smith. S. W., S. B. Weiss, and E. P. Kennedy. J .  Biol. 

Chem. 228: 915, 1957. 
27. Themer, J., P. H. Figard, and D. M. Greenberg. Bio- 

chim. Biophys. Acta. 43 : 477, 1960. 
28. Borkenhagen, L. F., E. P. Kennedy, and L. Fielding. 

J .  Biol. Chem. 236: PC 28,1961. 
29. Hall, M. O., and J. F. Nyc. J .  Am. Chem. SOC. 81: 

2275, 1959. 
30. Hall, M. O., and J .  F. Nyc. 
31. Lands W. E. M. 

Biochem. J .  68: 380, 1958. 
Biochem. J .  77: 82,1960. 
J .  Lipid Res. 3: 71, 1962. 

Biochim. Biophys. Acta 60: 80, 1962. 

J .  Lipid Res. 2 : 321, 1961. 
.T. Biol. Chem. 235: 2233,1960. 

 by guest, on June 20, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/

