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In a previous publication (1) an analysis of the phosphatides 
of pig heart ventricle was reported. This report is an extension 
of this work and deals with the phosphatide composition of pig 
heart ventricle mitochondria, microsomes, and the cytoplasmic 
supernatant fluid which is obtained upon centrifugation of the 
microsomes. Significant differences were found in these cell 
fractions, especially with regard to an acidic glycerophosphatide 
fraction which is very active metabolically and which occurs 
nearly exclusively in the mitochondria. 

METHODS AND REAGENTS 

Pig Heart Cell Fractions-49 gm. of pig heart ventricle (ob- 
tained as fresh as possible and freed from excess fat) were 
chopped into small pieces with scissors and homogenized at 0” 
in portions in 0.25 M sucrose by use of a ball type homogenizer 
(2). 10 ml. of sucrose solution were used for each gram of 
heart muscle. The resulting homogenate was adjusted to pH 
7.0 by the addition of solid sodium bicarbonate’ and then 
centrifuged at 1000 r.p.m. for 20 minutes. If  necessary, cen- 
trifugation was repeated at 1000 to 2500 r.p.m. for 5 to 10 
minutes until nearly all the myofibrils were removed (determined 
by microscopic examination) and only the mitochondria and 
microsomes were left in the supernatant fluid. The super- 
natant fluid was decanted off and centrifuged at 15,000 r.p.m. 
for 7 minutes. The precipitated mitochondria (Fraction I) were 
saved for lipide extraction. The supernatant fluid containing 
the microsomes was diluted to 400 ml. with 0.25 M sucrose and 
centrifuged at 25,000 r.p.m. for 1 hour in a Spinco model L 
preparative centrifuge (Rotor No. 30). The precipitated 
microsomes (Fraction II) and the supernatant fluid (Fraction 
III) were separated and saved for lipide extraction. 

Lipide Extraction 

The mitochondria (Fraction I) were homogenized in 20 ml. of 
cold 0.15 M KC1 and centrifuged at 3000 r.p.m. for 40 minutes. 
The precipitate was extracted three times with chloroform- 
methanol, l:l, for 10 minutes, each at 40”. The combined 
extracts were filtered through a sintered glass funnel and the 
filtrate evaporated to dryness under nitrogen in vacua at 40’. 
The residue thus obtained was extracted four times with warm 
chloroform (40”) to obtain the total lipides. 

* Supported in part by funds from the U. S. Public Health Serv- 
ice, National Heart Institute (Grant No. H 2063) and from the 
Life Insurance Medical Research Fund. 

1 The addition of NaHCOa at this point was essential in order 
to prevent aggregation of the mitochondria and to centrifuge the 
myofibrils . 

The microsomes (Fraction II) were suspended in 20 ml. of 
distilled water and precipitated with 9 ml. of 10 per cent tri- 
chloroacetic acid. The precipitate was washed three times by 
suspending in distilled water and centrifuging at 3000 r.p.m. 
The lipides in the washed precipitate were extracted in the same 
way as mentioned above for the mitochondria. 

One-half the volume (200 ml.) of the supernatant fluid (Frac- 
tion III) obtained after centrifugation of the microsomes was 
treated with 10 gm. of trichloroacetic acid. The resulting 
suspension was centrifuged at 3000 r.p.m. for 15 minutes. The 
precipitate was washed twice by suspending in distilled water 
and centrifuging. The washed residue was extracted with 
chloroform-methanol as mentioned above. The yield of lipide 
from the 3 cell fractions is given in Table I. 

Paper Chromatographic Analysis of Lip&--The quantitative 
paper chromatographic analysis of the phosphatides of each cell 
fraction was carried out as described previously (1). The 
lipides were dissolved in isoamyl alcohol-benzene, 1: 1, to give a 
concentration of between 200 to 316 c(g. per 10 ~1. These 
solutions were used for the chromatography. In addition, 
25 ~1. aliquots of each solution were pipetted on acid-washed 
Whatman No. 1 filter paper and dried. One set of papers, in 
duplicate, was digested directly with perchloric acid to determine 
the total P (1). Another set, in duplicate, was washed four times 
for 5 minutes each time by immersion in distilled water. The 
papers were dried and digested in order to determine the lipide 
P (l)? The results of these experiments are given in Table II. 

Column Chromatography of Lipides-The lipides of each cell 
fraction were separated into the nonphosphatide and phos- 
phatide fractions by column chromatography on silicic acid in a 
manner similar to that described previously (1). The lipides 
were placed on the column in chloroform. The nonphosphatides 
were eluted with chloroform (50 ml.). The phosphatides were 
then eluted with chloroform-methanol, 1: 1 (25 ml.), followed by 
methanol (50 ml.). Cholesterol analysis was carried out on the 
nonphosphatide fraction by a method described previously (3). 
The amounts of the nonphosphatide and phosphatide fractions 
and cholesterol content are given in Tables III and IV. 

RESULTS AND DISCUSSION 

The lipide content of the heart cell fractions is given in Table 
I. It is clear that the lipides are concentrated in the mito- 
chondrial and microsomal fractions. 

The P content of the cell fraction lipides is given in Table II. 

2 Appropriate blank pieces of paper were digested in order to 
correct for P which might be present. These values were ex- 
tremely small, about 0.01 pg. per 4 sq. cm. 
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TABLE I 
Lipide content of pig heart cell fractions 

Cell fraction Total lipides Lipide content 
(dry weight) 

Mitochondria. ................ 
Microsomes ................... 
Supernatant fluid ............. 

fw. % 
159 28.6 
77 24.6 
43* 6.6 

* Represents the yield from the total 400 ml. of supernatant 
fluid. 

TABLE II 
Lipide P content of pig heart cell fractions* 

Cell fraction 

Mitochondria . 
Microsomes.......... 
Supernatant fluid. . 

Amount of 
lipide used 

M. 

790 
500 
500 

rota1 P;contentt 

,zid Washed 
~- 

rg. fig. 

25.4 15.8 
12.6 11.5 
15.4 15.4 

P lost by 
washing 

Lipide P 
content% 

% % 

37.84 2.0 
8.5 2.3 
0.0 3.08 

* Results are the average of duplicate values. 
t 25 ~1. of total lipide solution were pipetted on acid-washed 

filter paper and washed as described in the text. 
$ Calculated from the washed value for P. 
$ This value was found to vary with different mitochondrial 

preparations from 20 to 40 per cent and is believed to represent 
mainly nonlipide P. 

TABLE III 

Phosphatide content of pig heart cell fractions 

Cell fraction Total lipide* 
put on column Nonphosphatidest Phosphatidest: 

w. WT. % m&T. % 

Mitochondria . 63.2 5.5 8.8 57.1 91.3 
Microsomes$ 70.2 19.5 31.8 41.9 68.2 
Supernatant fluid. 21.7 11.7 54.4 10.0 45.6 

* The lipide was put on the coumn of silicic acid as described 
in the text. 

t This fraction was eluted with chloroform and was free of P. 
2 This fraction was eluted with chloroform-methanol and meth- 

anol. All the P of the original lipide occurred in this fraction. 
5 Some yellow material in this lipide fraction was not eluted 

and remained on the top of the column. 

TABLE IV 

Cholesterol content of pig heart cell fraction lipides* 

Cell fraction CholesteroI in the Cholesterol in the 
nonphosphatidest total lipides 

Mitochondria. ................ 
Microsomes. .................. 
Supernatant fluid ............. 

% % 
28.6 2.5 
27.9 8.9 
27.8 15.1 

* Results are the average of duplicate values. 
t Represents the nonphosphatides obtained by column frac- 

tionation on silicic acid (see Table III). 
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FIG. 1. Tracing of chromatograms of the phosphatides of the 
pig heart cell fractions. Chromatography was carried out at 23” 
on silicic acid-impregnated paper and utilized a solvent system 
consisting of ‘diisobutyl ketone-acetic acid-water, 40:25:5 (1). 
I = mitochondria, II = microsomes, and III = supernatant 
fluid. The lipide spots were detected by staining with Rhoda- 
mine 6G and observed while wet under ultraviolet light (366 mN) . 
The following colors were observed: yellow, Spots 2, S, 4, 6, 7, and 
9; purple, Spots i’, 1, 6, and 8. A positive choline test was given 
by Spots 2,5, and 5. Spot 7 also gave a weak nonspecific test for 
choline (1). A positive ninhydrin test was given by Spots 2, 6, 
and 7. The identification of the lipide spots is as follows 1’ = 
unidentified trace component, 1 = inositol phosphatide, 2 = lyso- 
lecithin, 3 = sphingomyelin, 4 = lysocephalin, 6 = lecithin, 6 = 
phosphatidylserine, 7 = phosphatidylethanolamine, 8 = poly- 
glycerolphosphatide (tentative), 9 = nonphosphatides, - - - = 
trace constituent. 

It is noteworthy that the mitochondrial lipides appear to contain 
a large amount of nonlipide P, whereas the microsomal and 
supernatant lipides do not. Part of this difference is dependent 
upon the manner in which the lipides were prepared. The 
trichloroacetic acid treatment apparently causes a loss of most 
of the nonlipide material in the microsomes and supernatant 
fluid. Washing with water does not remove a significant amount 
of phosphatide. This was demonstrated by control experiments 
in which known amounts of pure lecithin, phosphatidylethanol- 
amine, and sphingomyelin were pipetted on filter paper and 
washed for varying lengths of time with water. Washing for 20 
minutes resulted in a loss of only 1 to 2 per cent of these phos- 
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TABLE V 
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Quantitative paper chromatographic analysis of phosphatides of pig heart cell fractions* 

I I Mitochondria 

Spot No.+ Phosphatide 

Lipide P 

Pg. 

0 Origint. 1.20 

1’ Unidentified........................... 0.43 
1 Inositol phosphatide.. 8.82 
2 Lysolecithin. - 

3 Sphingomyelin. 3.43 
4 Lysocephalinll 
5 Lecithinf............................. 22.25 

6 Phosphatidylserine 1.69 
7 Phosphatidylethanolaminel 15.58 
8 Acidic-glycerolphosphatide**. 8.18 

F 

- 

- 

ration of total 
lipide P 

Lipide P 

% 

1.95 
0.70 

14.32 
- 

5.58 

Kc. 

1.20 

-i 
1.77 

3.63 
7.43 

36.20 18.90 
2.75 1.62 

25.30 9.60 

13.30 2.39 

Microsomes 

‘raction of tota 
lipide P 

% 

2.66 
- 

3.92 
8.04 

16.45 
- 

41.80 
3.59 

21.20 
2.00 

* All values are corrected for an appropriate blank-value based on the area of the paper used (1). 

t Represent the phosphatide spots in Fig. 1. 
$ Represents a small amount of all the phosphatides which are bound to the paper. 
$ -, Indicates that these phosphatides were present in a trace amount. 
11 This component is tentatively identified as mainly lysophosphatidylethanolamine. 

T These phosphatides contained an appreciable amount of the acetal derivatives (1). 
** This component is tentatively identified as an acidic polyglycerolphosphatide (6). 
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FIG. 2. Tracing of cnromatograms ot the nonphospl tides of 

the pig heart cell fractions. Chromatography was carried out at 

23” in lined chambers, 6 inches in diameter X 18 inches in height. 
The same type of silicic acid impregnated paper was employed as 
described previously (1). The solvent system was n-heptane- 
diisobutyl ketone, 96:6. The lipides were detected by staining 
with Rhodamine 6G as mentioned in Fig. 1. The following colors 

were observed: yellow, Spots 1, 5, and 6; yellow-orange, Spot 2; 
blue, Spots 6 and 4; yellow-purple, Spots 0. The identification of 
t.he lipide spots is as follows: 0 = phosphatides, 1 = monoglyc- 
erides (tentative), 2 = free cholesterol, 3 = fatty free acids, 
4 = unidentified, 5 = neutral fat, and 6 = cholesterol esters, 
-_- = minor constituent. 

- 

_- 
I 
.- 

- 

Supernatant fluid 

Lipide P 

Pg. 

1.05 
0.36 
0.71 

1.09 
3.82 
2.28 

17.68 
0.89 

5.89 
- 

F 

- 

raction of total 
lipide P 

% 
3.12 

1.07 
2.10 
3.23 

11.30 
6.76 

52.40 
2.64 

17.48 
- 

phatides. The possibility still exists t.hat some of the other 
phosphatides may be lost by this washing procedure. 

The amount of total phosphatides in the cell fractions was 

based upon column fractionation. The nonphosphatides are 
eluted from silicic acid with chloroform. Hence the phos- 
phatides are taken as that material which is eluted with chloro- 
form-methanol and methanol. The latter phosphatide fraction 
also contains the cerebrosides and gangliosides. The amount of 
phosphatide in the cell fraction lipides is given in Table III. 

The data in Table III demonstrate that the mitochondrial 
lipides are predominantly phosphatides. The supernata.nt fluid 
has the least amount of phosphatides. Spiro and McKibbin 
have reported similar values for rat liver cell fractions (4). 
However, rat liver microsomes apparently contain much more 
phosphatide than pig heart microsomes. 

The total cholesterol content of the ceil fraction lipides was 
determined on the nonphosphatides which were obtained by 
column chromatography. These values are given in Table IV. 
Although the amount of cholesterol in the nonphosphatide 
fraction of the mitochondria, microsomes, and supernatant fluid 
is nearly the same, it can be seen that the cholesterol content of 
the total lipides is greatest in the supernatant fluid and least in 
the mitochondria. 

In order to determine the quantitative distribution of the 
individual phosphatides in the cell fractions, the total lipides 
were chromatographed on silicic acid-impregnated paper and 
each lipide spot analyzed for total P (1). The results of the 
qualitative and quantitative phosphatide analysis are given in 
Fig. 1 and Table V, respectively. The qualitative composition 
of the nonphosphatides was also determined by paper chroma- 
tography on silicic acid-impregnated paper. A diagram of the 
chromatographic findings is given in Fig. 2. 

The phosphatides were detected by staining the chroma- 
tograms with Rhodamine 6G (National Aniline Division, Allied 
Chemical and Dye Corp.) and further identified by characteristic 
spot tests (1) and comparison of their mobilities with those of 
known compounds. It can be seen from Table V that ly- 
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solecithin occurred in a significant amount in the microsomes and 
supernatant fluid but that lysocephalin occurred predominantly 
in the supernatant fluid. Other experiments3 have shown that 
this cell fraction contains a cephalinase. Part of these lyso- 
phosphatides, however, may arise as a result of the trichloroacetic 
treatment (5). A component having the properties of an acidic 
polgglycerolphosphatide was found almost exclusively in mito- 
chondria. This phosphatide fraction actually contains 2 or 3 
components, some of which are very active metabolically (6). 
It is of interest that this phosphatide fraction is labeled both 
in viva (7) and in vitro (6). 

It is also apparent from Table V that, with respect to the 
total phosphatides, inositol phosphatide occurs in highest amount 
in the mitochondria and that sphingomyelin is found in greatest 
amount in the microsomes. Lecithin is by far the chief com- 
ponent of the supernatant fluid and together with phosphatidyl- 
ethanolamine is a major constituent of all the cell fractions. 
Phosphatidylserine is a minor component. The content of each 
phosphatide was found to vary slightly with different prepara- 
tions of these cell fractions. Hence the data given in Table V 
are not to be regarded as fixed absolute values. 

The qualitative chromatographic analysis of the nonphos- 
phatides (Fig. 2) shows that all the cell fractions contained free 
cholesterol, cholesterol esters, neutral fat, and free fatty acids 
in varying amounts. Moreover, an unidentified component 
which gave a blue fluorescent color with Rhodamine 6G occurred 
only in mitochondria (Fig. 2. Xpot 4). A small amount of 
material having the mobility of monoglycerides was observed only 
in the mitochondria and supernatant fluid (Fig. 2, Spot 1). It 
is also noteworthy that although an appreciable amount of free 
fatty acids (Fig. 2, Spot S) occurred in the mitochondria, no 
lysophosphatides were detected in this fraction. The mito- 
chondria did, however, contain markedly less cholesterol ester 
than the other cell fractions. 

The results of this investigation demonstrate the nonuniform 
distribution of lipides in the cell fractions of pig heart, a finding 
which may indicate unique roles for some of these lipides. This 

is particularly true of the fast moving lipide (Fig. 1, Spot 8) 

which has been observed in every tissue which has thus far been 
studied, namely heart, liver, spleen, kidney, brain, lung, in- 
testines, red blood cells, and plasma. Heart contains the most 
and plasma the least of this component. It is of further interest 
that two purified cytochrome preparations of pig heart, namely 
cytochrome oxidase (8) and cytochrome b-cytochrome cl (5) 
contain an appreciable amount of this lipide. 

Although this fast moving lipide appears to be ubiquitous, the 
chemical analysis of this component has varied from one tissue 
preparation to another (5, 6, 9). In one case we have noted 
that trichloroacetic acid treatment prior to lipide extraction can 
cause a marked loss of this material (5). Hence it should be 
borne in mind that in the present paper the low content of this 
lipide in the microsomes and supernatant fluid may in part be 
due to the fact that these cell fractions were treated with tri- 
chloroacetic acid, whereas the mitochondria were not. However, 
in the case of the microsomes, direct extraction of the lipides 
without the use of trichloroacetic acid has confirmed that these 
particles are deficient in this phosphatide. This lipide has some 
properties similar to cardiolipin (10) and to the polyglycerolphos- 
phatide isolated by McKibbin and Taylor (ll), Garcia et al. 
(la), and Olley (13). 

Analytical data on the distribution of individual phosphatides 
in different tissues and cell fractions are relatively scarce and in 
poor agreement (14, 15). The techniques employed in this 
present investigation should help expedite research in this field. 

SUMMARY 

The lipide, and in particular, the phosphatide analysis of the 
mitochondria, microsomes, and supernatant fluid of pig heart 
ventricle was determined. Significant differences were noted, 
especially in the distribution of the individual phosphatides. A 
lipide, tentatively identified as a polyesterglycerolphosphatide 
was found to occur almost exclusively in the mitochondria. The 
ubiquitous nature and cellular localization of this lipide suggest 
that it may have an important metabolic role. 
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