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Abstract After an intracerebral injection of [Wlpalmitic 
acid to C57BL/10J mice, the radioactivity in  the brains de- 
creased rapidly with time. The incorporated radioactivity was 
primarily in the 16: 0 acyl groups of the diacyl phospho- 
glycerides at 1 and 3 days after injection. At longer times, in- 
creasing proportions of the radioactivity were found in cerebro- 
sides, alkenyl groups, and other acyl groups. The specific radio- 
activities of the phosphoglycerides were  highest in the micro- 
somal fraction at 1 day after injection. The exchange of the 
diacyl glycerophosphorylcholines and diacyl glycerophos- 
phorylethanolamines between the microsomes and the myelin 
required 8-14 days. When calculated on the basis of the radio- 
activity in the 16 : 0 acyl groups, the half-lives  for both of these 
phosphoglycerides were 6-8 days  in all subcellular fractions 
during the period from 14 to 30 days after injection. The radio- 
activity in  the  total lipids from the purified  myelin fraction 
did not decline until more than 14 days after injection because 
of the reutilization of labeled 16 : 0 acyl groups for lipid bio- 
synthesis. Recycling of the acyl groups explains the long half- 
lives reported for myelin phosphoglycerides after injection of 
[14C]acetic acid. Lipids with a relatively high  specific radio- 
activity were lost from the myelin fraction during the purifica- 
tion procedure. The most  likely  source of these lipids is the 
most recently formed myelin that is not consolidated into the 
myelin sheath. 
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T , E  DIFFERENCES and similarities  in  the  composition 
and  metabolism of cerebral  membranes  are  important 
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for Neurochemistry,  Albuquerque, N.M., 1970. 

Abbreviations: TLC, thin-layer chromatography; GLC, gas- 
liquid chromatography; CPG, choline phosphoglycerides;  EPG, 
ethanolamine phosphoglycerides; GPC, sn-glycero-3-phosphoryl- 
choline; GPE, sn-glycero-3-phosphorylethanolamine; IPG, inositol 
phosphoglycerides;  SPG,  serine  phosphoglycerides; Sph, sphingo- 
myelin; PA, phosphatidic acid; CL, cardiolipin; CB, cerebroside. 

for an  understanding of phospholipid  metabolism  in t h e  
brain.  Intracerebrally  injected  [14C]ethanolamine  is 
incorporated  rapidly  into  the EPG of all subcellular 
fractions  (1). A rapid  equilibration  and  turnover of the 
EPG of brain  microsomes  and  myelin  has  been  observed 
in vivo (2-5), but  much  longer half-lives have  been 
reported  for  the  acyl  groups of myelin  phospholipids 
after  intraperitoneal  injections of [I4C]acetate (6-8). I n  
the  brain of the  adult  mouse,  intracerebrally  injected 
palmitic  acid  was  metabolized  rapidly  and  incorporated 
into  all  major  lipids (9). T h e  half-life of the  free  palmitic 
acid  in  the  brain  was less than 5 min.  Between 1 and 8 
days  after  injection,  an  increasing  amount of radio- 
activity  was  found  in  the  alkenyl  groups,  the  mono- 
unsaturated  acyl  groups,  and  the  galactolipid  fraction 
(10).  This  apparent  recycling of the  incorporated 
palmitic  acid  suggested  that  the  much  longer half-lives 
of the  acyl  groups  from  myelin  phosphoglycerides 
labeled  with ['*C]acetic acid  might  also  be  due  to re- 
cycling of labeled  acyl  groups. In  order  to  determine if 
the  palmitoyl  groups of myelin  phosphoglycerides  turn 
over  as  rapidly  as  the  ethanolamine  moiety of the  EPG, 
we have  studied  the  phosphoglycerides of subcellular 
fractions of mice  kept for up  to 3 months  after  intra- 
cerebral  injections of [14C]palmitic  acid. 

MATERIALS AND METHODS 

Animals and mode of administration 

24 female C57BL/10J mice a t  3 months of age  were 
given  intracerebral  injections of [U-14C]palmitic  acid 
(5, 10) (sp act 560 Ci/mole,  Applied  Science  Labora- 
tories, State  College,  Pa.).  Each  mouse  received 25 pl 
(0.5 pCi) of a solution of [14C]palmitate dissolved in a 
15yo  (w/v)  solution of bovine  serum  albumin.  At  each 
time  interval  after  injection,  three  mice  were  killed. 
Individual  mouse  brains  were  dispersed  immediately  in 
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Disperse in 25 ml of 0.32 M sucrose 
Centrifuge  15  mjn at  13,500 g 
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1 -  
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Disperse in 0.32 M sucrose 

Centrifuge 30 min at 40,000 g 
Layer  on 0.8 M sucrose 

Pellet 
I 

Disperse in 0.32 M sucrose 
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Centrifuge 30 rnin at 40,000 g 
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Pellet, Middle layers Floating  layer 
discard I (myelin 11) I 
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Mitochondria-Nerve Endings Myelin (purified) 

FIG. 1. Outline of the isolation procedure for the mouse brain cytosol, myelin, nerve endings plus 
mitochondria, and microsomal fractions. 

LA Floatink layer 

Disperse in 0.9% NaCl  Dilute  with H20 

I 
Centrifuge  15 min at 40,000 g 

I 

20  vol of 0.32 M sucrose solution containing 1 mM EDTA 
and 3 mM Na2HP04  with the  aid of a  Potter-Elvehjem 
tissue grinder  equipped  with  a  Teflon pestle. 

Subcellular  fractionation 

At  each  time  interval after  injection, microsomal and 
cytosol fractions  from  three subjects were  obtained 
separately  by high-speed centrifugation of the  brain 
dispersions (Fig. 1). The  crude  mitochondrial pellets 
obtained  after  the  flotation of the first myelin layer  were 
resuspended (using a syringe) in 0.32 M sucrose, and the 
suspension was layered  on top of a  continuous  density 
gradient  made from 1 .O M and 1.6 M sucrose. Centrifuga- 
tion gave  a  broad  mitochondria-nerve  ending band  in 
the lower half of the  tube, a small pellet containing 
mainly cell nuclei and debris, and a  thin  floating  layer 
containing mostly myelin (myelin 11). The mito- 
chondria-nerve  ending  layer was resuspended (in 0.9% 
NaC1) and centrifuged. All myelin fractions  were purified 
by osmotic shock, reflotation, and  water washing for the 
removal of sucrose. Similar  subcellular  fractions  have 
previously been  characterized by electron microscopy, 
enzymic assays, and lipid analysis (5, 11-15). The 
purified myelin fractions  were  not  contaminated by 
other types of membranous  material  as  judged by their 
lipid compositions. The mitochondria-nerve  ending 
fraction  contained mostly intact  nerve  endings  with 
only a  small  proportion of free mitochondria.  We fre- 
quently saw profiles of nerve  endings  with  a single mito- 
chondrion  surrounded  by  a  plasma  membrane.  A few 
small  mitochondria  were  found in the microsomal 
fraction. 

Lipid extraction, separation, and 
radioactivity assay 

Final pellets from  the microsomal fractions  were sus- 
pended  in  3  ml of water,  and pellets from myelin and 
mitochondria-nerve ending fractions were  suspended 
in 6 ml of water.  A  portion of each  fraction  was  taken 
for the  measurement of radioactivity. The lipids were 
extracted  from  the  remainder of each suspension with 
chloroform-methanol  2 : 1 (v/v)  and  the phosphorus 
content was determined  (5).  Lipids from brain sub- 
cellular  fractions  were  separated by separation-re- 
action-separation TLC with silica gel G  plates (16, 17). 
Exposure of the TLC plates  to HC1 fumes after  the 
first dimension  quantitatively cleaved the alk-1-enyl 
groups  from  the respective phosphoglycerides. Lipid spots 
on  the TLC plates  were visualized by exposing the 
plates  to  iodine  vapor. The lipid spots were  recovered 
from  eight  plates for each  subcellular  fraction for 
phosphorus  determination  according  to  Gottfried (1 8). 
The results in Table 1 are  quite similar to those reported 
previously (15). Other  TLC plates  were used for the 
determination of the  distribution of radioactivity in  the 
phospholipids, cerebrosides, and lipids at  the solvent 
front.  Radioactive samples from  subcellular  fractions 
and lipid samples recovered from TLC plates were 
assayed for radioactivity  in vials containing 10 ml of 
XDC scintillation fluid (5). Lipid  samples in chloroform 
were  evaporated  to dryness before adding  the XDC 
scintillation  fluid,  which was prepared  with 600 ml of 
1,4-dioxane, 200 ml of xylene, 600 ml of 2-ethoxy- 
ethanol, 112 g of naphthalene,  and 4 g of 2,5-bis[2- 
(5-tert-butylbenzoxazolyl)]thiophene. 
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TABLE 1. Composition of the phospholipids from subcellular 
fractions of mouse brain 

Nerve 
Purified Endings + 
Myelin Microsomes Mitochondria 

Lipid phosphorus5 

SPG 
IPG 
Sphingomyelin 
CPG 
Acid-labile EPG 
Acid-stable EPG 
PA 
CL 

Ng-atoms/brain 
4.16 f 0.14  1.43 f 0.09 

(n = 21) (n = 20) 

% of lipid phosphorus (n 
13.8 f 0 . 4  10.8 f 0.7 
3.1 f 0.3  4.5 f 0 . 3  
4.2 f 0 .5  4.9 f 0.3 

26.9 f 0.6 42.4 f 0.8  
32.4 f 0 .5  17.9 f 0.4  
16.2 f 0 . 3  17.1 f 0 . 6  
4.0 f 0 . 3  3.9 f 0.3 

7.73 f 0.44 
(n = 22) 

= 8)  
9.7 f 0.6 
4.8  f 0 . 3  
5 . 3  f 0 . 3  

36.2 f 0.8  
18.6 f 0 .5  
20.1 f 0.3  
2 .8  f 0.2 
2 .3  f 0 . 2  

Results are given as means f SEM. 

a The total homogenate contained 25.5 pg-atoms of lipid phos- 
phorus/brain. 

Acyl group derivatives and GLC 

Portions of the  total lipid extracts from subcellular 
fractions were subjected  to  alkaline methanolysis for 
transesterification of the acyl groups  (19). The purified 
fatty  acid  methyl esters contained 5o-6oY0  of the  radio- 
activity  in  the  total lipids. The methyl esters were 
separated by GLC (Aerograph  model 1740) (20).  For 
the  measurement of the  radioactivity of individual peaks, 
a  preparative  column,  6 ft by 0.25  inch,  packed  with  10% 
EGSS-X on 100-120 mesh Gas-Chrom  P  (Applied 
Science Laboratories) was used for the  separation, and a 
Packard  model 852 fraction collector at 275°C was used 
for the collection. The effluent was trapped  in 4.5-cm- 
long glass cartridges  packed  with siliconized glass wool 
(21). After collection of the effluent material,  the 
cartridges  were  placed in vials containing  10  ml of 
XDC scintillation fluid and the  radioactivity of the 
samples was measured.  Some samples of the  methyl 
esters were also separated  on TLC plates impregnated 
withAgN03 (10). 

By using two or three samples of fatty  acid  methyl 
esters prepared  from  whole  brain  or from individual  sub- 
cellular  fractions for each  time  period, we determined 
the  proportion of acyl  group  radioactivity  in  the  16 : 0 
acyl  groups.  These  proportions were 1.00 at  1 hr  and 
1 day, 0.79 at  3 days, 0.51 at  8 days, 0.40 at 14 days, and 
0.22 at  30 days  after  injection. The remainder of the 
acyl group radioactivity was in 18 : 0 and  18 : 1  acyl 
groups. The amounts of radioactivity  in  the 20: 1  acyl 
groups  and in  the  polyunsaturated  acyl  groups  were  not 
different  from  the  background  radioactivity. The 
number of these determinations was limited by the 

amount of material  available.  Similar  distributions of 
radioactivity  were  found for different  subcellular  frac- 
tions from the  same  time  period. 

Calculation of specific  radioactivities 
The specific radioactivities of the  diacyl GPE were 

calculated  as dpm/ pmole of 16 : 0 acyl  groups  according 
to  the following equation : 

dpm/pmole = 

(dpm in acyl  groups)  (correction  factor) 

(2) 
(16 : 0 acyl  groups) 
(total  acyl  groups) 

(pmoles of diacyl GPE) 

The  amount of radioactivity  in  the  acyl  groups was 
determined  by  two-dimensional TLC.  The correction 
factor,  the  proportion of radioactivity  remaining  in 
16 : 0 acyl  groups, was determined  as described above. 
In  the  denominator,  the  proportion of 16 : 0 acyl  groups 
in  a specific lipid fraction was obtained from a previous 
publication (15). The  amount of diacyl GPE in  a  sub- 
cellular  fraction was calculated by multiplying  the  pro- 
portion of diacyl GPE in  a  subcellular  fraction  (Table 1) 
by the amount of lipid phosphorus in  that fraction. The 
same procedure was used for  the  calculation of the 
specific radioactivity of the  diacyl GPC. 

The specific radioactivities of the  alkenyl  groups from 
the alkenyl acyl GPE were calculated  as dpm/pmole 
of 16 : 0 alkenyl  groups  according to the following 
equation : 

dpm/pmole = 

dpm in alkenyl groups 
(1 6 : 0 alkenyl groups) 
(total  alkenyl groups) 

(pmoles of alkenyl  acyl GPE) 

The  amount of radioactivity  in  the EPG aldehydes  as 
separated by two-dimensional TLC was divided by the 
product of the  amount of alkenyl  acyl GPE  and  the 
proportion of 16: 0 alkenyl  groups  in  the EPG alkenyl 
groups (1 5). 

The specific radioactivities of the 18: 1 acyl  groups 
from the alkenyl acyl GPE were calculated as the dpm/ 
kmole of 18 : 1 acyl  groups as follows : 

dpm/pmole = 

dpm in  alkenyl  groups 
(1 8 : 1  acyl  groups) 
(total  acyl  groups) 

(pmoles of alkenyl acyl GPE) 

The  amount of radioactivity  in  the  monoacyl GPE, 
separated by two-dimensional TLC, was divided by the 
product of the  amount of alkenyl  acyl GPE  and  the 
proportion of 18 : 1  acyl  groups in the  alkenyl  acyl 
GPE (15). 
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TABLE 2. Content and subcellular distribution of radioactivity in mouse brains after intracerebral 
injections of [Wlpalmitate 

Time  after  Radioactivity  per  Brain"  Nerve  Endings + 
Injection A B C Cytosol  Microsomes  Crude  Myelinb  Mitochondria 

days  dpm X 10-8 '% distribufion of radioactivity ( m a n  * SEM) 

1 hr 224.0  143.0  74.0  17.3 f 0.5 14.6 f 2.9  24.0 f 0.4  44.1 f 3.8 
1 148.0  143.0  14.9  8.8 f 1.3 22.5 f 1.0  22.3 f 0.8 50.2 f 3.8 
3  88.7 79 .O 63.5 7.4 f 0.4  18.7 f 2.1 22.3 f 0.8  51.6 f 1.9 
8  57.5  25.6 - 5 . 1  f 0.1  19.5 f 1.3  27.0 f 1.0 48.4 f 0.3 

14 47.3 20 .o - 3.4 f 0.5 12.9 f 0.0 29.5 f 0.9 54.1 f 0.5 
30 13.6 13.0 11.5 2.8 f 0.2 14.2 f 0.9 35.5 f 1.8 47.4 f 2.5 
60 9.9 8.8 25 .O 2.5 f 0.6 8.4 f 0.6 38.3 f 1.2 50.8 f 1.9 
90 6 .1  4.6 - 2.0 f 0 . 1  7.1 f 1.0 42.9 f 0.3 47.9 f 0.5 

The letter designations for individual brains are also used in  Table 3. Because of the  variance between injections, for further 
processing we  used the subcellular fractions from  the two brains (A and B) that were in closest overall agreement.  A  plot of the  radio- 
activity per  brain A plus brain  B vs. time after injection gave a smooth curve. The dashes indicate that very little radioactivity was 
found. 

b The  crude myelin values are the sums of myelin I and myelin I1 (Fig. 1). 

Specific radioactivity ratios were calculated from 
specific radioactivity values for different lipids from the 
same animals. 

RESULTS 

The radioactivity of the  brain lipids decreased so 
rapidly  with time that  at 90 days after injection, the 
lipids contained less than one-twentieth of the  radio- 
activity found at 1  day after injection (Table 2). The 
percentage distribution of radioactivity among  the sub- 
cellular fractions was based on  the  amount of radio- 
activity recovered from  the fractions. Between 30 and 
40y0 of the  original radioactivity and phospholipids in 
the dispersion was not recovered in the four subcellular 
fractions. Approximately one-half of the recovered 
radioactivity was found in the mitochondria-nerve 
ending  fraction at all time intervals after injection. The 
crude myelin fraction contained from 22 to 43% of the 
radioactivity. Especially a t  the  earlier time intervals, a 
large part of  the radioactivity in  the  crude myelin 
fraction was not recovered after purification. 

The radioactivity of the microsomal and mitochondrial 
fractions was highest a t  1 day after injection and  grad- 
ually decreased with time (Table 3). However, the 
radioactivity of the purified myelin fraction  did  not 
decrease until after 14 days and then the decrease was 
at a relatively slow rate. Most of the radioactivity in  the 
lipids was found in  the  CPG  and diacyl GPE (Table  4). 
With time, the  proportion of radioactivity in  the CPG 
from the microsomal and mitochondria-nerve ending 
fractions and  the acid-stable EPG from the myelin and 
mitochondria-nerve ending fractions decreased rapidly. 
The proportions of the radioactivity in  the alkenyl acyl 
GPE and cerebrosides increased throughout  the first 

60 days. In the alkenyl acyl GPE,  the  incorporation  into 
the alkenyl groups was greater than the incorporation 
into  the acyl groups, particularly  in  the microsomal 
fraction. After 60 days, the alkenyl acyl GPE  and  the 
cerebrosides contained 22 and 28%, respectively, of the 
radioactivity in  the myelin lipids. The myelin lipids 
exhibited a  pattern of labeling different from the micro- 
somal and mitochondria-nerve ending fractions. Be- 
tween l hr  and l day after injection, over 50% of the 
radioactivity in  the myelin fraction was found in  the 
acid-stable EPG. 

At all time periods and for all three subcellular frac- 
tions, the specific radioactivities calculated for the 
diacyl GPE were greater than those for the diacyl 
GPC (Figs. 2 and 3). Specific radioactivities of the 
alkenyl acyl GPE were plotted for the 16: 0 alkenyl 
groups (Fig. 4) and the 18 : 1 acyl groups (Fig. 5). For 
this lipid, the specific radioactivities of the myelin 
fraction were highest at 14 days after injection. 

TABLE 3. Radioactivity in the total lipids of subcellular 
fractions from mouse brain 

Nerve  Endings + 
l-ime after Purified  Myelin Microsomes Mitochondria 
Injection A B A B A B 

days dpmlbrain 
1 hr 3330 2320 19640 7750 58170 38160 
1 2100 2870 20230 17760 34970 36710 
3 2520 2020 4630 10860 23710 21750 
8 5670 1960 6260 3470 16940 7430 

14 6020 2740 3920 1920 17560 4740 
30 2610 2260 1480 1130 3630 3520 
60 1590 1380 212 375 2610 2380 
90 924 478 242 200 1430 1380 

The values were not corrected for the amounts taken for the 
measurements given in Table 2. 
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TABLE 4. Percentage distribution of radioactivity in  the lipid classes from subcellular fractions 

Time after SPG and 
Alkenyl Acyl GPE 

Acid-stable 
Injection IPG SPh CPG Acyl Alkenyl EPG LPLO CB CL 

days 

1 hr 
1 
3 
8 

14 
30 
60 

1 hr 
1 
3 
8 

14 
30 
60 

1 hr 
1 
3 
8 

14 
30 
60 

Microsomes 
5.7 2 .3  46.5 0.9 1 .o 23.9 19.6 
8.7 6.9 47.3 0.8 3.3 20.3 13.0 

10.1 13.6 38.0 1 . 3  7 .5  19.8 9.9 
13.0 11.2 38.5 1.1 10.8 18.9 7 . 3  
15.2 9 . 4  35.3 1.9 12.9 16.9 8 .5  
10.3 8.7 35.3 1 .7  13.1 19.5 11.7 
13.8 7 .0  27.5 2.6 13.0 21.6 13.7 

Purified Myelin 
4.7 1 . 2  22.7 0.7 0.7 59.4 9 .3  
7.5 2.4 23.8 0 .8  2.3 45.1 11.1 

18.9 2.6 33.2 0 .8  5.0 34.3 11.3 
17.0 4.0 25.8 4.7 8 .2  21 .o 8 . 6  
17.6 2.7 24.2 7 .0  9.9 22.2 6.5 
15.5 2.6 19.2 9 .9  10.9 13.2 7 .5  
13.0 2.8 17.8 8.2 13.5 9 .4  7 . 4  

Nerve Endings + Mitochondria 
5.9 1 .2  43.3 0 . 4  0.6 39.8 11 .o 
6 .8  3 .4  43.6 0.7 1 .8  32.1 9.0 
9.6 4.8 44.0 1 .1  3.7 25.6 10.0 

11.9 3.2 39.1 2.2 7 .6  24.2 7 . 4  
14.9 4.5 38.4 2 .3  6.6 20.9 7 .2  
12.5 4 .4  35.7 4.5 8 .5  19.3 9 .1  
13.3 5.7 26.4 5 .4  13.7 17.5 9.5 

1 .o 
3 .5  
4.7 
9.5 

10.2 
18.9 
28 .O 

2.6 
1.1 
5.0 
6.0 
7 .4  
8 .8  

The lipids were separated in the first dimension with chloroform-methanol-15 N NH40H 65:25:4 (by 
volume). After exposure to HCI fumes, the thin-layer plates were developed in  the second dimension with chloro- 
form-methanol--l5 N N H 4 0 H  100:50:12 (by  volume). The mean values from two samples are given. The in- 
dividual values for each time period did  not differ by more than 10% of the value for major components. The 
data from 90 days after injection were not included because the  amounts of radioactivity were very  low. No 
cardiolipin was found  in the myelin or microsomes and very little cerebroside was found in  the nerve endings plus 
mitochondria fraction. 

a LPL are the less polar lipids from the intersection of the two solvent fronts. 

The half-lives of several lipid components  (Table 5 )  
were  calculated for the period between 14 and 30 days 
after  injection. By these times the transfer of lipids 
among  subcellular  fractions had reached an  apparent 
equilibrium. The values for the  same phosphoglyceride 

TABLE 5. Half-lives of the  ethanolamine and choline 
phosphoglycerides from subcellular fractions 

~ ~ ~~~ 

Puri- 
Nerve 

Endings 

Side Chains 
Nonpolar fied Micro- + Mito- 

Phosphoglycerides Myelin somes chondria 

days 

16 : 0 acyl groups Diacyl GPC 8 8 6 
16 : 0 acyl groups Diacyl GPE 6 6 6 
16 : 0 alkenyl groups Alkenyl acyl 38 11 22 

18: 1 acyl groups Alkenyl acyl 20 13  12 
GPE 

GPE 

The half-lives were calculated from the means of the specific 
activities for 14 and 30 days using the equation: half-life = 

(16) (0.301) 
(log sp act a t  14 days) - (log sp act  at 30 days)’ 

class from  different  membranes are not significantly 
different. Also, the half-lives of the  diacyl GPC  and  the 
diacyl GPE  are  quite similar.  Although  the  calculated 
values for the  alkenyl  acyl GPE  are somewhat  larger than 
for the  diacyl GPE, they cannot be compared  directly 
because the  palmitate was not a  direct  precursor of the 
alkenyl  groups and pulse labeling was not  achieved. 

DISCUSSION 

Palmitic  acid was incorporated  into  the lipids of all 
subcellular fractions, but  at longer times after  injection 
increasing proportions of radioactivity  were found in 
alkenyl groups and in 18 : 0 and 18 : 1 acyl  groups. Be- 
cause of this conversion of 16 : 0 acyl  groups to other  acyl 
groups and alkenyl groups,  the amount of radioactivity 
was corrected before calculating  the values of specific 
activities for the  different phosphoglycerides. Since very 
little of the  injected  free  palmitic  acid was available at 
the  time these metabolites were formed (9, lo), part of 
the conversion must have been due  to recycling of the 
16 : 0 acyl  groups. 
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I I I 1 
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l i m e ,  d a y s  
30 

FIG. 2. Graph of the logarithms of the specific radioactivity of the 
palmitoyl groups  from the diacyl GPC as a function of time after 
injection of [14C]palmitate. The specific activities were calculated 
as described in the text. At each time period,  the values for samples 
A and B (see Table 2)  were plotted and lines were drawn  through 
the means of the samples: (-..e..), purified myelin; (- I, 
microsomes; (--------- ), nerve endings plus mitochondria  fraction. 

At 1 day,  the specific radioactivity  (dpm/pmole of 
16 : 0 acyl  groups)  was at  or near  the  peak for the diacyl 
GPE  and diacyl GPC  in the microsomes, mitochondria- 
nerve endings, and myelin (Figs. 2 and  3).  At longer  time 
intervals  after  the  intracerebral  injection of [14C]palmitic 
acid,  decreasing specific radioactivities were found for 
both of these lipids in  all  subcellular  fractions,  including 
myelin. If these lipids  were  formed  from  the  same pool of 
diacyl glycerols in  the  endoplasmic  reticulum,  then  the 
ratio of the specific radioactivities of the microsomal 
lipids should be  constant  with time. Indeed,  the  ratio of 
the specific radioactivity of the microsomal  diacyl GPE 
was constant (0.16-0.19) during  the period  from  1 hr  to 
30 days  after  injection. As judged  by ratios of the specific 
radioactivities,  the microsomal diacyl GPC exchanged 
with the myelin diacyl GPC  quite slowly, since the myelin- 
to-microsome  ratio  did  not  reach 0.75 until  14  days  after 
injection. At most times, the specific radioactivities of the 
diacyl GPC  and diacyl GPE in  the  mitochondria-nerve 
ending  fraction  were  similar  to those of the microsomal 
fraction,  indicating  that  the exchange is quite  rapid; 

1 1 I I 
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T i m e ,  d a y s  

FIG. 3. Graph of the logarithms of the specific radioactivity of the 
palmitoyl groups from the diacyl GPE as a function of time after 
injection of [14C]palmitate. Details were the same as in Fig. 2. 

this was also found by Miller and Dawson (22, 23) with 
other precursors. 

For the  alkenyl  acyl GPE  in the  myelin  fraction 
(Figs. 4 and 5), the specific radioactivity of the  18: 1  acyl 
groups increased more slowly than  that of the  16 : 0 
alkenyl  groups.  Apparently,  the 16 : 0  acyl  groups  were 
not  a good precursor for the  18 : 1 acyl  groups. The 
microsomal alkenyl  acyl GPE exchanged  with  the 
myelin alkenyl acyl GPE very slowly, requiring 14-30 
days for equilibration.  A  precursor-product  relationship 
was  evident for the microsomal and. myelin alkenyl  acyl 
GPE. 

The specific radioactivity data  are consistent with a 
synthesis of the  CPG  and  EPG in  the  endoplasmic 
reticulum followed by  a transfer to the  other  membranes. 
A similar relationship  between liver microsomes and 
mitochondria (24, 25),  brain microsomes and myelin (3), 
and  brain microsomes and  mitochondria (22, 23), has 
been shown previously with  labeling of the  polar  portions 
of the molecules. In the  central  nervous system, the 
myelin sheath is in  contact  with  the cytosol only at  the 
nodes of Ranvier. The  rate of exchange of myelin 
phosphoglycerides with microsomal phosphoglycerides 
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1 I 1 
D 10 20 30 

T i m e ,  d a y s  

FIG. 4. Graph of the logarithms of the specific radioactivity of 
the hexadec-1-enyl groups from the alk-1-enyl acyl GPE as  a 
function of time after injection of (l4C]palmitate. Details were the 
same as in Fig. 2, but no conversion factor was used (see text). 

may be influenced by the  proportion of the myelin in 
contact  with  the cytosol, by the  rate of lateral diffusion of 
myelin phosphoglycerides, and by the  concentration of 
exchange  proteins  within  the  oligodendroglial cytosol. 

The  amount of radioactivity  in the total lipids from the 
purified myelin did  not  decline  until  more  than 2 wk 
after  injection. The  apparent delay  may  have  been due 
to  the time required  for an equilibration of microsomal 
and myelin phospholipids, the  greater  proportion  in  the 
myelin of 18 : 1 acyl  groups  and 16 : 0 alkenyl  groups that 
require  additional  synthetic steps, and recycling of radio- 
activity. The loss  of a substantial  amount of radioactivity 
during  the purification of the  crude myelin sample  ob- 
tained at  1 hr  after injection and  the decreased specific 
radioactivity of the purified myelin suggest that  the lost 
material  had a  relatively high specific radioactivity. The 
most likely source of this material is the  “nascent 
myelin,” Le., the most recently formed myelin that  had 
not  been consolidated  into  the myelin sheath (15, 26, 
27). Another possibility is that axoplasmic or glial  mem- 
branes  with a high specific radioactivity are removed 
from  the crude myelin by the  purification  procedure. 

The half-lives calculated for the 16 : 0 acyl  groups of 

L I I 1 
0 10 20  30 

T i m e ,  days  

FIG. 5. Graph of the logarithms of the specific radioactivity of the 
octadecenoyl groups from the alk-1-enyl acyl GPE as  a function 
of time after injection of [14C]palmitate. Details were the same as in 
Fig. 2, but no conversion factor was  used (see text). 

the  diacyl GPC  and diacyl GPE were 6-8 days (Table 5). 
The half-lives of the EPG from  subcellular  fractions of 
mouse brains  from 1 to 7 days  after  intracerebral injec- 
tions of [14C]ethanolamine  were 1.9-3.0 days for diacyl 
GPE  and 2.4-3.2 days for alkenyl acyl GPE (28). The 
data from  a similar experiment (29) for the  small 
myelin fraction  from  rats gave half-lives of about 5 days 
for both  the diacyl and alkenyl  acyl GPE between 
1 and 7 days  after  injection. For  the myelin diacyl GPE, 
it is clear that  the hypothesis of inert myelin is no  longer 
tenable (30). The turnover of the  alkenyl  acyl GPE has 
been discussed in  detail (28). 

Previous investigations of the  turnover of the  hydro- 
phobic moieties of brain  lipids  have  been  carried out 
using [I4C]acetate.  Since  the  primary  product of fatty 
acid biosynthesis from  acetate is palmitic  acid,  the results 
should be  comparable  with those from  experiments in 
which  acetate was the  radioactive  precursor. For  the 
present  experiment, a plot of the  logarithm of the  total 
radioactivity in  the  brain lipids vs. time gave a curve 
that could  be  approximated by two  straight lines. The 
half-lives taken  from this plot were 5-7 days from 1 to 
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14  days  after  injection and 49-50 days  from 30 to 90 days 
after  injection.  These  values are  much  larger  than those 
for the  individual  lipids  after  correction for the  con- 
version of palmitoyl  groups  into  other  groups because 
the recycling is not  counted  as  turnover. 

This reutilization of palmitoyl  groups also accounts for 
a  disparity  in  the half-lives of the lipids from rat cerebral 
cortex  (31).  These half-lives were 5.1 days  with glycerol 
as  the  precursor and 38 days  with  acetate  as  the  pre- 
cursor. The latter  value  compares well with  our  un- 
corrected  value of  49-50 days for mouse whole brain 
lipids, but we have  shown that this value is an  apparent 
turnover  rate  that does  not  include  the recycling of hydro- 
phobic moieties. The  CPG from rat  brain  mitochondria, 
microsomes, and synaptic vesicles have measured half- 
lives of  27-34 days  with  choline  as  the  precursor  (32), 
but with glycerol as  the  precursor  the half-life of the 
CPG from  cerebral microsomes of young  rats was 2.7 
days  (33). The half-lives found for the  16 : 0 acyl  groups 
in  the  brains of mature mice are slightly longer  than  the 
half-lives of phosphoglycerides labeled  with glycerol 
(3, 31, 33)  or  ethanolamine (3, 5, 29). A longer half-life 
with  palmitic  acid  as  the  precursor may be due to a 
greater  degree of recycling of the  palmitoyl  groups  re- 
leased from  the phosphoglycerides by hydrolytic catab- 
olism because we would expect  turnover of the  palmitoyl 
groups  when the glycerol or  ethanolamine  turn  over. 
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