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Abstract The phospholipids from murine mastocytoma FMA3 
and P-815 clone cells were quantitatively analyzed, and the 
major glycerophospholipids were examined for their fatty acyl 
chain distribution. In these cells, the content of histamine was 
less than 1/100 of normal mouse mast cells, and FMAS cells had 
1.5-fold as much histamine content as P-815 cells. The predomi- 
nant phospholipid species of both mastocytoma FMAJ and 
P-815 were choline-containing glycerophospholipids (48%) and 
ethanolamine-containing glycerophospholipids (29%). The 
remaining minor constituents were sphingomyelin (6%, 7%), 
phosphatidylinositol (7%, 5%), phosphatidylserine (2%, 5%), 
cardiolipin (476, 3%), and phosphatidic acid (2’37, 1% for FMAJ 
and P-815, respectively). The choline-containing glycerophos- 
pholipids consisted of high amounts of 1-0-alkyl-2-acyl type 
(31%, 25%) and 1,Z-diacyl type (63%, 66%) and a smaller 
amount of l-O-alk-l’-eny1-2-acyl type (7%, 8%). In contrast, 
ethanolamine-containing glycerophospholipids were character- 
ized by high contents of l-O-alk-l’-eny1-2-acyl type (36%, 31%) 
and 1,2-diacyl type (55%, 58%), and a lower level of 1-0-alkyl-2- 
acyl type (12% and 11% for FMAJ and P-815, respectively). 
Unlike choline-containing glycerophospholipids and sphingo- 
myelin that were rich in palmitic acid, ethanolamine-containing 
glycerophospholipids, phosphatidylserine and phosphatidyl- 
inositol showed a high proportion of stearic acid in the overall 
fatty acid composition. The content of arachidonic acid was 
highest in phosphatidylinositol. Sphingomyelin had a large 
amount of long chain and polyunsaturated fatty acids. In both 
choline- and ethanolamine-containing glycerophospholipids, the 
predominant fatty acids in the sn-1-position were palmitic, 
stearic, and oleic acid. In the sn-2-position, arachidonic acid was 
most abundant in the 1-0-alkyl-2-acyl type of choline-containing 
glycerophospholipid and also in the l-O-alk-l’-eny1-2-acyl type of 
ethanolamine-containing glycerophospholipid. Unexpectedly, 
there was a relatively high percentage distribution of saturated 
fatty acids in the sn-2-position of l-O-alky1-2-acyl-, 1-0-alk-l’- 
enyl-2-acyl-m-glycero-3-phosphocholine and 1,2-diacyl-, 1-0-alkyl- 
2-acyl-sn-glycero-3-phosphoethanolamine. -Yoshioka, S., S. 
Nakashima, Y. Okano, H. Hasegawa, A. Ichiyama, and Y. 
Nozawa. Phospholipid (diacyl, alkylacyl, alkenylacyl) and fatty 
acyl chain composition in murine mastocytoma cells. J. Lipid 
Res. 1985. 26: 1134-1141. 
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It is generally known that phospholipid metabolism is 
enhanced when secretory cells are exposed to various 
stimuli. The enhanced phosphatidylinositol (PI) metabo- 
lism, known as “PI turnover,” has been reported to be a 
primary event coupled with the calcium mobilization and 
the consequent secretory reaction (1-3). In addition, the 
release of arachidonic acid, an obligatory precursor for 
biologically active compounds such as prostaglandins and 
leukotrienes, occurs within 30 sec in activated mast cells, 
either by the action of phospholipase A2 on membrane 
phospholipids or by the sequential action of phospholipase 
C and diglyceride lipase on PI (4). The secretory granules 
in rat mast cell contain enzymes, chemotactic peptides, 
heparinproteoglycan, histamine, and serotonin (4). On  
the other hand, the transformed murine mast cells, mas- 
tocytomas FMA3 and P-815, are found to have much 
lower amounts of histamine (S. Yoshioka and Y. Nozawa, 
unpublished data) and enzymes. N-acetyl-fl-glucosamini- 
dase and acid phosphatase (Y. Banno, S. Yoshioka, and Y. 
Nozawa, unpublished observation). These two cell lines 
are different in 5-hydroxytryptophan decarboxylase ac- 
tivity, indicating a more active biosynthesis of serotonin in 
FMAS than in P-815 cells (5). Both cells were observed to 
release much less histamine than mast cells upon stimula- 
tion with A23187 or compound 48/80. Based on the con- 
cept of stimulus-secretion coupling, one would easily 
expect that the rapid turnover of membrane phospholipid 
may not occur in the mastocytoma cells treated with these 
agents. Prior to the investigation of the phospholipid 
metabolism in murine mastocytoma cells (FMA3 and 

Abbreviations: PE, ethanolamine-containing glycerophospholipids; 
PC, choline-containing glycerophospholipids; PI, phosphatidylinositol; 
PS, phosphatidylserine; SM, sphingomyelin; GP, sn-glycerol-3-phosphate; 
PA, phosphatidic acid; GPC, sn-glycero-3-phosphocholine; GPE, sn- 
glycero-3-phosphoethanolamine; GLC, gas-liquid chromatography; 
TLC, thin-layer chromatography; DMA, dimethyl acetal. 
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P-815) exposed to various stimulants, the detailed analy- 
ses of phospholipid class composition and fatty acyl chain 
distribution were undertaken. 

MATERIALS AND METHODS 

Materials 
Phospholipase C (Bacillus cereus) and phospholipase 

A2 were obtained from Boehringer-Mannheim, GmbH. 
Silica gel H, G, and primulin dye were purchased from 
Sigma Chemical Company, St. Louis, MO. Vitride 
(NaAlH2[OCH2CH20CH3]2) was from Nakarai Chemi- 
cals Ltd., Kyoto. 1-0-Alkylglycerol standards were the 
products of Serdary Research Laboratories, London, 
Ontario, Canada. Fatty acid methyl ester standards were 
obtained from Nihon Chromato Industrial Co., Tokyo. 
All chemicals were of reagent grade. 

Cell lines 

Two cloned cell lines of murine mastocytomas, FMAS 
and P-815, were employed for analysis. FMAS is a cloned 
cell line obtained from the cell line FMA. The origin and 
biological characteristics of FMAS line are described else- 
where (6). It was established from a solid tumor of Furths 
mastocytoma cells (F-line) of LAFl mice (7) by adapting 
the cells to grow in the ascites prior to transplantation to 
an in vitro culture. When inoculated in the abdominal 
cavity of LAFl mice, cells grow with a doubling time of 
20.5 hr, reaching the maximal cell density of -10' cells/ 
mouse. On the other hand, P-815 cells, derived from the 
Dunn-Potters mastocytoma, were grown in the abdominal 
cavity of DBA/2 mice (8). 

Preparation of cells 
The mastocytoma cells were harvested from the perito- 

neal cavity of tumor-bearing mice on the 7th day after 
transplantation (1-3 x lo6 cells/mouse) (7). Mastocytoma 
cells collected from peritoneal cavities of mice LAFl or 
DBA/2 were purified using a BSA density-gradient cen- 
trifugation according to the procedure of Sullivan et al. 
(9). Finally, cells were suspended in a buffered salt solu- 
tion (150 mM NaCl, 3.7 mM KCl, 3.0 mM Na2HP04, 3.5 
mM KH2P04, 1.0 mM CaC12, 0.5 mM M$l2, 5.6 mM 
dextrose, 0.1% gelatin, and 10 unitdm1 heparin, pH 6.8) 
(9). All glassware was siliconized before use. Purity of cell 
preparations was over 90% and the viability was 97% as 
assessed by staining with 0.05% toluidine blue. 

Assays of histamine content and enzyme activities 
Histamine content was measured fluorimetrically by 

the modification (9) of the method of Shore, Burkhalter, 
and Cohn (10). Acid phosphatase activity was measured 

photometrically, using p-nitrophenyl phosphate by the 
method of Parish (11) and N-acetyl-0-glucosaminidase 
was measured by the method of Loomis (12). 

TLC solvent systems 
Several solvent systems were used for separation of the 

cellular lipids and their derivatives by TLC: system I, 
chloroform-methanol-ammonium hydroxide 65:35:6 (v/v); 
system 11, chloroform-acetone-methanol-glacial acetic 
acid-water 3:4:1:1:0.5 (v/v); system 111, chloroform-glacial 
acetic acid-methanol-water 75:25:5:2.2 (v/v); system IV, 
n-hexane-diethyl ether 4:l (v/v). 

Extraction and fractionation of lipids 
Lipids were extracted from two mastocytoma cell lines 

by the method of Bligh and Dyer (13). Individual phos- 
pholipids were separated by two-dimensional chromatog- 
raphy on silica gel H plates containing 2.5% magnesium 
acetate, using solvent system I for the first dimension and 
solvent system I1 for the second dimension (14). After 
visualization with a primulin spray reagent (15), the areas 
corresponding to individual phospholipids were extracted 
from the scraped gel powder by the method of Bligh and 
Dyer (13). 

Quantitation of phospholipid species 

The quantitative analysis of the individual phospholipid 
species was carried out after separating them by two- 
dimensional chromatography as above. In this system, 
lyso-PI and lysophosphatidylserine (lyso-PS) were located 
in a single spot, but other phospholipids were well sepa- 
rated. For quantitative analysis of individual phospho- 
lipids, each corresponding spot was scraped off the plate 
and analyzed for total phosphorus content as described by 
Rouser, Siakotos, and Fleischer (16). The determination 
of relative distribution of subfractions of choline- and 
ethanolamine-containing glycerophospholipid was per- 
formed as described in the following section. 

Fatty acid composition analysis of major phospholipids 
For analysis of fatty acyl composition of the individual 

phospholipids, they were separated on TLC, scraped off 
the plate, eluted with chloroform-methanol (9:1), trans- 
methylated with 10% BFs/CH30H, and then subjected to 
gas-liquid chromatography (GLC) (17) as described below. 

Separation and quantitation of l,Z-diacyl-, 1-0-alkyl- 
2-acyl- , and 1-0-alk-l' -enyl-2-acyl-sn-glycem-3-phos- 
phocholine (1-0-alk-l'-enyl-Z-acyl-GPC) and sn- 
glycero-3-phosphoethanolamine (-GPE) 

Purified choline- and ethanolamine-containing frac- 
tions (1-3 mg) were treated with HCl gas for 5 min to 
hydrolyze the 1-0-alk-1' -enyl groups. The cleaved alde- 

Yoshioka et al. Phospholipid and fatty acyl chain in mastocytoma 1135 

 by guest, on June 19, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


hydes, lysophospholipids, and the unreacted phospholipids 
were purified by preparative TLC with solvent system 111. 
The amount of lysophospholipids determined by lipid 
phosphorus analysis (16) was taken as the 1-0-alk-1'-enyl 
content. The cleavage of the 1,2-diacyl and l-O-alkyl-2- 
acyl phospholipids was negligible under this condition. 
The unhydrolyzed phospholipid fraction was divided into 
two batches for phospholipase A2 and phospholipase C 
treatment. The products obtained by phospholipase C 
hydrolysis were acetylated by the method of Soodsma, 
Leroy, and Harlow (18) to yield 1,2-diacyl-3-acetylglycerol 
and l-0-alkyl-2-acyl-3-acetylglycerol. These two species 
were separated by preparative TLC on silica gel G using 
solvent system IV according to Renkonen's method (19) 
and they were scraped off separately and extracted with 
chloroform-methanol 9:l. A relative distribution (mol %) 
of l-O-alk-l'-enyl-2-acyl (A), 1,2-diacyl (B), and 1-0-alkyl- 
2-acyl (C) phospholipids could be calculated as follows: 

A (mol %) = (phosphorus content of lysophospholipid 
derived from 1-0-alk-1'-enyl phospho- 
lipid/phosphorus content of total choline- 
or ethanolamine-fractions) x 100. 

The proportional ratio of 1,2-diacyl and 1-0-alkyl-2-acyl 
phospholipid was then estimated by GLC analysis of their 
fatty acid composition using 15:O methyl ester as an inter- 
nal standard (20). Accordingly, if the ratio of 1,2-diacyl to 
1-0-alkyl-2-acyl phospholipids was defined as X/Y, then, 
B and C could be obtained according to the following 
equations. 

B (mol %) = X/(X + Y) x (1-A) x 100 

C (mol %) = Y/(X + Y) x (1-A) x 100. 
and 

Determination of positional fatty acid distribution 
of 1,2-diacyl phospholipids 

The other half of unhydrolyzed phospholipid fraction 
was treated with phospholipase A2 and the resulting 
products were purified using preparative TLC with sol- 
vent system 111. The lysophospholipids were transmethyl- 
ated with 10% BF3/CH30H and the fatty acyl chain com- 
position at the sn-1-position was determined by GLC. The 
acyl chain composition at the sn-2-position of 1,2-diacyl- 
phospholipids was estimated from the following equation: 

2 x (mol% overall composition in each fatty acid of 
1,2-diacyl-3-acetate) - (mol% composition in each 
fatty acid of phospholipid obtained from hydrolysis 
by phospholipase A2). 

Determination of positional fatty acid distribution of 
1-0-alkyl-2-acyl phospholipids 
l-O-Alkyl-2-acyl-3-acetylglycerol (1-2 mg) was reduced 

with Vitride to yield 1-0-alkylglycerol, which was purified 

by preparative TLC. Its isopropylidene derivative was 
made by a modified method of Wood (21). One ml of ace- 
tone containing 0.1 pJ of 70% perchloric acid was added 
to the sample. After the mixture was allowed to stand at 
room temperature for 20 min, 1 or 2 drops of concentrated 
N H 4 0 H  were added, and the product was extracted three 
times with n-hexane-diethyl ether 1:l (v/v). The isopro- 
pylidene derivatives were then analyzed by GLC. Fatty 
acyl chain composition of sn-2-position was determined as 
described above. 

Determination of fatty acyl composition of l-O-alk-1- 
enyl-2-acyl phospholipids 

Aldehydes formed from acid treatment of plasmalogen 
were reduced with Vitride to the corresponding alcohols 
(22). The fatty alcohols were then acetylated according to 
Waku et al. (23) for GLC analysis, and resulting lysophos- 
pholipid was treated as above for GLC analysis of the 
fatty acyl chain at the sn-2-position. 

GLC analysis of fatty acids 

The fatty acid methyl esters, fatty alcohol acetates, and 
isopropylidene derivatives of 1- 0-alkylglycerol were deter- 
mined by GLC. Peaks of each chromatogram were as- 
signed by comparison of their relative retention times 
with those of authentic standards. Analysis was carried 
out on a Shimazu GC-6A gas chromatograph with a glass 
column packed with 10% DEGS on chromosorb W 80-100 
mesh (Nihon Chromato Industrial Co., Tokyo). The flow 
rate of carrier nitrogen gas was approximately 50 ml/min. 
The column temperature was maintained at 2OO0C, and 
the injector and ion detector temperatures were 250°C. 

RESULTS AND DISCUSSION 

There has been substantial evidence to support the con- 
cept that the provocation of cell functions is coupled with 
a rapid increase in phosphoinositide metabolism (24). In 
this context, one would expect that the rapid and transient 
turnover of phosphoinositides may not be elicited in cells 
that do not exert active responses. We have chosen murine 
mastocytoma cells without active secretion as a pertinent 
model cell to study the stimulus-response coupling in the 
functionally defective cells. Our previous studies have 
shown that when mast cells are activated by calcium 
ionophore A23187 and compound 48/80, PI turnover and 
Ca2' mobilization are rapidly enhanced (1, 2, 25). Before 
phospholipid metabolism in the mastocytoma cells is 
examined, detailed analytical studies of their phospho- 
lipid and fatty acid composition are necessary. 

The mouse mast cells contain a large amount of hista- 
mine (157.8 pg/107 cells). In contrast, the histamine con- 
tent in mastocytoma cells was extremely low (2.1 and 1.4 
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TABLE 1. Phospholipid composition of murine 
mastocytomas FMAS and P-815" 

PhosDholipid FMA3 P-815 

PhosphatidyIethanolamine 29.7 i 1.9 29.0 * 1.5 

Phosphatidylinositol 6.7 f 0.4 5.0 i 1.0 
Phosphatidylcholine 48.9 f 3.6 48.3 i 2.6 
Phosphatidic acid 2.0 f 1 . 2  1 . 1  * 1.3 
Sphingomyelin 6.0 * 4.1 7 . 2  * 1.5 
Cardiolipin 3.9 + 0.6 3.3 * 3.2 

Phosphatidylserine 2.0 f 2.1 4.7 * 2.1 

"The results are expressed as mol percent of total phosphorus and 
presented as the mean * standard deviation of four different animals. 

pg/107 cells in FMA3 and P-815, respectively). Moreover, 
the activities of released lysosomal enzymes, N-acetyl+- 
glucosaminidase and acid phosphatase, were also found to 
be very low (data not shown). 

Phospholipid class composition of murine mastocytoma 
FMA3 and P-815 cells 

Table 1 shows the phospholipid composition of murine 
mastocytoma cells. The total phospholipid content was 25 
pg/106 cells in both lines. The cell size of mastocytomas (8 
pm) is somewhat smaller than normal mouse mast cells 
(10 pm). No major difference was found in the phospho- 
lipid composition between the two cell lines. Half of the 
total phospholipid is choline-containing phospholipid 
fraction (PC), and an ethanolamine-containing phospho- 
lipid fraction (PE) is the next most dominant component 
(30%). Smaller constituents are sphingomyelin (SM), PI, 
cardiolipin, PS, and phosphatidic acid (PA). Apparently, 
the mastocytoma cells display a different profile of phos- 
pholipid composition from that of the mast cells (26), 
which contain almost equal amounts (27%) of PE and PC 
and are abundant in SM (20%). 

The proportional composition of ether and diacyl types 
of PC and PE is shown in Table 2. Approximately two- 
thirds of total PC fraction consists of 1,2-diacyl type and 
the remainder are 1-0-alkyl and 1-0-alk-1'-enyl types. The 
1,2-diacyl type is the major component of both PE and 
PC. Great differences between PC and PE are seen in the 
proportion of 1-0-alk-1'-enyl and 1-0-alkyl types. The 
l-O-alk-l'-enyl-2-acyl type comprises more than 30% of 

the total PE fraction, whereas it is much less in the PC 
fraction. However, PC is more abundant in the 1-0-alkyl 
type than in the 1-0-alk-1'-enyl type. High concentrations 
of ether-linked lipids have been observed in other trans- 
formed cells such as Ehrlich ascites tumor cells (27) and 
hepatoma 7794A and 7777 cells (28). 

Fatty acyl chain composition of individual 
phospholipid fractions 

The distribution of fatty acids in individual phospho- 
lipids is given in Table 3 (FMA3 cells) and Table 4 (P-815 
cells). Each phospholipid displays a characteristic distri- 
bution of fatty acyl chains, but there is no conspicuous 
difference between these two lines. As for saturated fatty 
acids, the choline-containing lipids, SM and PC, show a 
high level of 16:0, and the acidic phospholipids, PI and 
PS, are rich in 18:O. The presence of a considerable 
amount of arachidonate in PI is in good agreement with 
data on human platelets (14) and neutrophils (29). It is 
assumed that the abundance of 20:4 may contribute to 
production of leukotrienes through 5-lipoxygenase in 
mastocytoma P-815 (30). The dimethyl acetals (DMAs) 
are identified as 16:ODMA and 18:ODMA, which are 
presented primarily in PE, but much less in PC. SM is 
characterized by a high content of long chain fatty acids, 
24:O and 24:l. 

Positional distribution of fatty acyl chains in 1,2-di- 
acyl-, 1-0-alkyl-2-acyl-, and 1-0-alk-l'-enyl-2-acyl-GPC 

The results of FMAS and P-815 are listed in Table 5 
and Table 6, respectively. The sn-1-position of 1,2-diacyl- 
GPC is composed principally of two saturated fatty acids, 
16:O and 18:O. In contrast, the sn-2-position is abundant 
in polyunsaturated fatty acids, especially 18:l and 18:2. 
The 1-0-alkyl type has a much larger amount of 18:O com- 
pared to the diacyl and 1-0-alk-1'-enyl types. The latter 
two lipids are rich in 16:O. The sn-2-position is occupied 
by unsaturated fatty acids, and is characterized by high 
proportions of 20:4 in 1-0-alkyl type and of 24:O and 24:l 
in the 1-0-alk-1'-enyl type. It is to be noted that the 20:4 
content in the 1-0-alkyl type is much greater in P-815 
than in FMA3. The level of 24:O and 24:l is high in the 

TABLE 2 .  Composition of choline- and ethanolamine-containing glycerophospholipids" 

Choline-Containing Ethanolamine-Containing 
Glycerophospholipids Glycerophospholipids 

Comoonent FMA3 P-815 FMAS P-815 

1 ,Z-Diacyl 62.6 * 9.1 65.8 f 4.8 55.0 * 4.0 58.1 * 0.6 
11.5 f 3.2 10.6 f 0.5 1 -0-Alkyl-2-acyl 30.8 * 8.7 25.0 f 4.8 

1 -0-Alk- l'-envl-Z-acvl 6.7 f 1.5 7.8 f 1 . 3  35.6 * 4.7 31.2 f 1.5  

"The results are presented as the mean * standard deviation of three different animals. 
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TABLE 3. Fattv acid comDosition of mastocvtoma FMA3 DhosDhohids and individual DhosuholiDid fractions" 

Total 
Phosoholioid PEb PC PS' PI SMb 

14:O 
16:ODMA 
16:O 
16:l 
18:ODMA 
18:O 
18: 1 ' 
18:2 
20: 1 
20:4 
20:5 
22:o 
22:l 
22:5 
22:6 
24:O 
24: 1 

% of area 

0 . 4 i 0 . 1  1 . O i O . 4  1 . 1 f O . 6  1 . 0 i 1 . 6  2.0 i 1.8 
0.7 + 0.2 7.6 f 2.6 1.0 i 0.2 

20.3 i 0.5 10.3 f 1.5 24.5 f 0.8 6.4 f 2.4 3.9 i 0.7 34.0 i 3.9 
0.7 i 0.2 1.3 i 0.4 1.4 f 0.8 1.3 f 1.4 0.3 i 0.1 2.9 i 0.2 
0.1 i 0.1 5.4 f 1.5 0.6 f 0.1 

21.2 i 1.3 22.7 + 0.8 18.5 i 1.3 48.3 f 2.1 50.9 i 3.8 4.8 i 0.6 
19.2 i 0.8 16.0 + 0.6 24.3 i 2.5 17.9 f 1.8 4.0 i 0.3 1.6 i 0.9 
13.3 i 1.3 10.9 i 1.2  16.5 f 1.3 4.6 f 0.8 5.0 i 0.8 2.8 i 1.0 
1.9 i 0.3 2.2 f 0.4 2.4 f 0.6 1.0 i 0.2 0.3 i 0.1 
8.3 f 0.7 10.7 + 1.1 4.5 i 1.0 5.4 i 3.0 23.2 f 2.7 5.3 f 1.4 
0.8 i 0.1 1.2 i 0.4 2.0 f 0.5 1.7 f 0.2 
1 . 1 i 0 . 2  1 . 6 f 0 . 2  1 . 6 i 0 . 3  1 . 3 i 0 . 3  1 . 4 i 0 . 5  3 . 6 i 0 . 7  
l . l i O . 4  1 . 5 k 0 . 3  1 . 2 i 0 . 2  2 . 1 t 0 . 3  4 . 0 i 0 . 9  2 . 4 i 0 . 1  
0.4 i 0.1 8.8 + 0.3 
8 . 5 + 0 . 1  4 . 9 i 1 . 9  1 . 8 i 0 . 5  5 . 5 i 2 . 5  2 . 1 i 1 . 0  
1.2 i 0.2 2.5 i 0.8 0.8 f 0.1 2.5 i 0.9 2.9 f 1.1 13.8 i 4.0 
1.5 i 0.5 1.3 f 0.9 16.3 i 2.9 

"The results are presented as mean i standard deviation of three different animals and minor components less 

Abbreviations: PE, ethanolamine-containing glycerophospholipids; PC, choline-containing glycerophospholipids; 
than 1% are not included in this table. 

PS, phosphatidylserine; PI, phosphatidylinositol; SM, sphingomyelin; DMA, dimethyl acetal. 
'This peak contains a small amount of 18:lDMA. 

TABLE 4. Fatty acid composition of P-815 phospholipids and individual phospholipid fractions" 

Total 
Phospholipid PE PC PS PI SM 

% of area 

14:O 0.5 f 0.1 0.8 i 0.3 1.2 i 0.5 1.5 i 1.5 0.6 i 0.6 3.9 i 2.8 
16:ODMA 1.8 f 0.6 8.9 f 3.3 0.5 i 0.1 
16:O 17.4 f 0.8 10.7 + 1.5 25.4 f 2.9 6.6 f 2.1 4.1 f 0.8 37.4 i 4.8 
16: 1 0 . 4 f 0 . 4  0 . 7 i O . 2  1 . 7 + O o . 8  1 . 8 f 1 . 7  0 . 3 - t O . 1  2 . 6 i 0 . 1  
18:ODMA 0.3 i 0.1 6.0 i 0.2 0.2 i 0.1 
18:O 18.7 f 0.4 22.5 k 2.0 18.7 * 0.9 50.9 i 5.7 55.2 f 8.1 4.8 f 0.6 
18:lb 18.8 i 0.7 15.6 i 1.4 23.8 i 2.5 19.2 i 3.5 4.5 i 1.0 2.7 f 1.1 
18:2 1 5 . 6 i 1 . 0  1 1 . 1 + 1 , 8  1 6 . 0 f 1 . 7  5 . 1 f 0 . 8  5 . 8 i 1 . 6  0 . 8 i 0 . 3  
20: 1 0.7 + 0.4 0.6 + 0.2 1.2 f 0.3 
20:4 9.2 i 0.2 10.9 i 2.1 4.2 i 1.9 4.9 i 3.5 21.1 i 4.6 3.8 i 1.8 
20:5 0.4 i 0.1 1.0 f 0.2 1.3 i 0.3 
22:o 2.7 f 0.9 1.6 f. 0.3 1.5 f 0.2 2.5 f 1.1 1.2 f 0.5 1.4 f 0.2 

4.0 i 1.0 1.3 f 0.1 22: 1 2.2 f 0.4 1.8 i 0.4 
22:5 1.5 f 0.1 0.9 + 0.5 8.9 f 0.5 
22:6 5.9 * 0.2 4.8 + 1.4 1.6 f 0.6 4.9 i 2.2  1.9 i 0.9 
24:O 1 . 4 i 0 . 1  2 . 8 f 0 . 4  0 . 9 f O . 1  0 . 8 f 0 . 1  1 . 2 i 0 . 2  1 4 . 6 k 5 . 0  
24: 1 2.0 i 0.3 16.4 * 2.7 

- 

"The results are presented as mean i standard deviation of three different animals and minor components less 

bThis peak contains a small amount of 18:lDMA. 
than 1% are not included in this table. 
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TABLE 5. Positioning of fatty acids in choline-containing glycerophospholipids of mastocytoma FMA3 a 

1,2-Diacyl 1 -0-Alkyl-2-acyl 1 -0-Alk- I'-enyl-2-acyl 
Position 1 Position 2 Position 1 Position 2 Position 1 Position 2 

% of area 

14:O 2.7 f 0.3 3.6 f 1.5 0.7 f 0.4 
16:O 47.8 f 3.9 9.4 f 4.1 26.7 f 3.5 30.7 f 3.9 46.6 f 2.2 17.5 * 0.4 
16:l 3.2 f 0.6 2.4 f 0.7 
18:O 33.3 f 2.5 2.4 i 1.8 54.1 f 6.0 6.0 f 0.2 31.1 f 3.3 10.1 f 0.5 
18:l 13.6 f 2.5 31.8 + 2.9 19.1 f 6.4 10.9 f 1.6 18.7 f 1.7 9.4 f 1.6 
18:2 5.4 f 0.3 24.1 f 1.9 14.6 i 6.0 1.5 f 0.1 5.4 i 0.8 
20:o 2.9 i 0.9 
20:l 8.6 f 1.7 10.4 f 7.8 0.7 i 0.2 
20:2 2.6 f 1.6 
20:3 1.0 i 0.5 
20:4 9.1 f 2.2 18.3 f 1.3 9.3 f 0.6 
20:5 1.3 f 0.7 
22:o 2.4 f 0.2 0.5 0.2 1.4 f 0.3 
22:6 1.0 f 0.1 3.1 f 0.5 4.8 i 0.2 
24:O 1.9 f 0.5 2.3 f 0.3 16.0 f 1.9 

16.5 i 0.7 24: 1 
~~ 

"The results are presented as mean f standard deviation of three different animals and minor components less 
than 1% are not included in this table. 

1-0-alk-1'-enyl type of FMA3 but 18:l and 18:2 are high 
in the same lipid of P-815. 

Positional distribution of fatty acyl chain in 1,2-diacyl-, 
l-O-alkyl-2-acyl-, and 1-0-alk-l'-enyl-2-acyl-GPE 

Positional analysis of the 1,2-diacyl-, l-O-alky1-2-acyl-, 
and l-O-alk-l'-eny1-2-acyl-GPEs are shown in Table 7 and 
Table 8. The sn-2-position of 1-0-alk-1'-enyl and 1-0-alkyl 
type is characteristic of a high percentage of 20:4, particu- 
larly in P-815 cells. It is known that the sn-2-position of 

l-O-alk-l'-eny1-2-acyl-GPE in human platelets is occupied 
exclusively by polyunsaturated fatty acids (31). Indeed, 
25% of total arachidonic acid in platelets is in 1-0-alk-l'- 
enyl-2-acyl-GPE. Mastocytoma cells produce the reacting 
substance of anaphylaxis through 5-lipoxygenase from 
arachidonic acid. These cells have a high level of 1-0-alk- 
l'-enyl-2-acyl-GPE (30-35 %) rich in arachidonic acid at 
the sn-2-position. Therefore, it can be considered that 
l-O-alk-l'-eny1-2-acyl-GPE may serve as an important 
source of arachidonic acid which is further converted to 

TABLE 6. Positioning of fatty acids in choline-containing glycerophospholipids of mastocytoma P-815" 

1,2-Diacyl 1 -0-Alkyl-2-acyl 1 -0-Alk- l'-enyl-2-acyl 
Position 1 Position 2 Position 1 Position 2 Position 1 Position 2 

7% of area 

14:O 1.6 f 0.4 7.4 f 2.6 2.5 f 1.8 
16:O 38.7 f 2.5 17.3 f 4.5 28.9 i 3.6 24.4 f 3.8 56.4 f 5.1 21.2 f 0.8 
16: 1 3.5 + 0.6 
18:O 45.0 f 2.9 3.4 f 2.7 52.5 f 7.5 4.3 f 0.2 22.1 f 4.5 13.3 i 1.8 
18:l 13.2 f 0.2 33.1 f 3.2 18.6 f 7.1 7.2 f 2.0 12.7 + 3.7 20.1 i 1.0 
18:2 3.1 i 0.6 26.2 f 7.0 14.0 i 5.6 3.3 f 1.6 15.8 i 1.4 
20:o 0.9 f 0.2 1.5 i 0.1 
20: 1 4.0 f 0.6 3.2 f 1.9 
20:2 2.5 f 0.5 
20:4 6.8 i 0.6 31.4 f 1.9 7.0 f 2.5 
20:5 1.7 f 0.2 
22:o 1.9 f 0.7 3.7 i 1.7 

24:O 3.1 i 0.3 3.3 f 0.7 2.7 i 0.8 
6.9 f 2.4 24: 1 

"The results are presented as mean i standard deviation of three different animals and minor components less 

22:6 2.1 i 1.3 2.2 f 0.8 5.4 f 0.9 

than 1 % are not included in this table. 
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TABLE 7. Positioning of fatty acids in ethanolamine-containing glycerophospholipids of mastocytoma FMA3 E 

12-Diacyl 1 -0-Alkyl-'2-acyl 1-0-Alk- l'-enyl-Z-acyl 
Position 2 Position 1 Position 2 Position 1 Position 2 Position 1 

76 of area 

14:O 6.3 i 1.7 0.4 * 0.1 
16:O 33.7 i 1.9 2.3 f 1.3 18.7 f 5.5 23.4 f 1.5 53.2 i 3.0 8.1 i 0.7 
16: 1 0.8 i ' O . 1  2.8 * 0.6 1.5 i 0.7 
18:O 38.1 f 4.4 21.3 i 9.0 65.2 f 8.6 5.2 * 0.4 28.6 f 3.9 10.1 i 1.4 
18:l 18.4 + 2.9 33.6 i 0.5 16.1 i 3.0 12.1 f 2.0 11.9 i 0.3 15.4 i 1.2 
18:2 9.0 i 1.9 18.5 i 2.6 11.9 f 0.3 12.6 i 1.0 
20: 1 4.2 i 1.5 10.9 * 1.9 0.6 i 0.1 
20:2 1.1 f 0.5 0.6 i 0.1 
20:3 1.1 i 0.2 1.3 f 0.1 
20:4 5.3 * 1.4 15.8 f 2.4 26.6 * 1.1 
20:5 0.6 + 0.1 2.6 f 1.2 4.4 * 0.4 
22:o 5.1 * 0.5 6.4 f 1.5 
22: 1 1.2 i 0.4 
22:6 1.8 f 0.9 3.6 i 1.4 10.5 f 0.9 
24:O 3.6 f 0.5 3.4 f 1.0 
24: 1 4.1 i 1.5 

"The results are presented as mean i standard deviation of three different animals and minor components less 
than 1% are not included in this table. 

prostaglandins and leukotrienes (30). 
Mastocytoma cells used in the present study appear to 

be inert with respect to stimulus-secretion coupling, since 
they have only a very low level of histamine content. Our 
preliminary results have indicated that active phospho- 
lipid turnover seems not to occur upon exposure to vari- 
ous stimulating agents. However, much more work is 
needed to account for the unresponsiveness of these masto- 

cytoma cells. It is known that treatment with n-butyric 
acid induces histamine production and restores responsive- 
ness to stimulating agents such as compound 48/80, 
ionophore A23187, and antigen. Therefore, detailed 
studies on the interrelationship between phospholipid 
metabolism and secretory events in the n-butyric acid- 
treated mastocytoma cells will provide useful information 
for a better understanding of the role of phospholipid 

TABLE 8. Positioning of fatty acids in ethanolamine-containing glycerophospholipids of mastocytoma P-815' 

1,2-Diacyl 1 -0-Alkyl-2-acyl 1 -0-Alk- l'-enyl-Z-acyl 
Position 2 Position 1 Position 1 Position 2 Position 1 Position 2 

76 of area 

14:O 2.2 * 1.1 
16:O 26.8 i 2.2 3.5 i 0.4 11.6 i 1.3 22.9 i 1.0 50.7 i 3.4 2.3 f 0.3 
16: 1 1.4 f 0.1 
18:O 50.0 f 4.7 21.9 f 3.9 50.9 i 7.2 2.3 + 0.6 38.5 i 3.5 1.8 f 0.3 
18: 1 15.2 f 1.4 32.3 i 3.2 37.5 i 6.6 13.8 f 0.8 6.6 i 2.5 7.2 i 0.4 
18:2 8.0 f 0.3 13.2 f 3.2 18.2 f 2.3 2.2 f 0.6 10.2 f 1.1 
20: 1 0.7 f 0.4 5.1 f 1.0 
20:2 1.5 i 0.2 

2.3 i 0.1 20:3 1.4 i 0.2 
20:4 12.3 f 1.1 25.5 i 6.0 40.0 i 0.6 
20:5 0.2 i 0.1 4.8 i 1.1 
22:o 3.1 f 1.4 7.0 * 1.1 
22: 1 3 .3  i 0.5 
22:5 5.4 i 0.4 
22:6 5.6 f 2.1 2.4 f 1.8 20.0 f 0.5 
24:O 2.6 f 0.2 1.4 f 1.0 

"The results are presented as mean f standard deviation of three different animals and minor components less 
than 1% are not included in this table. 
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turnover in stimulus-secretion coupling, and are currently 
being undertaken in our laboratory. I 

This study was supported in part by research grants from the 
Ministry of Education, Culture and Science, Japan. 
Manuscript received 26 November 1984. 
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