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Abstract Acyl-CoA: l-acylglycerophosphate  acyltransferase  ac- 
tivity  was found in porcine  erythrocyte  membranes.  However, 
the membrane  preparations  did  not catalyze the acylation  of 
either 2-acylglycerophosphate or 2-acylglycerophosphocholine. 
The l-acylglycerophosphate  acyltransferase  and  the known  acyl- 
CoA: lacylglycerophosphocholine acyltransferase systems differ 
in their specificities for acyl-CoAs and in their stabilities to de- 
tergents. Diacylglycerol  lipase and monoacylglycerol  lipase  ac- 
tivities  were  also  detected in porcine  erythrocytes. These two 
activities  appear to be catalyzed  by different enzymes  inasmuch 
as  diacylglycerol  lipase but not monoacylglycerol  lipase  was  com- 
pletely inhibited by divalent  cations. The diacylglycerol  lipase 
was relatively  specific for the 1-position  yielding  2acylglycerol. 
The monoacylglycerol  lipase  hydrolyzed  1  -acylglycerol and 
2-acylglycerol at comparable  rates.  Phosphatidic acid  was de- 
phosphorylated to form  1,2diacylglycerol but the acyl groups 
of phosphatidate  were  not  hydrolyzed significantly by the eryth- 
rocyte  membranes. Thus, the origin of 1  -acylglycerophosphate, 
a  substrate  for the newly described  enzyme,  acyl-CoA:l- 
acylglycerophosphate  acyltransferase,  in mature erythrocyte 
could  not be ascribed to action  of  diacylglycerol  lipase, 
glycerophosphate  acyltransferase, or phosphatidate-specific 
phospholipase A. 1-Acylglycerophosphate may  be supplied  ex- 
tracellularly or the 1  -acylglycerophosphate  acyltransferase  ac- 
tivity in erythrocytes may be a  remnant of de novo  phosphatidate 
synthesizing  system  of  reticulocytes-Mizuno, M., Y. Sugiura, 
and H. Ohyama. Properties of acyltoenzyme A: l-acylglycer- 
ophosphate  acyltransferase and lipases  in porcine  erythrocyte 
membranes.]. Lipid Res. 1984. 25: 843-850. 

Supplementary key womb 1-acylglycerophosphate diacylglycerol 
monoacylglycerol 

In  mature erythrocytes, no intracellular organelles are 
apparent and the phospholipid de novo  synthetic  pathway, 
generally  localized  in the mitochondrial and microsomal 
fractions of other types  of  cells,  does not exist  (1-3). 
Erythrocyte membrane phospholipids are renewed  mainly 
by exchange with  plasma  phospholipids (4-7) and acyl- 
ation of  lysophospholipids on the cytoplasmic  side  of the 
membrane (8-13).  Because  of their relative simplicity, 
mature erythrocytes provide a useful  system for exam- 

ining the roles of  lipid  metabolizing  enzymes  in  modu- 
lating plasma membrane function and in maintaining 
membrane lipid integrity. In the process  of studies on 
acyl-CoA: l-acylglycerophosphocholine (1 -acyl-GPC) 
acyltransferase  in mature porcine erythrocytes, we dis- 
covered very  high  acyl-CoA:  1-acylglycerophosphate  acyl- 
transferase activity  in erythrocyte membranes. It was sur- 
prizing to detect 1-acylglycerophosphate acyltransferase 
activity  because this enzyme is  usually associated  with 
phosphatidate synthesis from glycerophosphate or di- 
hydroxyacetonephosphate (1 4- 16). The current dogma 
is that the phospholipid de novo synthetic pathway is 
absent in mature erythrocytes. Therefore, we have tried 
to determine if there is a metabolic  link  between  l-acyl- 
glycerophosphate  acyltransferase and known  lipid  me- 
tabolizing  systems,  such  as the formation of diacylglycerol 
from inositol  phospholipids (1 7, 18), the phosphorylation 
and dephosphorylation of  inositol  phospholipids (1 9-2 l), 
the phosphatidate-diacylglycerol cycle (22-25), the meth- 
ylation of phosphatidylethanolamine to form phospha- 
tidylcholine (26,27), acyl  hydrolysis and transesterification 
of  monoacyl-GPC (28), and the acylation  with  acyl-CoA 
of  monoacyl-GPC (10, l l ) .  Perhaps related to  the present 
work  is the observation  of  Hokin and Hokin (29) that 
monoolein is converted to lysophosphatidic  acid and 
phosphatidic  acid by human erythrocyte membranes. Li- 
pase  activities for diacylglycerol and monoacylglycerol 
have  also  been reported in rat erythrocyte membranes 
(30), but the positional  specificities of these  enzymes  have 
not been  fully elucidated. In this study, we report some 
properties of 1 -acyl-GP acyltransferase, diacylglycerol li- 
pase, and monoacylglycerol  lipase  in porcine erythrocyte 
membranes  emphasizing their positional  specificities. 

Abbreviations: -GPC, -m-glycerol-3-phosphocholine; -GP, -sn-glyc- 
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MATERIALS  AND METHODS 6 mg  of membrane protein was obtained from 15 ml of 

Radiolabeled  acyl-CoAs,  unlabeled  acyl-CoAs, and iso- 
mers  of  monoacyl-GPC  were prepared as described else- 
where (3 1). Polyunsaturated fatty acids  were products of 
Serdary Research Laboratories. [ l-'4C]Oleic and [9,10- 
'Hlpalmitic  acids  were purchased from New England 
Nuclear Corp. Isomers  of  monoacyl-GP and [2-'H-glyc- 
erolldiacyl-GP  were prepared as  described  previously (32). 
1 -Palmitoyl-glycerophosphate (Serdary) was  used as a 
standard. 'H-labeled  diacylglycerol and monoacylglycerol 
were prepared by partial hydrolysis  of  trioleoyl[2- 
'H]glycerol (The Radiochemical Centre, Amersham, di- 
luted with  unlabeled  trioleoylglycerol to 6,000 cpm/nmol) 
with Rhizopus lipase  (Seikagaku  Kogyo, Tokyo) (33). 'H- 
Labeled  2-oleoylglycerol was converted to the l-acyl  iso- 
mer by incubation at 37°C for 2 hr in methanol-0.1 M 
Tris-HC1 (pH  8.0) (1: 1). 1,2-Dioleoylglycerol,'  l-oleoyl- 
glycerol,' and 2-oleoylglycerol  were separated on 0.4 M 
boric  acid-Silica  Gel G thin-layer chromatoplates devel- 
oped in chloroform-acetone-methanol 95:5:2 (v/v/v). 
These glycerides  were extracted, dissolved in methanol, 
and the concentration of  each  solution was determined 
by gas-liquid chromatography with  margaric  acid  as  an 
internal standard. 

Membranes  were prepared from porcine erythrocytes 
essentially  as  described by Dodge,  Mitchell, and Hanahan 
(34).  Briefly, fresh, citrated blood was added to  an equal 
volume of 0.109 M potassium phosphate (pH 7.4) and 
centrifuged at 4,000 g for 10 min. The erythrocytes were 
washed  two more times. The washed erythrocytes were 
hemolyzed in 20  volumes  of 7.2 mM potassium phosphate 
(pH 7.4). The membrane fraction obtained by centrif- 
ugation at 20,000 g for 30  min was  washed three times 
with 0.109 M sodium  phosphate (pH 7.4). The membranes 
were then suspended  in 0.25 M sucrose-20 mM Tris- 
HCL-5 mM EDTA (pH 7.4) using a glass homogenizer. 
The suspension was centrifuged at 150,000 g for 60 min. 
The resulting pellets  were  suspended  in the same buffer, 
frozen in liquid nitrogen, and stored at -80°C. Another 
kind of membrane preparation was obtained as  follows. 
Washed erythrocytes (15 ml  of packed  cells)  were sus- 
pended  in 0.25 M sucrose-20 mM Tris-HCL-5 mM EDTA 
(pH 7.4) (85 ml) and sonicated 10 times-each time for 
0.5  min-keeping the  temperature below 4°C. The sus- 
pension was centrifuged at 150,000 g for 30  min and  the 
resulting  pellets  were washed  twice  with  7.2 mM potassium 
phosphate (pH 7.4). The membrane preparation was sus- 
pended in 0.25 M sucrose-20 mM Tris-HC1-5 mM EDTA 
(pH 7.4) and stored as described above.  Approximately 

1-Oleoyl-sn-glycerol and 1,2dioleoykn-glycerol are not separated 
from 3-oleoyl-sn-glycerol and 2,3-dioleoyl-sn-glycerol, respectively. 

packed  cells.  Rat  liver  microsomes and membrane prep- 
arations from Mycobacterium butyricum were prepared as 
described  previously (35, 36). 

Typical assay mixtures for l-acyl-GP and l-acyl-GPC 
acyltransferase  systems contained, in 1 ml: 0.08 M Tris- 
HCl (pH 7.4), 1 mM 5,5'-dithiobis-(2-nitrobenzoic acid) 
(DTNB), 100 p~ 1-acyl-GP or 150 p~ 1-acyl-GPC,  20 
PM acyl-CoA, and 0.2 mg  of membrane protein. Incu- 
bations  were performed at 22°C and were started by 
adding acyl-CoA. The activities  were  followed spectro- 
photometrically at 4 13 nm  (a molecular extinction coef- 
ficient of 13,600 1 M" - cm"  was used). Control values 
without added acceptor were subtracted to give net acyl- 
transfer rates.  When  labeled  acyl-CoAs  were  used for 
determining 1 -acyl-GP and 2-acyl-GP  acyltransferase  ac- 
tivities, the substrate concentrations were 75 p~ l-acyl- 
GP,  75 p~ 2-acyl-GP, 15 p~ ['4C]oleoyl-CoA, and 15 
p~ ['H]palmitoyl-CoA. The labeled products were  ex- 
tracted with chloroform-methanol after acidification  with 
HCl,  neutralized with chloroform-methanol-3% NH40H 
6:5: 1,  and separated on Na2C03-Silica Gel H thin-layer 
plates  developed  in chloroform-methanol-acetic acid- 
acetone-water  25:8:4:3:2  (by  vol).  Labeled  diacyl-GP was 
isolated and the amount of  radioactivity at  the 1- and 
2-positions  were determined by phospholipase  A2 (Crotalus 
adamanteus venom)  hydrolysis  in the presence of egg yolk 
phosphatidylcholine (36) or by Rhizopus lipase  hydrolysis. 
The incubation mixture for the hydrolysis  of  diacyl-GP 
by Rhizopus lipase contained 0.25 pmol  of  diacyl-GP, 0.2 
ml of diethyl ether, 0.5 ml  of 0.1 M boric  acid (pH adjusted 
to 5.8 with NaOH), and 0.5 ml  of  lipase solution (1 mg 
of protein, 6,000 units,  dissolved in 0.5 ml of 0.2 M sodium 
acetate (pH 5.8) and  0.5 ml  of glycerol).  Hydrolysis was 
complete in 10 min at 37°C. 

Typical reaction mixtures for diacylglycerol  lipase and 
monoacylglycerol  lipase  assays contained, in 0.25 ml: 
1 mM dioleoylglycerol(6,OOO cpm/nmol) or 1 mM mono- 
oleoylglycerol, 0.2 mg  of membrane protein, and  50 mM 
HEPES (pH 7.4).  Both substrates were added as 0.25 
pmo1/25 pl of methanol  solution.  Reactions at 37°C  were 
started by adding enzyme protein and terminated by add- 
ing chloroform-methanol 1 :2. Products extracted ac- 
cording to the method of  Bligh and Dyer (37) were  sep- 
arated on 0.4 M boric  acid-Silica  Gel G thin-layer  plates 
developed  in chloroform-methanol-acetone 95: 1 :5 
(v/v/v). Radioactivity  in  regions corresponding to lipid 
standards was measured by liquid  scintillation spectrom- 
etry (Searle,  Mark 11). For the determination of  mon- 
oacylglycerol  lipase  activity,  radioactivity in the water 
phase was measured. Phosphorus and protein were de- 
termined by the methods of Eibl and Lands (38) and 
Lowry et al. (39), respectively. 
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RESULTS 

Characterization of acyltransferase  systems 
in erythrocyte  membranes 

Acyl-CoA:  1-acyl-GPC acyltransferase is relatively  stable 
and membrane preparations with  relatively constant spe- 
cific  activity  were obtained after hypotonic lysis  of porcine 
erythrocytes.  However, the same membrane preparations 
showed  variable amounts of  1-acyl-GP acyltransferase ac- 
tivity and in  some preparations the activity was absent. 
This loss  of  activity  was probably due  to  the long time 
required for fractionation after hypotonic hemolysis. 
Membrane preparations obtained after sonication exhib- 
ited relatively constant and higher specific  activity. 

The 1 -acyl-GP acyltransferase in erythrocyte mem- 
branes was saturated with  20 p~ oleoyl-CoA and  100 pM 
1-acyl-GP  while  20 p~ oleoyl-CoA and  150 pM 1-acyl- 
GPC saturated the 1-acyl-GPC acyltransferase system  un- 
der the conditions described in  Methods (Fig. 1, a and 
b). Although protein concentrations of 0.05 to 0.3 mg/ 
ml gave proportional amounts of products with  1-acyl- 
GPC acyltransferase, product formation was linear with 
added protein over a narrower range with  1-acyl-GP  acyl- 
transferase (Fig. 1, c). At lower concentrations of  enzyme 
protein, the 1-acyl-GP acyltransferase was inactivated 
possibly  by the  detergent action of substrates. This be- 
havior is similar to  that seen  with the liver  l-acyl-GP 
acyltransferase system (1 4). Under optimal conditions for 
the 1-acyl-GP acyltransferase system,  CoA esters of  un- 
saturated 16- and 18-carbon fatty acids  were the best 

I " ,  (b)  

substrates, followed by those  of saturated 14-, 16-, and 
18carbon acids, and the unsaturated 2Ocarbon acids (Fig. 
2). In contrast, the acylation  of  1-acyl-GPC  was  most rapid 
with 16-, 18-, and 20-carbon  acyl-CoAs  with one  to five 
double bonds; saturated acyl-CoAs and  22carbon acyl- 
CoAs  with four  to six double bonds were  relatively poor 
substrates. The CoA esters  of  22-carbon  chains  containing 
one to  three double bonds were  virtually unreactive in 
the acylations  of both 1-acyl-GP and 1-acyl-GPC. 

These specificities for various  acyl-CoAs  were  similar 
but not identical to those  of the liver  microsomal  acyl- 
transferase systems (40). Since  acyltransferase  systems are 
membrane-bound and cannot be easily  resolved  physically, 
we used detergent treatments to differentiate acyltrans- 
ferase activities. As shown  in Fig. 3, a and b, concentra- 
tion-dependent inactivations  of  acyltransferase  systems 
were  observed  upon addition of  sodium  deoxycholate or 
Triton X-100 to incubation mixtures. The 1-acyl-GPC 
acyltransferase  activity was relatively more stable to de- 
oxycholate than the l-acyl-GP  acyltransferase.  Conversely, 
1-acyl-GP  acyltransferase  activity was relatively more sta- 
ble to  Triton X-100. These results indicate that separate 
enzymes are involved  in the acylations  of  1-acyl-GP and 
1-acyl-GPC.  Oleoyl-CoA:  1-acyl-GP acyltransferase  activity 
of 1.6 nmol/min per mg  of protein was detected in the 
erythrocyte membranes prepared from outdated human 
blood,  suggesting that this  enzyme may be widely  dis- 
tributed in  mammalian erythrocytes. 

To test for the presence of acyl-CoA:Z-acyl-GP  acyl- 
transferase activity,  1-acyl-GP,  2-acyl-GP,  ['H]palmitoyl- 
CoA, and ['4C]oleoyl-CoA  were incubated with eryth- 

IUI 

1-acv 1 -GPC . 

0 10 20 30 
Oleoyl-CoA, pH 

1-acyl-GPC - 

0 100 200 ,pM 

1-acyl-GP or 1-acyl-GPC 
0 0,2 0.4 

ms Protein 

Fig. 1. Characterization of  lacyl-GP and 1-acyl-GPC  acyltransferase  systems  in erythrocyte membranes. The standard incubation mixture 
contained, in 1 ml: 0.08 M Tris-HCI (pH 7.4), 1 mM 5,5'dithiobis-(2-nitrobenzoic acid), 100 phi 1-acyl-GP or 150 p~ 1-acyl-GPC, 20 phi oleoyl- 
CoA, and 0.2 mg of membrane protein. In experiments (a), (b), and (c), the amounts of oleoyl-CoA, 1-acyl-GP, or 1-acyl-GPC and enzyme 
protein were varied  as indicated. Enzyme  activity  was  measured spectrophotometrically as described in the text.  The points represent averages 
of two separate determinations. Control values  without acceptor (0.38-0.66 nmol/min per mg of protein) have been subtracted. 
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Fig. 2. Specificities for acyl-CoAs  of  I-acyl-GP and 1-acyl-GPC acyltransferase systems  in erythrocyte membranes. 
Each incubation mixture contained, in 1 ml: 0.08 M Tris-HCI (pH 7.4), 1 mM 5,5'dithiobis-(2-nitrobenzoic 
acid), 100 pM 1-acyl-GP or 150 phi lacyl-GPC, 20 pM oleoyl-CoA, and 0.2 mg  of enzyme protein. Activities 
were  measured spectrophotometrically. Figures are averages of four separate determinations (+SE). 

rocyte membranes, and  the amount of  radioactivity at released by  lipase  hydrolysis, no radioactivity remained 
the 1- and 2-positions  of  isolated phosphatidate was de- in the 1-acyl-GP fraction after hydrolysis  of  labeled  diacyl- 
termined after hydrolysis by Rhizopus lipase or phospho- GP  with  phospholipase A2 (data not shown).  Some parts 
lipase A2. As shown  in Fig. 4, phosphatidate  derived from of the fatty  acids  released by lipase could well be derived 
1-acyl-GP  was  mainly acylated  with oleate and palmitate. from the 2-position after isomerization to  the 1-position. 
Although approximately 10% of the radioactivity was Thus, no significant  2-acyl-GP  acyltransferase  activity was 

Q, > 1-acy I-GP 

1' 
0 0.1 0.2 0.3 0.4 0.5 

1 

Q) > .- 
d 3 
a Q) 1 

1- 
0 0.01 0.02 Q03 004 005 

Sodium Deoxy Cholate, o/o Triton X-100, '/o 

Fig. 8. Effect  of detergents on lacyl-GP  and I-acyl-GPC acyltransferase activities  in erythrocyte membranes. 
Standard incubation mixtures were  used  in the presence  of the indicated concentrations of detergents. Before 
starting the reactions by adding acyl-CoAs, the mixtures were preincubated for 10 min after the addition of 
enzyme protein. Each point represents the average of four separate determinations (fSE). 
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Fig. 4. Acylation  of  monoacyl-GP isomen in the presence of  palmitoyl- 
CoA and oleoyl-CoA. The incubation mixture consisted  of 75 pM 
l-acyI-GP, 75 p~ 2-acyl-GP, 15 p~ [SH]palmitoyl-CoA, 15 pM 
["C]oleoyl-CoA, and 0.2 mg of membrane protein in 1 ml of 0.08 M 
Tris-HCI  (pH 7.4). The labeled  products  were extracted and separated 
on Na&OS-Silica  Gel H thin-layer chromatoplates. Radioactivity at 
the 1- and 2-positions  of  diacyl-GP was determined after Rhizopus 
lipase  hydrolysis as described in the text. Some parts of fatty acids 
released by the lipase-treatment may be derived from 2-acyl-GP after 
isomerization to the 1-position (more details in text). In a parallel 
experiment, the 2-acyl-GP preparation was  actively acylated to form 
diacyl-GP by an enzyme preparation from Mycobacterium butyticum (32) 
(data not shown). 

detected under  the conditions examined. Similarly,  acyl- 
CoA:2-acyl-GPC acyltransferase  activity was undetectable 
in the membrane preparations. 

Glycerophosphate acyltransferase activity was exam- 
ined by following the incorporation of  [3H]glycero- 
phosphate into lipids.  We confirmed  previous  observations 
that  the acylation  of glycerophosphate is not catalyzed 
by porcine erythrocyte membranes  using  conditions under 
which  liver  microsomes  showed  an  activity  of  1 to 2  nmol/ 
min per mg  of protein. 

Diacylglycerol  lipase and monoacylglycerol  lipase 
Diacylglycerol  is produced from  polyphosphoinositides 

in the presence of Ca2+ ionophore (1 7, 1 8), and mono- 
acylglycerol  as  well as diacylglycerol is phosphorylated to 
form  monoacyl-GP in human erythrocyte membranes (24, 
29).  We reasoned that 1-acyl-GP  might be produced from 
diacylglycerol  with  1-acyl-glycerol as an intermediate. T o  
test  this  possibility, 1 ,2dioleoylglycerol was incubated  with 
erythrocyte membranes and monoacylglycerol formation 
was determined. The reaction was linear with  time for 
10 min and product formation was proportional to added 
protein at protein concentrations of 0.05 to 0.2  mg/ml. 
A  diacylglycerol concentration of 0.5 mM saturated the 
enzyme  system. The major product was 2-acylglycerol. 
We also detected a  small amount of  1-acylglycerol, but 

most  of  this  could  have been formed non-enzymatically 
by the isomerization  of  2-acylglycerol. This  latter  inter- 
pretation was suggested to us by the  pH profile of dia- 
cylglycerol  hydrolysis; the optimum pH  for  the formation 
of  2-acylglycerol was 7.5, but  the proportion of the 1- 
acyl isomer is relatively higher at alkaline pH (pH 8.0- 
8.5) where the  rate of  isomerization is higher. Thus,  the 
diacylglycerol  lipase  hydrolyzed the acyl groups from the 
I-position to form 2-acylglycerol as the major product. 
The maximal  activity was 3.0 to 3.5 nmol/min per mg 
of protein. CaCI2 inhibited diacylglycerol  lipase  activity 
with ICs0 (50% inhibition concentration) of 5 mM (Fig. 
5). MgC12 at 20 mM inhibited the diacylglycerol  lipase 
activity  completely, but the same concentrations of NaCl 
and KC1 had no effect on  the enzyme. 

When  [3H]monoacylglycerol was incubated with 
erythrocyte membranes, glycerol and fatty acid  were pro- 
duced. Both  I-acylglycerol and 2-acylglycerol  were  hy- 
drolyzed at comparable rates. Product formation was lin- 
ear for 60 min and at protein concentrations of 0.1 to 
0.4 mg/ml.  A  monoacylglycerol concentration of 1 mM 
saturated the system, and  the enzyme  showed  a broad 
pH profile  with optimum at 7.4. The specific  monoacyl- 
glycerol  lipase  activity  of the membrane preparation was 
approximately '/lo of that of  diacylglycerol  lipase. The 
monoacylglycerol  lipase and diacylglycerol  lipase  activities 
also differed in  positional  specificity and sensitivity to 
divalent  cations; neither CaC12 nor MgClp affected the 
monoacylglycerol  lipase  significantly (data not shown). 

0 I-MG 1 2-MG i 

Fig. 5. Effect of metal  ions on diacylglycerol  lipase. The incubation 
mixture was the same as that described in the legend to Fig. 4, except 
that the pH of the buffer was 7.4 and 20 mM metal  ions was present. 
Figures are averages of  three separate determinations (fSE). The 
products, l-oleoylglycerol (1°C) and 2-oleoylglycerol  (2-MG),  were 
separated  on 0.4 M boric  acid-Silica  Gel G thin-layer  plates as described 
in the text. 
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Other  enzyme  activities examined 

Since  phosphatidate-specific  phospholipase A has  been 
shown to be present in horse platelet membranes, 
['Hlphosphatidate was incubated with erythrocyte mem- 
branes either under the conditions  described for the horse 
platelet  membranes (4 1) or the conditions established for 
porcine platelet membranes (42); however, no measur- 
able acylhydrolase  activity was detected. Instead, phos- 
phatidic  acid was dephosphorylated to form  diacylglycerol 
as the major product. The specific  activity  of  phospha- 
tidate phosphatase was 0.6 nmol/min per mg  of protein 
under the conditions used. The diacylglycerol  kinase and 
monoacylglycerol  kinase  activities  were  also detected; the 
specific  activities  were 0.23  and 0.18 nmol/min per mg 
of protein, respectively. 

DISCUSSION 

In mature erythrocytes, there  are usually  fewer  mem- 
brane receptors and less adenylate cyclase  activity than 
in reticulocytes  (43-45). The arachidonate cascade  in 
erythrocytes has not been fully explored. Recently, Ko- 
bayashi and Levine (46) showed that a lipoxygenase  ca- 
pable  of forming hydroxylated arachidonate derivatives 
was present in erythrocytes from several  mammals. The 
precursor arachidonate appears to be  released from pre- 
labeled  phosphatidylcholine and phosphatidylethanol- 
amine, but not from phosphatidylinositol.  However, the 
presence  of  phospholipase A2 acting on diacyl-GPC and 
diacyl-GPE  has  been  shown  in vitro only in ruminant 
erythrocytes (47). On the other hand, diacylglycerol is 
formed from inositol  phospholipids by stimulation  of 
erythrocytes with Ca2+ (17, 18) and this  diacylglycerol 
can  be  metabolically related to phosphatidic  acid cycle 
involving  diacylglycerol  kinase and phosphatidate phos- 
phatase  as  revealed earlier by Hokin and Hokin (23, 29) 
and others (24). From the positional  specificities  of dia- 
cylglycerol  lipase and monoacylglycerol  lipase determined 
in the present experiments, it  seems  possible that arach- 
idonate is released by monoacylglycerol  lipase from ino- 
sitol  phospholipids  with  diacylglycerol as an intermediate, 
as is the case  with  platelets (48). 

The finding  of  acyl-CoA:  1-acyl-GP  acyltransferase  ac- 
tivity  in mature erythrocyte membranes was unexpected, 
but this  activity appears to be  intrinsic to erythrocyte 
membranes  inasmuch  as the washed erythrocyte prepa- 
rations contained less than 0.01 % of  white  cells and be- 
cause the glycerophosphate  acyltransferase  activity, which 
is  known to exist  in  white  cells and platelets, was not 
detectable in the erythrocyte membrane preparations. 
The physiological  significance  of the 1-acyl-GP  acyltrans- 
ferase is not easily explained  based on the enzymes  known 
to be present in erythrocytes. Since the major  mono- 
acylglycerol formed from diacylglycerol is the 2-acyl  iso- 

mer, 2-acyl-GP  could be supplied if the monoacylglycerol 
is phosphorylated.  However, we found no evidence for 
the acylation  of  2-acyl-GP by erythrocyte membranes  (Fig. 
4). Although the presence  of  phosphatidate-specific  phos- 
pholipase  A2  has  been described in horse platelet mem- 
branes (41), no such  phospholipase  activity was detected 
in porcine erythrocyte membranes. Furthermore, we have 
shown that the major  phospholipase A acting on phos- 
phatidic  acid  in porcine platelets is  of the A,-type pro- 
ducing 2-acyl-GP (42). Thus,  other pathways  must  supply 
1-acyl-GP, the substrate for the acyl-CoA:  1-acyl-GP  acyl- 
transferase. In this context, we suggest the following  pos- 
sibilities: i) although 1-acylglycerol is a minor product of 
diacylglycerol  lipase and this  could be formed from 
2-acylglycerol  by nonenzymatic isomerization, a small 
amount of  1-acylglycerol may be formed enzymatically 
and this may be  metabolized to 1-acyl-GP  by  monoacyl- 
glycerol  kinase; ii) 1 -acyl-GP  may  be formed by unknown 
enzymes  such  as a phospholipase D capable of hydrolyzing 
lysophospholipids (49); iii) phosphatidate-specific  phos- 
pholipase  A2 may be present; or iv) 1-acyl-GP  may be 
supplied from extracellular sources. Another possible  ex- 
planation for the presence  of  1-acyl-GP  acyltransferase 
activity  in mature erythrocytes is that this  enzyme is a 
remnant of the de novo  phosphatidate  synthesizing system 
active in reticulocytes or stem  cells. A similar interpre- 
tation has  been presented to account for the existence 
of the fatty  acid  synthetase  complex  in mature erythro- 
cytes; de novo fatty acid  synthesis from acetate does not 
occur  in  these  cells  since acetyl-coA carboxylase is 
absent (50). 

The fatty  acid  compositions  of erythrocyte phospho- 
lipids fluctuate in  response to changes  in dietary supply 
of fatty  acids and in  response to abnormal physiological 
conditions  (51-53).  Changes  in membrane fatty acid 
compositions are known to accompany  changes in mor- 
phology and stability of erythrocytes  (52). There  are some 
in  vivo observations on the  turnover of fatty acyl  moiety 
of  phospholipids in mature erythrocytes, but enzymatic 
events underlying these  processes  have not been  fully 
elucidated  (54-57). Further investigations will be  nec- 
essary to determine enzymatic  bases for such  changes and 
for stimulus-activation  coupling in erythrocytes.8 
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