
452 

Biochimica et Biophysics Acta, 572 (1979) 452-460 

0 Elsevier/North-Holland Biomedical Press 

BBA 57337 

PHOSPHOLIPASE A, IN RAT-LUNG MICROSOMES: SUBSTRATE 
SPECIFICITY TOWARDS ENDOGENOUS PHOSPHATIDYLCHOLINES 

W.J. LONGMORE *, V. OLDENBORG and L.M.G. VAN GOLDE ** 

Laboratory of Veterinary Biochemistry, State University of Utrecht, Biltstraat 172, 

3572 BP Utrecht (The Netherlands) 

(Received October 3rd, 1978) 

Key words: Phospholipase A,; Phosphatidylcholine; Substrate specificity; (Rat lung) 

Summary 

1. Isolated rat lungs were perfused with a variety of radioactive precursors to 
label the phosphatidylcholines of the microsomal and lamellar body fractions. 
These endogenously labelled phosphatidylcholines were used as substrates in 
experiments to identify and characterize phospholipase A activity in lung sub- 
cellular fractions. 

2. The microsomal fraction was found to contain a phospholipase A specific 
for the 2-position of endogenous phosphatidylcholines. The enzyme operated 
optimally at pH 8.5 and required 10 mM Ca*’ for maximal activity. 

3. No evidence was found for the existence of phospholipase A activity in 
lamellar bodies. 

4. The microsomal phospholipase A, was more active towards phosphatidyl- 
cholines containing an unsaturated fatty acid at the 2-position than towards the 
disaturated phosphatidylcholines. 

5. Microsomal disaturated phosphatidylcholines labelled with [ 1-‘4C] acetate 
(endogenously synthesized palmitate) were hydrolysed by the microsomal 
phospholipase A,; however, no hydrolysis occurred when [9,10-3H,]palmitate 
was used as a precursor notwithstanding the fact that the label from [ 1-‘4C]- 
acetate is mainly incorporated into the l-position and that from [9,10-3H,]- 
palmitate almost exclusively into the 2-position of the disaturated phospha- 
tidylcholines of rat-lung microsomes. 

6. These results suggest the existence of two pools of disaturated phospha- 
tidylcholines in rat-lung microsomes. They are consistent with the concept that 
dipalmitoylphosphatidylcholine synthesized by remodeling of unsaturated 
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phosphatidylcholines with exogenously supplied palmitic acid, is not hydrol- 
ysed by phospholipase A2 of lung microsomes. 

Introduction 

Dipalmitoylphosphatidylcholine is the major surface active component of 
pulmonary surfactant [l--3]. Both studies in vivo [4,5] and in vitro [6,7] have 
shown, however, that the principal ~hosphatidylcholines synthesized de novo 
are species which contain palmitic acid at the l-position and an unsaturated 
fatty acid at the S-position. Thus, the synthesis of dipalmitoylphosphatidyl- 
choline must be the result of a mechanism which replaces the unsaturated fatty 
acid at the 2-position with palmitic acid. Three mechanisms have been sug- 
gested : (1) a deacylation-reacylation cycle f4 $3-107 (b) a deacylation-trans- 
acylation process [11,12] and fc) a direct exchange of the unsaturated fatty 
acid with palmitate [ 13,143. Whereas the third process has not yet been 
thoroughly studied, the first two of these mechanisms clearly require the 
presence of a phospholipase A2 (EC 3.1.1.4). A phospholipase AZ activity has 
been shown in rat-lung microsomes using exogenously added l-palmitoyl-2- 
linoleoyl-so-glycero-3-phosphoeth~olamine as substrate [ 151. However, 
studies on lung phospholipase AZ using membrane-bound phosphatidylcllolines 
as substrates and on the substrate specificity towards phosphatidylcholines of 
different fatty acid composition have not been reported. 

It is generally accepted that the type II alveolar epithelial cells are the sole 
site of synthesis, storage and secretion of the pulmonary surfactant onto the 
alveolar surface (for recent reviews, see Refs. 2 and 16). The type II alveolar 
pneumocyte is characterized by the presence of unique organelles called lamel- 
lar bodies. It is within these organelles that the surfactant is stored prior to 
secretion [ 171. Evidence has been recently reported for the absence of de novo 
synthesis of phosphatidylcholine in lamellar bodies [ 14,18]. These findings 
endorsed earlier electron microscopic autoradio~aphy studies [ 19,201 which 
demonstrated that the bulk of surfactant lipids is synthesized in the endo- 
plasmic reticulum of the type II cell. The possibility remains, however, that the 
lamellar body may somehow be involved in the remodelling of unsaturated 
phosphatidylcholines into dipalmitoylphosphatidylcholine. Although lamellar 
bodies lack the enzymes lysolecithin acyltransferase and lysolecithin : lysoleci- 
thin acyltransferase [ 18,211 which catalyse the acylation of I-acyl-sn-glycero-3- 
phosphocholine [22] and the transacylation between 2 molecules of 1 acyl-sn- 
glycero-3-phosphocholine [23], respectively, there is evidence for a role of the 
lamellar bodies in a direct exchange of the unsaturated fatty acid at the S-posi- 
tion of phosphatidylcholine with palmitate [24]. Conflicting reports as to 
whether the lamellar body possesses a phospholipase A, activity have recently 
appeared [ 14,251. 

Using isolated microsomal and lamellar body fractions with endogenously 
labelled phosphatidylcholines as substrate, this communication further charac- 
terizes the phospholipase A activity of lung microsomes and establishes the 
absence c;f such activity in lamellar bodies. 
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Materials and Methods 

Preparation of endogenously labelled microsomal and lamellar body frac- 
tions of rat lung. Rats (Wistar strain), weighing 200-400 g, were obtained from 
the Central Institute for the Breeding of Laboratory Animals, Zeist, The 
Netherlands. The rats were anaestetized and the lungs surgically removed and 
perfused as previously described [ 261. The medium used for perfusion was 
Krebs-Ringer bicarbonate which was equilibrated with the same gas mixture as 
was used for lung ventilation (90% 02, 10% CO;!) 1271. Depending upon the 
label desired, either [Me-‘4C]choline (10 &i/lung), [1,3-3H]glycerol (0.5 mCi/ 
lung), [ l-‘4C]palmitate (25 pCi/lung), [9,10-3H]palmitate (0.5 mCi/lung), [l- 
“C]oleate (25 &i/lung), [ l-‘4C]linoleate (25 &i/lung), [ 32P]phosphate (0.5 
mCi/lung) or [1-14C]acetate (80 pCi/lung) were added to the perfusion me- 
dium. The lungs were perfused for 2 h following the addition of the labelled 
substrate. After termination of the perfusion, microsomal and lamellar body 
fractions were isolated as previously described [ 181. The microsomal and lamel- 
lar body fractions were suspended in 0.25 M sucrose/O.01 M Tris-HCl (pH 7.4)/ 
1 mM EDTA. Following assay of the protein content [28], the subcellular frac- 
tions were stored overnight at -80°C prior to use. In each case, the labelling 
provided approx. 20 000 dpm/0.5 mg microsomal protein and 20 000 dpml0.2 
mg lamellar body protein. 

Determination of phospholipase Aactivity in the microsomal and lamellar 
body fractions. The subcellular fractions containing endogenously labelled 
phosphatidylcholines, were incubated at 37°C for up to 2 h in a standard me- 
dium containing 50 mM Tris-HCl (pH 8.5), 1 mM EGTA, 10 mM CaCl, in a 
total volume of 0.5 ml. Protein concentration was maintained between 0.5 and 
0.8 mg/ml for the microsomal fraction and between 0.1 and 0.3 mg/ml for the 
lamellar body fraction. The reactions were started by the addition of the Ca” 
and terminated by adding 2 ml CH,OH/CHCl, (2 : 1, v/v). After extraction of 
the lipids via the procedure of Bligh and Dyer [29], phosphatidylcholine, lyso- 
phosphatidylcholine and, in some experiments, the free fatty acids fraction 
were isolated via thin-layer chromatography and assayed for radioactivity by 
means of liquid-scintillation counting [ 71. 

In a number of experiments, the isolated phosphatidylcholines were divided 
into aliquots so that a portion could be used for assay of the radioactivity in 
the various molecular classes of phosphatidylcholine. This was accomplished by 
argentation thin-layer chromatography after conversion of the phosphatidyl- 
cholines either into 1,2-diacyl-sn-glycerols [ 301 or into dimethylphospha- 
tidates [ 311. 

Other procedures. Disaturated phosphatidylcholines were isolated from the 
total phosphatidylcholine fraction by the method described by Mason et al. 
[32]. The positional distribution of radioactive fatty acids among the l- and 
2-position of disaturated and total phosphatidylcholines was determined by 
means of degradation with phospholipase A, from snake venom [30]. Separa- 
tion of radioactive palmitate from other labelled fatty acids synthesized during 
perfusion of the lung with [l-‘4C]acetate, was accomplished by argentation 
chromatography of the methylester-derivatives of the fatty acids [ 331. 

Materials. All radiochemicals were purchased from the Radiochemical 
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Centre, Amersham, U.K. Pure phospholipase AZ from Naja nuja venom was a 
generous gift of Dr. W. Renooij (Department of Veterinary Biochemistry, 
Utrecht). Other biochemicals were obtained from Boehringer, Mannheim, 
F.R.G. 

Results 

Optimal conditions for assay of phospholipase A in lung microsomes 
Optimal conditions of pH, Ca2+ and protein concentration were determined 

in microsomes isolated from lungs perfused with [Me-14C]choline. The pH opti- 
mum was found to be pH 8.5. Activity at pH 7.5 and 9.0 was 42% and 73% 
respectively, of that measured at pH 8.5. The activity was found to be stimu- 
lated by Ca2’ with a maximum activation at 10 mM CaZ+. Without added Ca” 
and in the presence of 1 mM EGTA, the activity was only 14% of that mea- 
sured with 10 mM Ca2’ present. 

Positional specificity of lung microsomal phospholipase 
To determine whether the phospholipase activity of lung microsomes was of 

the A, or AZ classification and to investigate the specificity towards saturated or 
unsaturated fatty acyl moieties, microsomal phosphatidylcholine was endoge- 
nously labelled by lung perfusion with [I-14C]palmitate, [1-14C]oleate or [l- 
“C]linoleate. Following incubation of the isolated endogenously labelled micro- 
somes in the presence of Ca” for 0, 60 and 120 min, the radioactivity at the 
l- and 2-position of the remaining phosphatidylcholines was determined by 
means of degradation with pure phospholipase AZ from Naja naja venom 
(Table I). Phosphatidylcholines from microsomes endogenously labelled with 
[l-14C]oleate or [l-‘4C]linoleate were hydrolysed to an extent of 17 and 16% 
per h respectively. This loss was paralleled by the decrease in radioactivity at 
the 2-position of phosphatidylcholine, whereas no loss occurred in the radio- 
activity at the l-position. These results clearly indicate that the phospholipase 
A of lung microsomes is of the A2 classification with no detectable A1 activity. 
The data presented in Table I demonstrate that microsomal phosphatidyl- 
choline labelled by lung perfusion with [ l-i4C]palmitic acid is not hydrolysed 
at all. At first view, this would suggest that the microsomal phospholipase A2 
requires the presence of an unsaturated fatty acid at the 2-position of phospha- 
tidylcholine. 

Specificity of phospholipase A2 towards different molecular classes of endo- 
genously lubelled phosphutidylcholines 

Microsomes were isolated from lungs perfused with either [ 1,3-3H] glycerol, 
[32P]phosphate or [l-14C]acetate. In each case, the labelled microsomes were 
incubated under standard conditions for 0, 60 and 120 min. Following incuba- 
tion, 1,2diacyl-sn-glycerols or dimethylphosphatidates derived from the 
remaining phosphatidylcholines were separated by argentation thin-layer chro- 
matography in order to establish the degree of degradation of the disaturated, 
mono- and dienoic classes of phosphatidylcholine. The tetraenoic class was not 
sufficiently labelled to permit accurate analysis. The results (Table II) demon- 
strate that the radioactivity decreased the least in the disaturated class, 
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TABLE I 

PHOSPHOLIPASE A2 ACTIVITY OF RAT-LUNG MICROSOMES USING ENDOGENOUSLY LA- 
BELLED PHOSPHATIDYLCHOLINES AS SUBSTRATE 

Microsomes were isolated from lungs perfused for 2 h with 25 PCi of the specified fatty acid. Sub- 
sequently, the microsomes were incubated in the presence of Ca2+. Before and after the incubation. 

aliquots of the phosphatidylcholines were treated with a pure phospholipase A2 from Naia naja venom to 
determine the radioactivity at the l- and P-position of phosphatidylcholine. The results are expressed as 
percentage decrease of radioactivity in total phosphatidylcholine, at the l- and at the 2-position of phos- 

phatidylcholine. At zero incubation time, the 2-position of phosphatidylcholine contained 92% of the 

label of [l-14C]linoleic acid incorporated into this phospholipid. 90% of the label of [l-l 4Cloleic acid 

and 69% of the label of [l- 14C]palmitic acid. Averages (+ S.D.) of three incubations of at least duplicate 

experiments have been presented. 

Endogenous label Decrease of radioactivity (% per h) 

Total 
phosphatidyl- 

choline 

l-position 2-position 

[1-‘4ClLinoleic acid 16 f 2 n.d. * 15k 1 

[l-14ClOleic acid 16+ 1 n.d. 18 + 2 

[ 1-14ClPalmitic acid n.d. n.d. n.d. 

* n,d., no detectable decrease. 

averaging a 13% loss after 60 min of incubation. The loss of radioactivity of the 
mono- and dienoic phosphatidylcholines, however, was found to average 29 
and 2770, respectively, per 60 min. These results indicate that the phospho- 
lipase AZ is significantly more active towards phosphatidylcholines containing 
an unsaturated fatty acid at the 2-position as compared to the disaturated 
species of phosphatidylcholine. 

Differential specificity of microsomal phospholipase A, towards de novo syn- 
thesized and exogenously supplied palmitate of phosphatidylcholine 

It is clear from the data presented in Table I and II that the activity of the 
microsomal phospholipase A2 towards the disaturated species of phosphatidyl- 

TABLE II 

SPECIFICITY OF PHOSPHOLIPASE A2 OF RAT-LUNG MICROSOMES FOR VARIOUS CLASSES OF 
ENDOGENOUSLY LABELLED PHOSPHATIDYLCHOLINES 

Microsomes were isolated from lungs perfused for 2 h with either 0.5 mCi [1,3-3Hlglycerol. 0.5 mCi 
[32Plphosphate or 80 jX!i [l-14Clacetate. Subsequently. the microsomes were isolated and incubated in 
the presence of CaZ+ for up to 2 h. Before and after incubation, the disaturated, monoenoic and dienoic 

fractions of phosphatidylcholine were resolved and assayed for radioactivity. The results are expressed as 
decrease (70 per h) of total radioactivity in the various molecular classes of phosphatidylcholine. Averages 
(2 S.D.) of three incubations are presented. 

Endogenous label Decrease of radioactivity (% per h) 

Disaturated PC Monoenoic PC Dienoic PC 

[l,3-3HlGI~cerol 19 ? 2 33 + 4 26 f 2 
[32PlPhosphate lot 1 26 t 3 18? 2 
[l-‘4C1Acetate 9+1 28 + 3 38 + 4 



choline containing de novo synthesized palmitate differed markedly from the 
activity towards disaturated phosphatidylcholines labelled with exogenously 
supplied palmitic acid. The former were cleaved at a similar rate (9% per h) as 
disaturated phosphatidylcholines labelled with [ 32P]phosphate or [ 1,3-3H] - 
glycerol (Table II). No detectable cleavage could, however, be measured when 
phosphatidylcholine was labelled with exogenously supplied palmitate (Table 
I). An intriguing possibility to explain these different activities of the micro- 
somal phospholipase A2 towards phosphatidylcholines containing palmitate of 
different origin, is that in lung microsomes two pools of disaturated phospha- 
tidylcholines exist which can be distinguished by the enzyme. One pool would 
be a disaturated species containing endogenously synthesized palmitate in the 
2-position, whereas the other pool contained exogenously supplied palmitate in 
the 2-position. 

In order to establish whether indeed two different pools of disaturated phos- 
phatidylcholines exist, lungs were perfused with either [ l-‘4C]acetate or [9,10- 
3H,]palmitate followed by isolation of the microsomal phosphatidylcholines. 
Table III shows the positional distribution of [ “C]palmitate, synthesized de 
novo from [ l-‘4C]acetate, and that of exogenously supplied [3H]palmitate 
between the l- and 2-position of total microsomal phosphatidylcholines and 
disaturated phosphatidylcholines. It is interesting to note that the palmitate 
synthesized de novo is recovered predominantly at the l-position of total 
phosphatidylcholines and disaturated phosphatidylcholines. In strong contrast, 
the exogenously added palmitate incorporated preferentially into the 2-posi- 
tion of total phosphatidylcholines and, even more pronounced, into the 2-posi- 
tion of disaturated phosphatidylcholines. In this light it is relevant to mention 
that the majority of the 2-position palmitate in total phosphatidylcholine 
resides in the disaturated species of this phospholipid. These data strongly sug- 
gest the presence of two pools of disaturated phosphatidylcholines in lung 
microsomes. 

Examination of lamellar bodies for phospholipase A activity 
Lamellar bodies were isolated from lungs perfused with either [Me-14C]- 

choline or [ 1,3-3H]glycerol. Subsequently, the lamellar bodies were incubated 
for periods up to 2 h followed by isolation of lysophosphatidylcholine and 
phosphatidylcholine to test for phospholipase A activity. The basic incubation 
conditions were similar to those used for the microsomal phospholipase A 
assay. No phospholipase activity was detected in lamellar bodies at pH 4.0, 7.5 
or 8.5 in the presence or absence of 0.01% (w/v) Triton X-100 or when the 
lamellar body preparation was sonicated prior to incubation (data not shown). 

Discussion 

While earlier studies had suggested a phospholipase A activity in lung tissue 
[34], phospholipase A2 activity in the lung was first demonstrated by Ohta et 
al. [ 351. They found, using both phosphatidylcholine and phosphatidylethanol- 
amine as exogenous substrates, the majority of the phospholipase A2 activity in 
the 105 000 X g fraction of lung homogenate. Surprisingly, the activity was not 
stimulated by Ca*’ [ 351. More recently, Garcia et al. [ 151 described a phospho- 
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lipase AZ activity in rat lung microsomal and mitochondrial fractions. This 
activity, which required Ca*‘, was determined using exogenously added phos- 
phatidylethanolamine as substrate. In the present study, it was desired to study 
the activity of phospholipase A, in lung microsomes using membrane-bound 
phosphatidylcholines, generated by perfusion of the lung with various radio- 
active precursors, as substrate. This was necessary, as exogenously added radio- 
active phosphatidylcholine failed to demonstrate the presence of significant 
phospholipase A activity in lung microsomes. In addition, it has been previ- 
ously shown for other enzymes associated with phospholipid metabolism [36] 
that membrane-bound substrates rather than emulsions of exogenously added 
substrates should be used to investigate the substrate specificity of these 
enzymes. 

The microsomal phospholipase A2 described in the present study possessed a 
similar pH optimum and Ca*‘-requirement as that reported by Garcia et al. 

[151. 
All attempts to demonstrate phospholipase A activity in the lamellar body 

fraction were unsuccessful. This finding agrees with that of Garcia et al. [14] 
but is in conflict with the report of Heath and Jacobson [25]. As the prepara- 
tion of lamellar bodies in the latter report was considered only a lamellar body- 
rich fraction, the reported activity could be due to contamination with other 
subcellular fractions. 

Importantly, the present study demonstrates that the microsomal phospho- 
lipase A, is more active towards phosphatidylcholines containing an unsatu- 
rated fatty acid at the 2-position. This observation endorses the potential sig- 
nificance of phospholipase A, in the remodelling of phosphatidylcholines syn- 
thesized de novo, because previous studies have shown that the synthesis de 
novo results primarily in the formation of phosphatidylcholines containing an 
unsaturated fatty acid at the Z-position [ 4-71. 

Complicating this study was the observation that there was no demonstrable 
phospholipase A, activity if the microsomal phosphatidylcholine had been 
labelled by perfusing the lung with trace amounts of [l-‘4C]palmitic acid 
(Table I), although this fatty acid is recovered almost completely at the 2-posi- 
tion of disaturated phosphatidylcholine (Table III). However, the disaturated 
class of phosphatidylcholine labelled endogenously with palmitate synthesized 
during perfusion with trace amounts of [1-“Clacetate, was cleaved by the 
phospholipase AZ although at half the rate of phosphatidylcholines containing 
an unsaturated fatty acid at the 2-position. In conjunction with the strikingly 
different positional distribution of de novo synthesized and exogenously added 
palmitate among the l- and 2-position of disaturated phosphatidylcholines 
(Table III), these findings suggest the presence of two pools of disaturated 
phosphatidylcholines: one pool containing endogenously synthesized palmitic 
acid at the 2-position which is accessible for the phospholipase A* and the 
other pool containing exogenously supplied palmitate at the 2-position which is 
not accessible for cleavage with phospholip&e A,. It is interesting to speculate 
that the latter pool may represent phosphatidylcholines which have been 
remodelled to dipalmit,oylphosphatidylcholine for surfactant production which 
should be inaccessable to the phospholipase. Such a situation would allow for 
the accumulation of dipalmitoylphosphatidylcholine and its eventual storage in 
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TABLE III 

POSITIONAL DISTRIBUTION OF DE NOVO SYNTHESIZED AND EXOGENOUSLY SUPPLIED PAL- 
MITIC ACID BETWEEN THE l- AND P-POSITION OF TOTAL PHOSPHATIDYLCHOLINES AND 
DISATURATED PHOSPHATIDYLCHOLINES OF RAT-LUNG MICROSOMES 

Lungs were perfused for 2 h with 50 PCi [l-14C1acetate or 0.5 mCi [9,10-3H~lpaImitic acid. Sub- 
sequently, the microsomal total phosphatidylcholine fraction and the disaturated class of phosphatidyl- 
choline were isolated and subjected to hydrolysis with pure phospholipase A:, from Naja naja venom to 
ascertain the positional distribution (%) of the endogenously synthesized palmitate and the exogenously 
supplied p&nit&e. Averages of two experiments are presented. 

Source of palmitic acid Total Disaturated 
phosphatidylcholines phosphatidylcholines 

l-position P-position l-position 2-position 

Synthesized from [l-l 4Cl acetate 74 26 71 29 
Exogenously supplied as [9.10-3H2lpaImitic acid 33 67 8 92 

the lamellar body. If this hypothesis were true, it would imply that palmitic 
acid synthesized de novo would be used primarily for the synthesis of phospha- 
tidylcholines de novo whereas palmitic acid taken up from the circulation 
would be used primarily for the remodelling of unsaturated phosphatidyl- 
cholines into dipalmitoylphosphatidylcholine. It should be emphasized, how- 
ever, that the present studies have been carried out with microsomes isolated 
from whole lung and that additional studies with microsomes from alveolar 
type II cells are required to further investigate this hypothesis. 
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