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Summary. The pattern of fatty acid release from rat synaptic mem-
branes in the presence of phospholipase A, (Vipera russelli) was
compared to that from liposomes comprised of phospholipids.
Phospholipase A, more readily attacked myelin and synaptic mem-
branes than liposomes prepared from total phospholipids derived
from myelin. Although hydrolysis of liposomal phospholipids oc-
curred in the absence of added calcium, the presence of 2 mm
CaCl; or 2% bovine serum albumin significantly enhanced the
phospholipase attack of liposomes, but not synaptic membranes
or myelin. Phospholipase exhibited a marked preference for phos-
pholipids containing docosahexaenoic acid (22:6) in the synaptic
membranes, while with liposomes the pattern of released fatty
acid reflected the fatty acid composition in the two-position of
the phospholipids. Although either calcium or albumin markedly
increased the phospholipase hydrolysis of liposomes, neither af-
fected the hydrolysis of synaptic membranes or the pattern of
fatty acid release from liposomes. It was concluded that the nonli-
pid constituents, particularly the proteins, of biomembranes were
responsible for the organization of the phospholipids and ac-
counted for the observed differences between liposomes and syn-
aptic membranes with respect to enzymic accessibility.
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Introduction

Phospholipases A, are useful enzymes for determin-
ing membrane organization (Zwaal, Roelofsen, Dom-
furius & van Deenen, 1975; Sundler, Sarcione, Al-
berts & Vagelos, 1977) and the functional role of
phospholipids in biological membranes (Abood, Sa-
lem, MacNeil & Butler, 1978 ; Lefkowitz, 1975). Phos-
pholipases are also of interest because their activity
is dependent on the physical characteristics of the
phospbolipids. Hydrolysis of artificial membranes by
phospholipase A, has been extensively studied in an
attempt to determine how the physiochemical proper-
ties of the lipid interface influence the enzyme. Certain
conditions, such as heating a phospholipid to its phase
transition temperature (Op den Kamp, de Gier &
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van Deenen, 1974), or additives, such as alcohols (Jain
& Cordes, 1973) greatly increase the phospholipase
attack of pure lipid membranes. It has been suggested
that such physical treatments and agents result in
structural or chemical pertubations which enhance
phospholipase penetration into the lipid phase, there-
by increasing hydrolysis (Verger, Mieras & de Haas,
1973). Changes in phospholipase activity or specificity
induced by such additives and physical procedures
may provide information on membrane organization
as well as the nature of the resulting perturbation.

Since biological membranes contain numerous
nonphospholipid components, the enzyme activity
and substrate specificity of phospholipases differs
from that observed with model membrane systems
containing phospholipids (Salach, Seng, Tisdale &
Singer, 1971b; Coles, Mcllwain & Rapport, 1974).
The limitations to extrapolations from artificial to
natural membranes are important to consider when
using phospholipases as tools in studies of biomem-
branes.

Phospholipase A, from Vipera russelli is a potent
inhibitor of opiate binding in synaptic tissue, where
it appears to preferentially hydrolyze polyunsaturated
phospholipids (Abood, Butler & Reynolds, 1980). In
the present study, this apparent specificity of phos-
pholipase A, was investigated further by completely
characterizing and comparing the hydrolysis of more
homogeneous synaptic membranes and liposomes
prepared from myelin phospholipids. The effects of
calcium and bovine serum albumin on phospholipase
activity were also investigated.

Materials and Methods
Materials

Highly purified phospholipase A, from Vipera russelli was obtained
from Sigma Chemical Co. (St. Louis, Mo.) and purified to homoge-
neity on a Sephadex G-100 column according to Salach et al.
(1971 a). Fatty acid-free bovine serum albumin and Croralus ada-
manteus venom were also purchased from Sigma. All fatty acid,
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methyl ester, and phospholipid standards were obtained from Su-
pelco. All solvents were of nanograde quality or glass-distilled.
Adult male Sprague-Dawley rats from Charles River were used
in all experiments.

Preparation of Synaptic Membranes

A modification of the procedure of Whittaker, Michaelson and
Kirkland (1964) was used to prepare myelin and synaptic plasma
membranes from rat brain. Rats were sacrificed by cervical disloca-
tion and the brains were quickly removed and homogenized in
10 vol 0.32 M sucrose. The homogenate was centrifuged at 1,000 x g
for 10 min, and the supernatant was removed and centrifuged at
17,500 x g for 20 min. After the pellet was suspended in 0.32M
sucrose, it was layered over a discontinuous sucrose gradient of
0.8 and 1.2M sucrose and the tube centrifuged for Ihr at
100,000 x g in a Beckman SW 40 rotor. The band of material at
the 0.32 M-0.8 M interface was collected, homogenized in 20 vol
distilled water, and then centrifuged for 30 min at 70,000 x g. This
pellet was used as a source of myelin membranes. The material
at the 0.8 M—1.2 M interface was also removed and pelleted, and
then homogenized in 5 vol distilled water and left on ice for 1 hr.
The homogenate was then layered over a 0.6, 0.8, 1.0, and 1.2 M
sucrose gradient and centrifuged for 1 hr at 100,000 x g. The bands
of material at the 0.6 M—0.8 M sucrose and 0.8 M~1.0 M sucrose
interfaces were collected, diluted with 10 vol water and centrifuged
at 70,000 x g for 30 min. Electron microscopy revealed that the
resulting pellet consisted largely of fragments of synaptic plasma
membranes, partially disrupted synaptosomes, some small vesicles,
and a few unidentified membrane fragments.

Treatment of Membranes with Phospholipase A

Synaptic membranes were suspended in 20 mm Tris-HCl, pH 7.5,
to a concentration of 2 mg protein/ml. Protein was determined
according to Lowry, Rosenborough, Farr and Randall (1951), us-
ing bovine serum albumin as a standard. Aliquots of the membrane
suspension were incubated at 37° for different times with the same
concentration of phospholipase A, (g/mg protein), or for 10 min
with different concentrations of phospholipase. Controls were
membranes incubated in Tris without the enzyme and were used
to determine background levels of free fatty acids. CaCl, and
bovine serum albumin were added to a final concentration of 2 mm
or 2%, respectively.

Preparation of Liposomes and Incubation
with Phospholipase A,

Lipids were extracted from synaptic membranes according to Bligh
and Dyer (1959). The total lipid extract was applied to a silicic
acid column, and the total phospholipids were eluted in methanol
(after the elution of neutral lipids and cerebrosides) according to
Rouser, Kritchevsky and Yamamoto (1976). Phosphate determina-
tions were performed according to Bartlett (1939). Aliquots of
the total phospholipid fraction were transferred to homogenizers,
and the solvent was evaporated in a stream of argon. Buffer with
or without 2 muM CaCl, or 2% albumin was added followed by
phospholipase A,, so that the enzyme/phospholipid ratio was the
same as that for the synaptic membrane preparations (520 nmol
total phospholipid/mg protein). Samples were homogenized until
a cloudy suspension formed and then were incubated as for synaptic
membranes.

Determination of the Fatty Acids Present
in the Two-Position of Phospholipids

The composition of the total fatty acids in the two-position of
substrate phospholipids was determined by exposing synaptic mem-

M. Butler and L.G. Abood: Phospholipid Organization in Membranes

branes to high concentrations of phospholipase A, (10 pg/mg pro-
tein) or by hydrolyzing purified lipids with Crotalus adamanteus
venom in a diethy! ether buffer system (Yabuchi & O’Brien, 1968).

Fatty Acid Analysis

After incubation with phospholipase A,, samples were placed on
ice and 20 pg pentanoic acid were added as an internal standard
for quantification of total fatty acids released. Lipids were extracted
as described above and then applied as a 3-4 cm band to silica
gel G plates. The plates were developed in a heptane/diethyl ether/
acetic acid 90:10:1 system, which separated free fatty acids from
all other lipids. After the lipids were exposed to iodine for 10 sec
and the fatty acid bands were marked, the iodine was volitized
by heating the plates to 50 °C in the presence of argon. The fatty
acid bands were scraped into glass stoppered tubes containing
4 ml of 5% HClin methanol (which had been prepared by bubbling
HC] gas into anhydrous methanol). The tubes were flushed with
argon and refluxed at 65°C for 90 min. After the addition of
2 ml water, the methyl esters were extracted twice with 6 ml petro-
leum ether and the ether extracts pooled and washed with 3 ml
of 2% sodium bicarbonate. The samples were centrifuged and
the ether phase was removed and concentrated by a stream of
argon.

The methyl esters were analyzed on a Hewlett-Packard 5830A
digital gas chromatograph with flame ionization detectors, using
SP-2330, 10% Degs and OV-1 columns obtained from Supelco.
Methyl esters were identified by comparing their retention times
to those of authentic standards. Peak data were expressed as area
% and were converted to molar quantities for individual fatty
acid species by comparison with the internal standard. Except
where indicated, all data points represent the mean of at least
three separate determinations.

Separation of Phospholipid Classes

by Two-Dimensional Thin-Layer Chromatography

In order to determine the fatty acid composition of individual
phospholipids, lipid extracts (0.5 pmol phospholipid) were subjected
to silica gel H thin-layer chromatography using chloroform/metha-
nol/water/acetic acid, 65:43:3:1 in the first, and chloroform/meth-
anol/water, 60:35:8 in the second dimension. After the plates were
developed in iodine vapor and lipid, spots were scraped and transes-
terified as described above. In order to determine whether the
procedure of exposing of lipids to iodine vapor and heating the
TLC plates resulted in an alteration of the fatty acids present,
duplicate samples of brain phospholipids not exposed to iodine
were compared to those developed in iodine. No significant alter-
ations occurred in even the polyunsaturated acids.

Results

Fatty Acid Composition of Synaptic Membranes

Myelin membranes prepared by subcellular fractiona-
tion contained a larger phospholipid-to-protein ratio
than synaptic membranes: 814 nmol/mg as compared
to 520 nmol/mg. Synaptic membranes contained more
polyunsaturated fatty acids than myelin, although
palmitic (16:0), oleic (18:1), arachidonic (20:4), and
docosahexaenoic (22:6) acids comprised about 90%
of the total two-position fatty acids in both mem-
branes (Table 1). The surprisingly large amount of
16:0 released by phospholipase A, was due to the
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Table 1. The composition of two-position fatty acids of phospho-
glycerides from myelin and synaptic membranes

Table 3. Fatty acid composition of the major phospholipids in
control and phospholipase A,-treated synaptic membranes

Fatty acid Myelin Nerve endings Fatty acid Phosphatidylethanolamine

16:0 14.5+0.6 20.5+2.9 Control 0.1 ug 1.0 pg

18:1 45.7+2.4 21.7+1.2

20:4 13.44+0.8 19.0£1.5 16:0 9.4 8.7 10.9

22:6 150+0.8 308+1.2 18:0 29.9 23.6 21.7

Other 11.4+1.2 8.5+0.9 18:1 10.7 11.0 14.1
20:4 12.8 13.1 11.7

Phospholipids from myelin and synaptic membranes were hydro- 22:6 23.5 21.6 154

lyzed completely by phospholipase A,. Free fatty acids were sepa- Other 13.7 21.9 26.2

rated from lyso-phospholipids, and analyzed by gas chromatogra- ) )

phy. Individual fatty acids are expressed as the mean standard Fatty acid ~ Phosphatidylcholine

deviation of their molar percentages of the total. *“*Other™ fatty

acids include 16:1, 18:2, 20:1, 20:3, 22:4 (n-6) and 22:5 (n-6). Control 0.1 pg PLA, 1.0pugPLA,
16:0 56.7 60.5 65.3
18:0 10.9 10.6 9.9

Table 2. Fatty acid composition of the major phospholipids in 18:1 22.1 21.7 20.1

myelin membranes 20:4 4.4 2.8 1.4
22:6 2.6 1.2 0.4

Fatty acid Phosphoglycerides Other 2.4 32 2.8

Ethanolamine Choline Serine Fatty acid Phosphatidylserine

16:0 7.6+0.8 39.1+1.1 2.8+1.0 Control 0.1 ug PLA, 1.0 ug PLA,

18:0* 23.2+1.0 15.8+3.0 433423

18:1 31.84+29 36.1+1.8 31.5+3.2 16:0 3.2 4.1 10.0

20:4 8.6+0.8 3.34+0.5 5.6+04 18:0 44.8 45.8 43.4

22:6 9.9+0.6 1.9+0.2 10.8+0.5 18:1 14.0 20.0 28.3

Other 18.9+2.7 3.8+03 6.0+1.4 20:4 2.5 1.9 1.9
22:6 29.7 219 11.0

The phospholipids from myelin were separated by two-dimensional Other 5.8 6.2 5.4

thin-layer chromatography and analyzed for their fatty acid compo-
sition by gas chromatography. Values represent molar % of the
total fatty acids and are expressed as mean standard deviation.
“Other” includes 16:0, 18:0 and 18:1 fatty aldehydes, and 16:1,
18:1, 20:0, 20:1, 20:3, 22:4 (n-6) and 22:5 (n-6) fatty acids. The
total molar % of phosphatidylethanolamine, phosphatidylcholine,
and phosphatidylserine was 45.04+2.0, 31.5+2.9 and 14.1 £0.5 of
the total extracted phospholipid.

* Includes 18:1 fatty aldehyde.

high content of dipalmitoylphosphatidylcholine in
brain (Yabuchi & O’Brien, 1968). Ethanolamine and
serine phosphoglycerides contained most of the 22:6
in both myelin and synaptic membranes, while phos-
phatidylcholine contained more saturated fatty acids
(Tables 2, 3).

Hydrolysis of Synaptic Membranes and Liposomes
by Phospholipase A,

The phospholipids of both myelin and synaptic mem-
branes were readily hydrolyzed by phospholipase A,
from Vipera russelli (Table 4), and could be complete-
ly hydrolyzed at high concentrations of phospholipase
(10 ug/mg protein). The decrease in hydrolysis with
time (Fig. 1) may have been due to the accumulation
of inhibitory by-products, since the presence of 1%

Synaptic membranes were incubated with different concentrations
of phospholipase A, (ug/mg protein) for 10 min at 37 °C. Lipids
were extracted and total phospholipds were separated by two-
dimensional thin-layer chromatography. Individual phospholipids
were transesterified and the methy] esters analyzed by gas chroma-
tography. Results are in molar % and represent the mean of two
determinations agreeing within 10%. (For “‘other’ fatty acids,
see Table 2.)

albumin enhanced hydrolysis significantly at high
concentrations of phospholipase A,. The addition of
2 mm CaCl; had no effect on phospholipase activity
towards synaptic membranes.

A study of the hydrolysis of multilammelar lipo-
somes of the total phospholipids from myelin was
also performed. Such liposomes were attacked to a
much lesser extent than membranes containing an
equal amount of substrate (Figs. 1 and 2). Although
the addition of 2 mm CaCl, significantly increased
the hydrolysis of liposomes, phospholipase A, was
active even in its absence, and the presence of 2%
bovine serum albumin had an even greater effect.
The addition of albumin actually increased the hydro-
lysis of liposomes to the level obtained with myelin
membranes (Fig. 2). The addition of such neutral lip-
ids as cholesterol or cerebrosides to the phospholipids
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Table 4. Comparison of the hydrolysis of synaptic and myelin membranes by Phospholipase A,

Synaptic endings

Myelin

ug phopholipase  nmol fatty acid % membrane

ug phospholipase nmol % membrane

mg protein mg protein phospholipid hydrolyzed mg protein mg protein phospholipid hydrolyzed
0.01 36.2+4.3 7.0 0.02 37.8+1.6 4.6
0.1 139.6+21.3 26.9 0.1 1524+6.8 18.7
1.0 365.2+30.7 70.2 1.0 373.4+52.3 45.8

Membranes were incubated with different concentrations of phospholipase A, for 10 min at 37 °C. Lipids were extracted and analyzed
for free fatty acids, which are expressed as mean tstandard deviation. The percentage of the membrane phospholipid hydrolyzed was
derived from the fatty acid data and the total lipid phosphorous measurements in each membrane type (see text).

1001

FREE FATTY ACIDS {(nmoles)

0 L —
[} 10 2

TIME (min)

5

Fig. 1. The hydrolysis of myelin membranes and liposomes by
phospholipase A, as a function of time. Myelin membranes (m)
and liposomes of the total phospholipids from myelin (&) were
incubated with 0.2 ug phospholipase A, per mg membrane protein
or its phospholipid equivalent (see Methods). The total free fatty
acids were corrected for background levels in controls

mixture did not alter the rate and pattern of fatty
acid release by phospholipase A,. A similar study
using liposomes prepared from total myelin lipids also
yielded comparable results.

Specificity in Phospholipase A, Attack
of Membranes and Liposomes

The substrate specificity of phospholipase A, was in-
vestigated in synaptic membranes and lipsosomes.
When phospholipase A, was incubated with synaptic
or myelin membranes, there was a disproportionate
release of fatty acid species relative to the amounts
present in the two-position of the substrate phospho-
lipids. Although 22:6 and 20:4 comprised 30 and
19% of the total 2-position fatty acids in synaptic

600

400

200+

FREE FATTY ACIDS (nmoles)

0 1 ¢ _J
01 0.1 1.0 5
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Fig. 2. Total free fatty acids released from myelin membranes
and liposomes at various concentrations of phospholipase A, (fatty
acids named in figure). Myelin membranes (m) and liposomes with
(#) or without (a) 2% bovine serum albumin were incubated
with different concentrations of phospholipase A, for 10 min at
37°C

membrane phospholipids, respectively, they com-
prised 50 and 25% of the free fatty acids released
by 0.01 pg phospholipase A,. Only 11 and 10% of
the fatty acids released were 18:1 and 16:0, respec-
tively, even though they comprised 22 and 21% of
the total two-position fatty acid present (Table 1).
This disproportionate release of fatty acids at differ-
ent concentrations of phospholipase A, was reflected
in the fatty acid composition of the intact phospholip-
ids in which the relative amounts of 22:6 decreased
while 18:1 increased in phosphatidylethanolamine
and phosphatidylserine (Table 3).

The fatty acids released from myelin membranes
were even less proportionate to their relative distribu-
tion in membrane phospholipid. Although only 15%
of the total fatty acids in the two-position of myelin
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Fig. 3. The pattern of fatty acid release from myelin membranes
at various concentrations of phospholipase A,. Myelin membranes
were incubated with phospholipase A, (ug/mg protein) for 10 min
at 37°. Data points represent the mean molar percentage of the
total fatty acids for each of the major, individual fatty acids released

phospholipids was 22:6 (Table 1), more than 50%
of the free fatty acids released by 0.02 ug enzyme
was 22:6, while only 17% was 18:1, even though
it comprised over 45% of the 2-position fatty acids
(Fig. 3). The relative proportions of fatty acids re-
leased by phospholipase A, became more representa-
tive of their actual distribution in the membranes
as the degree of hydrolysis increased. Although the
percentages of 16:0 and 20:4 in the released free
fatty acid pool varied significantly from their actual
distribution in substrate phospholipids, the greatest
differences between the amount released and remain-
ing in the membrane occurred with 22:6 and 18:1
(Fig. 3). After incubation of myelin membranes with
1.0 pg phospholipase A, for 10 min, more than 90%
of the 22:6 present in the two-position of the mem-
brane phospholipids had been released, while only
32% of the available 18:1 was hydrolyzed.

The release of fatty acids in the presence of phos-
pholipase A, was also studied as a function of time
(Fig. 4). The results indicate that, relative to their
concentrations in the membrane, phospholipids con-
taining 22:6 were hydrolyzed fastest and 18:1 phos-
pholipids were hydrolyzed slowest. After the first
10 min 150 nmol of 22:6 and about 50 nmol of 18:1
per mg protein was hydrolyzed (data not shown).
The relative percentages of 20:4 in the free fatty acid
pool did not vary significantly with time, as deter-
mined by analysis of variance.

In liposomes comprised of total myelin phospho-
lipids, the relative amounts of the major fatty acids

1
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Fig. 4. The pattern of the fatty acid release from myelin membranes
as a function of time. Myelin membranes were incubated with
0.2 ug phospholipase per mg membrane protein, and the free fatty
acids were analyzed at different time points
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Fig. 5. The pattern of the fatty acid release from liposomes as
a function of time. Liposomes of the total phospholipids from
myelin membranes containing 1 mg protein were incubated with
0.2 pug phospholipase A, for 10 min at 37°

released by phospholipase A, did not vary significant-
ly with time and were representative of their propor-
tions in the substrate phospholipids (Fig. 5). When
the release of fatty acids from liposomes formed in
the presence of 2% albumin was studied as a function
of enzyme concentration, there were significant varia-
tions in the relative amounts of fatty acids released
at different concentrations, while more 22:6 was hy-
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Fig. 6. The pattern of fatty acid release from liposomes containing
2% bovine serum albumin. Liposomes of total phospholipids from
myelin were formed in the presence of 2% albumin and were
incubated with different concentrations of phospholipase A, (ug/
phospholipid equivalent of 1 mg membrane protein)

drolyzed than 16:0 at lower concentrations (Fig. 6).
However, the relative percentages of the major fatty
acids were always fairly representative of their pro-
portions in the phospholipids from myelin.

The effect of 2 mm calcium or 2% albumin in
the presence of phospholipase was investigated on
the fatty acid release from myelin and liposomes (data
not shown). Calcium alone produced no enhancement
of hydrolysis of myelin while 2% albumin resulted
in a 38% increase in the presence of 0.2 pg phospholi-
pase A,. In the presence of 0.1 g phospholipase A,
calcium produced a 74% and albumin a 167% in-
crease in total fatty acids released from liposomes.
Neither calcium nor albumin altered the pattern of
fatty acids released from either myelin or liposomes.

Discussion

In order to determine the activity of phospholipase
A, towards pure and phospholipid membranes, it was
essential that both sides of the phospholipid bilayers
in the artificial membrane be exposed to the enzyme
in order to ensure that any differences in activities
were not due to an inability of the enzyme to reach
the substrate. Unilammelar lipid vesicles formed by
sonication could not be used as the model mem-
branes, since phospholipase A,, which would have
to be added after sonication, would only have access
to -the outer layer of the vesicle. Misleading results
might have been obtained since lipids distribute asym-
metrically in mixed vesicles because of their small

M. Butler and L.G. Abood: Phospholipid Organization in Membranes

size and high degree of curvature (Litman, 1973; Lee
& Forte, 1978). Multilammelar liposomes, however,
could be formed in the presence of phospholipase,
which would then be trapped in between and have
access to both sides of the bilayers.

When the phospholipase hydrolysis of membranes
and liposomes was compared, several major differ-
ences were observed. Firstly, less total phospholipid
was hydrolyzed in liposomes than in synaptic mem-
branes containing an equal amount of substrate; sec-
ondly, hydrolysis of lipsomes, but not membranes,
was greatly increased by the addition of calcium or
albumin ; and lastly, even after the addition of calcium
or albumin to liposomes, phospholipase A, did not
exhibit the preference for phospholipids containing
22:6 as it did towards synaptic membranes.

The net increase in phospholipase hydrolysis of
liposomal phospholipid produced by calcium or albu-
min is reminiscent of the stimulation caused by inter-
facial activators, which appear to enhance enzyme
activity by perturbing the phospholipid phase (Verger
et al., 1973). Although enhancement of phospholipase
activity by the addition of calcium could be due to
a requirement of the enzyme for calcium, hydrolysis
did occur in its absence, and the addition of albumin
alone increased hydrolysis of liposomes to an even
greater extent. In a manner similar to other activating
agents, calcium binds to phospholipid interfaces to
alter such physiochemical parameters as phase transi-
tions and surface pressure and charge (Toko & Yama-
fuji, 1980). Bovine serum albumin may have increased
hydrolysis in synaptic membranes by removing the
reaction by-products, since its effect was greater at
high concentrations of phospholipase A,. In lipo-
somes, however, the enhancing effect of albumin was
greater at low concentrations of phospholipase, where
it increased hydrolysis threefold. Albumin has been
shown to bind electrostatically to phospholipids and
to increase the surface pressure in monolayers (Quinn
& Dawson, 1970). It is possible, therefore, that the
addition of calcium and bovine serum albumin to
liposomes stimulated phospholipase activity by inter-
acting with and perturbing the lipid phase in a way
that made it more susceptible to enzymic aftack. In
synaptic membranes, however, the addition of calci-
um or albumin had relatively little effect. The inability
of additives such as calcium and anesthetics (which
active hydrolysis of pure lipid membranes) to stimu-
late phospholipase attack of biological membranes
has been observed by other investigators (Salach
et al., 19715 ; Scherphof & Westenberg, 1975). Appar-
ently nonlipid components of natural membranes help
promote phospholipid hydrolysis.

Since the phospholipids in multilammelar lipo-
somes were readily accessible to phospholipase A,,
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any inherent specificity of the enzyme for a particular
molecular species of phospholipid should have been
exhibited in studies with liposomes. Under all the
conditions used, however, the relative amounts of fat-
ty acids released from liposomes by phospholipase
A, were representative of their proportions in the
two-position of the substrate phospholipids, and all
the molecular species of phospholipids were hydro-
lyzed at a comparable rate. In myelin membranes,
however, the preference of phospholipase A, for
phospholipids containing 22:6 was especially great,
while phospholipids containing 18:1 were hydrolyzed
the least relative to their amounts in the membrane.
The preference for 22:6 was not an intrinsic property
of the enzyme because it was not manifest in liposo-
mal phospholipids. It seems most likely that it re-
sulted from the greater accessibility of phospholipids
in synaptic membranes, particularly the 22:6 phos-
pholipids (predominantly serine and ethanolamine
phosphogtycerides). The differential accessibility was
not induced by random interactions among the phos-
pholipids themselves, since it did not occur in lipo-
somes. Although calcium and albumin increased the
total hydrolysis of liposomes, neither affected the
specificity of phospholipase A,. It is possible, howev-
er, that membrane proteins having more specific inter-
actions with phospholipids are responsible for the
organization of phospholipids accounting for the ob-
served differences in enzymic accessibility. Another
possibility is that the synaptic membranes resealed
into vesicles and only the outer leaflet containing pre-
dominantly 22:6 phospholipid was accessible to
PLA,.
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