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SUMMARY 

I. Synthetic lecithins containing in z-position a [W]fatty acid constituent were 
found to be hydrolysed by rat-liver homogenates so as to form both r-acyl-glycero- 
3-phosphorylcholine and 2-acyl-glycero-3-phosphorylcholine. 

2. A comparison of the fatty acid pattern of lysolecithin obtained from rat 
liver by thin-layer chromatography with the fatty acid composition of r-acyl-glycero- 
g-phosphorylcholine prepared by breakdown of liver lecithin with snake venom phos- 
pholipase A (EC 3.1,1.4) suggested that two structurally isomeric lysolecithins occur. 

3. Phospholipase A degradation of lysolecithin from rat liver previously labelled 
with 32P demonstrated that, apart from I-acyl-glycero-3-phosphorylcholine, a-acyl- 
glycero-3-phosphorylcholine was also present. Hydrolysis of lysolecithin with phos- 
pholipase C (EC x.1.4.3) and separation of the monoglycerides formed confirmed that 
rat-liver lysolecithin consists of two structural isomers. 

4. A combination of these findings with the results obtained by LANDS and 
co-workers on the selective enzymic transacylation of isomeric lysophosphoglycerides 
allows a monoacyl-diacyl phospholipid cycle to be formulated. This mechanism is 
postulated to play a part in maintaining the liquid-crystalline state of membraneous 
lipids. 

INTRODUCTION 

Kecent investigations of LLOVERAS et a1.l and from this laboratory2 suggested 
that phospholipase-A-like activity present in animal tissues by contrast with snake- 
venom phospholipase A (EC 3.1.1.4) catalyses the hydrolysis of both fatty acid ester 
linkages of lecithin. The enzymic formation of two isomeric lysolecithins is believed 
to be relevant to the studies of L!,NDS et al .;14 demonstrating that r-acyl-glycero-3- 
phosphorylcholine and z-acyl-glycero-3-phosphorylcholine are preferentially acylated 
with unsaturated and saturated fatty acids, respectively. 

The nature of lysolecithins produced by rat liver was investigated with the aid 
of chemically synthesized lecithins containing a labelled fatty acid in a defined posi- 
tion. In addition lysolecithins from rat liver were characterized by means of fatty 
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acid an+lysis6, and in a more conclusive way by degradation with phospholipase A 
and C (EC 3.1.4.3) (ref. 6). 

MATERIALS AND METHODS 

Synthetic W-labelled substrates 
The synthesis of r-stearoyl-z-[r-14C]oleoyl-glycero-3-phosphorylcholine was 

carried out according to the principle applied by DE HAAS AND VAN DEENEN’ and 
HAN.~H.~N AND BROCKERHOFF* for the synthesis of mixed-acid lecithins. Glycero-3- 
phosphorylcholine was converted into its cadmium chloride adduct and acylated with 
oleoyl chlorides. The dioleoyl lecithin obtained was hydrolysed enzymatically with 
venom from Crotalus adamanteus giving, after catalytic hydrogenation, I-stearoyl- 
glycero-3-phosphorylcholine in high yield. This product was converted to its cadmium 
chloride adduct and acylated in the usual way with [I-14C]oleoyl chloride prepared 
according to the method of DAUBERT et al. lo. The reaction mixture was then de- 
ionized by passing it through a column containing a mixture of amberlites IRA-45 
(OH-) and IRC-50 (H+) in chloroform-methanol-water (5:4: I, v/v). After silicic acid 
chromatography the labelled lecithin (0.185 g) was obtained in a 34% yield*, having 
a specific radioactivity of 0.48 ,&/mg or 379 &/mmole. Gas-liquid chromatography 
revealed that the compound which showed on thin-layer chromatograms only one spot 
contained 51% of oleic acid and 49% of stearic acid. The lyso derivative prepared 
by breakdown of the labelled substrate with snake venom appeared to consist of 967; 
of stearic acid and 4% of oleic acid. This lysolecithin contained 3.5% of the radio- 
activity of the original lecithins. Hence it is concluded that the preparation of 
I-stearoyl-z-[I-14C]oleoyl-glycero-3-phosphoryl choline was contaminated with about 

4 O’ of I-[I-14C]oleoyl-z-stearoyl-glycero-3-phosphoryl choline. Although this result is 
leil favourable than that previously obtained in this laboratory on the partial syn- 
thesis of (unlabelled) mixed-acid lecithins, the substrate was still very useful in as 
much as a correction for the small aberration can easily be made. 

Catalytic hydrogenolysis of the labelled lecithin furnished I-stearoyl-z-[I-%]- 
stearoyl-glycero-3-phosphorylcholine. Gas--chromatographic analysis showed that 
stearic acid was the only fatty acid constituent present. 

Preparation of a2P-labelled substrates 
For the preparation of 32P-labelled phospholipids 300 mg of rat liver slices were 

incubated in I ml of Krebs-Ringer solution containing 2 mC KH,32P04, 0.5 mg of 
cytidine diphosphate choline, 0.5 mg of sodium acetate and 5 mg of glucose. After 
incubation for 16 h at 37’ the lipids were extracted and separated by thin-layer 
chromatography. Spots were detected by autoradiography and scraped off the plate 
into a little column, which was eluted with chloroform-methanol mixtures in order 
to obtain the pure SZP lecithin and s2P lysolecithin. 

Assay of phospholipase activity of rat liver 
The labelled lecithins were dissolved with the aid of ultrasonic irradiation in 

* This yield is lower than in the synthesis of non-radioactive lecithins, because of a different ratio 
of reaction partners. 

Biochim. Biophys. Acta, 106 (1965) 326-337 



328 H. VAN DEN BOSCH,L. L-VAN DEENEN 

0.5 ml of Krebs-Ringer solution containing 3 mg of sodium deoxycholate. To the 
dispersion was added 0.5 ml of a freshly prepared liver homogenate (IOO mg) in Krebs- 
Ringer solution, and the mixture was incubated at 37O. The reaction was stopped by 
the addition of 3 ml methanol-chloroform (z:I, v/v). After extraction of the lipids 
the mixtures were subjected to paperchromatography on silica impregnated paper”. 
After staining with Rhodamine 6 G, the spots were cut out and counted for z2P- or 
%-activity with a Packard Tricarb liquid scintillation spectrometer Model 3203. As 
scintillation &rid use was made of the system described by BRAY 12. 

Fatty acid analysis of lysolecithin and lecithin from rat liver 

Rat livers were homogenized in 2 vol. of water, after which the lipids were 
extracted twice according to the method of BLIGH AND DYER'~. The lipids were 
separated by thin-layer chromatography using silicagel with starch as a binder 
and c~oroform-methanol-water (65 : 35 : 4, v/v) as developers. The individual com- 
pounds were made visible by the tricomplex staining methodIt, and lysolecithin 
and lecithin spots were removed from the plates. The lysolecithin and part of the 
lecithin were used for fatty acid analysis. The remaining part of the lecithin waseluted 
from the adsorbent with methanol--chloroform (4:1, v/v), and degraded with 
snake venom to obtain the I-acyl lysolecithin. This compound was also purified by 
thin-layer chromatography. Fatty acid analyses were performed by treatment of 
spots of liver lysolecithin, lecithin and x-acyl lysolecithin from the thin-layer plates 
with 20 ml of methanolic HCl (2.6 g HC1/1oo ml methanol) during z h at 70~. All 
operations were carried out under a nitrogen atmosphere. After cooling and addition 
of 20 ml of water the methyl esters of the fatty acids were extracted with pentane. 
The fatty acid composition was determined by gas-liquid chromatography of the 
methyl esters on a p~)lyethylene glycol adipate column. 

Degradation of lecithin and lysolecithila by phos@holifiase A and C 

Preparations of lecithin and lysolecithin were hydrolysed with C. adamanteus 

venom in equal parts of ether and IO-* M C&l, solution in a high speed vibrator for 
2. h at room temperature. [32P]lysolecithin obtained from rat liver was treated in the 
same way. Degradation with phospholipase C was carried out with an extract of 
Bacillus ceyeus in Tris buffer (pH 7.2) mixed with an equal volume of ether 15. The 
monoglycerides obtained were chromatographed on hvdroxy-apatite with dioxane- 
di-n-butylether (I : I, v/v) as developing solvent 16, u&g the micro-slide technique. 
Spots were detected by spraying with a solution of phosphomolybdic acid in ethanol 
and subsequent heating of the slide. Hydroxy-apatite was prepared from commercial 
CaHPO, 1 zH,O according to the method of ANXKER AND STOY'?. 

RESULTS 

Hydrolysis of synthetic lecithin into isome& lysolecitkm 

After enzymic degradation of a lecithin substrate containing a labelled fatty 
acid in onegiven position, a determination of the distribution of radioactivity among 
the hydrolysis products may supply valuable information about the nature and pro- 
portions of the isomeric lyso derivatives formed. However, it is known that many 
animal tissues18, e.g. rat liver-la, exhibit significant lysophospholipase activity 
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EC 3.1.1.5) causing a further breakdown of lysolecithin(s) into glycero-phosphoryl- 
choline(s) and free fatty acids. Although it is possible to make corrections for this con- 
version, the magnitude of the latter process appears to dominate that of the phospho- 
lipase-A-like activity of rat liver, thus leaving quantities of lysolecithins which are 
not sufficient to permit a study of their compositions 20. This difficulty can be overcome 
by the addition of deoxycholate2 which is known to inhibit the lysophospholipase 
activity 21. 

Experiments on p2P]lecithin obtained from rat liver showed that under the 
conditions utilized the homogenates from rat liver hydrolysed about 20% of this sub- 
strate, while only about 4% of water-soluble products (e.g. glycero-phosphoryl- 
choline) were formed (Table I). The synthetic lecithins containing a l*C-fatty acid 

TABLE I 

HYDROLYSIS OF LABELLED LECITHINS BY RAT-LIVER HOMOGENATES 

The incubation mixture consisted of roo mg of tissue (wet wt.) in r.o ml of Krebs-Ringer solution containing 
3 mg of sodium deoxycholate and a trace amount of [32P]lecithin or 0,074 mp of [z-W]acyl-lecithin with a 
specific activity of 0.38 ,uC/,umole. The incubation was carried out for 4 h at 37”. 

Substrate Number Distributiopz of- radioactioity* Fatty acids Percentage of 
of expevi- 
nwntc 

Deacylated Lysolecithins Lecithin (%I z-acyl glycero- 

water- (9;) 3-phosphoryl- 

SOlUhk rholine (II) 

proawx, formed* * 

(“b) 
~- 

E3zP]Lecithin 7 4 zt I.5 21 z. 5 75 16 - - 
r-stearoyl-2-[r-14C]oleoyl 

glycero-3-phosphorylcholine 6 - 8.2 i 1.1 79.3 X4.9 12.4 * 4.9 47 
I-stearoyl-z-[I-‘*C]stearoyl 2 - 8.0 1: 0.4 80.5 :E 4.0 11.5 :e 3.3 50 

glycero-3-phosphorylcholine 
~-stearoyl-2-[r-1~C]oleoyl 

glycero-3-phosphorylcholine 
(controls without liver) -1 -_ 1.2 :I 0.3 96.9 & 0.9 I.9 1_ 0.6 - 

____- 
* The radioactivity in each fraction is expressed as percent of the total radioactivity. Values are the means & 
S.E. of the mean. 
** The amount of II produced by the phospholipase(s) present in rat liver was calculated from t,he radio- 
activity between lysolecithin and freed fatty acids taking into account the small amount of “reversed substrate 
(see experimental part) and the degradation of lysolecithin into glycero-3-phosphorylcholine. 

in the z-position exhibited a similar extent of breakdown giving rise to the production 
of both labelled lysolecithin and free fatty acid. These results clearly showed the for- 
mation of two isomeric lysolecithins, viz. I-acyl-glycero-3-phosphorylcholine (I) and 
z-acyl-glycero-3-phosphorylcholine (II) (Compare Scheme I). Their relative propor- 
tions were derived from the distribution pattern of X-activity, taking into account 
the small amount of “reversed” molecular species present in the synthetic substrate 
and the quantity of lysolecithin degraded by the action of lysophospholipase. Although 
a possible difference in susceptibility of both isomeric lysolecithins towards lysophos- 
pholipase has still to be ascertained, the small extent of breakdown of lysolecithin 
under the conditions used certainly allows conclusions to be made. 

Homogenates of rat liver apparently catalysed the hydrolysis of both synthetic 
lecithins studied into about equal parts of I-acyl and z-acyl lysolecithins (Table I). 
The results confirm our previous observations made on biosynthetically labelled 
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substrates, which studies however revealed a greater range in values for the ratio 
of both isomeric lysolecithins formed%. 

The chromatographic resolution of phospholipids extracted from animal tissues 
is well known to reveal the presence of small amounts of lysolecithins. Although it 
has been recognized that such derivatives may sometimes represent artifacts formed 
during the manupulations involved e.6 0. causing a splitting of the alkenyl linkage of 
plasmalogens %%, the ubiquitous occurrence of phospholipase A suggests that these 
compounds may have been present in small amounts in situ to serve as key-inter- 
mediates in phosphoglyceride metabolism. Also when rapid and gentle separation 
methods are applied (e.g. thin-layer chromatography), lysolecithin can be detected. 
In addition to the enzymic studies on synthetic substrates described above lyso- 
lecithin from rat liver has been obtained by preparative thin-layer chromatography 
and its structure was verified by different methods. 

Fatty acid analysis 
The work of HANAHAN z3 on the different distributions of saturated and un- 

saturated fatty acids among both ester positions in natural lecithins has been widely 
confirmed. After the revision of the site of attack of phospholip~e A from snake 
venom it has become clear that within certain limits (poly)unsaturatedfatt~ acids 
occupy preferentially the z-ester position while saturated ones are located mainly at 
the r-position. Thus fatty acid analyses of lysolecithin may give some indications on 
the occurrence of structurally isomeric lysolecithins. Applying this approach TATTRIE 
.~ND CYRJ recentlV found support for the existence of r-acyl and z-acyl lysolecithins 
in several natural sources. Atthough not conclusive, this method enables some further 
indications to be obtained, particularly when combined with an ascertainment of 
the fatty acid distribution in the diacyl compound concerned. In our opinion the 
latter information forms a necessary prerequisite since external factors, 8.6. the nature 
of dietary fats, greatly affect the fatty acid composition and to some extent the distri- 
bution of certain fatty acids in the phospholipid concerned. 

The results of the fatty acid analysis of rat liver lecithins, as well as of lyso- 
lecithin (I-acyl-glycero-3-phosphorylclloline) and free fatty acids obtained after a 
complete breakdown of lecithin by phospholipase A from snake-venom, are given in 
Table II. The observations are in good agreement with those of DITTMER AND 
HANAHAN 24 and show a conspicuous difference in distribution between saturated and 
unsaturated acyl chains. Ry virtue of the positional specificity of the phospholipase A 
used, which has been established conclusively to hydrolyse the fatty acid ester linkage 
at the r?-position irrespective of the nature of the acyl constituents, the distribution 
for each fatty acid among both ester positions can be derived. Some fluctuations be- 
tween various samples a.nalysed were observed, but it is apparent that themajor 
saturated fatty acids palmitic and stearic are located to the extent of about 90~6 at the 
r-position, whereas linoleic acid and particularly arachidonic acid are located at the 
a-position. The lysolecithin recovered from the thin-layer chromatograms of liver 
lipids contained, in addition to saturated fatty acids, considerable quantities of un- 
saturated constituents located at the a-position of the lecithin obtained from the same 
liver tissue (Table II). The degree of unsaturation of the isolated lysolecithin is con- 
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siderably higher than that of the I-acyl lysolecithin prepared by phospholipase A 
degradation of liver lecithin. If the assumption be made that fatty acids are located in 
the native lysolecithin in the same manner as found in lecithin, the results suggest that 
both I-acyl and a-acyl derivatives of glycero-3-phosphoryl choline are present. Ten- 
tatively the ratio of both enantiomeric lysolecithins can be calculated taking into 
account the percentage of each fatty acid constituent present in the lysolecithin 
molecule and its positional distribution in the parent molecule. Although the values 
obtained for the individual fatty acid show some scattering, the average ratio of 
saturated to unsaturated fatty acids in the natural lysolecithin suggests that about 
35% of 2-acyl glycero-3-phosphorylcholine (II) was present. 

ENZYMIC HYDROLYSIS 

Investigations in this laboratory on the mode of action of phospholipases and 
their substrate specificity recently furnished a new method for distinguishing between 
enantiomeric lysolecithinsa. By virtue of differences in the susceptibility towards 
phospholipase A and C and a characterization of the hydrolysis products it became 
possible to identify five enantiomeric lysolecithins obtained by chemical synthesis. 
This procedure has now been used to verify the structure of rat liver lysolecithin, 
which study is facilitated by the fact that the phosphoglycerides from animal tissues 
are known to be derivatives of glycero-3-phosphate25 only. 

Phospholipase A from C. adamanteus has been demonstrated to catalyse the 
hydrolysis of the fatty acid ester linkage of 2-acyl-glycero-3-phosphorylcholine (II) 
so as to give free fatty acid and glycero-3-phosphorylcholine. On the other hand under 
conditions giving a complete breakdown of II, I-acyl-glycero-3-phosphorylcholine (I) 
completely resisted the action of this enzyme @. To facilitate a quantitative determina- 
tion of the ratio between two structural isomers, the phosphoglycerides were labelled 
with 32P either by an incubation in vitro of liver or by intravenous injection of radio- 
active phosphate into rats. The lysolecithin fraction obtained from liver by thin-layer 
chromatography appeared to be degraded in part by phospholipase A, whereas r-acyl- 
glycero-3-phosphorylcholine prepared from liver lecithin by means of snake venom 
did not show any appreciable hydrolysis over the control (Fig. I). The quantity of 
radio-active glycero-phosphorylcholine produced after the enzymic hydrolysis of rat 
liver lysolecithin for 2 h amounted to about 300& of the lysolecithin substrate, al- 
though the values obtained in different experiments ranged from about 15 to 30%. 
However, it has to be noted that, after chromatography of 2-acyl lysolecithin (II) 
on silica columns preparations were obtained which were completely resistant to 
phospholipase A (refs. 6, 26). During chromatography on silica columns a conversion 
of a-acyl lysolecithin (II) into r-acyl lysolecithin appears to occur and this unwanted 
migration (I) was perhaps not completely prevented by application of thin-layer 
chromatography. In any case the data obtained so far clearly showed that, apart 
from I-acyl-glycero-3-phosphorylcholine (I), a significant quantity of a-acyl-glycero- 
3-phosphorylcholine (II) was present in the preparations investigated. This statement 
was supported by degradation experiments with phospholipase C from B. cereus. This 
enzyme has been shown by DE HAAS _~ND V.~N DEENEN~ to act on both r-acyl- 
glycero-3-phosphorylcholine and 2-acyl-glycero-3-phosphorylcholine so as to form 
I- and e-monoglycerides respectively. Separation of the isomeric glycerides can 
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Fig. I. Demonstration of the action of phospholipase A (Crotalus adamanteus) on lecithin and lyso- 
lecithin. 
A. Autoradiogram of: I. Hydrolysis products after enzymic incubation of [32P]-lysolecithinobtained 
from rat liver by thin-layer chromatography. 2. Control without phospholipase A present. 3. La- 
belled lecithin from rat liver incubated without snake venom. 4. Hydrolysis product formed by 
degradation of rat-liver lecithin with phospholipase A. 
B. Radioactivity recordings of paperchromatograms of rat liver lysolecithin before (upper curve) 
and after treatment with snake venom phospholipase A. The results showed that apart from I- 
acyl-glycero-3-phosphorylcholine (not degraded) about 30% of z-acpl-glycero-3-phosphoryl- 
choline was present. 

Fig. 2. Chromatographic demonstration of the formation of two isomeric monoglycerides by the 
action of phospholipase C on lysolecithin from rat liver. The lipid mixtures were separated on 
hydroxyapatite slides. Solvent system: dioxane-di-n-butylether (I :I, v/v). Spray: Phosphomo- 
lybdic acid. r. Monoglycerides obtained from lysolecithin isolated by thin-layer chromatography. 
2. As 1. but the lysolecithin was isolated by column chromatography on silica. 3. Monoglycerides 
derived from synthetic r-acyl lysolecithin. 4. Synthetic I-stearoylglycerol. 5. Synthetic z-stearoyl- 
glycerol. 6. I : I mixture of I-stearoylglycerol and z-stearoylglycerol. 7. Unidentified impurities 
present in the ether extract from an enzymic incubation without lysolecithin. 
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readily be accomplished on chromatoplates covered with hydroxyapatite according 
to HOFMANN r6. Inasmuch as glycerides containing unsaturated fatty acids appear to 
be more susceptible to migration of z-acyl into I-acyl derivatives27 the lysolecithin 
preparations from rat liver were subjected to catalytic hydrogenolysis. As illustrated 
by Fig. 2, the lysolecithin investigated gave rise to the formation of both r-acyl- 
glycerol and a-acyl-glycerol. By contrast lysolecithin preparations obtained by column 
chromatography instead of by thin-layer chromatography revealed, as did r-acyl- 
glycero-3-phosphorylcholine, only one spot corresponding to that of I-acyl-glycerol. 
Apparently the present method also indicates that 2-acyl-glycero-3-phosphorylcholine 
is very susceptible to unwanted migrations; hence silica columns must be avoided 
during studies on the structure of natural lysolecithins. The results obtained on lyso- 
lecithin preparations obtained from rat liver and isolated by thin-layer chromato- 
graphy qualitatively demonstrated the occurrence of both I-acyl and 2-acyl lyso- 
lecithins. Although it was not attempted to make a quantitative determination of the 
ratio of both liver lysolecithins, it may be recorded that model experiments on syn- 
thetic lysolecithins containing a labelled fatty acid demonstrated that this approach 
enables a few percent of either isomer in a mixture to be determined. Furthermore, 
current experiments revealed that after breakdown by phospholipase C of non- 
hydrogenated lysolecithin from rat liver two isomeric monoglycerides were detected. 
It may be rewarding to investigate their fatty acid composition. 

DISCUSSION 

The fundamentally different experimental approaches pursued in the present 
study uniformly showed that rat liver tissue is capable of producing two structurally 
isomeric lysolecithins (Scheme I). The ratio between r-acyl-glycero-3-phosphoryl- 
choline (I) and z-acyl-glycero-3-phosphorylcholine (II) formed by a breakdown of 
synthetic substrates was found to be more in favour of the latter isomer (II) at least 
when compared with the composition of the lysolecithin fraction isolated from rat 
liver, which showed a higher content of I. Since a conversion of II into I has been 
demonstrated to occur very readily, this discrepancy is perhaps due in part tosuch 
a conversion. On the other hand it has to be realized that the enzymic hydrolysis of 
synthetic substrates was carried out under conditions that limited further metabolism 
of the lysolecithins formed. For that reason it will be of interest to study whether I 
and II exhibit differences either in the rate of reacylation into lecithin or in breakdown 
by lysophospholipase. 

As regards the biochemical significance of the occurrence of both structurally 
isomeric lysolecithins, our findings when combined with the elegant work of LANDS 
and co-workers3~4~2H, allow us to formulate a diacyl-monoacyl phosphoglyceride cycle 
(Scheme I) which is believed to play an important part in the intermediary meta- 
bolism of phosphoglycerides. As discussed previously by LANDS, the reacylation of 
lysolecithins I and II, which involves a preferential transacylation with unsaturated 
and saturated acyl chains respectively, may account for the independent turnover and 
dissimilar locations of these fatty acid constituents in the lecithin molecule. In prin- 
ciple the reacylation process is not limited to lysolecithins, but also the monoacyl 
derivatives of phosphatidic acidZg, phosphatidyl ethanolamine30, phosphatidyl inosit- 
to13r appear to act as substrates. Furthermore different cellular structures e.g. rat 
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Scheme 1. Diacyl-monoacyl phosphoglyceride cycle. The selective acylation of the isomeric lyso- 
lecithins I and II was proved by LANDS and co-workers, and the enzymic formation of I and II 
was demonstrated in the present study. 

liver microsomes 4, liver 32 and brain 33 mitochondria, aortic homogenatesz4 and red 
cell membranes35-37 have been demonstrated to be able to acylate lyso derivatives 
so as to form diacyl phosphoglycerides. Taking into account the widespread occurrence 
of phospholipases acting on fatty acid ester linkages, it appears probable that many 
cellular structures are provided with an enzyme system governing the cycle indicated 
in Scheme I for lecithin, but in principle applicable to most if not all phosphogly- 
cerides. As discussed before 32, this pathway provides an energetically more economic 
way to renew the fatty acid constituents of membraneous phospholipids than by a 
synthesis denovo. Furthermore, the specificity of the transacylases concerned with the 
introduction of fatty acid constituents at the I- and z-positions may play an important 
rolein furnishing phospholipids to the membrane, having the desired physico-chemical 
properties38. Significant variations are found in the fatty acid composition of phos- 
pholipids from different membranes; and not only the biosynthetic capacities of the 
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tissues or animals concerned, but also external factors e.g. the nature of ingested fatty 

acid, appear to determine the ultimate fatty acid pattern of a membrane”9. In spite 

of these great variations, a compilation3” of numerous observations made on the 

fatty acid composition of phospholipids from very different cellular structure2 indicates 

that the living cell is provided with systems to control within certain limits the phg.- 

sico-chemical state of the lipid core of the membrane, which in great part depends 

on the nature of these apolar side chains. 

Biological membranes containing phospholipids with either two long-chain 

saturated fatty acids or two poly-unsaturated fatty acids, because of adifferent magni- 

tude of van der Waals attraction forces between the side-chains, will have a different 

packing of the lipid molecules which may cause a distinction in the permeability 

behaviour between these membranes 40*41. It can be envisaged that in order to fit a 

given membrane with certain permeability properties the phospholipids have to be 

in a certain physiochemical state (e.g. liquid-expanded), and perhaps are on the border 

of being able to switch between two lipid phases 42,33 The cvcle formulated above is 

postulated to be one of the mechanisms by which a derailment of the required lipid 

phase in a membrane can be prevented or limited. The enzymes involved in reacyl- 

ating the enzymically formed lysolecithins (I and II) appear to be adapted to the 

physico-chemical character of the acyl constituentsa, and this phenomenon may 

account for the fact that more apolar long-chain saturated as well as tvalzs unsatur- 

ated44constituents are preferentially recovered at the r-position whereas the 2-position 

is mostly reserved (under normal conditions) for poly-unsaturated and eventually for 

short-chain saturated fatty acids4S. The presence of both types of acyl-chains ma!’ 

within certain limits preserve the liquid-expanded character of the phospholipids con- 

cerned, a hypothesis that was supported by studies on monomolecular films of syn- 

thetic phospholipids 3**41. In this context the question arises whether the dissimilar 

distribution of fattV acids in natural phospholipids is essential or whether a reversed 

positional 1ocation”would be equally apt for the purpose discussed above. Although 

it would be premature to make any final conclusion it is of interest to note that 2 iso- 

merit lecithins containing oleic acid and butyric acid in different positions were found 

to display dissimilar interfacial properties and to be hydrolysed at different rates by 

phospholipase A (ref. 46). These results encourage us to investigate the physico- 

chemical properties and phospholipid-protein interaction of enantiomeric lecithins 

containing one saturated and one poly-unsaturated fatty acid in reversed positions. 
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