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SUMMARY

1. Atdifferent time intervals after injection of [1(3)-*H]glycerol, the incorporation
of glycerol into the various molecular species of phosphatidylcholine and phosphatidyl-
ethanolamine from rat liver, and phosphatidylcholine from rat lung was determined.

2. The results indicate that, in liver, a de novo synthesis is primarily operating
in the biosynthesis of linoleic acid-containing molecules of lecithin and of the hexae-
noic molecular species of phosphatidylethanolamine. An acylation of monoacyl deri-
vatives of these phospholipids is suggested to play an important role particularly in
the formation of arachidonic acid containing molecular species of these phospholipids.

3. In lung, the de novo synthesis was found to contribute also primarily to the
linoleic acid-containing lecithins, though it also represents an important pathway for
the synthesis of tetraenoic, monoenoic and, perhaps to a lesser extent, disaturated
lecithins. A deacylation-reacylation mechanism may contribute significantly to the
formation of dipalmitoyl lecithin, a major constituent of lung pulmonary surfactant.

4. Acylation of 1-palmitoyl-sn-glycero-3-phosphorylcholine with various labeled
fatty acids or acyl-CoA esters was studied in the presence of microsomes from rat lung
and liver. In the presence of microsomes from lung a significant uptake of palmitic
acid was observed into the 2-position of lecithin, this in strong contrast to the findings
with liver microsomes where only a very limited uptake of palmitic acid was observed.
The results endorse the findings from the #% vivo studies that the acylation of monoa-
cyl-su-glycero-3-phosphorylcholine may play an important additional role in main-
taining the high level of dipalmitoyl lecithin in lung.

5. Comparison of the composition of phosphatidylethanolamine and lecithin
from lung suggested, in support of previous observations by other investigators, that
the methylation of phosphatidylethanolamine does not represent an important path-
way for the formation of dipalmitoyl lecithin.

* Present address: Medical Faculty Rotterdam, Department of Chemical Pathology Dijkzigt
Hospital, Rotterdam, The Netherlands.

** Present address: Harvard Medical School, Department of Biological Chemistry, Boston, Mass.
o2115, U.S.A.
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PHOSPHATIDYLCHOLINE BIOSYNTHESIS 71
INTRODUCTION

Naturally occurring phospholipids such as phosphatidylcholine and phospha-
tidylethanolamine comprise a heterogeneous collection of molecules differing with
respect to their fatty acyl constituents®2, Analyses on the detailed molecular make-up
of lecithins from a variety of tissues and mammalian species have shown that in most
tissues lecithins containing a saturated fatty acid at the 1- position and an unsaturated
at the 2-position are predominant®*. However, in contrast to other tissues, lung tis-
sues from all mammals investigated contained dipalmitoyl lecithin as a major com-
ponent®. The presence of high amounts of this particular lecithin species in beef lung
has been reported already in 1946 by THANNHAUSER éf 4l.°. Dipalmitoyl lecithin is
considered to play an important role in determining the surface properties of pul-
monary surfactant’-1°, Because alveolar surface tension would become very high,
especially at low lung volumes during respiration, the surface force at the air-water
interface must be reduced, probably by the surfactant, in order to prevent collapse of
the alveoli®-*4, Recent studies by THoMas AND RHODES!® provided evidence that
alveolar lecithin is probably derived from lecithin from pulmonary parenchyma cells
and subsequently discharged with time onto the alveolar surface. It was thought of
interest to investigate in the present study which of the known pathways for the
biosynthesis of lecithin is mainly responsible for the formation of dipalmitoyl lecithin
in lung tissnes.

In liver, it has been demonstrated that the various pathways leading to the
synthesis of lecithin, viz. de novo synthesis'®, methylation of phosphatidylethanola-
mine!” and acylation of monoacyl-sn-glycero-3-phosphorylcholines®-2 contribute in
a different way to the synthesis of the various molecular species of lecithin: whereas
de nove synthesis vig CDP-choline is considered to be involved mainly in the formation
of monoenoic and, especially, dienoic molecular species, an acylation of r-acyl-sn-
glycero-3-phosphorylcholine is probably mainly operative in the biosynthesis of
arachidonic acid containing molecules?!~2¢,

The methylation of phosphatidylethanolamine is suggested to play an impor-
tant role in the formation of hexaenoic phosphatidylcholines?3%.28, Several authors
have attempted to study the relative contributions of these various pathwaysin the
formation of dipalmitoyl lecithin in lung tissue. MORGAN?®® suggested that the methy-
lation of phosphatidylethanolamine would be primarily responsible for the synthesis
of this compound in dog lung. This suggestion is not supported by the observations of
other investigators$e-s,

Preliminary experiments in this laboratory by MoNTFOORT? suggested a possi-
ble participation of the acylation of monoacyl-sn-glycero-3-phosphoryicholine in the
biosynthesis or maintaining of dipalmitoyl lecithin in rat lung. Similar findings in
dog lung were recently reported by FROsOLONO éf al.%%, In order to extend the obser-
vations of MONTFOORT* and FROSOLONO ef al.38 it was attempted in the present study
to evaluate the contribution of de novo synthesis and the deacylation-reacylation
mechanism in the synthesis of the various molecular components of lecithin in rat
lung and, for comparison, of lecithin and phosphatidylethanolamine in rat liver.
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EXPERIMENTAL

In vivo experiments: injection procedure and extraction of lipids

0.5 mC [1(3)-*H]glycerol in 1 ml of 0.9%, NaCl was injected into the tail vein of
male white rats (Wistar strain) which had been fasted overnight. After the indicated
time intervals, the animals were killed by decapitation. The livers and lungs were
quickly removed and immediately pressed between 2 blocks of dry ice. As quickly as
possible the tissues were homogenized in methanol-chloroform-water (2:1:1, v/v/v)

using a cooled Sorvall mixer. Lipids were then extracted following the procedure of
BLiGH aND DYER?.

Incorporation of [1(3)-*Hglycerol into the molecular species of phosphatidylcholine of
lung and phosphatidylcholine and phosphatidylethanolamine of liver
Phosphatidylcholine and phosphatidylethanolamine were isolated from the
total lipids of lung and liver by means of thin-layer chromatography onsilica H plates
impregnated with 1 mM Na,CO; using chloroform-methanol-acetic acid-water {50
28:10:5, by vol.) as a developer?”. After development of the plates, the spots were
visualized by slight exposure to iodine vapor. The lecithin and phosphatidylethano-
lamine fractions were exhaustively eluted from the silica gel with methanol-chloro-
form (80: 20, v/v). Both phospholipids were resolved into their various molecular
species after conversion into 1,2-diacyl-smu-glycerols with phospholipase C from
Bacillus cereus, followed by fractionation on AgNOs-impregnated plates. The details
of this procedure have been described previously®. The fractionated diacylglycerols
were quantitatively eluted from the silica with chloroform-methanol (8¢:20, v/v).
After washing according to the procedure of FoLcH ¢ al. # the solvents were evapo-
rated 4z wacuo and the residues dissolved in 1 ml of methanol. 0.7-ml aliquots were
then transferred into scintillation vials containing 16 ml of a scintillation solution
containing 0.5% PPO (w/v) and 0.03%, dimethyl POPOP (w/v) in toluene. The
samples were counted in a Packard TriCarb liquid scintillation spectrometer using an
external standard for quenching corrections. The absolute amounts of the various
molecular species of phosphatidylcholine and phosphatidylethanolamine were de-
termined by means of gas-liquid chromatography as described previously?®s.

In vitro experimenis: isolation of cell fractions

A 10%, homogenate of rat lung and liver in 0.25 M sucrose (adjusted to pH 7.4
with 1 M Tris) was prepared by homogenization with the aid of a Potter-Elvehjem
tube. Nuclei and cell debris were removed by centrifugation for 5 min at Tocoxgina
IEC-PR-6 centrifuge. Mitochondria and lysosomes were sedimented by centrifugation
at 20000 X g for 10 min in a SS34 rotor of the Sorvall RC-2B centrifuge. This pellet
was discarded and a microsomal fraction was obtained by spinning the 20000 x g su-
pernatant in the 30 rotor of the Beckman L2-65B ultracentifruge at 100000 x g for
60 min.

The microsomal pellet was rinsed several times with 0.125 M KCl-o.1 M Tris
{pH 7.4) and finally suspended in this medium in a concentration of 2 mg protein per
ml. All manipulations were carried out between o and 3°. Protein was determined
following the method of LLowRry et al.%.
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Acylation of 1-palmitoyl-sn-glycero-3-phosphoryicholine in the prescence of microsomes
Sfrom lung and liver

The basic incubation mixture contained, unless otherwise stated, the following
components: 25 ul of a synthetic 1-palmitoyl-sn-glycero-3-phosphorylcholine (pipetted
from a clear emulsion of 2 mM in 0.125 M KCl-0.1 M Tris (pH 7.4) obtained by ultra-
sonication with a MSE sonifier); 25 ul 0.1 M MgCl,, 10 ul of the indicated acyl-CoA ester
(1.6 mM), 25 ul of protein (z mg/ml) and o0.125 M KCl-0.1 M Tris buffer (pH7.4toa
total volume of 250 ul.

In experiments where free fatty acids were used, 50 ul of ATP-CoA solution
(50 mM ATP, 1 mM CoA; pH 7.4) were added. 25 pl of the indicated free fatty acids
were added from an emulsion in 0.125 M KCl-0.1 M Tris (pH 7.4) which was obtained
by ultrasonication for 2z x 0.5 min with a MSE sonifier. After the indicated periods of
incubation at 37° in a shaking waterbath, the reaction was stopped by the addition
of 1 ml methanol—chloroform (2:1, v/v). After extraction of the lipids®® lecithin was
isolated by means of thin-layer chromatography?®s. After staining with iodine vapor,
the lecithin fractions were scraped directly into vials containing 15 ml of scintillation
fluid. For 4C-labeled compounds the scintillation medium consisted of 0.7%, (w/v)
PPO, 0.03%, (w/v) dimethyl-POPOP and 10%, naphtalene in dioxane, diluted 5 parts
to 1 of water (v/v).

For tritiated samples a 0.5%, (w/v) PPO and 0.03% (w/v) dimethyl-POPOP
solution in toluene was diluted with Triton X-100 and water in a ratio of 2:1:0.2
(v/v/v). In experiments where both *H- and 1*C-labeled fatty acids were used, the
lecithins were eluted from the silica with methanol-chloroform (80:20, v/v). After
evaporation of the solvent, the residue was dissolved in 1 ml of methanol. 0.7-ml
aliquots were then counted in 15 ml 0.5%, PPO (w/v) and 0.03%, dimethyl POPOP
(w/v) in toluene.

Chemicals
[1(3)-*H]glycerol, [1-“C]palmitate, [9,10-*H,]palmitate, [g,10-*H,]oleate and

TABLE 1

FATTY ACID COMPOSITION AND WEIGHT PERCENTAGE OF THE VARIOUS MOLECULAR SPECIES OF
LECITHIN FROM RAT LUNG AND LECITHIN AND PHOSPHATIDYLETHANCLAMINE FROM RAT LIVER

Molecular Fatty acid composition Weight
species 16:0 16:1 18:0 18:1 18:2 20:4 22:6 %
Lung phosphatidylcholine 4 o 91.2 - 6.6 22 - - - 32.2
A1 51.9 13.8 4.3 300 - - - 27.9
a2 366 I.4 IOI 6.4 455 -— - 24.1
43 41.1 1.8 155 188 19.0 — - 43
44 285 1.2 186 82 3I 39.4 -— 11.5
Liver phosphatidylcholine A 1* 50.7 -+ 17.3 32.0 - - - 7.8
A2 32.0 - 22.8 - 45.2 — - 26.0
a3 35.0 — 282 170 168 -— - 2.9
44 26.2 — 306 — - 432 - 51.6
46 30.6 -~ 248 7.3 1.1 6.4 19.8 11.7
Liver phosphatidylethanol- 4 1 36.3 + 22.4 353 6.0 - - 3.1
amine a2 23.4 -~ 22.7 6.1 47.8 — - 21.2
4 4 13.0 -— 36.6 4.3 0.6 455 -— 48.9
a6 276 — 19.4 52 3.8 89 35.1 26.8

* This fraction contains minor amounts of 4 o.
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[13-Cllinoleate were purchased from the Radiochemical Centre, Amersham (Great
Britain). [1-14C]Palmitoyl-CoA, [9,10-*H,]-oleoyl-CoA and [1-**C]linoleoyl-CoA were
synthesized according to the methods of GoLDMAN AND VAGELos*:. ATP was bought
from Sigma (U.S.A.} and Coenzyme A from Boehringer(Germany}.

RESULTS AND DISCUSSION

The present work concerns a comparative study on the biosynthesis of the
various molecular species of lecithin from rat lung and lecithin and phosphatidyl-
ethanolamine from rat liver. Table I shows the fatty acid composition and weight
percentages of the disaturated, mono-,di-, tri-, tetra and hexaenoic fractions of these
phospholipids.

Monoenoic and, particularly, disaturated molecules are encountered in only
small quantities in lecithin and phosphatidylethanolamine from rat liver. On the other
hand, lung lecithin is very rich in dipalmitoyl lecithin and monoenoic molecules. Both
liver phospholipids comprise high levels of arachidonic acid containing molecules and,
especially phosphatidylethanolamine, a conspicuous amount of hexaenoic species.
These data are in good agreement with previous results of several investigators on the
molecular compositon of phosphatidylcholine®%4.2? and phosphatidylethanolamine
from rat liver 21.2%,2%:28 and phosphatidylcholine from rat lung®*. In order to inves-
tigate which pathways contribute to the biosynthesis of the various molecular species
of lecithin of lung, the 4» vivo incorporation of {1(3}-*H]glycerol into the various mo-
lecular species of this phospholipid was followed. The incorporation of glycerol into
the species of lecithin and phosphatidylethanolamine of liver was, for comparison,
investigated as well. Table II presents the percentage distribution of isotope among
the different molecular species of these phospholipids at the indicated periods after
injection of [1(3)-H]glycerol. Moreover the relative specific activities of the various
molecular species at the different time intervals are presented. The relative specific
activity of a given species is defined as the percentage of isotope incorporated into that
species divided by the weight percentage of that species (both percentages with respect
to total lecithin or phosphatidylethanolamine). Under these conditions the glycerol is
not significantly converted into fatty acids: at 60 min after the injection of [1(3)-*H]-
glycerol, 979, of the radioactivity incorporated into lecithin and phosphatidyletha-
nolamine of both rat lung and liver was found in the glycerol moiety of these phos-
pholipids. This observation is supported by previous work of OMURA et al.** who
showed that,even at 23 h after injection of glycerol, less than 109, of the radioactivity
incorporated into rat liver phospholipids was present in the fatty acyl constituents.

In rat liver, at 3.5 min after injection of the [®*H]glycerol, the linoleic acid
containing molecules (A 2 and 4 3) of lecithin showed a much higher relative specific
activity than the other species of this phospholipid. These observations support pre-
vious studies ¢n vitro by HILL et al.2!, VAN GOLDE et al.®* and KaNoH?® and in vivo
studies by AKESSON et al.?+-2¢ which showed that a de novo synthesis via CDP-choline?®
is primarily operating in the formation of these linoleic acid containing species. In a
very elegant study AxEsson® demonstrated that in particular the palmitoyl-linoleoyl
molecules are produced by synthesis de novo. In contrast to the linoleic acid containing
molecules, the tetraenoic species of rat liver lecithin revealed a much lower relative
specific activity in agreement with the concept that arachidonic acid containing
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76 J. M. VEREYKEN ¢t al.

species are synthesized predominantly via acylation of monoacyl-sn-glycero-3-phos-
phorylcholine rather than via de novo synthesis?!-2¢. At prolonged times after injection
the relative specific activity of the dienoic molecules decreased slowly whereas a more
rapid decrease was observed for that of the trienoic fraction. A concomitant increase
was observed for the relative specific activity of the monoenoic molecules.

In the case of phosphatidylethanolamine from rat liver, the highest relative
specific activity at 3.5 min was attained in the hexaenoic fraction. This suggests that
for phosphatidylethanolamine, the de novo synthesis via CDP-ethanolamine is pri-
marily responsible for the formation of the hexaenoic molecules.

At prolonged times a strong decline is observed in the relative specific activity
of the hexaenoic phosphatidylethanolamine which is accompanied by an increase in
that of the other phosphatidylethanolamine fractions.

Similar 4n vivo studies on the incorporation of glycerol into the molecular
species of rat liver lecithin and phosphatidylethanolamine have been reported by
AKESSON et al.®¢. These authors followed the isotope distribution among the various
molecular species of these phospholipids at very short time intervals after injection of
[2-*H]glycerol. Their findings are in good agreement with the isotope distribution
found at the shortest time studied in the present work. However, the alterations after
more prolonged periods, as studied in the present work, are more pronounced, parti-
cularly in the case of phosphatidylethanolamine.

The observation, that the relative specific activity of the hexaenoic phosphati-
dylethanolamines reaches a high value shortly after injection and subsequently
diminishes quickly, indicates that this species reveals a higher turn-over than the
other phosphatidylethanolamines. In this connection it is, however, important to
realize that the absolute specific activity of the total phosphatidylethanolamine in-
creased over the whole period studied (at 3.5 min 75, at 29.5 min 148, and at 60 min
226 counts/min per ug P).

The findings that the mono-, di- and tetraenoic molecules of phosphatidyletha-
nolamine show an increasing relative specific activity concomitantly with the decrease
of that of the hexaenoic species can be interpreted in several ways: (a} The mono-, di-
and tetraenoic 1,2-diacyl-sn-glycerols may be converted into phosphatidylethanola-
mine at a much lower rate than the hexaenoic diacylglycerols. This would be in agree-
ment with observations in vitro by Kanou* and in vivo by AKESSON ef al.®. that
hexaenoic diacylglycerols are much more rapidly incorporated into phosphatidyl-
ethanolamine than the other species. On the other hand, one has to realize that the
hexaenoic diacylglycerol?* or phosphatidic acid pools®* 2 are much smaller than those
of the other species. (b) An additional explanation is that the de novo synthesis is not
responsible, or only partially responsible, for the increase of the relative specific activ-
vity of the mono-, di-, and tetraenoic phosphatidylethanolamines after that of the
hexaenoic fraction has reached its maximum: the initially de #novo synthesized hexae-
noic species may be quickly degraded, possibly via a phospholipase A, which releases
the hexaenoic acid. In this context it is interesting that endogenous hexaenoic phos-
phatidylethanolamine appears to be preferentially hydrolyzed by the mitochondrial
phospholipase A (G. L. ScCHERPHOF, unpublished results) when compared to the other
phosphatidylethanolamine species. The remaining 1-acyl-sn-glycero-3-phosphoryle-
thanolamine may then be acylated with oleic, linoleic and arachidonic acid which
might cause the continued increase of the relative specific activities of the molecular
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species containing these acids. The involvement of the deacylation-reacylation me-
chanism particularly in the formation of tetraenoic phosphatidylethanolamine was
also suggested by the findings of Kanon® and AREsson ef 4l.%. Hexaenoic phosphati-
dylethanolamines are also known to be the preferential substrates in the methylation
pathway. This could, in fact, explain the decrease in relative specific activity of the
hexaenoic species, but does not explain the increase in specific activity of the other
species of phosphatidylethanolamine.

The results obtained with lecithin from lung show that, at prolonged periods
after injection of [1(3)-*Hlglycerol, the relative specific activities of the linoleic acid
containing species strongly decrease. This indicates that, also in lung, dienoic and
especially trienoic lecithins show a higher turn-over than the other molecular species.
This does not agree with the findings of TIERNEY ef al.%. These authors followed the
radioactivity of disaturated, mono-, di- and polyenoic lecithin fractions between 3 and
40 b after injection of [*Hlglucose and [MC]palmitate. Though the turn-over of the
dienoic lecithins appeared to be slightly higher than that of the disaturated and mo-
noenoic lecithins, these authors found similar turn-over rates for both the glycerol
and the fatty acid portions of all lecithin species. It is interesting to note that the differ-
ence in relative specific activity between the disaturated and dienoic species in lung
{0.65 versus 1.10) at the shortest time is much smaller than that between the tetra-
enoic species of rat liver lecithin, which are known to be synthesized mainly viq acyla-
tion31-2 and the linoleic acid containing species of this phospholipid {0.35 versus 2.19).

This would suggest that a de novo synthesis via CDP-choline, when compared to
the deacylation-reacylation cycle, contributes relatively more to the formation of
disaturated lecithins inlung than to the arachidonic acid containing lecithins in liver.
However, at prolonged times after injection a considerable decrease in relative specific
activity of the di-, and trienoic lung lecithins occurs which is accompanied by a still
continued increase of the relative specific activity of the monoenoic and particularly
of dipalmitoyl lecithin. This observation could be explained by a slower rate of con-
version of monoenoic and disaturated 1,2-diacyl-sn-glycerols into lecithin or by a
significant contribution of a deacylation-reacylation mechanism to the formation of
the monoenoic and disaturated lecithins.

In contrast to lecithin and phosphatidylethanolamine from rat liver, no pro-
nounced low relative specific activity was observed for the tetraenoic species of rat
lung lecithin.

The 1n vivo studies described above indicate that, in lung, a de novo synthesis is
primarily responsible for the formation of the linoleic acid and arachidonic acid con-
taining lecithins and contributes also significantly to the synthesis of monoenoic and
disaturated lecithins. However, a deacylation-reacylation mechanism may contribute
an additional formation of the latter two species. In previous studies!®#® on the
acylation of monoacyl-sn-glycero-3-phosphorylcholines in rat liver, it was found that
the acyltransferases catalyse predominantly the uptake of unsaturated fatty acids
by r-acyl-sm-glycero-3-phosphoryicholine. Only a limited uptake of saturated acyl
constituents was observed. (For an excellent review, see ref. 2.). If, however, as indi-
cated by the in vivo studies described above, in lung this acylation mechanism would
play an important role in the formation, or maintaining of dipalmitoy! lecithin, one
would expect that the acyltransferases in this tissue catalyse a significant uptake of
palmitic acid at the 2-position of lecithin.
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TABLE III

ACYLATION OF I-PALMITOYL-$#-GLYCERO-3-PHOSPHORYLCHOLINE WITH LABELED FREE FATTY ACIDS
AND LABELED ACYL-COA ESTERS IN THE PRESENCE OF LUNG AND LIVER MICROSOMES FROM RAT¥

Added fatty acid Faity acid incovporated into lecithin
or acyl-CoA esters (nmoles - min~t-mg= protein)
Liver Lung
16:0 10.8 5.6
18:1 18.4 6.4
18:2 53.2 7.6
16:0-CoA 5.2 10.4
18:1-CoA 15.2 11.6
18:2-CoA 22.0 -

* The detailed composition of the incubation mixtures is presented in EXPERIMENTAL.

Table III shows the results obtained after incubation of microsomes from lung
and liver with various labeled free fatty acids in the presence of 1-palmitoyl-sn-glycero-
3-phosphorylcholine. In agreement with previous observations!®-# acyltransferases
from rat liver catalysed a preferential uptake of unsaturated fatty acids into the 2-
position of lecithin. The rate of linoleic acid uptake (expressed in nmoles-min-1-mg-1
protein) exceeded that of palmitate by a factor of about 5. In strong contrast to this,
no preferential uptake of unsaturated fatty acids was observed for acyltransferases
from lung microsomes: the uptake of palmitate into the 2-position of lung lecithin
was almost equal to that of oleic and linoleic acid. Similar results were obtained when
exogenous labeled acyl-CoA esters were used instead of free fatty acids: whereas a
pronounced preferential uptake of unsaturated acyl-CoA esters was observed for
liver, palmitoyl-CoA was almost equally incorporated into lung lecithin as oleoyl-CoA.
Similar findings have recently been reported by FrosoLoNO ef 4l.%%, who studied the

A B C >}
LIVER LUNG LIVER LUNG
500+ 250 500 250
18:2
e
400 200+ 400+ 200+
18:2
300+ 18:1 1507 300+ 150

/ 18:0
& 100 200+ 100 15:0

18:1

8

100+ / aso- 1004 ¢ 18:0 080+
il L I i 1 i ) | 1 i 1 1
o 2z 476 8 o 2748 B 0o 2 4 €6 8 0 TZTATE s
TIME(MIN)

N MOLES FATTY ACID INCORPORATED INTO PC PER 25ug PROTEIN

Fig. 1. A+B. Acylation of 1-palmitoyl-sn-glycero-3-phosphorylcholine with a 1:1 mixture of
[1-¥C]palmitic acid {(0——0) and {9, 10-*H,]oleic acid (A £} in the presence of liver {A) and
of lung {B) microsomes. C+ D. Similar to A and B except that a 1:1 mixture of [9, 10-*H,lpalmitic
{0 ¢) and [1-1C]linoleic acid ({3~——) was used in the presence of liver {C) and of lung (D)
microsomes. The detailed composition of the incubation mixture is presented in EXPERIMENTAL.
PC = phosphatidylcholine.
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incorporation of palmitic, hexadecenoic, stearic and oleic acid, added as acyl-CoA
esters, into lecithin of dog lung and liver as stimulated by various monoacylphos-
phoglycerides. In order to extend the observations described above and those by
FROSOLONO ef 4l.35 it was thought of interest to follow the incorporation of mixtures
of fatty acids into lecithin. Fig. 1 A-D show the simultaneous incorporation of mix-
tures of [1-14C]palmitate and [9,10-2H,]oleate and of [g,10-*H,]palmitate and [1-14C]-
linoleate into lecithin of rat liver (A + C) and rat lung (B 4 D). In agreement with
the experiments described above and those by FROSOLONO ¢t al.®® where only 1 fatty
acid or acyl-CoA ester was added to the incubation mixture, Fig. 1B shows that oleate
and palmitate incorporate equally well into the 2-position of rat lung lecithin also
when added as a mixture. This is in contrast to the preferential uptake of oleate into
the 2-position of rat liver lecithin (Fig. 1A). A similar tendency was observed for the in-
corporation of palmitate and linoleate. Whereas a small preference for linoleate was
observed in lung (Fig. 1D) when compared to palmitate (a factor of 1.9), a much more
selective uptake of linoleate was found in rat liver microsomes (a factor of 10; Fig. 1C).

These studies show that the acylation of r-acyl-sn-glycero-3-phosphorylcholine
may play an important role in the introduction of palmitic acid at the 2-position of
rat lung lecithin. It may partially account for, or maintain, the high amount of di-
palmitoyl lecithin encountered in lung tissue. In contrast to this, palmitic acid ap
peared to be a poor substrate for 1-acyl-sn-glycero-3-phosphorylcholine acyltransferase
in rat liver microsomes in line with the observation that almost no palmitate occurs
at the 2-position of rat liver lecithins3:4.

Theoretically a transacylation mechanism, first discovered in rat liver super-
natant by ERBLAND AND MARINETTI* might represent a mechanism involved in the
synthesis of dipalmitoyl lecithin of lung. This mechanism has also been shown in rat
lung supernatant by VaNn DEN BoscH et al.4”. Experiments carried out with homo-
genates from rat livert»4¢ and rat lung*’ and also microsomes from rat liver*® have
shown that the incorporation of doubly labeled 1-acyl-sn-glycero-3-phosphorylcholine
into lecithin occurs, in the presence of excess non-labeled fatty acids and ATP and
CoA, almost exclusively via a direct acylation rather than via transacylation between
two monoacyl-sn-glycero-3-phosphorylcholines. The contribution of the transacyla-
tion mechanism, detectable ¢» vifro only under energy poor conditions in the cytosol
to the production of dipalmitoyl lecithin ## vivo is probably very small.

It has been suggested by MorRGAN?®® that the methylation of phosphatidyletha-
nolamine may represent an important pathway in the formation of dipalmitoyl
lecithin of lung. This suggestion is not supported by SPITZER ef al.31, WEINHOLD*? and
WOLFE et al.®. These authors found in agreement with previous observations of
BjorNSTAD AND BREMER® that the methylation of phosphatidylethanolamine is a
minor contributor to the synthesis of lecithin in lung. Table IV shows the fatty acid
patterns of phosphatidylethanolamine and phosphatidylcholine of rat lung. It is in-
teresting to note that the palmitic acid content of phosphatidylethanolamine is much
lower than that of lecithin. In fact the palmitic acid content of lung phosphatidyl-
ethanolamine is equal to the level of this acid observed for lecithin and phosphatidyl-
ethanolamine from liver. Moreover, no significant amount of disaturated phospha-
tidylethanolamine could be detected after thin-layer chromatography on AgNO,-
impregnated silica. This observation supports the findings of BJgRNSTAD AND BRE-
MER¥, SPITZER ¢t al.3!, WEINHOLD?®? and WOLFE éf 4l.?8 that the methylation of phos-
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TABLE IV

THE FATTY ACID COMPOSITION OF PHOSPHATIDYLETHANOLAMINE AND PHOSPHATIDYLCHOLINE
FROM RAT LUNG

Fatty acid Mol. percentage

Phosphatidylethanolamine Phosphatidylcholine

16:0 25.1 59.2
16:1 -+ 1.6
18:0 18.9 7.1
18:1 21.0 11.3
18:2 6.9 12.9
20:3 5.1 -

20:4 23.0 7.9

phatidylethanolamine does not play an important role in the formation of dipalmitoyl
lecithin. The present work shows that dipalmitoyl lecithin of lung can be synthesized,
at least partially, via the CDP-choline pathway whereas a deacylation—reacylation
cycle may represent an additional mechanism in the biosynthesis or maintaining of
this important compound of the lung surfactant.
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