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Cytotoxic effects of lysophosphatides are
well known (1). Thus, the investigation of
lysophosphatidyl choline-metabolizing en-
zymes in lymphocytic cells seems to be of spe-
cial interest with regard to molecular
mechanisms of certain tissue-damaging im-
mune reactions. Perlmann and co-workers (2,
3) found that peripheral lymphocytes be-
came cytotoxic for tissue culture cells when
they had been stimulated by phytohemagglu-
tinin (PHA). Differences in histocompatibili-
ty between lymphocytes and target cells were
not an absolute requirement for this cytotox-
ic reaction. Autologous and allogenic lympho-
cytes were equally effective. Therefore, it was
suggested that PHA-stimulated lymphocytes
may acquire surface properties typical for
macrophages and that some steps in phagocy-
tosis and cytotoxicity represent related
phenomena. During phagocytosis various in-
vestigators (4) have noted changes in en-
zyme activities. Munder et al. (5) observed
an increased activity of phospholipase A after
rat peritoneal macrophages had engulfed sil-
ica particles. In the present investigation
some aspects of the phospholipid metabolism
of fowl thymus and bursa cells were com-
pared. These cells were chosen because they
were easily obtainable in sufficient quantities.

Materials and Methods. Eight to 10-week-
old white leghorn chickens were used as cell
donors. Thymic and bursa of Fabricius tis-
sues were teased apart in phosphate buffered
saline (PBS). The cells were filtered through
gauze, spun at 150g for 10 min, and washed
three times with PBS. Finally they were re-

1 Stipendiate of Deutsche Forschungsgemeinschaft,
Bad Godesberg, Germany. Present address: Yale Uni-
versity, School of Medicine, Department of Micro-
biology, New Haven, Connecticut 06510.
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suspended in medium 199. The cells were
counted in a Coulter counter; the percentage
of viable cells was determined by trypan blue
exclusion. The viability of the cell prepara-
tions used for experiments was always about
90%. Homogenates were prepared by sonica-
tion of thymus and bursa cell suspensions in
a Branson sonifier (3.5 A for 30 sec). Neu-
tral lipids and phospholipids were extracted
with chloroform-methanol by the method of
Ways and Hanahan (6). They were separat-
ed by thin-layer chromatography (Merck sili-
ca gel H) using petroleum ether—diethyl eth-
er—acetic acid (105:45:3 by volume) or chloro-
form-methanol-water (650:400:95), respec-
tively, as developing solvents. The incorpora-
tion of radioactivity was scanned with a chro-
matogram scanner (Laboratory of Dr. Berth-
old, Wildbad, Germany). Analytical plates
were sprayed with iodine and the spots were
identified by comparing their positions with
those of standards. The phospholipid bands
were scraped off and their phosphorus con-
tent was determined by the method of Parker
and Peterson (7). Lipid extracts from cell
suspensions that were incubated with radioac-
tive compounds of low specific activity were
separated chromatographically on silica gel
impregnated paper. The rhodamine 6G-
stained zones were located on the basis of the
positions of the marker compounds, cut from
the paper, and their radioactivity was
counted in a Packard model 3000 scintilla-
tion counter as described in detail elsewhere
(8). Free fatty acids were assayed according
to the method of Duncombe (9). Protein
analysis was carried out by the biuret
method.

Enzyme assays. 1. The enzyme activities
were measured as described by Ferver et al.
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TABLE I. Percentage Distribution of Radioaetivity among Bursa and Thymus Cells after
Incubation with [1-#C]-Oleic Acid.*

Cell Lecithin, Phosphatidyl Free Cholesterol
population  sphingomyelin ethanolamine fatty acid Diglyeerides Triglyeerides ester
Bursa 22.9 2.2 26.9 0.8 46.5 0.7
Thymus 26.6 1.4 31.6 2.9 36.5 1.0

¢ Cells (10%) were incubated in 1 ml of medium 199 with 0.5 xCi = 11.6 myumoles of oleic
aeid-*C at 37° for 160 min. The total lipid was extracted and separated by thin-layer chroma-
tography as deseribed above and the radioaetivity was detcrmined by chromatogram seanning.

(8, 10) using radioactive labeled substrates:
[1-1*C]-oleic acid was purchased from Radi-
ochemical Center, Amersham, England;
[1-acyl-**C]-lysolecithin =~ and  [1,2-acyl-
1C]-lecithin were synthesized by the meth-
od of Hoelzl and Wagner (11). The water
insoluble compounds were emulsified me-
chanically to improve the reproducibility of
the enzyme tests.

2. The acyltransferase and the acyl-CoA-
hydrolase activities were measured spectro-
photometrically with the aid of Ellman re-
agent [5,5'-dithiobis(2-nitrobenzoic acid)] as
first described by Lands and Hart (12). The
CoA-ester of the oleic acid was synthesized
from the mixed anhydride of the fatty acid
according to the procedure of Goldman and
Vagelos (13). The yield of oleyl-CoA was
assayed by hydroxamic acid formation (14).
Coenzyme A was obtained from Boehringer
and Soehne, Mannheim, Germany.

Results. [1-""C]-Oleic acid incorporation
by thymus and bursa cells. The incorporation
of [1-**C]-oleic acid into the lipids of thy-
mus and bursa cells is shown in Table I. The
majority of the uptake occurred in the trigly-
cerides and phospholipids. The greatest in-
corporation in the phospholipid fraction was
found in lecithin. Lecithin and sphingomye-
lin could not be separated well by chromato-
gram scanning and the radioactivity is there-
fore expressed as the sum of both fractions.
Radioactivity was incorporated into phos-
phatidyl ethanolamine, diglyceride, and cho-
lesterol ester to a much lesser extent. No
incorporation at all could be detected in the
lysolecithin fraction. Although both cell sus-
pensions were slightly contaminated by red
cells the contribution of radioactivity by red

cell compounds is negligible. In comparison
to leukocytes, red cells contain much smaller
amounts of lipids (15).

Incorporation of oleyl-CoA-*'C lysoleci-
thin-*C, and lecithin-*C into thymus and
bursa cells. Because of the low specific activ-
ity of the labeled compounds the lipid extracts
were separated on silica gel impregnated pa-
per. The development of the chromatograms
with  diisobutylketone-acetic = acid—water
(240:150:30) did not allow the separation of
free fatty acids, neutral fats, and cholesterol
ester because their Ry values differed only
slightly under the experimental conditions.
The incubations were carried out for 160 min
as follows: to 102 cells in 1 ml of medium
199 the labeled compounds were added in a
concentration of 10-12 mumoles. The incor-
poration of oleyl-CoA-14C followed for both
cell populations a percentage distribution of
the radioactivity similar to that demonstrat-
ed for oleic acid in Table I. From this finding
it cannot be concluded whether the CoA-
ester is incorporated direcily into the different
constitutents simply by a transacylation reac-
tion or whether it is hydrolyzed and reester-
ified.

The incubation with lysolecithin-4C caused
a marked increase of radioactivity into
lecithin and into free fatty acid, neutral
fat, and cholesterol ester, thus indicating that
the free hydroxyl group of lysolecithin is
esterified. Again, there were no differences
between thymus and bursa cells.

When lecithin-1*C is added to the cell sus-
pensions the total radioactivity is recovered
only in the lecithin fraction in both cell pop-
ulations. It may be that lecithin is incorpo-
rated into structural components, but it



LYSOLECITHIN METABOLISM OF THYMUS

545

TABLE II. Content of Phospholipid and Free Fatty Aecid in Fowl Thymus and Bursa Cells.

(mgmoles/mg of cell protein)

Phosphatidyl-

Lysolecithin ~ Sphingomyelin Leecithin ethanolamine TFree fatty acid
Bursa cells >0.1 1.144 5.397 2.081 >0.5
Thymus cells >0.1 0.993 4.745 1.674 >0.5

seems more likely that lymphocytes cannot
directly incorporate phospholipid into cellular
constituents (16).

Phospholipid analysis of thymus and bursa
cells. Table II shows average values of the
different phospholipids determined in thymus
and bursa cells. Free fatty acid and lyso-
lecithin are present only in trace amounts in
both cell types. However, bursa cells contain
slightly more sphingomyelin, lecithin, and
phosphatidylethanolamine. When the lipid
concentrations are expressed as mumoles per
108 cells (10°% thymus cells contain 14.1 mg
of protein, 10® bursa cells 20.9 mg of pro-
tein) bursa cells contain approximately 70%
more phospholipid than thymocytes thus sug-
gesting that the differences assayed corre-
spond to differences in cell size.

Phospholipid-metabolizing enzymes in thy-
mus and bursa cell homogenates. In both cell
homogenates the activity of the following
enzymes was determined: ligase, acyltrans-
ferase, acyl-CoA-hydrolyase, lysophospho-
lipase, and phospholipase A. Table III
shows that only the reaction rates of the
acylation reaction are different. Though the
activity of the acyltransferase in bursa cell
homogenates is about three times higher than
that of ligase it is assumed from the deter-
mination of the substrate affinities (see be-

TABLE III. ‘‘Apparent’’ Enzyme Activities of
Thymus and Bursa Cell Homogenates.

Cell homogenate
[mumoles min~ mg]

Enzyme Bursa Thymus
Lysophospholipase 12.6 14.4
Ligase 1.5 1.5
Acyltransferase 4.5 19.5
Acyl-CoA-hydrolase 2.3 2.1
Phospholipase A 0.023 0.032

low) that the acylation reaction is not the
limiting factor in the ligase test. The low
activity of phospholipase A compared to the
other enzymes studied is obvious; it is calcu-
lated by measuring the decrease of a known
amount of lecithin added to the reaction mix-
ture. As usual the values were corrected for
endogenous substrate. Kinetic studies of
phospholipase A could not be performed be-
cause of the inaccuracy of the method at that
low range of its acitivity. Michaelis Menten
kinetics of the other enzymes were studied at
pH = 7.4. Figures 1 and 2 show the hyper-
bolic substrate concentration curve for
acyltransferase and its double reciprocal plot
according to Lineweater-Burk. The Michaelis
constants are summarized in Table IV. An

TABLE IV. Michaelis Constants of Lysophospho-
lipase for Lysolecithin, Ligase for Oleic Aecid, and
Acyl-CoA—Hydrolase and Acyltransferase for
Oleyl-CoA in Bursa and Thymus Cell Homogenates.

En
Bursa cell Thymus cell
homogenate  homogenate
Enzyme (M) (M)
Lysophospholipase 2.2 X 10 1.7 X 10
Ligase 1.6 X 105 1.6 X 10°
Acyl-CoA-hydrolase 7.7 X 10 7.3 X 10-®
Acyltransferase 7.3 X 10°° 7.3 X 10°®

additional control experiment excluded the
possibility that under the test conditions used
lysolecithin is converted directly into leci-
thin and glycerylphosphoryl choline (GPC).
The acyl-CoA-hydrolase, whose solubility is
shown by a marked reduction in activity fol-
lowing multiple washings, was consistently
assayed with acyltransferase because it com-
petes with this enzyme for the same sub-
strate. Its activity could not be influenced by
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Fic. 1. Substrate concentration curve of acyltrans-
ferase from bursa (--); and thymus cell homogenates
(—). Test conditions: sodium phosphate buffer
(0.1 M); oleyl-CoA (6-50 uM); lysolecithin (60
pM) ; Ellman reagent (1 mM); 0.5 mg of homogen-
atc protein, total volume, 2 ml; pH of the reaction
mixture = 7.4.

diisopropylfluorophosphate, which  Lands
and Hart (12) showed to be an effective
inhibitor of liver microsome acyl-CoA-hydro-
lase.

Discussion. Since the enzymes studied are
structurally bound and some of their sub-
strates are insoluble in water the reaction
rates and Michaelis constants must be con-
sidered as ‘“‘apparent” values. The experi-
ments demonstrate the presence of ligase,
acyltransferase, acyl-CoA-hydrolase, lyso-
phospholipase, and phospholipase A in fowl
thymus and bursa cell homogenates. The
only significant difference between the en-
zyme patterns is seen in acyltransferase ac-
tivity. The lecithin formation seems to be
due to the acylation of the monoacyl precur-
sor because no direct conversion of lysoleci-
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thin into lecithin and GPC could be found.
This is not necessarily in contradiction to
Elsbach’s findings (17, 18) in phagocytic
cells because in his system the reaction was
measured at acid pH and in the presence of
extremely high lysolecithin concentrations (4
mM ). The reaction rates of both lysolecithin
catabolizing enzymes studied are about 500
times higher than that of phospholipase A.
The lecithinase may be associated with mito-
chondrial fragments and provide the sub-
strate of the fatty acid oxidation. Its low
activity may reflect the limited number and
small size of mitochondria in lymphocytic
cells (19). Nevertheless, the results do not
strongly support Lands’s concept of a com-
plete “fatty acid exchange cycle” (20). It
rather seems that the monoacylphosphatide
must have been brought to these cells from
other sources (e.g., blood or macrophages).

That the incorporation experiments reflect
the same enzyme activity (with the exception
of phospholipase A) in homogenates and in
whole cell preparations may indicate that
these enzymes are active in the cell mem-
brane or probably at its surface. The lower
reaction rates in intact cels may have been
produced by suboptimal concentrations of the
labeled substrates (more than 10 mpmoles of
lysolecithin/10% cells lead to a significant
increase in the number of trypan blue stained
cells). Furthermore, the intact surface mem-
brane may only allow a limited access of the
substrates.

The question arises whether changes in the
reaction rates of phospholipases in lympho-
cytes can be brought about by nonspecific or

-0 o1
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Fi1c. 2. Double reciprocal plot of the substrate con-
centration curve of Fig. 1 according to Lineweaver—
Burk.
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immunologically specific stimulation. The in-
duction of phospholipase A especially would
be of great interest. Preliminary experiments
have been carried out in fowl thymus and
bursa cell cultures stimulated with PHA; in
comparison to nonstimulated cells no differ-
ence in phospholipase A activity could be
demonstrated. These results are not surpris-
ing in view of Perlmann’s suggestion (2) that
the cells responsible for cytotoxicity in his
system are the peripheral immunologically
competent and PHA-responsive lymphocytes.
Further experiments with such cells might
settle the question whether or not lysophos-
phatides are involved in certain cytotoxic im-
mune reactions.

Summary. The purpose of the present in-
vestigation was to determine whether lyso-
phosphatide-metabolizing enzymes in lym-
phocytic cells might be an important com-
ponent of certain tissue-damaging immune
reactions. Thymus and bursa cells were used
for technical reasons. The two cell popula-
tions differed in total lipid content according
to differences in cell size but there was no
difference with regard to phospholipid com-
position. In the cell homogenates the “appar-
ent” reaction rates and Michaelis constants
of the following enzymes were determined:
ligase (acid:CoA ligase, EC 6.2.1.3), acyl-
transferase (acyl-CoA:lysolecithin-O-acyl-
transferase, EC 2.3.1 7?), acyl-CoA-hy-
drolase, lysophospholipase (lysolecithin acyl-
hydrolase, EC 3.1.1.5), and phospholipase A
(phosphatide acyl-hydrolase, EC 3.1.1.4);
the only difference between both cell homog-
enates was shown for the transferase activi-
ty. The investigation of the incorporation of
radiolabeled substrates used in the enzyme
assays indicated that the enzymes determined
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in the cell homogenates (with the exception
of phospholipase A) are also active in the
intact cells, but to a much lesser extent.
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