PHARM

aspet

MOLECULAR PHARMACOLOGY, 19:31-37

On the Relationship between Formylmethionyl-Leucyl-Phenylalanine
Stimulation of Arachidonyl Phosphatidylinositol Turnover and

Lysosomal Enzyme Secretion by Rabbit Neutrophils

RoNALD P. RuUBIN, LYNN E. SINK, AND RICHARD J. FREER
Department of Pharmacology, Medical College of Virginia, Richmond, Virginia 23298
Received May 19, 1980; Accepted August 1, 1980

SUMMARY

RusiN, R. P, L. E. SINK, AND R. J. FREER. On the relationship between formylme-
thionyl-leucyl-phenylalanine stimulation of arachidonyl phosphatidylinositol turn-
over and lysosomal enzyme secretion in rabbit neutrophils. Mol. Pharmacol. 19:31-
37 (1981).

The addition of the synthetic chemotactic peptide formylmethionyl-leucyl-phenylalanine
(fMet-Leu-Phe) to rabbit neutrophils promoted [**C]arachidonic acid incorporation into
phosphatidylinositol and lysosomal enzyme release; these two processes increased in
parallel with respect to time and peptide concentration and were dependent upon
extracellular Ca®**. Cytochalasin B, which augments enzyme release, also enhanced fMet-
Leu-Phe-evoked arachidonyl phosphatidylinositol turnover. The peptide did not alter the
incorporation of labeled palmitic acid or glycerol into phosphatidylinositol, although 2P
turnover was increased within 2 min. Another synthetic peptide, methionyl-leucyl-phen-
ylalanine, failed to enhance arachidonic acid incorporation into phosphatidylinositol and
was unable to promote lysosomal enzyme secretion. These results support the hypothesis
that fMet-Leu-Phe-induced stimulation of lysosomal enzyme release and Ca®*-dependent
turnover of arachidonyl phosphatidylinositol are somehow related. These findings, taken
together with our previous studies demonstrating similar changes in membrane phospho-
lipids during ACTH action on adrenocortical cells, suggest that the turnover of arachi-
donic acid in phospholipids mediated by a Ca?**-dependent phospholipase A; may repre-
sent a general mechanism for producing rapid perturbations in the cell membrane during

accelerated secretory activity.

INTRODUCTION

The critical role of Ca®* in the sequence linking mem-
brane activation with the extrusion of secretory product
has been unequivocally established (1), but the molecular
events associated with changes in membrane permeabil-
ity and the fusion of the granule membrane with the
plasma membrane are not yet understood.

Previous studies in our laboratory have demonstrated
that ACTH expresses its steroidogenic action on cat
adrenocortical cells by an activation of fatty acid turn-
over of membrane phospholipids (2, 3). More specifically,
ACTH caused a Ca’*-dependent stimulation of mem-
brane phospholipase A; (EC 3.1.1.4) which brought about
an increased turnover of arachidonyl phosphatidylinosi-
tol (3). This deacylation-reacylation sequence was tem-
porally and quantitatively related to ACTH-induced ste-
roid synthesis and release. Although the deacylation-
reacylation reaction has been proposed as a critical bio-
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chemical event during membrane perturbations (4, 5), to
ascribe a fundamental regulatory role to this reaction
during enhanced secretory activity mandates additional
inquiry into other secretory systems.

The rabbit peritoneal neutrophil has been developed
as a model for studying stimulus-secretion coupling (6).
Activation of lysosomal enzyme release by neutrophils
can be elicited by the synthetic formylmethionyl pep-
tides, including fMet-Leu-Phe,' which interact with spe-
cific receptors on the surface of the neutrophil to effect
an increase in the amount of available Ca®* (6-8). More-
over, in neutrophils preincubated with cytochalasin B,
there is a close correlation between stimulated cation
fluxes, particularly of Ca®*, and secretory activity (6, 7).

The mechanism of stimulus-secretion coupling in
evoked release of lysosomal enzymes is believed to be
similar to that proposed for other secretory cells, wherein
Ca’*-induced enzyme release occurs by exocytosis (9).
Accordingly, since neutrophils can serve as a useful model

! The abbreviations used are: fMet-Leu-Phe, formylmethionyl-leu-
cyl-phenylalanine; Met-Leu-Phe, methionyl-leucyl-phenylalanine.
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for investigating the secretory process, we undertook an
investigation of the effects of fMet-Leu-Phe on phospho-
lipid turnover in neutrophils. In this report, we demon-
strate that the interaction of fMet-Leu-Phe with its mem-
brane receptor produces an early Ca’*-dependent acti-
vation of arachidonic acid turnover in phospholipids
which bears a close resemblance to the deacylation-re-
acylation reaction previously demonstrated in adreno-
cortical cells. A preliminary account of these findings has
been previously reported (10).

MATERIALS AND METHODS

Materials. The following radiolabeled materials were
obtained from Amersham/Searle Corporation, Arlington
Heights, Ill.: [1-"*C]palmitic acid (59 mCi/mmole) and
[1-"C]arachidonic acid (56 mCi/mmole). [*’P]Ortho-
phosphoric acid (250 mCi/mmole) and [U-"*C]glycerol
(43 mCi/mmole) were obtained from New England Nu-
clear Corporation, Boston, Mass. Other biochemicals
were acquired from the following sources: cytochalasin
B, fatty acid-free bovine serum albumin, p-nitrophenyl-
N-acetyl-B-glucosaminide, and all phospholipid stand-
ards other than phosphatidylinositol, Sigma Chemical
Company, St. Louis, Mo.; phosphatidylinositol, Supelco,
Inc., Bellefonte, Pa. Earle’s balanced salt solution, with-
out Ca’** and Mg?*, was obtained from Flow Laboratories,
Inc., Rockville, Md. Precoated thin-layer chromato-
graphic plates (Silica gel H) were purchased from Anal-
tech, Inc., Newark, Del. All chemicals were reagent grade.

Neutrophil preparation. Albino rabbits received i.p.
injections of 400 m! of sterile 0.9% NaCl solution contain-
ing 0.1% glycogen, and the peritoneal exudate was col-
lected in heparinized flasks 12 hr later to obtain neutro-
phils (for details see ref. 11). Cells used for lysosomal
enzyme release assay were resuspended directly in a
modified Earle’s balanced salt solution supplemented to
contain 0.5 mm Ca®*, 0.2 mm Mg?*, 20 mm 4-(2-hydroxyl-
ethyl)-1-piperazinemethanesulfonic acid (pH 7.4), and
0.025% bovine serum albumin. The cells to be used for
phospholipid analysis were first washed with buffered
ammonium chloride to hemolyze erythrocytes and then
resuspended in the same medium as above. This medium
was used throughout the remainder of the experiments,
except in experiments involving Ca®* deprivation, where
Ca’* was not added.

Radiolabel incorporation. In all incorporation studies,
4 X 10° cells were used in a final volume of 500 pl of
medium incubated at 37° under an atmosphere of 95%
oxygen-5% carbon dioxide. Cell suspensions were prein-
cubated in the presence or absence of cytochalasin B (5
pg/ml) for 10 min at 37° and then were added to incu-
bation tubes containing 250 ul of medium comprising
approximately 0.2 uCi of ['*C]arachidonic acid, 0.8 uCi of
[“C]lpalmitic acid, 0.25 uCi of [**Clglycerol, or 100 uCi of
[**PJorthophosphate in the presence or absence of stim-
ulating agent. Incubations were carried out for various
time intervals. The reaction was terminated by adding 3
ml of chloroform-methanol (1:2), and the lipid was ex-
tracted overnight (12). The extract was dried and resus-
pended in 50 ul of chloroform-methanol (9:1), and the
phospholipids separated by 2-dimensional thin-layer
chromatography using chloroform-methanol-acetic acid-

0.1 M sodium borate (75:45:12:4.5) as the 1st-dimension
system, and chloroform-acetone-methanol-acetic acid-0.1
M sodium borate (50:20:10:10:4.5) as the 2nd-dimension
system (3). Unlabeled phospholipid standards were
added to all extracted samples and were visualized by
exposure of the developed Silica gel H plates to iodine
vapor. The areas corresponding to each standard were
then scraped into vials and counted for 10 min by liquid
scintillation spectrometry. All values were subtracted
from background counts which averaged 34 + 1 cpm for
both "C and *P. The results are expressed as average
counts per minute for duplicate determinations, and gen-
erally each experiment was replicated on at least four
different preparations.

Lysosomal enzyme assay. Neutrophils used in the
lysosomal enzyme assay were not treated with ammo-
nium chloride, since preliminary studies demonstrated
that this treatment resulted in higher levels of basal
enzyme release; however, these cells were preincubated
with cytochalasin and then added to incubation tubes (4
X 10° cells) in a final incubation volume of 500 ul in the
presence or absence of various concentrations of peptide.
The incubation was carried out for 1-30 min and was
stopped by immersing the tubes in ice; N-acetylglucosa-
minidase activity was monitored by a modification of the
method of Woollen et al. (13). The samples were centri-
fuged for 5 min at 2000 X g at 4° and the supernatant
(Supernatant I) was decanted and saved for subsequent
assay. The cells were placed in Earle’s medium contain-
ing 0.1% Triton X-100 for 10 min at room temperature in
order to lyse the cells; the samples were then centrifuged
as above to obtain Supernatant II. Assay medium (900
ul) containing 0.05 M citrate buffer (pH 4.5), fatty acid-
free bovine serum albumin (0.1%), 0.1% Triton X-100,
and 0.0036 M p-nitrophenyl-N-acetyl-8-glucosaminide
was incubated with 200 ul of either Supernatant I or
Supernatant II for 30 min at 37°. The reaction was
terminated by placing the sample on ice and adding 500
ul of trichloroacetic acid (25%). The tubes were centri-
fuged for 5 min at 27,700 X g at 4°, and to 1 ml of the
resulting supernatant were added 1.5 ml of ammonium
hydroxide buffer (pH 10.7). Absorbance was read at 410
nm. The total amount of enzyme was determined by
summation of the amount in the medium with the
amount remaining in the tissue at the end of the incu-
bation period; enzyme release is expressed as the per-
centage of total enzyme activity.

Statistical analysis. The statistical significance of dif-
ferences between drug-treated and untreated cells was
obtained by Student’s ¢-test for paired samples. A value
of p < 0.05 was taken as the criterion of statistical

significance.

RESULTS

Stimulation of incorporation of [** C]arachidonic acid
into neutrophil phospholipids by fMet-Leu-Phe and the
effect of cytochalasin. The incorporation of [*Clarachi-
donic acid into neutrophil phospholipids is shown in
Table 1. Phosphatidylcholine represented the largest
amount of radiolabeled phospholipid (62%), whereas
phosphatidylethanolamine (19%), phosphatidylinositol
(13%), and phosphatidylserine (6%) accounted for a
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TABLE 1

The effect of pretreatment with cytochalasin on the incorporation of
["CJarachidonic acid into neutrophil phospholipid in the presence
and absence of fMet-Leu-Phe

Rabbit neutrophils were preincubated for 10 min at 37° in the
absence or presence of cytochalasin (5 pg/ml) and then transferred to
tubes containing ['*Clarachidonic acid (0.2 wCi) with or without fMet-
Leu-Phe (107'° M). Incubations were carried out for 2 min and the cells
were processed as described under Materials and Methods. Values for
arachidonic acid incorporation in the absence or presence of cytochal-
asin are means t standard error of the mean of seven and twelve
different determinations, respectively, each done in duplicate. PC,
Phosphatidylcholine; PI, phosphatidylinositol; PS, phosphatidylserine;
PE, phosphatidylethanolamine.

Phospho- Arachidonic acid incorporation
lipid
Without cytochalasin With cytochalasin
Control fMet-Leu- Control fMet-Leu-
Phe Phe
cpm X 10~%/incubation
PC 9.8 + 2.0 118+ 12 59109 59108
PI 2105 29+ 0.6 1.5+ 03 33+£05
PS 09 +03 1.2+03 0.7+ 0.1 1.3+02
PE 30+ 09 31+£09 1.0 £ 0.2 1.3+0.2

smaller percentage of label. Although cells preincubated
with cytochalasin incorporated less arachidonic acid into
phospholipids, a somewhat similar pattern of label dis-
tribution was observed for phosphatidylcholine (65%),
phosphatidylinositol (16%), and phosphatidylserine (8%)
(Table 1), suggesting that the turnover of these phospho-
lipids was not appreciably affected by cytochalasin. On
the other hand, phosphatidylethanolamine accounted for
only 11% of the label, indicating that cytochalasin-treated
cells incorporated less arachidonate into phosphatidyl-
ethanolamine, relative to the other phospholipids. In
cells pretreated with cytochalasin, the formylmethionyl-
peptide fMet-Leu-Phe produced a dose-dependent in-
crease in label incorporation into phosphatidylinositol
within 2 min, whether the values were expressed in terms
of absolute counts (Fig. 1) or as a percentage of values
derived from paired, untreated cells (Table 2). With
peptide concentrations of 107" and 3 X 107" M, the
increase in arachidonate incorporation was limited to
phosphatidylinositol and averaged 14% and 36%, respec-
tively (Table 2). With 107° M fMet-Leu-Phe, where a
124% increase in arachidonic acid incorporation into
phosphatidylinositol was observed, a 97% increase in
phosphatidylserine labeling was also demonstrable (Ta-
ble 2). By contrast, cells incubated in the absence of
cytochalasin showed a diminished ability to respond to
107 M fMet-Leu-Phe, with arachidonate incorporation
into phosphatidylinositol increasing by only 35% as com-
pared with 124% in the presence of cytochalasin (Table
2); no other phospholipids were significantly affected in
the absence of cytochalasin (Table 2). The difference in
radioactivity between stimulated and control cells
treated with cytochalasin (172 + 30 cpm) was signifi-
cantly greater than the difference in radioactivity be-
tween untreated stimulated and control cells (71 + 33
cpm) (p < 0.05, calculated by paired Student’s ¢-test).
Thus, the apparent decrease in basal arachidonate incor-
poration produced by cytochalasin (Table 1) cannot ac-
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F16. 1. Dose-response of fMet-Leu-Phe on [*C]arachidonic acid
incorporation into phosphatidylinositol and lysosomal enzyme secre-
tion

Neutrophils pretreated with cytochalasin were incubated for 2 min
with [*“C]arachidonic acid with or without varying concentrations of
fMet-Leu-Phe and processed for phospholipid analysis as described
under Materials and Methods. For N-acetylglucosaminidase (NAGA)
analysis, cytochalasin-treated cells were incubated for 15 min prior to
processing. All values are means + standard error of the mean of four
to eight determinations.

count for the enhancement of the stimulatory actions of
fMet-Leu-Phe. To maximize responses, all subsequent
experiments were carried out with cytochalasin-treated
neutrophils.

Comparison of phosphatidylinositol labeling and ly-
sosomal enzyme release. The time course for arachidonic
acid incorporation into phosphatidylinositol is shown in
Fig. 2. From these data the rate of label incorporation
was calculated by dividing the counts per minute accu-
mulated during a given time period by the appropriate
time interval. There was virtually no lag before [C]-
arachidonic acid was incorporated into phosphatidylino-
sitol, and fMet-Leu-Phe increased the rate of label incor-

TABLE 2
Dose-response of the relative change in [**C]arachidonic acid
content of phospholipids evoked by fMet-Leu-Phe

Cells preincubated with or without cytochalasin were added to tubes
containing radiolabeled arachidonate (0.2 .Ci) with or without varying
concentrations of fMet-Leu-Phe. Incubations were carried out for 2
min and the cells were processed as described under Materials and
Methods. Values for fMet-Leu-Phe-treated cells are represented as a
percentage of values derived from paired untreated cells and are the
means + standard error of the mean of at least five different determi-
nations, each done in duplicate. PC, Phosphatidylcholine; P1, phospha-
tidylinositol; PS, phosphatidylserine; PE, phosphatidylethanolamine.

Phospho- fMet-Leu-Phe
lipid
10" M 3x10"M 107 M 107" M

without cy-
tochalasin

PC 105+ 5 104 £ 3 102+ 3 1179

PI 114 £ 3¢ 136 £ 9 224 + 24° 135 £ 11°

PS 102+ 8 93110 197 £+ 25° 123 + 27

PE 92 + 12 100 + 8 131 £ 10 111+ 11

? p < 0.05 as determined by paired Student’s t-test.
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F1G. 2. Effect of fMet-Leu-Phe on the time course of [**C]arachi-
donic acid incorporation into phosphatidylinositol

Cells pretreated with cytochalasin were incubated with radiolabel in
the presence or absence of fMet-Leu-Phe (10" M), and label incorpo-
ration into phosphatidylinositol was measured at various times. All
values are means + standard error of the mean of four to eleven
different experiments, each performed in duplicate.

poration within the first 2 min from 75 to 199 cpm/min
(Fig. 2). The stimulated rate of label incorporation grad-
ually declined, such that during the 10th-30th min of
incubation the average rate in fMet-Leu-Phe-treated
cells fell to 76 cpm/min, as compared with 68 cpm/min
in unstimulated cells. When values from stimulated cells
were represented as a percentage of values derived from
control cells at each point, a significant increase in label
incorporation into phosphatidylinositol was observed
within 1 min, reaching peak levels at 2 min (Fig. 3). Peak
stimulation of phosphatidylserine labeling was also de-
monstrable at 2 min (Fig. 3). The 31% increase in the
labeling of phosphatidylethanolamine at 2 min was not
statistically significant, and phosphatidylcholine ex-
hibited no alterations in the labeling of arachidonic acid
during exposure to fMet-Leu-Phe over the 30-min time
period (Fig. 3). The time course of lg'sosomal enzyme
release elicited by fMet-Leu-Phe (107*° M) is depicted in
Fig. 4. A significant increase in N-acetylglucosaminidase
release was demonstrable within 1 min which reached
completion within 2 min. By contrast, no increase in
soluble lactic dehydrogenase release was observed even
after 15 min (data not shown). A comparison of the dose-
response relationship for fMet-Leu-Phe stimulation of
phosphatidylinositol labeling and enzyme release is illus-
trated in Fig. 1. Values for dependence on peptide con-
centration of stimulated arachidonic acid incorporation
and enzyme release were very similar. Thus, at the lowest
peptide concentration (10™'' M) at which significant in-
creases in label incorporation were detectable, significant
increases in enzyme release were also initially observed.
Both parameters continued to rise with increasing pep-
tide concentrations as high as 10~° M (Fig. 1).

Another synthetic peptide, Met-Leu-Phe, failed to af-
fect arachidonic acid incorporation into phosphatidyli-
nositol or any of the other phospholipids examined. Thus,
values for relative incorporation of [**CJarachidonic acid

22%

200

150

125

100 ¢

Rodiolobeled Arachidonic Acid (% of control)

75 L —
0
Minutes

Fi1G. 3. Relative changes in [**C]arachidonic acid incorporation
into neutrophil phospholipids elicited by fMet-Leu-Phe

Cells pretreated with cytochalasin were incubated for various times
with radiolabel in the presence or absence of fMet-Leu-Phe (107'° m).
Incorporation of radiolabel into phospholipids is expressed as a per-
centage of that in unstimulated cells. All values are means of at least
four different determinations, but for the sake of clarity the bars for
the standard error of the mean, which was always less than 15%, have
been omitted. Paired ¢-test analysis gave a significant difference (p <
0.05) in label incorporation into phosphatidylinositol between peptide-
treated and untreated cells at each time point; label incorporation into
phosphatidylserine was enhanced at 2 min (p < 0.05). PC, Phosphati-
dylcholine; PS, phosphatidylserine; PE, phosphatidylethanolamine; PI,
phosphatidylinositol.

into neutrophil phosphatidylinositol in the presence of
Met-Leu-Phe (107'° M) after 1, 10, and 30 min were 103
+ 9%, 106 = 7%, and 91 + 8% of control cells, respectively
(n = 5). Met-Leu-Phe (107°-10° M) also did not stimu-
late lysosomal enzyme release, as evidenced by the fact
that after a 15-min exposure to the peptide, enzyme
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F16. 4. Time course of N-acetylglucosaminidase (NAGA) release

Neutrophils pretreated with cytochalasin were incubated with or
without fMet-Leu-Phe for various times. Values are means + standard
error of the mean of four different determinations.
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TABLE 3
Effect of Ca®* deprivation on fMet-Leu-Phe-induced arachidonate labeling of phosphatidylinositol and lysosomal enzyme release
After a 10-min incubation period with cytochalasin in either Ca?*-free or Ca?*-containing medium, cells were incubated for 2 min with 0.2 nCi
[“Clarachidonate with or without fMet-Leu-Phe (10~'° M) in the presence or absence of Ca**. Incubations were carried out for 2 min and the cells
were processed for phospholipid analysis as described under Materials and Methods. For lysosomal enzyme assay, incubations were carried out
for 15 min and the samples were processed as described under Methods. Values for arachidonic acid incorporation are means + standard error of
the mean of four different determinations, each done in duplicate. Values for lysosomal enzyme release are means + standard error of the mean
of three and ten determinations in Ca**-free and Ca**-containing media, respectively. Values for fMet-Leu-Phe-treated cells are also represented

as a percentage of values derived from paired untreated cells (percentage of control). PI, phosphatidylinositol.

Addition Arachidonic acid incorporation into PI N-Acetylglucosaminidase release
Control fMet-Leu-Phe % of control % of total % of Control
Control fMet-Leu-Phe
cpm X 10~%/incubation
None 1.8 +0.2 20+0.1 118 £ 6 7.3+0.9 7.3+0.7 101 £ 7
0.5 mm Ca®* 3007 54+13 180 + 6 10.6 £ 0.8 219 + 34 185 + 19

secretion was 10.8 + 1.4% (n = 4), which was not signifi-
cantly different from the mean control value of 10.3%.

Table 3 shows that, when cytochalasin-treated neutro-
phils were washed and incubated in Ca’**-free medium,
the ability of fMet-Leu-Phe (107"° M) to enhance arach-
idonyl phosphatidylinositol turnover was profoundly de-
pressed. Similarly, Ca?* deprivation completely blocked
lysosomal enzyme release evoked by fMet-Leu-Phe (Ta-
ble 3).

Incorporation of [*C]palmitic acid, **P, and [*C]-
glycerol into neutrophil phospholipids. The saturated
fatty acid palmitic acid was also incorporated into neu-
trophil phospholipids. The pattern of palmitate distri-
bution was similar to that of arachidonate distribution,
with phosphatidylcholine accounting for a large propor-
tion of the label (75%) (Table-4); however, the phospha-
tidylinositol fraction incorporated much less palmitate
(3%) than arachidonate (16%) (Table 4). Table 4 also
shows that fMet-Leu-Phe (107'° M) did not significantly
enhance the incorporation of palmitic acid into phospha-
tidylinositol, although the peptide did elicit a 38% in-
crease in palmitate incorporation into phosphatidyleth-
anolamine (Table 4).

The relative distribution of **P in neutrophil phospho-

TABLE 4
Effect of fMet-Leu-Pheon incorporation of [**C]palmitic acid into
neutrophil phospholipids

Cytochalasin-treated cells were added to tubes containing 0.8 nCi of
['“Clpalmitic acid in the presence or absence of fMet-Leu-Phe (107!
M). Incubations were carried out for 2 min and the cells were processed
as described under Materials and Methods. Values for palmitic acid
incorporation are means (+ standard error of the mean) of five different
determinations, each done in duplicate. Values for fMet-Leu-Phe-
treated cells are also represented as a percentage of values derived from
paired untreated cells. PC, Phosphatidylcholine; PI, phosphatidylino-
sitol; PS, phosphatidylserine; PE, phosphatidylethanolamine.

lipids was markedly different from the distribution of
[**C)arachidonic acid. Thus, 80% of the label was associ-
ated with the phosphatidylethanolamine fraction, with
phosphatidylcholine, phosphatidylinositol, and phospha-
tidylserine accounting for 8%, 8%, and 3% of the label,
respectively (Table 5). fMet-Leu-Phe (107'° M) increased
incorporation of *P into phosphatidylinositol by 71%
after 2 min (Table 5); label incorporation subsequently
decreased to 22 + 3% above control levels after 10 min.
In the presence of the peptide, the incorporation of **P
into phosphatidylcholine and phosphatidylserine was
slightly greater than control values, although not statis-
tically significant (Table 5).

To determine whether de novo phospholipid synthesis
rather than turnover might explain the stimulation of
arachidonate incorporation into phosphatidylinositol,
neutrophils were exposed to [**C]glycerol for 2 min. Al-
though phosphatidylinositol accounted for 94% of the
label, fMet-Leu-Phe failed to elicit any additional con-
version of glycerol to phosphatidylinositol. Thus, label
incorporation values in the absence and presence of fMet-
Leu-Phe (107 M) were 1661 + 105 and 1546 + 138 cpm,
respectively (n = 3).

TABLE 5

Effect of fMet-Leu-Phe on incorporation of [**PJorthophosphate into
neutrophil phospholipids

Cytochalasin-treated cells were added to tubes containing 100 u.Ci
of [*Plorthophosphate in the presenee or absence of fMet-Leu-Phe
(107'° M). Incubations were carried out for 2 min and the cells were
processed as described under Materials and Methods. Values shown
are the means (+ standard error of the mean) of five different deter-
minations, each done in duplicate. Values for fMet-Leu-Phe-treated
cells are also represented as a percentage of values derived from paired
untreated cells. PC, Phosphatidylcholine; PI, phosphatidylinositol; PS,
phosphatidylserine; PE, phosphatidylethanolamine.

Phospholipid Palmitic acid incorporation Phospholipid [*P)Orthophosphate incorporation
Control fMet-Leu-Phe % of control Control fMet-Leu-Phe % of control
cpm X 107%/incubation cpm x 10~*/incubation
PC 159 £ 43 179 £ 45 115+ 7 PC 28+08 26+08 127 £ 17
Pl 0.7+02 09 £ 0.2 113+ 4 PI 28108 3610 171 £ 19°
PS 14 £02 12+ 0.2 937 PS 12+0.3 1.7+ 05 116 + 19
PE 32106 44109 138 + 9° PE 276 £ 5.7 254 + 83 103 + 4

? p < 0.05 as determined by paired Student’s ¢-test.

¢ p < 0.05 as determined by paired Student’s ¢-test.
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DISCUSSION

The present study has demonstrated an association
between the ability of fMet-Leu-Phe to stimulate the
incorporation of arachidonic acid into phosphatidylino-
sitol and to promote lysosomal enzyme release. This
conclusion is based upon the following observations: (a)
fMet-Leu-Phe-evoked arachidonic acid incorporation
and lysosomal enzyme release increased pari passu with
respect to time and peptide concentration; (b) cytochal-
asin, which is known to enhance lysosomal enzyme
release elicited by fMet-Leu-Phe (7), increased arachi-
donyl phosphatidylinositol turnover; (c) Met-Leu-Phe,
which was unable to stimulate enzyme release in the
concentration employed, also failed to enhance the in-
corporation of arachidonic acid into phosphatidylinositol;
(d) Ca®* deprivation blocked both lysosomal enzyme
release and arachldong'l phosphatidylinositol turnover.
The importance of Ca®* in this biochemical reaction is
reinforced by the ability of Ca®* to mimic the effects of
fMet-Leu-Phe on phospholipid turnover using the diva-
lent cation ionophore A23187 (10) and by the knowledge
that cytochalasin, which promoted arachidonic acid turn-
over, also greatly enhances the rate and extent of Ca®*
uptake induced by fMet-Leu-Phe, as well as lysosomal
enzyme release (7).

The proposition that a deacylatlon-reacylatxon mech-
anism mediated by a Ca’*-dependent phospholipase A
is responsible for fMet-Leu-Phe-induced stimulation of
arachidonate turnover is considered the most likely in-
terpretation of our results on the basis of several lines of
evidence. Arachidonic acid is primarily incorporated into
position 2 of phospholipids, and turnover of this unsatu-
rated fatty acid has generally been interpreted as a
monitor of phospholipase A, activity (14). Both compo-
nents of the deacylation-reacylation cycle, a membrane-
bound phospholipase A, and an acyl-CoA transferase,
have been identified in rabbit neutrophils by Elsbach
(15) and Franson et al. (16), and the release of arachi-
donic acid and the synthesis of prostaglandins by fMet-
Leu-Phe and A23187 have been demonstrated in neutro-
phils of various species, including rabbit (17-20). fMet-
Leu-Phe did not alter the incorporation into phosphati-
dylinositol of glycerol or the saturated fatty acid palmitic
acid, which is incorporated preferentially into position 1
of phospholipids (4). These findings support the notion
that phosphatidylinositol turnover was not a reflection
of de novo phosphatidylinositol synthesis during this
early stage of peptide action.

Thus, the most reasonable interpretation of our data
encompasses the concept that fMet-Leu-Phe activates a
membrane-bound phospholipase A; in neutrophils; the
resulting deacylation of phosphatidylinositol would pre-
cede the acylation of lysophosphatidylinositol by arach-
idonic acid via an acyltransferase-mediated reaction. A
similar preference for phosphatidylinositol as a substrate
was found in our previous studies during phospholipase
A; activation by adrenocorticotropin on isolated adre-
nocortical cells (3) as well as during phospholipase A,
activation by thyrotropin in the thyroid gland (21). The
key role for phosphatidylinositol may be ascribed to the
preference of neutrophil phospholipase and/or acyltrans-

ferase for this particular phospholipid. The reports dem-
onstrating that membrane fractions from adrenal glands,
brain, and liver preferentially transfer arachidonyl CoA
to lysophosphatidylinositol (22-24) suggest that the rea-
cylation component is responsible, at least in part, for
the relative specificity for phosphatidylinositol. It should
also be mentioned that, although the proposed deacyla-
tion-reacylation sequence exhibited a preference for
phosphatidylinositol at threshold concentrations of fMet-
Leu-Phe in the presence of cytochalasin, and at higher
peptide concentrations (107 M) in the absence of cyto-
chalasin, fMet-Leu-Phe (107'° M) stimulated arachidon-
ate incorporation into phosphatidylserine derived from
neutrophils pretreated with cytochalasin. These data
indicate that, with a greater degree of membrane acti-
vation brought about by cytochalasin pretreatment plus
high peptide concentrations, other phospholipids become
substrates for this reaction.

fMet-Leu-Phe also transiently enhanced the turnover
of P into phosphatidylinositol within 2 min. In contrast
to other systems, this fMet-Leu-Phe-induced **P turn-
over is dependent upon extracellular Ca®* (25) and can
be stimulated by A23187.2 A Ca®*-activated phospholi-
pase C may account for this effect, but direct evidence to
support this supposition is still lacking. However, a Ca®*-
dependent activation of phospholipase C has been dem-
onstrated during the release reaction of the blood platelet
(26, 27).

In summary, the present study has shown that the
activation of cell surface receptors of neutrophils by
fMet-Leu-Phe is accompanied by an increase in available
Ca®* to stimulate phospholipase A:, thereby initiating
the deacylation-reacylation cycle. It remains to be deter-
mined whether the changes in phospholipids which have
been demonstrated in this investigation are associated
with alterations in membrane phospholipids prior to
secretion, with events associated with the release process
itself, or with some other reaction unrelated to secretion.
Nevertheless, a most interesting aspect of this study
relates to the parallels with our previous studies on
adrenocorticotropin-induced arachidonic acid turnover
in cat adrenocortical cells, where an alteration in the
turnover of arachidonyl phosphatidylinositol via a hor-
mone-sensitive Ca’*-dependent phospholipase A; was
found to be an early and specific event in the action of
adrenocorticotropin (3, 28). These results led us to con-
clude that adrenocorticotropin expresses its effects by a
Ca?*-dependent activation of fatty acid turnover of mem-
brane phospholipids which leads to functional alterations
in the membrane. The present report suggests that in the
rabbit neutrophil a similar mechanism is operative.
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