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The concept of lysosomes as formulated in 1959 by DeDuve and his group(1)
indicates that the activation and release of lysosomal enzymes depends on the
membrane surrounding lysosomes. If the lysosomal membrane is intact, lysosomal
enzymes are bound and inactive. If the membrane becomes labilized or ruptured,
lysosomal enzymes are free and active. It has been concluded that the stability
of the lysosomal membrane depends on protein as well as lipid portions of the
membrane. Lysosomal enzymes become active during phagocytosis and partici-
pate in the intracellular digestion of engulfed particles(2). Such activation and
release of lysosomal enzymes in phagocytic cells is due to a fusion of the lysosomal
membrane with the membrane of a phagocytic vacuole(3-5).

In an attempt to elucidate a mechanism underlying this process, we have pre-
viously demonstrated that model membranes (liposomes) composed of negatively
charged phospholipids induce a similar effect upon leukocytic granules in a cell-
free system(6,7). It has been suggested that the activating effect of phospholipid
model membranes on granulocytic lysosomes may be mediated by a phospholipid—
protein interaction. This possibility prompted us to define the component of
granules which interacts with phospholipids. Leukocytic granules possess a class
of arginine-rich cationic proteins which do not exhibit activity of lysosomal
marker enzymes and which may be obtained from granules by acid extrac-
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tion(8,9). In the present study, cationic proteins prepared from PMN leukocytic
lysosomes are shown to complex with liposomes and thus prevent them from
activating lysosomal enzymes in leukocytic granules. These results indicate that
phospholipid—protein interactions play a role in the activation of latent lysosomal
enzymes in isolated leukocytic granules and suggest that this mechanism may
also be operative during phagocytosis.

MATERIALS AND METHODS

Leukocytic granules isolated from rabbit peritoneal PMN leukocytes and
liposomes were prepared according to the method previously described(7).

The cationic protein fraction was prepared from isolated rabbit PMN granules
by treatment with 0.05 N HCL for 30 min at 0°. The supernatant fluid obtained
after centrifugation at 20,000¢ for 30 min was adjusted to pH 5.0 with 0.25 M
acetate buffer and designated as the “cationic protein fraction.” The protein
content of the obtained material averaged 0.5 mg/cc and enzymatic measurements
failed to show any activity of the PMN lysosomal marker enzymes: beta glu-
curonidase, beta N-acetyl glucosaminidase, acid phosphatase, myeloperoxidase,
and lysozyme.

Liposomes were incubated with and without the cationic protein fraction at
pH 5.0 (acetate buffer, 0.05 M) for 30 min. To these incubation mixtures isolated
PMN granules were added, then the whole system was incubated for 20 min at
37° and free activity of beta glucuronidase and beta N-acetyl glucosaminidase
was determined as described previously(7). Electrophoresis in polyacrylamide gel
was performed using a cationic system of buffers at pH 4.3 as described by
Reisfeld et al.(10) with omission of the sample gel. Protein was determined by
the method of Lowry et al.(11) with crystalline bovine albumin (Armour Phar-
maceutical Co.) as a standard. Phosphorus was determined by the method of
Berenblum and Chain(12). The acid phosphatase activity with p-nitrophenyl
phosphate as a substrate was determined according to Baggiolini et al.(13) and
peroxidase activity was measured by the pyrogallin method according to Woodin
et al.(14). Lysozyme was determined according to Smolelis and Hartsell(15).

RESULTS

The effect of cationic proteins derived from granules on activation of lysosomal
enzymes by liposomes. Negatively charged liposomes possess the ability to acti-
vate lysosomal enzymes in PMN leukocytic granules(7). If liposomes are able to
interact with proteins derived from granules, then such proteins should block
the activating effect of liposomes. Indeed, the addition of the cationic protein
fraction (CPF) significantly reduced the activating effect of liposomes. As shown
in Fig. 1 (top), the free activity of the lysosomal marker enzyme, beta glucuroni-
dase, which was 149}, of total enzyme content present in preparations containing
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Fic. 1. Effect of cationic proteins on activation of lysosomal marker enzymes in PMN leuko-
cytic granules by liposomes. CPF refers to the cationic protein fraction isolated from leukocytic
granules. Each bar represents the mean of three experiments performed in duplicate. Brackets
represent standard deviations. (Top) beta glucuronidase, (bottom) beta N-acetyl glucosaminidase.

granules alone, rose to 50 and 589, upon the addition of either type of liposomes.
In the presence of the cationic protein fraction the activating effect of liposomes
was reduced to 20 and 339, respectively. For comparison a polycationic protein,
poly-L-lysine (Sigma Chemical Co.) in a concentration of 1 mg/cc was utilized
in the experimental system and demonstrated a similar but more marked effect.
As we have previously shown(7), albumin in concentrations ranging from 0.5
to .5 mg/ml, the latter 10 times higher than the cationic protein fraction used,
did not reduce the activating effect of liposomes.

Activation of another lysosomal marker enzyme, beta N-acetyl glucosaminidase
by liposomes was also significantly reduced in the presence of the cationic pro-
tein fraction or poly-L-lysine (Fig. 1, bottom). Thus, the activating effect of
liposomes upon PMN leukocytic granules was diminished by the cationic protein
fraction derived from leukocytic granules. This indicates that proteins present
in leukocytic granules interact with liposomes which activate lysosomal enzymes.

Formation of complexes between cationic protein fraction and membrane-
forming phospholipids. The nature of the interaction between liposomes and
the cationic protein fraction was examined by the following experiment. The
cationic protein fraction was incubated at room temperature for 30 min with
and without liposomes and then centrifuged for 20 min at 20,000g. The protein
in the supernatant fluid after sedimentation was determined. The same material
was analyzed by electrophoresis in polyacrylamide gel. As is seen in Fig. 2, the
cationic protein fraction before the addition of liposomes was composed of one
strongly cationic band and at least six less-defined components. After addition
of liposomes composed of phosphatidyl choline, cholesterol, and dicetyl phos-
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phate the intensity of the most cationic band decreased. Indeed, the content of
soluble protein in the supernatant fraction was only 429, of that observed be-
fore the addition of the liposomes. Liposomes composed of phosphatidyl inositol
when mixed with the cationic protein fraction caused complete disappearance of
protein from the soluble supernatant fluid as observed in electrophoresis and
determined quantitatively.

The formation of complexes between lysosomal proteins and liposomes was
dependent on the concentration of liposomes as shown in Fig. 3. As noted,
cationic proteins forming complexes with liposomes were more readily sedi-
mented as the concentration of liposomes increased. Liposomes composed of
phosphatidyl inositol induced sedimentation at a lower concentration than did

SOLUBLE PROTEIN
REMAINING:

BEFORE 100.0%

(A) 42.0%
AFTER

(8) 0%

Fic. 2. Polyacrylamide gel electrophoresis of the cationic protein fraction before and after
addition of liposomes. (A) Liposomes composed of phosphatidyl choline, cholesterol, and dicetyl
phosphate; (B) liposomes composed of phosphatidyl inositol.
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Fic. 3. Sedimentation of cationic protein fraction by liposomes. (A) Liposomes composed of
phosphatidyl choline, cholesterol, and dicetyl phosphate; (B) liposomes composed of phosphatidyl
inositol.
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liposomes composed of phosphatidyl choline, cholesterol, and dicetyl phosphate.
It is probable that this effect is not only the function of phosphate groups pres-
ent in both preparations of liposomes but it depends on the overall number of
hydrophilic and hydrophobic groups of phospholipids interacting with cationic
proteins.

DISCUSSION

Phospholipids which constitute about 509, of the cell membrane of PMN
leukocytes(16) appear to participate in membrane changes leading to activation
and release of lysosomal enzymes associated with degranulation. “A phospholipid
effect,” i.e., increased incorporation of phosphorus into acidic phospholipids,
accompanies phagocytosis(17). Membrane phospholipids have been noted to in-
teract with staphylococcal leucocidin, an agent inducing degranulation, possibly
through steric changes in the cell membrane of PMN leukocytes(18). The recent
demonstration that negatively charged phospholipids in the form of liposomal
model membranes were able to elicit activation of lysosomal enzymes(7) suggests
that specific phospholipid groups in the leukocytic cell membrane may have a
role in the membrane fusion associated with phagocytic degranulation.

The fact that phospholipids complex with cationic proteins of PMN granules
does not provide absolute evidence that these noncatalytic proteins are responsi-
ble for controlling the activity of lysosomal enzymes. However, such cationic
proteins represent structural constituents of leukocytic granules(19). Whether
they are present in the lysosomal membrane or whether they are complexed with
acidic mucopolysaccharides found within PMN leukocytic granules(20) remains
to be elucidated. Structural proteins that have been described in microsomes(21)
and mitochondria(22,23) also exhibit ability to bind phospholipids. It is possible
that during phagocytosis a cationic protein(s) contributing to the structural in-
tegrity of PMN leukocytic granules interacts with negatively charged phospho-
lipids unmasked in a cell membrane after particle attachment (Fig. 4). This in-
teraction may produce transitional changes labilizing the granule membrane
and freeing lysosomal enzymes which become active and gain access to ingested

cell membrane

enquifed
particle

|. UNMASKING OF NEGATIVELY 2 PHOSPHOLIPID- PROTEIN 3. MEMBRANE FUSION
CHARGED PHOSPHOLIPIDS INTERACTION AND ACTIVATION
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Fic. 4. A tentative mechanism of activation of lysosomal enzymes during phagocytosis in PMN
leukocytes.
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material. Therefore, it would appear that the molecular basis of activation of
lysosomal enzymes during phagocytosis may be characterized by a phospholipid-
protein interaction.

SUMMARY

A cationic protein fraction (CPF) prepared by acid extraction of isolated
leukocytic granules was tested for its ability to interact with liposomal model
membranes. CPF preincubated with liposomes significantly inhibited their ability
to activate the lysosomal marker enzymes, beta glucuronidase, and beta N-
acetylglucosaminidase in intact leukocytic granules. A similar inhibitory effect
was observed with the polycationic protein, poly-L-lysine. CPF formed insoluble
complexes with liposomes as revealed by sedimentation studies and electro-
phoresis in polyacrylamide gel. It is suggested that membrane-forming phos-
pholipids in the form of liposomes interact with lysosomal protein(s) to labilize
the lysosomal membrane and activate lysosomal enzymes.
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