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Summary:

Lysosomes (“‘tritosomes™) were isolated in pure
form from the mitochondrial fraction of rat liver
by density gradient centrifugation. This fraction
has been characterized by electron microscopy and
enzymic analysis. The degradation of spemﬁaﬂly
labeled phosphatidylethanolamine by lysosomal
enzymes was studied: the presence of phospholi-
pase A; and Ap in lysosomes was established.
Both appear in the lysosomal soluble fraction.
Phospholipase As is inhibited by Triton WR 1339.
The kinetics of the hydrolysis and the MICHAELIS

Zusammenfassung: Untersuchungen iiber das Vor-
kommen und die Eigenschaften von Phospholipase
Ay und As und iiber den Abbau von Phosphatidsiure
in Rattenleber-Lysosomen. Aus der Roh-Mitochon-
drienfraktion von Rattenleber wurden mittels Dich-
tegradnenten-lznmfugatlon mit Triton WR 1339
gefiillte Lysosomen in reiner Form isoliert. Diese
Fraktion wurde elektronenmikroskopisch und en-
zymatisch charakterisiert und auf ihre lipolytischen
Enzyme mit Hilfe von spezifisch markierten Phos-

constant of 1-stearoyl-2-oleoyl-glycero-3-phospho-
rylethanolamine for phospholipase A; have been
determined.

Phosphatidic acid is degraded dlﬁ'erently by the

diglyceride, S

1-position of the dlglycende and 3. phosphollpases
A; and Ao, which are also involved in the degrada-
tion of phosphatidic acid. Phosphatidate phos-
phatase, unlike acid phosphatase, is mhnbned by
Triton WR 1339. .

vonPhospho
gesichert. Phosphohpase Az ist durch Triton WR
1339 hemmbar. Beide Enzyme erscheinen als 10s-
liche Lysosomenenzyme. Die Kinetik der Hydro-
lyse und der Km-Wert von 1-Stearoyl-
cerin-3-phosphoryl-dthanolamin

Ay wurden bestimmt. Phosp
die 16sliche Fraktion und die Me

Enzymes:
Acid phosphatase, onhophosphonc monoester
Catalase, Hydrogen-peroxide:h :
Cholesterol esterase, sterol-ester hyd
Lipase, glycerol-ester hydrolase (EC 3.
Phospholipase Ay and As, phosphatide

Phosphatidate phosphatase, L-x- phosphatidate pholpllohydrolm (EC 3 l 34).
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Lysosomen unterschiedlich abgebaut. Die I6sliche
Fraktion enthilt 1. Phosphatidat-Phosphatase, die
Phosphatidsdure zu Diglycerid dephosphoryliert,
2. Lipase, die streng spezifisch fiir die 1-Stel-
lung des Diglycerids ist und 3. Phospholipasen

Only recently in this and other laboratories!~5,
lipolytic enzymes with pH-optima in the acidic
region have been shown to be present in rat liver
lysosomes. We established the presence of phos-
pholipase A, cholesterol-ester hydrolase and a
lipase, enzymes with a particularly high enzymic
activity, in rat liver lysosomes. The presence of
phospholipase A associated with the large chrom-
affin granula fraction in bovine adrenal medulla
has been described®. The authors conclude on the
basis of their experiments, that a phospholipase
A with optimal activity at pH 4.2 and a phos-
pholipase Az with a pH-optimum at 6.5 are present
in lysosomes of the adrenal medulla’.

In continuation of our previous studies on lipo-
lytic lysosomal enzymes of rat liver the present
work describes investigations which prove the
presence of a phospholipase A; and As. Further-
more the action of lysosomal enzymes on phos-
phatidic acid has been studied. The properties of
these enzymes were studied with specifically labeled
substrates. We used synthetic phosphatidylethanol-
amines, which were labeled with [9, 10-3Hz]stearic
acid in position 1, and with [1-14C]Joleic-, [1-4C]lino-
leic- or [1-4CJarachidonic acid in position 2. Iden-
tically labeled phosphatidic acids were obtained
by hydrolysis with phospholipase D8 of the respec-
tive 3-phosphatidylethanolamines, and 1-[9,10-
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A; und Ag, die gleichfalls am Abbau der Phospha-
tidsdure beteiligt sind. Phosphatidat-Phosphatase
ist im Gegensatz zur sauren Phosphatase durch
Triton WR 1339 hemmbar.

3H]stearoyl - lyso - 3 - phosphatidylethanolamines
were obtained by hydrolysis with phospholipase
As (Crotalus adamanteus).

Results

We favoured for the preparation of lysosomes the
procedure of WATTIAUX er al.? according to which
Triton WR 1339, injected intravenously, is stored
in the lysosomes and allows their easy purification
and separation from the mitochondrial fraction by
density gradient centrifugation. The schematic
representation of such a gradient in Fig. 1 is ac-
companied by the analysis of the indicator enzyme
of the fractions: acid phosphatase!? for the lyso-
somal fraction and catalase!! for the peroxisomes.

Fig. 1. Density gradient centrifuga-
tion of the mitochondrial fraction
from rat liver homogenate (0.5—2m
sucrose/water):

1 = lysosomes, density 1.08— 1.1 (2°C), specific activity
of acid phosphatase: 400—600 mU/mg prot. (membra-
nes 533— 1100, soluble fraction 33.3—167).

2 — mitochondria, density 1.19—1.21 (2°C), specific
activity of acid phosphatase: 16.7—40 mU/mg prot.,
catalase activity 107 U/mg prot.

3 = peroxisomes, density 1.215—1.22 (2°C), specific
activity of acid phosphatase: 3.3—26.7 mU/mg prot.,
catalase activity 3120 U/mg prot.
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The lysosomes and mitochondria proved to be
homogenous in electron microscopy. Dialysis of
the lysosomes against water yielded lysosomal
membranes and the soluble fraction, which were
separated by centrifugation and analyzed for their
enzyme activities. The lysosomal membranes par-
tially formed vesicles with different diameters. The
acid phosphatase was localized after this isolation
procedure mainly in the membrane fraction and
less in the soluble fraction. BRIGHTWELL and
Tapper!? found the highest activity in the soluble
fraction. This discrepancy to our results might be
due to the methods of preparation used by these
authors. They obtained their lysosomal membranes
after freezing and thawing. Our observation, that
prolonged dialysis of the lysosomes against 0,Im
acetate buffer, pH 4.5, releases the enzyme, sup-
ports this suggestion.

1. Enzymic degradation of phosphatidylethanol-
amines

All lysosomal enzymes known so far possess an
acidic pH optimum. We studied the hydrolysis of
1-[3H]stearoyl-2-[14C]linoleoyl - glycero-3-phospho-
rylethanolamine at three different pH values: 4.5;
6.0; 8.0. The yields of the hydrolysis are summa-
rized in Table 1.

The substrate is most rapidly hydrolyzed at pH 4.5.
The acyl groups of the l-andz'posiﬁcnmhydro-
lyzed in high yield, the I-position y

efficiently. No difference in the specificity of M T

Table 1. Hydrolysis of 1-[*H]stearoyl-2-['4C]linoleoyl-
glycero-3-phosphorylethanolamine with rat liver lyso-
somes at different pH values.

Each incubation contained in a total volume of 1.75 m/:
0.140 pmole of substrate/m/ in 0.1m acetate buffer,
pH 4.5, 0.1m phosphate buffer, pH 6.0 and pH 8.0. All
buffers were in 0.25m sucrose solution; 0.85 mg of en-
zyme protein (sonicated lysosomes)/m/ was added. In-
cubation: 2 h at 37°C.

Fatty acids
released from substrate [%]

pH [BH]18:0 [1-14C]18:2
(position 1) iti 3

4.5 65

6.0 124

8.0 44

12 R. BRIGHTWELL and A. L. TAPPEL, Arc
Biophysics 124, 333 [1968].
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hydrolysis at different pH values, as reported by
WINKLER et al.” for the chromaffin large granula
of the adrenal gland, was observed. The rate of the
hydrolysis increases with the enzyme concentra-
tion as shown in Table 2. .

Table 2. Yield of hydrolysis re
centration.
Each incubation contained in a
of 0.1m acetate buffer, pH 4.5, in 0.2,
0 125 y.mole of 1- FH]stearoy!-Z [

ine/m/ and pro
ted Incubatlon 2 h at 37°C.

| to the enzyme con-

Protein Total 3H  [3H]18:0 18:0 3H/14C
concen- radioactivity released  released  inlyso-
tration  extracted cephalin
[mg/m/]  [cpm] [cpm] [%]

0.05 8950 2900 32:5 15.6

0.1 7540 3500 46 14.5

02 15170 7100

04 1

0.8

The kinetics of the hydrolysis of 3-phosphatidyl-
ethanolamine by lysosomal enzymes were measured
by the sampling technique and exhibit a typical
1. order reaction as summarized in Table 3.

acetate c
0 125umole 1-[3H]stearoyl-2- F‘C]lmoleoyl glyeero-3-
phosphorylethanolanune and 0.25 mg lysosomal pro-

tein/m/. Incubation at 37°C, ling at times i
Time of Total 3H PH]IB 0
incubation  activity

extracted

[min] [cpm]







