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A simple procedure for the isolation of rat kidney lysosomes.
Background. A procedure for the isolation of highly purified lysosomes

from normal rat kidney is described.
Methods. The method depends on the swelling of mitochondria when

the postnuclear supernatant fraction is incubated with 2 mM Ca21. The
lysosomes can then be separated from the swollen mitochondria by Percoll
density gradient centrifugation.

Results. The lysosomal fraction obtained by our method was enriched
more than 30-fold in terms of marker enzymes with a yield of about 11%.
Electron microscopic examination and the measurement of the activities
of marker enzymes for various subcellular organelles indicated that our
lysosomal preparation was essentially free from contamination by other
organelles.

Conclusion. We believe that this procedure for isolating kidney lyso-
somes will be useful in the study of the mechanisms of specific modifica-
tion, processing and catabolism of proteins.

The role of kidney lysosomes in the accumulation and
catabolism of “exogenous” proteins has been established by
work from many laboratories [1–7]. Lysosomes contain
many hydrolytic enzymes, which have been shown to digest
a wide variety of proteins. Furthermore, these enzymes are
distributed in all sorts of membranes, and can be associated
with the specific modification, processing, and catabolism
of membrane proteins.

The isolation of lysosomes by conventional differential
centrifugation is extremely difficult. As extensively dis-
cussed by Beaufay [8], the difficulty lies in the fact that
there are only minor differences in the isopyknic density or
sedimentation coefficient among lysosomes, mitochondria,
and peroxisomes.

We previously described a procedure used for the isola-
tion of rat liver lysosomes [9]. In the present study, we
isolated kidney lysosomes from homogenates of rat kidney
cortex by a procedure in which the isopyknic properties of
the mitochondria, rather than the lysosomes, are altered.
The procedure is based on the swelling of mitochondria in

the presence of Ca21 [10], where the swollen mitochondria
can be separated from the lysosomes by Percoll density
gradient centrifugation.

METHODS

Tissue fractionation

Male anesthetized Wistar rats, 200 g body wt, were
starved for 18 hours and killed by decapitation. The kidneys
were rapidly removed and the renal cortex was cut with
scissors. The cortical tissue was immediately weighed,
minced with scissors, and suspended in 6 volumes of cold
0.3 M sucrose bubbled with nitrogen gas and containing 50
mg/ml leupeptin. It was homogenized in a six-stroke Potter-
Elvhjem homogenizer with a Teflon pestle rotating at 1000
rpm. The homogenate was centrifuged at 1000 rpm for five
minutes and the supernatant was centrifuged at 2000 rpm
for five minutes. In this article the supernatant obtained
after the second centrifugation is named the postnuclear
supernatant.

Isolation of lysosomes

The postnuclear supernatant was incubated for 10 min-
utes at 37°C in the presence of 2 mM CaCl2 to induce
mitochondrial swelling [10]. The incubated sample was
layered on an iso-osmotic Percoll at a density of 1.23 g/ml
in a Hitachi RP 30 rotor tube. The pH of the Percoll
suspension was adjusted to 7.4 with hydrochloric acid.
Centrifugation was performed for 15 minutes at 60,000 3 g
in a Hitachi RP 30 rotor at 2°C. After centrifugation,
fractions of 2.5 ml were collected from the bottom of the
tube and diluted with 5 volumes of 0.3 M sucrose. The
solution was subsequently centrifuged at 15,000 rpm for 10
minutes to obtain a pellet. The pellet was washed twice by
centrifugation under the same conditions, which effectively
removed the contaminating Percoll. The washed pellet was
finally suspended in a small volume of 0.3 M sucrose and
was used as the purified lysosomal fraction.

Enzyme assays

Cathepsin D [11] and arylsulfatase (combined activities
of A and B) [12] used as lysosomal markers. Succinic-INT
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reductase [13], glucose-6-phosphatase [14], and catalase
[15] were used as mitochondrial, microsomal, and peroxi-
somal markers, respectively.

Protein determination

Protein was determined using the BCA Protein Assay
Reagent (Pierce) [16].

Morphological examination

The final pellet, prepared as described above in the
section on isolation of lysosomes, was fixed with 2.5%
glutaraldehyde for two hours at 0°C. After fixation, the
sample was washed several times with 0.25 M sucrose
solution buffered with 50 mM cacodylate (pH 7.4) and it
was then post-fixed with 1% osmium tetroxide in 0.25 M

sucrose buffered with 0.1 M cacodylate (pH 7.4) for one
hour at 0°C. The sample was subsequently dehydrated with
ethanol, and embedded in Epoxyresin. Sections were
stained with 2% uranyl acetate for 50 minutes, followed by
lead citrate for 20 minutes. They were then examined with
a Hitachi H-500 electron microscope.

RESULTS

Morphological examination

As seen by electron microscopy, the purified lysosomal
fraction consisted almost exclusively of membrane-limited
granules approximately 0.5 to 1.5 mm in diameter, which

revealed a morphological heterogeneity; some were round
and electron-dense while others were vacuolated (Fig. 1).
This heterogeneity was in agreement with numerous cyto-
chemical observations in situ that show the various forms
acid phosphatase-positive structures can take. Contamina-
tion by other organelles was not observed.

Biochemical analysis

Table 1 shows the yield and the relative specific activity
of marker enzymes for various cell organelles in the
purified lysosomal fraction. The purified lysosomal frac-
tions were very rich in both cathepsin D and arylsulfatase,
more than 30-fold over the homogenate. Succinic-INT
reductase and glucose-6-phosphatase were below the level
of detection. We detected a slight activity of catalase in our

Fig. 1. Electron micrograph of the purified lysosomal fraction.

Table 1. Purification of rat kidney lysosomes by Percoll density
gradient centrifugation

Enzyme

Enzyme specific
actvity units/mg

protein

Relative specific
activity

lysosome/homogenate
Yield

%

Cathepsin D 636 30.3 12
Arylsulfatase 1400 32.6 10
Catalase 151 0.030 —
Succinic INT reductase ND — —
Glucose-6-phosphatase ND — —

Relative specific activity are expressed as specific activity found in the
purified lysosme/specific activity measured in the homogenate.

Values are mean of seven experiments.
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lysosome preparation. However, if one assumes that the
protein content of peroxisomes was comparable to that of
lysosomes, the relative specific activity of 0.030 for catalase
as compared to more than 30 for lysosomal marker en-
zymes would indicate that the contamination by peroxi-
somes constitutes less than 0.1% of the lysosomal proteins.
The lysosomal fraction contained about 12 and 10% of
cathepsin D and arylsulfatase of the homogenate, respec-
tively.

DISCUSSION

In the present study, we isolated lysosomes from the
renal cortex. An effective separation of lysosomes from
mitochondria and peroxisomes by isopyknic centrifugation
is possible only if the density of lysosomes has been
selectively changed by injecting the animal with appropriate
substances that enter the lysosomes by phagocytosis. Thus,
methods have been described for isolating lysosomes filled
with Dextran 500 [8], Triton WR-1339 [17], and colloidal
iron [18]. The great advantage of our procedure is that it
does not require preliminary treatment of the animals, and
thus, lysosomes are not rendered “abnormal” by overload-
ing with foreign materials. Our procedure is based on the
swelling of mitochondria in the presence of Ca21 [10]. The
swollen mitochondria can be separated from lysosomes by
Percoll density gradient centrifugation. As seen in Figure 1,
the lysosomes obtained from rat kidney cortex are approx-
imately 0.5 to 1.5 mm in diameter, and as such have an
identical ultrastructure to the type of lysosomes most
frequently observed in sections of proximal tubule cells
[19]. As seen in Table 1, in the purified kidney lysosomal
fractions, the relative specific activity of more than 30 for
lysosomal marker enzymes is the highest ever reported in
any lysosomal preparation. The biochemical observations
were in good agreement with the electron microscopic
observations and demonstrated a very high degree of
purification of kidney lysosomes.

As originally reported by de Duve et al, lysosomes are
organelles that have many hydrolytic enzymes that can
digest a wide variety of proteins, and that play an important
role in heterophagy and autophagy [20]. Furthermore,
these enzymes are distributed in all sorts of membranes,
and can be associated with the specific modification, pro-
cessing, and catabolism of membrane proteins [21, 22].
Buus, Sette and Grey demonstrated that antigen proteins
should be treated with hydrolytic enzymes in lysosomes to
present antigenicity on the surface of T cells [23]. The role
of kidney lysosomes in the accumulation and catabolism of
“exogenous” proteins has been established by worker in
several laboratories [1–7]. The kidney lysosomal fraction
was about 2.5-fold richer than the liver lysosomal fraction
in terms of marker enzymes as compared in our previous
study (data not shown), suggesting that the kidney plays an
important role in the metabolism of several proteins.
Figure 2 shows the result of Western blot analysis of the

kidney lysosomal albumin in a nephrotic rat. Albumin is
indicated to be physiologically degraded in kidney lyso-
somes, and this degradation is increased in nephrotic
syndrome.

We hope that our procedure for the isolation of kidney
lysosomes will be able to clarify the mechanism of the
specific modification, processing, and catabolism of several
proteins.

Reprint requests to Akira Kawashima, M.D., Ph.D., Department of Medi-
cine, Kidney Center, Tokyo Women’s Medical College, 8-1 Kawada-cho,
Shinjuku-ku, Tokyo 162, Japan.
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