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Abstract. Proteins sequestered by a non-selective bulk process within the lysosomes turn over with an apparent
half-life of about 8 minutes and this rapid lysosomal proteolysis is initiated by endopeptidases, in particular by the
cathepsins D and L. We describe also the cathepsins B and H which show mainly exopeptidase and only low
endopeptidase activity. Especially cathepsin H is most probably the only lysosomal aminopeptidase in many cell types.
Additionally, the properties of other mammalian lysosomal endo- and exopeptidases are compared.

Finally, we discuss some of the conditions for the action of lysosomal proteases as the low intralysosomal pH, the

high part of lysosomal thiol groups and the absence of intralysosomal proteinase inhibitors.
Key words. Lysosome; protein degradation; proteinase; cathepsin.

Introduction

The autophagic-lysosomal pathway of intracellular
protein degradation is a non-selective bulk process*4
that accounts for the main part of total protein break-
down. It has been estimated that more than 90% of
all long-lived protein and a large fraction of the short-
lived protein are degraded in lysosomes?. Protein se-
questered within the lysosomes turns over with an appar-
ent half-life of about 8 minutes >4, a value in excellent
agreement with data on the functional morphology of
lysosomes 8,

Such rapid proteolysis needs a highly effective prote-
olytic environment, and it is the aim of this review to
describe briefly some of the lysosomal proteases. For
earlier reviews and more detailed reports com-
pare 1,3-6,11-17,19,35,41,42,51,52,62, 68_

We assume that as a rule lysosomal proteolysis is initiated
by endopeptidases (proteinases), which are rate-limiting,

and that this process is immediately continued by the
lysosomal exopeptidases. The free amino acids, and also
some dipeptides, can diffuse through the lysosomal mem-
brane. Cytosolic exopeptidases are able to split the re-
maining peptides rapidly. The resulting free amino acids
can be used as substrates for the synthesis of new proteins
or for degradation as energy sources.

Lysosomal proteases

An old name for cellular proteases is cathepsin. This
name was introduced in 1929 and is derived from the
Greek term meaning ‘to digest’”*,

Some of the lysosomal cathepsins are now recognized as
exopeptidases, such as cathepsin A, which is a car-
boxypeptidase, or cathepsin C, which is a dipeptidylpep-
tidase 16-52, Other cathepsins act as endo- as well as exo-
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Table 1. Mammalian lysosomal endopeptidases
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Name Molec.wt Isoelectric point Catalytic group EC number
Cathepsin B 27000 5.4 Cys 34221
“ D 42000 5.5-6.5 Asp 3.4.23.5
“ E 100000 41-44 Asp 3.4.23.-
“ G 30000 10 Ser 3.4.21.20
« H 28000 71 Cys 34.22.16
“ L 29000 5.8-6.1 Cys 3.4.22.15
“ N 34000 6.2 Cys 3.4.22.-
« S 24000 6.3-6.9 Cys 3.4.22.-
“ T 34000 ? Cys 3.4.22-
Prolyl endopeptidase 115000 4.8 Ser 3.4.21.16
Cathepsins B and H also show exopeptidase activity (see table 2).
Table 2. Mammalian lysosomal exopeptidases
Name Molec.wt Isoclectric point Catalytic group EC number
Cathepsin A 100000 5.1 Ser 3.4.16.1
“ B 27000 5.4 Cys 3.4.221
“ C 200000 5.0 Cys 3.4.14.1
“ H 28000 7.1 Cys 3.4.22.16
Dipeptidylpeptidase IT 130000 49 Ser 34.142
Tripeptidylpeptidase I 57000 ? Ser? -
Carboxypeptidase B 2x 25000 5.0 Cys 3.4.18.1
Prolylcarboxypeptidase 115000 ? Ser 3.4.16.2
Tyr-carboxypeptidase ? ? Ser? 3.4.16.3
Peptidyldipeptidase A 145000 4.0 ? 3.4.151
Dipeptidase I 180000 5.4 Me?* 3.4.13.-
Dipeptidase II 120000 ? Cys 3.4.13.-
-Glu-carboxypeptidase 108000 8.2 Me?* 3.4.22.12

Group Cys =Cysteine as essential catalytic group (+ His + Asp).
“ Ser =Serine as essential catalytic group (+ His+ Asp).
Me?* =Metal ions essential in the catalytic active site.

I3

References can be found in refs 3-5, 11-17, 25, 41, 52 and also in the ‘Enzyme nomenclature’ of the International Union of Biochemistry, Academic

Press, London 1984.

A more detailed table of all cathepsins including some molecular properties and references on the cathepsins F, G, I, ], K, M and R can be found in
Bohley '¢. Cathepsin I has been shown to be simply rabbit lung cathepsin H*'. Cathepsin A is a lysosomal carboxypeptidase A. Cathepsin B is a
Iysosomal peptidyldipeptidase B. Cathepsin C is a lysosomal dipeptidylpeptidase I. Cathepsin H is a lysosomal aminopeptidase.

Only cathepsin B and cathepsin H also show some endopeptidase activity (compare table 1).

peptidases: cathepsin B shows weak endopeptidase ac-
tivity and acts also as a peptidyldipeptidase* > 4! and
cathepsin H seems to be the only lysosomal aminopepti-
dase and acts in some cases also as an endopepti-
dase® 334142 Tt should be noted that the endopepti-
dase activities of cathepsin B and cathepsin H are very
low compared to the activities of the two main lysosomal
endopeptidases: cathepsins D and L# 3 12717,40-42,60,
Nevertheless it is necessary to include cathepsin B and
cathepsin H among both the endopeptidase and the exo-
peptidase, because in these two cases the different activi-
ties have been shown unequivocally#: 5-16-41.52,

Table 1 is a list of selected lysosomal endopeptidases. It
does not contain some more specialized proteinases
which occur only in a few cell types as for instance acros-
in, tryptase and the chymases (for these and also for the
cathepsins F, G, I, J, K, M, P, R and S see refs 5, 16 and
below). This table shows that lysosomal endopeptidases
are mainly cysteine- or aspartic-proteinases with low
isoelectric points. The most active proteinases will be
described in detail below.

Table 2 shows. all mammalian lysosomal exopeptidases
which have so far been characterized in some detail. It
shows that mainly serine- and cysteine-proteinases be-
long to this group.

It is impossible to describe all lysosomal proteases in
detail in this short review. Therefore, we concentrate here
on a few more important examples of cathepsins and
make only a few remarks on the other lysosomal
proteinases (see below).

Cathepsins are synthesized on membrane-bound ribo-
somes as precursors, and are transferred co-translation-
ally into the endoplasmic reticulum and later into the
Golgi regions. After post-translational proteolytic pro-
cessing and modification of carbohydrate moieties, they
are transported to the lysosomes. This transport is medi-
ated by a receptor that recognizes mannose-6-phosphate
residues present on the precursor cathepsins. The process
involves signal peptide cleavage, propeptide cleavage and
in some cases finally a carboxy-terminal processing 2*>7.
Cathepsin D®° is one of the most abundant lysosomal
enzymes, at least in rat liver, comprising about 10% of
the lysosomal protein in this organ 22. Different cell types
vary enormously in their content of cathepsin D, Kupffer
cells of rat liver being especially rich 74!, Cathepsin D
is an aspartic proteinase with pepsin-like specificity
which cleaves preferentially between hydrophobic
amino-acid residues. The pH-optima with different
substrates have been determined to be in the range
3-5.
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The simplest synthetic substrates are peptides with at
least five amino acids, for instance GlyPhe — Leu-
Gly-Phe*!; Cathepsin D splits hemoglobin, myosin, an-
giotensinogen, cytosol proteins, proteoglycans, myelin
proteins and endorphins, but there is little action on
serum albumin and very little action on collagen or
gelatin*!. Pepstatin is a tight-binding reversible inhibitor
of cathepsin D and can be used for affinity purifica-
tion® 4!, Cathepsin D contains two oligosaccharides
which, like the carbohydrates in other lysosomal en-
zymes, are involved in the targeting of this proteinase to
lysosomes. It is predominantly a two-chain protein,
whereas most other aspartic proteinases are single-chain
proteins. The proteolytic conversion of a single-chain to
a multi-chain enzyme is apparently a universal phe-
nomenon in lysosomal enzymes’’. Cathepsin D is mem-
brane-associated in macrophage endosomes, but much
less in lysosomes 23. The membrane-associated form is a
biosynthetic precursor for the soluble form found in en-
dosomes and in lysosomes 23,

Cathepsin L*°~*2 is by far the most powerful lysosomal
cysteine proteinase against protein substrates. It de-
grades proteins at least ten times faster than the other
cellular cysteine proteinases, including the cathepsins B
and H'2717. Some substrate proteins are: myosin, actin,
troponins, calmodulin, parvalbumins, tubulin, vimentin,
collagen, elastin, hemoglobin, albumin, histones, in-
sulin, glucagon, many cytosolic enzymes, except lactate
dehydrogenase *’, and also proteoglycans from bovine
nasal septum cartilage ¢¢. A well-suited peptide substrate
is benzyloxycarbonyl-phenylalanyl-arginyl-4-methyl-7-
coumarylamide® !7-*! and a potent, and under very spe-
cial conditions specific inhibitor is benzyloxycarbonyl-
phenylalanyl-phenylalanyl-diazomethyl ketone =6 1741,
This is in good agreement with the substrate specificity of
cathepsin L: hydrophobic amino acids at the positions
P3 and P2 are necessary, and a further apolar amino acid
at P1 may be helpful for rapid hydrolysis*!. Cathepsin L
has been found in many species such as man, rat, pig,
pigeon, frog, carp, and Euglena gracilis (but not in yeast
and not in E. coli), and in many organs such as liver
(where it occurs mainly in parenchymal cells), kidney,
spleen, lung, brain, muscle, stomach, pancreas and in
many tumor cells* 6127174042 The amino acid se-
quence of cathepsin L shows a high homology to the

Table 3. Comparison of chain structures of the cathepsins B, H, and L.
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cathepsins B and H (see below) and to the plant cysteine
proteinase papain >°. The cloned cDNA of cathepsin L
encodes a 334-residue protein containing both a 17-
amino acid preregion and a 96-amino acid proregion °°.
A 36-kDa precursor was converted intracellularly into a
28-kDa protein and subsequently into a 21-kDa
protein °*°. This is in agreement with earlier work which
showed a molecular weight of 28 kDa for the unreduced
proteinase and the existence of two chains of 22 and
6 kDa, respectively, after reduction of cathepsin L*. For
a summary of recently reported in vivo studies on the
conversion of lysosomal cysteine proteinase precursors
and for new results in this field see refs 55 and 73. A
comparison of the different chain structures of cathepsin
B, H and L is given in table 3.

New inhibitor studies indicate that active cathepsin L is
probably essential to its own processing in cultured fi-
broblasts 54,

Cathepsin L contains carbohydrate and is partially ad-
sorbed to concanavalin A-sepharose*!. Multiple forms
with different isoelectric points (see table 1) may be due
to variations in the carbohydrate part. Cathepsin L de-
grades proteins in the pH range 3-7 in vitro. The
specificity for the bonds cleaved seems to be broad in the
acidic range, but becomes narrow at pH 74

The great number of different proteinases in mammalian
cells makes it necessary to compare the activities against
natural substrates to calculate the share of each cathepsin
to the total activity. Such comparisons showed that
cathepsin L is by far the most active proteinase in hepa-
tocytes and contributes more than 40% of their total
proteolytic activity 14717,

The major excreted protein of transformed fibroblasts is
cathepsin L, and human cancer cell lines secrete a ther-
mostable complex of the cathepsin-L-proenzyme
(37 kDa) and the mature cathepsin L (31 kDa) which is
very sensitive toward the diazomethane inhibitors ’>. The
results indicate that cathepsin L secreted from cancer cell
lines may play a role in the destruction of basal lamina,
invasion of tissue, and metastasis 7>. In both murine and
human melanomas, plasma membrane fractions were
found to be enriched in cathepsin L 3.

A differentiated myelomonocytic cell line has a novel
pathway that is responsible for the uptake and processing
of extracellular cathepsin L°'. The activity of this in-

Cathepsin B 11— 29— 4344 ———— 252

L C* NV F
Cathepsin H  1————— 26 — ——169-170——————————— 220

Y c* NG A%
Cathepsin L. =~ 1-————~ 25— - _—— —178-179—————— 221

I c* N K N

C* marks the catalytically active cysteine residues.
Cathepsin B chains: 1-43 and 44-252.
Cathepsin H chains: 1-169 and 170-220.
Cathepsin L chains: 1-178 and 179-221.

During the heavy-light chain cleavage, cathepsin L loses three or at least two amino acids, cathepsin B loses two amino acids, and cathepsin D even
loses amino acids. However, these processing steps are species- and cell-type-specific*!.
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ducible pathway is a major determinant of levels of intra-
cellular cathepsin L. Cathepsin L is a potent collage-
nase and a potent elastase, and the regulation of its pro-
cessing, secretion and uptake may play an important role
in diseases such as cancer and emphysema.

Cathepsin B appears to be ubiquitous in mammals, hav-
ing been detected in nearly all organs, and tissues and
enzymes with similar properties occur in many lower
organisms *!. The detailed study of pure cathepsin B be-
came possible once the enzyme had been separated from
lysosomal carboxypeptidase B (formerly cathepsin B,)
by Otto 5. Nevertheless, the exact specificity of the en-
dopeptidase activity of cathepsin B is still unclear*'.
The activity of cathepsin B against protein substrates is
low in comparison to the activity of cathepsin L (less
than 10%). An excellent composite alignment of the
amino acid sequences of rat and human cathepsin B with
mouse cathe];;sin L, rat cathepsin H, aleurain, actinidin,
papain and a cysteine proteinase from Dictyostelium dis-
coideum can be found in Portnoy et al.>®. Rat cathepsin
B consists of 252 amino acids, including 14 cysteine
residues, 12 of which form disulphide bonds, leaving the
active site Cys-25 and an additional free thiol*!. The
arrangement of the seven disulphide bridges of bovine
spleen cathepsin B has been described in detail 7. Cathep-
sin B shows a proteolytic cleavage, but in this special case
in the amino-terminal part between Asn-43 and Val-
444 Obviously, the catalytic cysteine is in the light chain
(see table 3 for a comparison of cathepsin chain struc-
tures). There are indications that precursors of cathepsin
B may be secreted by some tumor cells in culture. Human
and mouse breast tumors secreted a catalytically active
cathepsin-B-like protease that was recognized by an anti-
serum against cathepsin B%°. Also the subcellular distri-
bution of cathepsin B in metastatic tumors is bimodal,
being distributed in both a lysosomal and a plasma mem-
brane fraction %°.

Of potential relevance to metastasis is that the percentage
of cathepsin B associated with the plasma membrane
fraction correlates with the metastatic ability of the
tumor line, and cysteine proteinase inhibitors show a
striking negative correlation with metastatic capabili-
ty %, »

Cathepsin H3® was detected in all organs and tissues of
the rat that were tested with antibodies. It has been puri-
fied from rat liver, rat skin, human liver, rabbit lung, beef
lymph node and rat spleen (for references see Kirschke
and Barrett *1). Cathepsin H acts optimally at pH 67 as
an aminopeptidase on N-terminal unblocked peptides,
and presumably on the N-termini of proteins and of
peptide products of its (very weak) endopeptidase action.
The peptide bond specificity of the endopeptidase action
of cathepsin H has not yet been determined, but it cleaves
the insulin B-chain even when the N-terminus is blocked,
and it attacks vimentin and tubulin*!. The activity
against proteins is, however, very limited and less than
5% compared to that of cathepsin L (see above).
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No precursor of cathepsin H has been identified yet, but
cathepsin H is also a subject of limited proteolysis (see
table 3), and the heavy chain does not show catalytic
activity after separation of the light chain (although the
essential Cys and His residues are located on the heavy
chain). The three-dimensional structure of cathepsin H is
undoubtedly analogous to that of papain, and on this
basis one would expect Asn-Ser-Trp[175-177]to form
part of the active-site cleft. The fact that these residues
are contained in the light chain seems to provide suffi-
cient explanation for the inactivity of cathepsin H
molecules without it*!. Earlier names for cathepsin H
are: BANA-hydrolase, leucyl naphthylamidase, amino
acid naphthylamidase, lysosomal aminopeptidase, lyso-
somal arginyl aminopeptidase, cathepsin III, cathepsin
B;, cathepsin B;A and hydrolase H> °2. It should be
noted that, except for cystinyl aminopeptidase (which
occurs in the lysosomes of placenta as oxytocinase) no
other lysosomal aminopeptidase has been described as
yet. Therefore, the main function of cathepsin H in lyso-
somes is most probably to work as an aminopeptidase on
peptides liberated by cathepsin L and, in some more
specialized cells, by cathepsin D.

Cathepsin E is a lysosomal aspartic proteinase
found in macrophages, blood platelets, leucocytes and
bone marrow?. In contrast to cathepsin D, it shows a
higher activity against serum albumin relative to
hemoglobin4’.

Cathepsin F occurs in cartilage and splits proteogly-
cans®. The catalytic mechanism is unknown, because
cathepsin F resists inhibitors of all classes of proteinas-
es>®,

Cathepsin G is a serine proteinase localized in azurophil
granules of neutrophil leucocytes > *°, and acts extracel-
lularly in inflammatory processes.

Cathepsin 1 has been shown to be simply rabbit lung
cathepsin H (see above and ref. 41).

Cathepsin J*8 is a particulate cysteine proteinase found
in human, rat and mouse liver with a molecular weight of
230,000 and maximal activity in splitting Cbz-Phe-Arg-
aminomethylcoumarin at pH 6.2—6.8. The major isoen-
zyme has a pI of 5.848. Protein substrates have not been
tested with cathepsin J.

Cathepsin K #8 is a particulate cysteine proteinase found
in human kidney, spleen, lung, liver and pancreas, but
not in brain, erythrocytes, serum, placenta and skeletal
muscle 8. Tt shows a molecular weight of 650,000 and an
isoelectric point of 5.3 for the major isoenzyme. The
activity against protein substrates is not known yet.
Cathepsin M >° is a lysosomal cysteine proteinase found
in brain °° and in liver*!' 33, Approximately 50% of the
total cathepsin M activity is associated with membranes
from disrupted lysosomes. In the membrane-bound form
the enzyme is active at neutral pH, but the soluble en-
zyme and the activity eluted from the membranes are
maximally active at pH 5412, It has been shown to be
located on the outside of lysosomes 2 °3.

47,76
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Cathepsin N2¢ is a lysosomal cysteine proteinase that
has been detected in bovine spleen, human placenta, leu-
cocytes and in rat granulomata > 264!, It shows high
collagenolytic activity at pH 3.5 and also splits
hemoglobin, azocasein and histones > 2641,

Cathepsin P24 is a cysteine proteinase in rat pancreatic
islet lysosomes. It converts proinsulin to insulin at pH
5-6 and still shows activity at pH 7.5%%, The molecular
weight is 31,500. A general role for this protease in pro-
polypeptide processing has been proposed 24.

Cathepsin R ¢ is a ribosomal serine proteinase occurring
in rat liver ribosomes in a cryptic form on the small
ribosomal subunit*®. There are no known connections
with lysosomal proteolysis.

Cathepsin S 7! is a lysosomal cysteine proteinase isolated
from calf lymph nodes’! and bovine spleen. It digests
hemoglobin, azocasein and collagen?®4%43 and still
shows high activity at pH 72% 43, It is clearly different
from cathepsin L 2% 4143,

Cathepsin T2%:3%33 is a lysosomal cysteine proteinase
occurring in kidney, spleen, liver, intestine and lung. It
splits azocasein, ribonuclease and hemoglobin, and it
converts tyrosine aminotransferase from a 53,000-dalton
monomer to a 49,000-dalton monomer 3. Even under
conditions specially selected for cathepsin T — pH 6.5,
glycerol, dithiothreitol — the activity of cathepsin T in rat
liver lysosomal extracts is very low (less than 8%) in
comparison with the activity of cathepsin L 4.
Acrosin® % 93: 7% is 3 serine proteinase in the very special-
ized lysosome of spermatozoa, the acrosome. It is located
on the exterior of the head of the capacitated spermato-
zoan. The molecular weight is 38,000 and the isoelectric
point 10.5. There is an inactive precursor zymogen,
proacrosin®. For more detailed information see EC
3.4.21.10 and refs 3, 5, 65, 70.

Chymase I and chymase I13%37-43-72 gre chymotrypsin-
like serine proteinases in granules of human, bovine, dog,
cat and rat mast cells which degrade chymotrypsin sub-
strates 32,37,45, 72'

Tryptase*> 72 is a trypsin-like serine proteinase in gran-
ules of human, dog and mouse mast cells which splits
trypsin substrates 345 72,

Conditions for the action of lysosomal proteases

The intralysosomal concentration of proteases is com-
paratively high — in some cases more than 1 mmol?2 —
which is undoubtedly one of the main reasons for the
rapid hydrolysis of proteins immediately after the rate-
limiting entry into these organelles. Autophagic seques-
tration of cytosolic proteins does not exceed 4% per
h*4 %8 but the proteins sequestered within the lysosomes
turn over with a half-life of less than 10 min>*, which
means that the proteolytic capacity of these organelles is
much more than 20 times higher than the highest uptake
of substrate proteins. One of the conditions for such a
rapid proteolysis is the low intralysosomal pH 34 49: 37, 68
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which has been reported to be between pH 4 and 6.
Heterogeneity of these values was recognized using a
video image-processing technique®’; the values change
with pH-changes in the medium.

A simple Donnan equilibrium cannot account alone for
the low pH-values in lysosomes *>* 5. It is now generally
accepted that the acidity of lysosomes in vivo is main-
tained by an ATP-dependent proton pump located in the
lysosomal membrane 37, It is still not clear how the lyso-
somal pH is kept at around pH 5 and whether there are
other controlling factors besides the HT'-ATPase
molecules 7. The function of the lysosomal proton pump
may be to provide a favorable environment for lysosomal
hydrolysis and extrusion of hydrolysis products from
lysosomes; the proton pump may thus serve to create
polarity in intracellular traffic >7. After entry of substrate
proteins into the lysosomal compartment, the acidic in-
tralysosomal pH value favors the exposure of formerly
buried hydrophobic areas, making these proteins much
more sensitive substrates of cathepsin D and L (see
above). Because of the specificity of these cathepsins
against hydrophobic amino acids ! ~17-4! on the surface
of the substrate proteins, it is evident that proteins with
more apolar surface amino acids must be degraded
faster 11717,

In the acidic environment within the lysosome, oligomer-
ic proteins dissociate into their monomers, proteins dis-
sociate away from protecting membranes, and stabilizing
ligands (substrates, cofactors) dissociate away from
proteins. All these processes can increase the surface hy-
drophobicity of the substrate proteins. This can also oc-
cur after the splitting of stabilizing disulfide bonds, but it
is still not known to what extent this actually occurs in
lysosomes. Most of the lysosomal thiol groups are found
in the lysosomal proteins ®7, which is in good agreement
with the high concentration of cysteine proteinases in
lysosomes. A remarkable group of lysosomal disulfides
are the mixed disulfides formed from proteins and low-
molecular-weight thiols 7, It seems possible that lysoso-
mal proteolytic activity may be regulated by changes in
the lysosomal thiol-disulfide-status, which would also be
influenced by lysosomal cystine. Lysosomal cystine
transport is a carrier-mediated process3®“4®, and
polyamines were found to stimulate it 35. Because lyso-
somes may be the main intracellular location of cystine it
has been speculated that during times of cell growth and
active protein turnover lysosomal cystine can be utilized
by alterations in the species and concentrations of
polyamines 3.

Compared to the very short half-life of substrate proteins
(about 8 min, see above) the half-life of lysosomal
proteases can be very long, from a few days up to several
weeks 1® 4!, This might be due to the unusually high
content of acidic oligosaccharides found on many lysoso-
mal proteins 3!+ 34, which somehow protects the lysoso-
mal membrane and the lysosomal matrix proteins against
degradation. Consistent with this are findings that sever-
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al lysosomal membrane proteins exhibit reduced life
spans in cells treated with tunicamycin, an inhibitor of
glycosylation 34 73,

Intralysosomal proteinase inhibitors have not been
found yet, but the cytosol is very well protected against
escaping proteases by a highly effective set of proteinase
inhibitors 6.

Peptides liberated by lysosomal proteolysis cannot be
reutilized. After rapid peptide degradation, the resulting
free amino acids can be reutilized for protein synthesis or
finally degraded to yield energy. Lysosomal proteolysis is
a necessary precondition for both processes.

The main part of cellular proteins appear to be degraded

in lysosomes by the enzymes and mechanisms dis-
CUSSCd 3-5,11-17,19,22,25,28, 34,35,40—-42,51,54,58,62,68

However, some short-lived proteins, and especially very-
short-lived proteins from the cytosol, must be degraded
by selective extralysosomal pathways '® **. These path-
ways involve proteolytic mechanisms which are totally
different from lysosomal proteolysis®~ 18 and which
cannot be discussed in this short review on lysosomal
proteases.
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