Isolation and Characterization of Human Cathepsin V:
A Major Proteinase in Corneal Epithelium
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Purposk. To isolate and characterize a novel cathepsin gene, as part of the systematic isolation of
genes uniquely active in corneal epithelium.

MEerHODS. For the isolation of a full-length cDNA clone, a probe was selected from a set of expressed
sequence tag clones classified as unique to corneal epithelium. Inserted cDNA was introduced into
insect cells using a baculovirus expression system, and the secretion of recombinant protein was
identified using antisera against a synthetic peptide. Proteolytic activity was determined using
bovine serum albumin (BSA) as substrate. The expressions of the novel cathepsin in human cornea
and other tissues were examined by reverse transcription-polymerase chain reaction (RT-PCR).

Resurts. The full-length cDNA clone encoded a peptide of 334 amino acids with 82% identity with
bovine cathepsin L and 77% identity with human cathepsin L when aligned. The recombinant
protein produced in the baculovirus expression system cleaves BSA, and its activity was inhibited
by the cysteine proteinase inhibitors E-64 and leupeptin, but not by pepstatin A, phenylmethylsul-
fonyl fluoride, and EDTA. By RT-PCR, a low level of expression was observed in some other
epithelial tissues of ectodermal origin, but only in cornea was it higher than cathepsin L, which is
known to be a general lysosomal cathepsin. Cathepsin V protein was detected in human corneal
epithelium by western blot analysis, but not in tear fluid.

Concrusions. The amino acid homology and proteolytic activity of the recombinant protein indicate
that the novel gene is a new member of the cathepsins that have features of cysteine proteinase.
Its uniquely high expression in corneal epithelium strongly implies an important role in corneal
physiology. (Invest Opbthalmol Vis Sci. 1998;39:1789 -1796)

e have identified several candidates for genes
uniquely active in corneal epithelium by a random

3'-directed expressed sequence tag (EST) collection

Lysosomal cysteine proteinases, including cathepsin L,
play a major role in protein degradation and turnover.*® In
addition, they degrade extracellular matrix components, such

and database comparison approach.'~3 The most abundant EST
clones among them, representing gene ID GS8025, encodes
human keratin 12.*> From the remaining candidates, we se-
lected GS8009 for further analysis. The nucleotide sequence of
GS8009 appeared four times in 1062 isolates from a corneal
epithelial library but was absent in the same type of data sets
from 45 other tissues. The nucleotide sequence of GS8009 was
highly similar to the 3’ termini of human and porcine cathepsin
L (71% in 149 bp and 86% in 177 bp, respectively), suggesting
that the corresponding gene encodes protein of the same
proteinase family.
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as fibronectin,® laminin,® elastin,” collagen,®® and proteogly-
can,' being secreted from cells under various conditions such
as tumor invasion and tissue remodeling.''~'? Its involvement
in the incidence and progression of diseases such as pulmonary
emphysema,” rheumatoid arthritis,'? and glomerulonephritis'
have also been reported. In the present study, we determined
the complete nucleotide sequence of cDNA tagged by GS8009,
and we named this novel cathepsin, cathepsin V. We showed
the proteolytic activity of the recombinant protein and the
tissue distribution of cathepsin V mRNA by reverse transcrip-
tion-polymerase chain reaction (RT-PCR).

MATERIALS AND METHODS

Isolation and Sequence Analysis
of Cathepsin V cDNA

Using the library of human corneal epithelium constructed
previously, approximately 80,000 plaques were screened
with *?P-labeled random primed fragments of a 3'-directed
EST, GS8009 (185 bp). Among 25 positive plaques, the
longest cDNA insert was sequenced by the shotgun method
(Fig. 1A).'>1¢

Nucleotide and amino acid sequence alignments with hu-
man cathepsin L and other cysteine proteinases were per-
formed with the CLUSTAL W program.'? The dendrogram was
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based on the amino acid sequences of the mature form of
cysteine proteinases'® 3¢ and constructed with the un-
weighted pair group methods with averages clustering
method.>”

Production of Preprocathepsin V in Baculovirus

The recombinant cathepsin V protein was produced using a
commercial system (BAC-TO-BAC Baculovirus Expression Sys-
tems; GibcoBRL, Gaithersburg, MD). The cathepsin V cDNA con-
taining the complete coding sequence was generated by PCR
amplification with primers designed to include the RsyII or
Sall site (5'-TGAACATGACGGTCCGTGATGAATCTTTCGCT-
CGTCCT-3" and 5'-GTGCAAGTCTAGGTCGACCATCCATCAG-
CTCACACATT-3") and the PCR product was cloned between the
RsrIl and Sall sites of the pFASTBAC donor plasmid. Starting from
this plasmid, recombinant baculovirus with a titer of 10°> pfu/ml
was obtained according to the manufacturer’s protocol. After a
single round of amplification with Sf9 cells (Invitrogen, Carlsbad,
CA), the titer of recombinant virus was raised to 107 pfu/ml. Hi5
cells (nvitrogen) at a density of 0.5 X 10° cells/ml were infected
with recombinant cathepsin V baculovirus or wild-type ACNPV
baculovirus (Invitrogen) of the same titer at a multiplicity of
infection of five and were cultured at 27°C (Grace’s Insect Me-
dium; BRL) supplemented with 7% fetal calf serum (FCS). Twelve
hours after infection, culture medium was replaced with serum-
free medium (SfO00-I; BRL). Suspension cultures were harvested
at 24, 48, 72, and 96 hours after infection, and culture medium
and cells were separated by centrifugation at 1500g for 10 min-
utes. Proteinase inhibitors at final concentrations of 20 uM E-64,
20 uM leupeptin, 20 uM pepstatin A (Peptide Institute, Osaka,
Japan), 1 mM phenylmethylsulfonyl fluoride (PMSF), and 1 mM
EDTA were immediately added to the culture medium for time-
course expression to prevent further processing.

Antiserum and Western Blot Analysis of
Recombinant Protein

Antiserum for cathepsin V was made by immunizing a rabbit
with synthetic peptide that corresponds to amino acid residues
of 216 to 234 (ENSVANDTGFTVVAPGKEK; Fig. 1B) in prepro-
cathepsin V and conjugated to keyhole limpet hemocyanin.
Samples for time-course expression were prepared as fol-
lows. Protein in 200 ul culture medium was precipitated by
centrifugation after adding 8 volumes acetone and dissolving in
20 pl water. Cell pellets from 1 ml suspension culture were
lysed in 100 ul lysis buffer containing 50 mM Tris-HCI [pH 8.5],
10 mM 2-mercaptoethanol, 1% Nonidet P-40 (Sigma, St. Louis,
MO), 1 mM PMSF, 10 uM leupeptin, and 10 uM pepstatin A.
After brief centrifugation, the pellet was resuspended in 100 ul
lysis buffer and disrupted by sonication. Twenty microliters of
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this lysate and concentrated culture medium were boiled with
6 pl 4X loading buffer (0.25 M Tris-HCl [pH 6.8}, 8% sodium
dodecyl sulfate [SDS], 40% glycerol, 20% 2-mercaptoethanol,
and 0.004% bromophenol blue) and electrophoresed on 10%
polyacrylamide gel in the presence of 0.1% SDS (10% SDS-
PAGE) and transferred to a polyvinylidene difluoride mem-
brane (Millipore, Bedford, MA). After blocking in buffer con-
taining 20 mM Tris-HCl (pH 7.6), 137 mM NaCl, and 5% skim
milk, the filter was incubated in 20 mM Tris-HCl (pH 7.6) 137
mM NaCl, 0.1% Tween 20, and 0.1% bovine serum albumin
(BSA) with diluted 1:1000 anti- cathepsin V antisera. Immuno-
reactive bands were visualized with peroxidase-conjugated
goat anti-rabbit IgG (Bio-Rad, Richmond, CA) by immunostain-
ing (HRP-1000; Konica, Tokyo, Japan). Culture medium and
cells infected with wild-type AcNPV baculovirus were col-
lected 72 hours after infection and examined by western blot
analysis as described earlier.

Processing of Recombinant Protein

Two hundred microliters culture medium collected 72 hours
after infection was incubated with an equal volume of assay
buffer (200 mM sodium acetate [pH 6.0], 5 mM dithiothreitol,
5 mM EDTA, and 0.1% SDS) at 37°C for 0, 5, 15, 30, 45, or 60
minutes, and proteinase inhibitors were immediately added
(final concentration): 20 uM E-64, 20 uM leupeptin, 20 uM
pepstatin A, 1 mM PMSF, and 1 mM EDTA. They were precip-
itated by centrifugation after adding 8 volumes acetone and
dissolving in 20 ul water and then were analyzed by western
blot analysis, as described earlier.

Analysis of Proteolytic Activity of
Recombinant Protein

Proteolytic activity of culture medium was examined using BSA
(Sigma, St.Louis, MO) as substrate. For activation, 10 ul culture
medium collected 72 hours after infection was preincubated
with an equal volume of assay buffer at 37°C for 30 minutes
before 2 ul 0.1% BSA was added for incubation at 37°C for 30
minutes. After adding 6 ul of 4X loading buffer, samples were
fractionated by 10% SDS-PAGE and stained with Coomassie
brilliant blue.>® For inhibition studies, aliquots of activated
culture medium were incubated with various proteinase inhib-
itors (10 uM E-64, 10 uM leupeptin, 10 uM pepstatin A, 1 mM
PMSF, and 1 mM EDTA) at 37°C for 5 minutes before add-
ing BSA.

RT-PCR

All investigations followed the tenets of the Declaration of
Helsinki; informed consent, and approval by the Institutional
Review Board on Human Experiments of the Research Com-

<
<«

FIGURE 1.

(A) Alignment of human cathepsin V and human cathepsin L nucleotide sequences. Initiation codon, stop codon, and

putative polyadenylation signal are underlined. Human cathepsin V-specific primers (cat V-S and cat V-AS), human cathepsin
L-specific primers (cat L-S and cat L-AS), and common primers for unique competitive reverse transcription-polymerase chain
reaction (common-S and common-AS) are indicated in boldface; arrows indicate direction of amplification. AfII site is indicated
in double underlines. (B) Alignment of amino acid sequences of human cathepsin V with cathepsin L (L). Two amino acids,
cysteine and histidine, known as the active sites of cysteine proteinases, were conserved (arrows). Putative cleavage sites between
signal peptides and proenzymes and between proenzymes and mature enzymes are indicated by solid triangles. Predicted
N-glycosylation sites of cathepsin V (V) are indicted by open triangles. The region of synthetic peptide is underiined. (C) The
dendrogram based on the amino acid sequence of the mature form of cysteine proteinases. B, cathepsin B; H, cathepsin H; L,
cathepsin L; K, cathepsin K; O, cathepsin O; S, cathepsin S; V, cathepsin V.
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mittee of the Kyoto Prefectural University of Medicine were
obtained. Normal corneal epithelial cells were taken from eyes
obtained in autopsy (1 man, 76 years old). Conjunctival epi-
thelial cells were collected from 10 normal eyes (4 men, 6
women,; age range, 23- 65 years) by brush cytology technique,
as described previously.>® Approximately 1-cm X 5-cm seg-
ments of normal skin (1 man, 70 years old) were excised at
orthopedic surgery. Total RNA from those tissues were pre-
pared with a kit (RNeasy; Qiagen, Hilden, Germany) according
to the manufacturer’s instructions. Total RNA from other tis-
sues (brain, heart, kidney, liver, lung, and placenta) were
purchased from Clontech (Palo Alto, CA).

cDNA was generated from 1 pg total RNA according to a
standard procedure.”® PCR was performed for 25 cycles at
94°C for 30 seconds, 50°C for 1 minute, and 72°C for 1 minute,
using a commercial system (GeneAmp; Perkin-Elmer Cetus,
Norwalk, CT) using one eighth of the cDNA as a template in 50
wl reaction mixture containing 0.2 uM each of the primers, 200
uM deoxyribonucleoside triphosphate, and 1 unit DNA poly-
merase (AmpliTag; Perkin-Elmer Cetus, Norwalk, CT). Five
microliters PCR products were electrophoresed on 1.2% aga-
rose gel and stained with fluorochrome SYBR Green I (FMC
Bioproducts, Rockland, ME).

For independent amplification, primers with. the least con-
served regions were selected from neighboring exons in ca-
thepsin L (cat L-S and cat L-AS) and the corresponding regions
of cathepsin V (cat V-§ and cat V-AS; Fig. 1A). Glyceraldehyde
3-phosphate dehydrogenase (G3PDH) primers (5’ primer: 5'-
ACTGCCACCCAGAAGACTGT-3', 3’ primer: 5'-TCCACCAC-
CCTGTTGCTGTA-3") were used as controls.

Competitive RT-PCR

Using the same sets of primers (common-S and common-AS;
Fig. 1A), competitive RT-PCR was performed for 40 cycles at
94°C for 30 seconds, 50°C for 1 minute, and 72°C for 1 minute,
using the same commercial system (GeneAmp; Perkin-Elmer
Cetus). One eighth of the cDNA was used as a template in 50
wl total reaction mixture. After purification by phenolchloro-
form extraction and ethanol precipitation, each product was
dissolved in 50 ul distilled water. Ten microliters of product
was digested with 10 units AfII at 37°C for 1.5 hours and
electrophoresed on 6% polyacrylamide gel, along with the
same volume of nondigested products, and stained with SYBR
Green 1. The intensity of each band was quantified by fluores-
cent scanner (FMBIO II; Hitachi Software Engineering, Yoko-
hama, Japan), and ratios of cathepsins L and V were deter-
mined after normalization by band size.

Western Blot Analysis of Cathepsin V Protein in
Corneal Epithelium and Tears

Human corneal epithelial cells, scraped from an area approxi-
mately 6 mm in diameter in two eyes during laser photorefrac-
tive keratectomy, were solubilized in 50 ul lysis buffer (2%
SDS, 0.2 mM PMSF, 10 uM E-64, 10 uM pepstatin A, and 5 mM
EDTA). They were incubated at 55°C for 5 minutes, homoge-
nized, and heated at 95°C for 5 minutes. Tears were collected
from 20 eyes of 10 healthy, normal volunteers (6 men, 4
women; age range, 24 - 67 years) using 5 ul disposable micro-
capillaries (Accu-Fill90 Micropet; Clay Adams, Parsippany, NJ).
Approximately 50 ug protein was fractionated by 10% SDS-
PAGE, blotted to polyvinyldine difluoride membrane, and ana-
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lyzed as described earlier. For a competitive experiment, anti-
cathepsin V antisera were incubated with 5 ug/ml synthetic
peptides for 1 hour at room temperature before use.

RESULTS

Sequence Analysis

The longest cDNA clone corresponding to GS8009 contained
an open reading frame encoding 334 amino acids starting with
ATG proceeded by the Kozak consensus (Fig. 1A).4!12 A signal
peptide sequence (amino acid position 1-17) and possible
N-glycosylation site were predicted (Fig. 1B).%> It had signifi-
cant sequence similarities with cysteine proteinases, especially
with cathepsin L'® and was designated cathepsin V (Fig. 1C). In
the coding region, the highest similarity was found in bovine
cathepsin L with which 82% of the entire peptide was identi-
cal. It was 77% identical with human cathepsin L. Among the
members of the cathepsins, orthologues in various vertebrates
are clustered by 72% to 95% identity, and different types of
cathepsins are clearly segregated by a more than 40% differ-
ence (Fig. 1C). However, this novel cathepsin migrated in the
middle of the cathepsin L cluster according to the mutual
similarity among the mature peptides, suggesting a close evo-
lutionary association with cathepsin L.

Production and Functional Assay of
Preprocathepsin V Protein

To prove the enzymatic activity of cathepsin V protein, the
complete coding sequence, including the signal peptide, was
subcloned into a baculovirus expression vector for secretion
into the culture medium in the form of procathepsin V, as
described in the case of papain.®¥ Using rabbit anti-sera raised
against the synthetic peptide (amino acid residues 216-234),
an approximately 39-kDa immunoreactive protein was de-
tected in culture medium 24 hours after infection and accumu-
lated for the next 24 hours (Fig. 2A). In the cells, in addition to
39-kDa protein, two immunoreactive bands, approximately 41
kDa and 37 kDa, were detected 48 hours to 96 hours after
infection (Fig. 2A). The calculated molecular mass of cathepsin
V in prepro, pro, and mature forms are 37 kDa, 35.5 kDa, and
24 kDa, respectively. Judging from the time course of appear-
ance, it is reasonable to regard the 37 kDa protein detected
only in cells as preprocathepsin V before modification. The
remaining two bands, 41 kDa and 39 kDa, may correspond to
differently glycosylated forms of procathepsin V. None of the
immunoreactive bands was detectable in culture medium or in
cells infected with wild-type ACNPV baculovirus (Fig. 2B).
Proteolytic activity in the culture medium was tested un-
der conditions determined by modifying those for other cathe-
psins.'® -3¢ In the presence of 0.05% SDS and 2.5 mM dithio-
threitol at 37°C (pH 6.0) the secreted 39-kDa procathepsin V
was autocatalytically converted to an approximately 31-kDa
protein, which probably corresponded to the mature form, by
intermediate proteins of heterogeneous sizes (Fig. 3). The same
aliquot was used for the proteolytic assay by adding BSA (66
kDa) to a final concentration of 0.01% as substrate. By incubat-
ing at 37°C, BSA was completely digested into short peptides of
heterogeneous sizes (Fig. 4; lane 3). Such proteolytic activity in
the medium was inhibited specifically by the cysteine protein-
ase inhibitors E-64 and leupeptin and was absent in the culture
medium infected with wild-type AcNPV baculovirus (Fig. 4).
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Ficure 2. Western blot analysis of recombinant cathepsin V
expression. (A) Time-course expression of recombinant ca-
thepsin V. Culture medium (M) and cells (C) infected with
recombinant cathepsin V baculovirus were collected 24, 48,
72, and 96 hours after infection. These samples were electro-
phoresed and transferred to polyvinyldine difluoride mem-
brane. Western blot analysis was performed using antipeptide
antisera. (B) Culture medium (M) and cells (C) infected with
wild-type AcNPV baculovirus (1) were examined by western
blot analysis as described above. 2, recombinant cathepsin V
baculovirus.

Expression of Cathepsin V Gene
in Human Tissues

The expressions of the human cathepsin V gene were ex-
amined in various tissues by RT-PCR, using cathepsin L, the
gene's closest relative, as a reference. Stacting with 125

kDa 1 2 3 4 5 6

46.0—
(- < 39kDa
“ m i & 1949
30.0— € 31kDa
21.5—
Ficure 3. Processing of secreted procathepsin V. Culture

medium containing procathepsin V was incubated as described
in the Methods section and analyzed by western blot analysis.
Lanes 1 to 0, samples after incubation for 0, 5, 13, 30, 45, and
60 minutes, respectively.,
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FiGure 4. Proteolytic activity against bovine serum albumin
(BSA; 66 kDa) and inhibition studies. After preincubation at
37°C for 30 minutes, the culture medium was incubated
with 0.01% BSA at 37°C for 30 minutes. For inhibition
studies, various proteinase inhibitors were added and incu-
bated at 37°C for 5 minutes before addition of BSA. Samples
were electrophoresed and stained with Coomassie brilliant
blue. Lane 1, molecular size marker; lane 2, culture medium
of wild-type AcNPV baculovirus; lanes 3 to 8, culture me-
dium of recombinant cathepsin V baculovirus in the absence
of inhibitor (fane 3), in the presence of 10 uM E-64 (lane 4),
10 uM leupeptin ({ane 5), 10 uM pepstatin A (lane 6), 1 mM
phenylmethylsufonyl fluoride (lame 7), and 1 mM EDTA
(lane 8).

ng total RNA, various amounts of cathepsin L amplicon
were detected in all tissues after 25 thermal cycles (Fig. 5A).
In contrast, cathepsin V transcript was detectable only
in stratified epithelia, clearly in cornea and faintly in con-
junctiva and skin. Because preliminary studies showed
that the amplification was still within the linear range for
all sets of primers and templates under this condition,
it was concluded that expression of cathepsin V. was
highest in cornea and almost limited to stratified epithe-
lium, in contrast to the ubiquitous expression of cathep-
sin L.

To determine the relative expression levels of cithep-
sins L and V in tissues where coexpression was detected,
another series of PCRs were performed in which these
cathepsins competed for the same set of primers. For
these reactions, primers (common-S and common-AS)
were selected in the regions most conserved between cathe-
psins L and V. In positions of sequence discrepancy be-
tween the two, the nucleotides were replaced with those
differing from either of them to equalize the amplifying
efficiency (Fig. 1A). The expected PCR products from ca-
thepsin V and cathepsin L are of almost the same size (291
bp and 290 bp), but the restriction site for AfII exists only
in the cathepsin V amplicon (Fig. 1A). As a reference, kidney
was also included in the test, in which high-level expression
of cathepsin L has been reported. ™% After 40 cycles of
amplification, products from all tissues were saturated to
almost equal amounts. By selectively cleaving the cathepsin
V fragment with AfII and by quantification of the intensitics
of the bands, the ratios of cathepsins V to L were determined
as 45, 1.2, 1.1, and 0.03, respectively, in cornea, conjunc-
tiva, skin, and kidney (Fig. 5B).

By western blot analysis of human corneal epithelium,
two immunoreactive bands that comigrate with processed
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forms of recombinant proteins were observed (Fig. 6; lanes
2 and 4). They were completely competed by 5 ug/ml
peptide antigens (Fig. 6; lane 5). Such immunoreactive pro-
tein was not observed in tear fluid containing an equal
amount of total protein (Fig. 6; lane 3).

DISCUSSION

By random 3’-directed EST collection and database compar-
ison, we selected several cornea-specific genes.> In this
report, the nucleotide sequence of cDNA tagged by G58009
was shown to encode a novel cathepsin. In vitro, this novel
cathepsin, designated cathepsin V, was autoactivated and
digested BSA under empirically determined conditions (in

A

1234567859
Cathepsin v N - 3750
Cathepsin 1 ST — 385bp

Y SN P <

G3PDH — 434bp

non-digested  digested

M12 3 4M123 4

- B2 e e e

FiGure 5. (A) Reverse transcription-polymerase chain
reaction (RT-PCR) of human cathepsin ¥V and human cath-
epsin L in corneal epithelium and other tissues. Ampli-
fied products were electrophoresed on 1.2% agarose gel
and stained with SYBR Green 1. Lane I, corneal epithe-
lium; lane 2, conjunctival epithelium; lane 3, skin; lane
4, brain; lane 5, heart; lane G, kidney; lane 7, liver; lane
8, lung; and lane 9, placenta. (B) Comparison of expres-
sion of human cathepsin V and human cathepsin L by
competitive RT-PCR. Coamplified products were electro-
phoresed on 6% polyacrylamide gel and stained by
SYBR Green 1, either before (nondigested) or after diges-
tion with AfII. Expected sizes of amplification products for
cathepsin V and cathepsin L were 291 bp and 290 bp,
respectively, Predicted sizes of Aflli-digested fragments for
cathepsin V were 200 bp and 91 bp. Lane 1, corneal epi-
thelium; lane 2, conjunctival epithelium; lane 3, skin; and
lane 4, kidney.
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Ficure 6. Western blot analysis of cathepsin V protein in
corneal epithelium and tears. Human corneal epithelial y-
sates and tears, both containing approximately 50 ug pro-
tein, were electrophoresed on 10% sodium dodecyl sulfate-
polyacrylamide gels and transferred to polyvinyldine
difluoride membranes. Western blot analysis was performed
using antipeptide antisera. A competitive experiment was
performed with 5 ug/mi synthetic peptides. Lanes 1 and 2,
culture medium infected with recombinant cathepsin V bac-
ulovirus before and after incubation for 45 minutes in pro-
cessing conditions; lane 3, tear fluid; lane 4, corneal epi-
thelial lysates; lane 5, competitive experiment with equal
amounts of human corneal lysates.

kDa 4 5
46.0—

30.0—

the presence of 0.05% SDS and 2.5 mM dithiothreitol at pH
6.0) and was selectively inhibited by cysteine proteinase
inhibitors.

By RT-PCR, it was shown that the expression of cathep-
sin V was almost limited to stratified epithelium and was
strongest in cornea (Fig. 5). Moreover, it is probably the
most abundant proteinase in corneal epithelium, because
other known proteinase cDNA was found in the EST clones
collected from this tissue.?

The most important question is what the physiologic
roles or principal substrates of cathepsin V are. Cathepsins
had been regarded as general lysosomal proteinases that
cooperate in terminal degradation of endocytized pro-
teins.”” However, recent studies have shown that some
cathepsins, especially those with uneven tissue distribu-
tions, have specific functions.?” For example, cathepsin S,
abundant in spleen and thyroid, is believed to be involved in
antigen processing*® and in thyroglobulin processing.®® An-
other example is cathepsin K, which is abundant in oste-
oclasts.*® It has been determined by biochemistry to be a
major proteinase for bone resorption®”*' and by its eluci-
dation as a candidate gene for hereditary osteochondrodys-
plasia.*? In either case, cathepsins with unique tissue distri-
butions process substrates unique to each tissue,

Because western blot analysis showed that this enzyme
stayed within cells and was not secreted in tear fluid, some
structural components of corneal epithelium are the likely
substrates. Biochemical and histochemical studies are awaited
for further speculations.

From the structural aspect, cathepsin V is exceptional
among cathepsins, in that it has high sequence similarity to
cathepsin L, disturbing the order in similarity clustering of
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family members. Chromosomal localization and the analysis
of orthologues in different vertebrates will be the next step
in clarifying the evolution of the cathepsin V gene.
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