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Although cathepsin E 1s present in trace amounts 1n spleen from several species, 1t was found 1 large
amounts 1n rat spleen This observation can be correlated with the fact that spleen 1n the rat 1s an important
organ 1n haemopoeisis

Cathepsin E

1. INTRODUCTION

The main ntracellular aspartic proteinases are
cathepsins D (EC 3 4.23.5) and E (EC 3.4.23.-)
Whereas cathepsin D 1s widely distributed 1n all
animal cells, cathepsin E 1s found to be present
chiefly in polymorphonuclear cells and n small
amounts in macrophages [1]. Cathepsin E was first
1solated from rabbit bone marrow and character-
1zed [2].

Cathepsins D and E share many properties.
They are active at acid pH, they are strongly in-
hibited by pepstatin and by diazoacetylnorleucine
methyl ester. However, cathepsin E has a much
higher molecular mass (90 kDa) than cathepsin D
(50 kDa). It possesses a higher negative charge and
a lower pH optimum. Inhibitor from Ascar:s lum-
bricoides 1nhibits cathepsin E but not cathepsin D
(review [3]).

Although 1t was known that rabbit spleen con-
tains cathepsin E only 1n traces [1], it was recently
shown that rat spleen contains both cathepsin D
and cathepsin E-like enzyme in almost equal
amounts [4,5].

This work was undertaken to confirm and ex-
plain the presence of a significant amount of
cathepsin E in rat spleen.

* To whom correspondence should be addressed

Rat spleen

2 MATERIALS AND METHODS

2.1. Material

Rat and rabbit spleens were obtained from ex-
sanguinated animals. They were kept frozen at
—15°C until use. Human serum albumin (HSA)
was Cohn fraction V from Squibb USA, kindly
given by the American Red Cross Before use, the
albumin was dialyzed against water and lyophil-
1zed DEAE-Sephacel and cyanogen bromide were
purchased from Pharmacia All other chemicals
used were of reagent grade.

2 2. Proteolytic activity

Two methods were used to measure the pro-
teolytic activity. In the first, human serum albumin
was used as substrate as described n [2]; cathepsin
D was measured at pH 3.5 and cathepsin E at pH
2.5. In the second method, hemoglobin was used
as substrate at pH 3.3 as described 1n [5].

2.3. Separation of cathepsins D and E

Crude acetone-ether dried powder (3 71 g) of rat
or rabbit spleen was suspended in 0.15 M NacCl,
centrifuged and acidified at pH 5.0 with 6 N HCI
as described 1n [6]. After centrifugation at 8000 x
g for 1 h, supernatant was dialysed against 0.02 M
phosphate buffer, pH 7.5, containing 0.15 M
Nac(l. It was then applied to a column (2 X 23 cm)
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of DEAE- Sephacel which had been equilibrated
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A first fraction was eluted by washing the col-
umn with the same buffer until the absorbance at
280 nm returned to the baseline. A second fraction
was eluted with 0 5 M NaCl 1n the same buffer.

2.4. Isolation of cathepsins D and E

Cathepsins D and E were 1solated from rat

spleen by the method of Yamamoto et al [4,5

2.5. Immunological procedures

A rabbit received intramuscular injections two
times at 3-week intervais with i 5 mg cathepsin E
emulsified with an equal volume of Freund’s com-
plete adyjuvant. The amimal was bled 20 days after
the second 1njection. Antibodies were purified by
affimty chromatography on Sepharose 4B-
cathepsin E conjugate. The antibodies were eluted
at pH 2.2.

Isolated cathepsin D or E was mixed with dif-
ferent concentration of antibodies, in a final
volume of 05 ml in 0.02 M sodium phosphate
buffer, pH 7.5, contaiming 0.15 M NaCl. The mix-
tures were mcubated at 37°C for 5 min and at 4°C
for 14 h After centrifugation at 10000 x g for

10 min the enzyme activity was determined in the

ante hy accay with hovine hemoolaohin
anis o0y assay wilil oovine némogiooin.

Fig 1 shows the elution profile on DEAE-
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Sephacel of rabbit spleen extract {A) and rat spleen
extract (B) Cathepsin D was measured at pH 3 5
and cathepsin E at pH 2.5. Under the conditions
used, cathepsin D was not adsorbed on the column
and cathepsin E, which was adsorbed, was eluted
by addition of 0.5 M NaCl in the buffer.

The active fractions were collected and table 1

gives the total amounts of enzyme 1solated. One

cees that whereas enleens fram rabbit and rat con-
BVLS LGl WOLIVAS SPIVULIS 1l UL TQUVIL Qb ol Vo

tain large amounts of cathepsin D, only rat spleen
contains a significant amount of cathepsin E.

Fig.2 shows that rabbit antibody anti-rat cathep-
sin E, 1solated by immunoadsorption, precipitated
with rat cathepsim E but not at all with rat cathep-
sin D.

4. DISCUSSION

Whereas cathepsin E was found only 1n trace
amounts 1n the spleen of several species such as

Table 1

Total amount of cathepsin D and E obtained from

rabbit and rat spleen by chromatography on
DEAE-Sephacel

Spleen from Units of E/D

Cathepsin D Cathepsin E

Rabbit 2695 208 0 08

Rat 680 1100 16
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Fig 1 Chromatography on DEAE-Sephacel of extract of rabbit spleen (A) and rat spleen (B) The arrow indicates the

change of concentration of NaCl (--
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Fig 2 Punified rat cathepsins D and E were reacted with

increasing amount of anti-rat cathepsin E antibodies

Shown 1s the proteolytic activity of the supernatant after
centrifugation

rabbit [2], gumnea pig [6], beef [7], porcine and
human spleens (unpublished), recent studies show
1its presence in a significant amount 1n rat spleen
[4,71.

Cathepsin E 1solated from rat spleen 1s different
from rat cathepsin D, as was clearly demonstrated
by mmmunoprecipitation. Antibodies against
cathepsin E did not react with cathepsin D. This 1s
in agreement with the studies of Yamamoto et al
[8] showing that antibodies against rat cathepsin D
do not react with rat cathepsin E These results do
not confirm the hypothesis that cathepsin D could
derive from cathepsin E [9].

Using 1solated cells from rabbit blood, cathepsin
E was found 1 large amounts mn the polymor-
phonuclear cells, in small amounts 1n macrophages
and only in traces mn lymphocytes [1}] For this
reason bone marrow was chosen for the isolation
of cathepsin E [2]. The absence of cathepsin E
from spleen of different species 1s 1n keeping with
the 1dea that cathepsin E arises chiefly from
polymorphonuclear cells. The presence of large
amounts of this enzyme in rat spleen, hitherto
unexplained, 1s most probably due to the fact that
the spleen 1n the rat 1s an immportant organ n
haemopoiesis as well as 1n lymphogenesis [10].

This distribution of cathepsin E 1s 1n agreement
with two other observations: (a) the presence of
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cathepsin E was found mn human enlarged spleen
which could have undergone myelowd transforma-
tion, thus becoming rich in polymorphonuclear
cells [6,11], (b) the content of cathepsmn E n rat
spleen was very much increased by phenylhydra-
zine hydrochloride administration which provokes
a large increase 1n the number of granulocyte cells
f12}.

ACKNOWLEDGEMENTS

This work was done while V.P. was at the In-
stitut Pasteur with a scholarship from the French
Government and the support of the National
Foundation of Slovemia. The skillful technical
assistance of Mrs J. Cavillon and Mrs M Pregelj
1s gratefully acknowledged

REFERENCES

[1] Stefanovid, T, Webb, T and Lapresle, C (1962)
Ann Inst Pasteur 103, 276281

[2} Lapresle, C and Webb, T (1962) Biochem J 84,
455-462

[3] Barett, A J (1977) tn Proteinases 1n Mammahan
Cells and Tissues (Barret, AJ ed) 2nd edn,
pp 209248, North-Holland, Amsterdam

[4] Yamamoto, K , Katsuda, N and Kato, K (1978)
Eur J Biochem 92, 499508

[5] Yamamoto, K, Katsuda, N, Himeno, M and
Kato, K (1979) Eur J Biochem 95, 459—-467

[6] Lapresle, C (1971) in Tissue Proteinases (Barett,
AJ and Dingle, J T eds) pp 135-155, North-
Holland, Amsterdam

[7] Turk, V , Kregar, I, Gubensek, F, Popovi&, T,
Loénikar, P and Lah, T (1980) in Carboxyl and
Thiol Intracellular Protemases 1n  Enzyme
Regulation and Mechanism of Action (Mildner, P
and Ries, B eds) pp 317-330, Pergamon Press,
Oxford

[8] Yamamoto, K, Kamata, O, Katsuda, N and
Kato, K (1980) ] Biochem 87, 511-516

[9] Turk, V, Kregar, I , Gubensek, F and Lebez, D.
(1969) Enzymologia 36, 182186

[10] Hardy, J (1967) 1in Pathology of Laboratory Rats
and Mice (Cotchin, E and Roe, FJ C eds)
pp 501-536, Blackwell, London

[11] McMaster, P B and Webb, T (1963) Ann Inst
Pasteur 104, 90-101

[12]} Yamato, S (1983) Nagoya Med J 28, 71-82



