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The complete amine acld sequence of bovine spleen cathepsin § has been determined. The single-chain pratein containg 217 residuds and hag o

M, of 23682, The primary structure was determined by sequencing of native protein and the peptides abtained by prateolytic cleavage with f-

Trypsin, papayi proteinuse 1V und by chemical cleavage with eyunogen bromide. Compirison of the amino terminal sequences of the hedvy and
the light chuin of bovine cathepsin L with that of bavine cathepsin S elearly indicates that the enzymes are structurally different
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1. INTRODUCTION

The mammalian lysosomal cysteine proteinases
cathepsins B (EC 3.4.22.1), H (EC 3.4.22.16), L (EC
3.4.22.15) and cathepsin S (EC 3.4.22.-) belong to the
group of closely related proteins of the papain super-
family {1]. The enzymes are considered to play an im-
portant role in the initial or terminal stages of protein
degradation [2]. Whereas cathepsins B, H and L have
been extensively studied and their primary structures

are known [3-6], there is only limited knowledge about

cathepsin S. This enzyme has been purified and partial-
ly chardcterized for the first time in our laboratory from
‘bovine lymph nodes [7] and spleen {8-11]. It was also
purified and characterized from bovine spleen [12,13]

and rabbit spleen [14], Bovine cathepsin S is a single

chain protein with Mw of about 24 kDa [8,11] and a

preliminary N-terminal amino acid sequence has been

determined [15]). The bond-specificity of cathepsin S
hydrolysis is in part similar to that of cathepsin L
'[15,16] and for some time it was thought that dif-

ferences between both enzymes might be ascribed to
species and/or tissue variations in primary-structure
- [17]. This problem may be solved by sequence studies of

both enzymes from the same species.

Recent efforts in our: laboratory were therefore
undertaken in order to prepare sufficient guantities of
pure bovine spleen cathepsin S for determination of its
primary structure. To determine whether. bovine
cathepsin S and L indeed differ in their primary struc-
tures, we extended our studxes to cathepsin L of the
same origin.
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Here we report the complete amino acid scqucnce of
bovine cathepsin S and the partial amino acid sequence
of bovinecathepsin L. Both sequences clearly show that
bovine cathepsin’ 8 and L are different cnzymes,
although they are homologous with other known cys-
teine proteinases. ‘

2. MATERIALS AND METHODS

Cathepsin S from bovine spleen was purified as previously d:scfib- :

‘ed [8). As a last purification step 1o remove traces of impurities from
_ cathepsin 8, ion-exchange rechromatography on CM-cellulose was

performed and 2 mg of enzyme were obtained [9]. Cathepsin L. was
isolated essentially as described in (18], 8-Trypsin was prepared accor-
ding to [19). The papaya proteinase IV (PP1V) was a generous gift of
Dr A.J. Barrett -and prepared as described [20);. 4-Vinylpyridine
monomer was.from Fluka, N-Methylmorpholine, CNBr, guanidine
hydmchlonde maleic anhydride and 2- mercaptoethanol were from
Pirce. The Cromspher C8 HPLC column was from Chrompack. The
chemicals used for Edman degradation were of Sequenal grade from
Apphed Biosystems, All other cheniicals were of analytical grade.

Native active cathepsin § was reduced with 2-mercaptoethanol in 6
M guanidine. hydrochloride, and alkylated with. 4-vinylpyridine’
monomer [21]. Hydrolysis of the alkylated protein with #-trypsin was
performed in 0.5 M N-methylmorpholine pH 8.2 at 38°C for 30 min
at.the enzyme/substrate ratio 0.01 (w/w), PPIV digestion occurred at
20°C for 7 min at the enzyme/substrate ratio 0.01 (w/w). All other
conditions of the hydrolysis were reported previously {22).- Aspar-
tyl~prolyl bond hydrolysis occurred in 80% formic acid and 2%
2-mercaptoethanol (v/v) at 38°C for 40 h. Reversible blocking of
amino groups with malcie anhydride and unblocking were as deserib-
ed [23], Peptides were purified by gel chromatography on Sephacryl
8-200 and HPLC on the C8 column eluted with agueous acetonitrile’
containing trifluoroacetic acid. Native active bovine cathepsin L was
reduced and alkylated as cathepsin S mentioned above.” .

Samples were sequenced with an Applied Biosystems liquid phase
sequenator model 475A. Phenylthiohydamoin‘derivatives, were-iden-
tified on-line with the 120A' HPLC [24]. The reduced and alkylated

- protein and peptides were hydrolysed with 6 M-HCl at 110°C for 24

and 72 h, Amino acid compositions were determined by using a
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Fig. 1. Amino acid sequence and composition of bovine cathepsin S,
and strategy of the sequence determination. The amino acid sequence
was determined by automated isothiocyanate degradation of the
native enzyme, the 6 tryptic peptides frbn) the maleylated protein
(R1-R6) and 14 sub-fragments from R2 and R4 by further digestion
with trypsin after de-maleylation (K1=K14). Five - CNBr peptides
- (CN1-CNS$) derived from the intact protein, 2 sub~fragments derived
. from CN4 by acid hydrolysis (DP1, DP2)and 4 PPIV fragments ob-
tained from CN2 and DP1 peptides by further digestion with PPIV
: (PPIV 1-PP1V 4),
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i, RESULTS AND DISCZUSSSION

Figure | describes the somplete amino acld wquence 8
as well as the strategy of the sequence determination of -

" a single-chain bovine cathepsin S, These sequence data

indicate that cathepsin S is composed of 217 amino acid
resxdues. with a Mw calculated to be 23682 Da, which
i$ in good agreement with the value obtained by SDS-
PAGE (8,11]). Neither a glycosylated residue nor a

potential glycosylation site was found. The NHa-ter- -

minal sequence was determined by the sequenator up to
residue 21. After reduction, alkylation and reversible
blocking of amino groups the first set of peptides was.
generated by arginine-specific hydrolysis with g-tryp-
sin. Six peptides (R1-R6) were isolated and subjected to.
amino acid analysis (not shown) and sequence deter-
mination. Two of them, R2. (residues 9-106) and R4
(residues 113-199) were not sequenced completely due-
to their length. After demaleylation both. peptides, R2

‘and R4 were cleaved with trypsin at the Lys-residues.
- With the exception of di- and tri-peptides, all other pep- -

tides were separated and sequenced.

To determine the order of tryptic peptides, a
chemical cleavage of the protein with CNBr was per-
formed. In these experiments 5 peptides were obtained
(CN1-CN5) although only 3 of them (CNI, CN3'and.
CNS) were short enough to be sequenced completely.
The sequence of the rest of the CN4 peptide was obtain-
ed from the DP2 peptide. - This peptide generated
together with the DP1 peptide from the acid hydrolysis
of aspartyl-prolyl bond. (residues 155-156) and the se-.
quences of ‘both :peptides covered nearly 80%. of the
CN4 peptide. The peptides CN2 and DP! were further
hydrolyzed with PPIV which specifically cleaves glycyl

" bonds {22] in the sequence -Val-Gly- to abtain the last’

missing - overlapping sequences. The hydrolysiS‘ was
¢omplete and the 4 peptides (PPIV ] - PPIV 4) obtain-
ed overlapped tryptic peptides and showed the order as

summarized in Fig. 1.
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'Fig. 2. Alignment of the bovine cathepsin § sequence with those of other cysteine proteinases. Residues identical to those in cathepsin S are marked
by an asterisk (*) in the other sequences and the numbering is according to the scheme for papain [26). Key: (cath. S bov) bovine cathepsin S, (cath
) L hu) human cathepsin L [5] and (cath. L bov) bovine cathepsin L. References are in the text.
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The fragments generated by tryptic (R6) and cya-
nogen bromide (CN$) cleavages provided the necessary
overlaps to establish the carboxyl-terminal sequence of
the protein,

In contrast to single-chain eathepsin 8, the other 3
lysosomal cysteine proteinases, human cathepsins B, H
and L were isolated as two-chain enzymes [3,6]. It was
therefore not surprising that bovine cathepsin L exists
as a two-chain form of the enzyme (A. Coli¢ et al., in
AMreparation). Both chains, the heavy chain with Mw of
about 20000 Da and the light chain with Mw of about
5000 Da were separated after recuction and alkylation
by gel chromatography. Their NHa-terminal sequences
were determined and compared with bovine cathepsin
S, and some other members of the same superfamily as
shown in Fig. 2. The alignment of bovine cathepsin S
with bovine cathepsin L ¢learly shows the difference

between both enzymes. The important difference is at

position 12 where Cys was found in cathepsin S, but not
in cathepsin L. This residue probably forms a disulfide
bridge with Cys at position 108, and was not found in
human cathepsin L. An additional difference between
the enzymes was found at position 169, where the light
chain of bovine cathepsin L begins. From Fig. 2 it is
also. evident that bovine cathepsin 8 is structurally
‘homologous to cathepsin L and papain, and belongs to
the papain superfamily [1}.

‘In concluuon, we have determined the complete
amino acid sequence of bovine cathepsin S and a partial
sequence of bovine cathepsin L. Our data clearly
demonstrate that these 2 enzymes are different. While
‘this work was in progress, another group reported

preliminary ¢cDNA sequence of bovine cathepsin $-[25].
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