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The amino acid sequence of a novel inhibitor of cathepsin D from potato
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The amino acid sequence of a cathepsin D hibitor solated from potato 1s described It was determined by analysis of peptides generated by
use of the glycine-specific proteinase PPIV. The order of the peptides was established by exammation of tryptic peptides derived from the two
cyanogen bromide peptides The inhibitor compnises 187 amino acid residues, and has a calculated M, of 20450
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1. INTRODUCTION

In contrast to the widespread distribution of in-
hibitors of serine, cysteine and metallo-proteinases in
nature, very few naturally occurring inhibitors of
aspartic proteinases are known. Apart from the low M,
inhibitors related to pepstatin (reviewed in [1]), there is
an inhibitor of pepsin and gastricsin from the round-
vorm, Ascaris lumbricoides [2]. A cathepsin D in-
hibitor from potato tubers was discovered and well
characterized by Keilova and co-workers [3,4], and
very recently, its complete amino acid sequence was
determined [5]. We now report on the structure of a
novel inhibitor of cathepsin D (NID), also from potato.

2. EXPERIMENTAL

The inhibitor of cathepsin D (NID), with pf 8.5 and apparent X,
in the order of 10 was prepared from potato tubers as described [6].

The papain proteinase IV (PPIV) was isolated as previously
described [7]. #-Trypsin was prepared according to [8]. The chemicals
used for Edman degradation and amino acid analysis were of Se-
quenal grade from Applied Biosystems. 4-Vinylpyridine monomer
was from Fluka, and the Chromspher C8 HPLC column from
Chrompack. All other chemicals were of analytical grade.

The protemn was reduced with 2-mercaptoethanol in 6 M guanidine
hydrochloride, and alkylated with 4-vinylpynidine monomer {9].

Hydrolysis of S-pyridylethylated protein with PPIV was performed
m 0.1 M potassium phosphate buffer, pH 6.5, contaiping 10 mM
dithiothreitol. After 16 h of digestion at room temperature (about
20°C), the reaction was stopped by the addition of conc
trifluoroacetic acid to a final concentration of 20% (v/v). All other
conditions for the digestion were as reported [10].

Reversible blocking of amino groups with maleic anhydnide, and
unblocking, were as described [11].
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Peptides were purified by gel chromatography, and HPLC on the
Chrompack column eluted with aqueous acetonitrile containing
trifluoroacetic acid.

The reduced and alkylated protein and peptides were hydrolyzed
with 6 M HC! at 110°C for 24 and 72 h. Amino aaid analysis was
done with the Beckman 118CL analyser, by post-column fluorescence
detection after reaction with o-phthalaldehyde.

Samples were sequenced with an Applied Biosystems 475A liquid-
phase sequenator. Phenylthiohydantoin derivatives were identified
on-line with the 120A HPLC [12].

3. RESULTS AND DISCUSSION

The native, active inhibitor gave a single sequence up
to 43 residues (Fig. 1). The first set of peptides was
generated by digestion of the reduced, alkylated protein
with the glycine-specific proteinase, PPIV. The
alkylated inhibitor was insoluble, but nevertheless,
PPIV completed the hydrolysis of the molecule so that
all of the peptides except G5+ G6 and G6 were found
in the soluble fraction of the digest, in an equimolar
ratio (Fig. 1). Peptides G5 + G6 and G6 were insoluble,
but were dissolved in 50% trifluoroacetic acid, and suc-
cessfully sequenced to give the structure of the very
hydrophobic core of the inhibitor molecule. The yield
of peptides G5 and G6 was about 60% of that of the
uncleaved G5+ G6. CNBr cleavage at the single Met
residue yielded two peptides, CNI and CN2. Peptide
CN1 was maleylated for arginine-specific tryptic
cleavage, and peptide CN2 was digested directly with
trypsin. The sequences of the resulting peptides
(R1—-R4 from CN1, and T1-T4 from CN2) overlapped
those of the G-series of peptides from PPIV digestion,
and showed their order (Fig. 1). Peptides G9 and T4
were concluded to represent the C-terminus, since the
C-terminal Val residue would not have been a site of
cleavage by trypsin.

00145793/90/%3.50 © 1990 Federation of European Biochemical Societies 13



Volume 267, number |

1w o
ESPLPKPVYVIDTNGKEINPNSSYRITSTIGRGAI GLDVYLG
O

3 oy . LI

3 e

KSPNODAPCPOGVFRYNSDVGPSGTPVRFIEL SGGIEFD
. Foate .
v [ - ; t
. | . F 1
.o

k " Su

- o " 1
QLLNIQFNIPTVKLCVSYTIWKVGNI NAYERTMLILI ITGG

- T w o | It

1 '
TIGQADNSYFKIVKLSNFGYNLLSCPFTSTILCI RCPEDQ

" -1

oy - o
i . ' [ ¢

(R EPRNEFE R 1 ' o

PRI ' . T " v ' B

o ' B
FCAKYGVVIQNGKRRLALVNENPIDVEFQEV
R

Fig. 1. Amino acid sequence and composition of inhibitor and
strategy of the sequence determination. The amino acid sequence of
S-pyridylethylated inhibitor was determined by automatic Edman
degradation of the whole molecule (intact protein), the 9 glycine-
specific proteinase PPIV pepudes (G1-G9), 2 CNBr peptides
(CN1+CN2), 4 tryptic peptides from the maleylated CN1 peptide
(R1-R4) and 4 tryptic peptides deriving from tryptic hvdrolysis of
CN2 peptide (T1-T4). The residues not directly identified in the
individual peptides are marked (X). Asn-19 is the point of attachment
of carbohydrate (indicated *).

The results show that inhibitor exists as a single
polypeptide chain with 187 residues, M; 20450 (assum-
ing 3 disulphide bonds) (Fig. 1). Residue 19 was the on-
ly position in which no normal phenylthiohydantoin
derivative was detected. Hydrolysis of this derivative
yielded aspartic acid, suggesting that it represents a
glycosylated asparaginyl residue. This is consistent with
the fact that the sequence Asn-Ser-Ser (residues 19-21)
corresponds to a potential glycosylation site, the only
one in the molecule.

The alignment of the sequence of the novel inhibitor
of cathepsin D (NID) with those of related proteins
(Fig. 2) shows many residues identical with those of
potato cathepsin D inhibitor (PDI) (93%), miraculin
(MRC) (30%), and soybean trypsin inhibitor (STI)
(20%). The statistical test of relationship of the se-
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Fig. 2 Alignment of the sequence of the novel inhibitor of cathepsin

D (NID) sequence with those of other plant proteins. Residues in the

order sequences that are identical with those in N1D are marked x*,

and the numberning is according to the sequence of NID. Key: nid,

NID; pdi, cathepsin D inhibitor from potatoes [5]: mrc, miraculin

[13]; and st1, soybean trypsin inhibitor [14]. Ahgnment was done as
described n [15,16].

quences as described in [16] shows them to be
homologous, so it can be concluded that NID, PDI and
miraculin are all members of the soybean trypsin in-
hibitor superfamily of proteins.

NID inhibits both trypsin and cathepsin D. The P,
reactive site residue of STI is Arg-67 (in the numbering
of Fig. 2), and the same is likely to be true of NID and
PDI. STI does not inhibit cathepsin D (unpublished
data). Therefore one could speculate that the reactive
site for inhibition of cathepsin D is in the part of the
sequence (residues 140—160) in which NID and PDI dif-
fer markedly from STI, and which apparently contains
two disulfide loops.
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