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The major trypsin inhibitor from seeds of Jobs’ tears (Coix lachryma-jobi) was purified by heat treatment, fractional pre-

cipitation with (NH,),80,, ion-exchange chromatography on DEAE-Sepharose, gel-filtration on Sephadex G-75 and pre-

parative reverse-phase HPLC. The complete amino acid sequence was determined by analysis of peptides derived from

the reduced and S-carboxymethylated protein by digestion with trypsin, chymotrypsin and the §. aureus V8 protease.

The polypeptide contained 64 amino acids with a high content of cysteine. The sequence exhibited strong homology with
a number of Bowman-Birk inhibitors from legume seeds and similar proteins recently isolated from wheat and rice.

Trypsin inhibitor; Amino acid sequence; Sequence homology; Bowman-Birk; (Cereal, Coix fachryma-jobi, Gramineae)

1. INTRODUCTION

Cereal grains contain numerous protein in-
hibitors of enzymes. It has been suggested that
such inhibitors may be classified into a number of
different families on the basis of their amino acid
sequence homologies, the position of disulphide
bonds and the location of the reactive sites {1].
Current evidence suggests that the cereal proteins
of this type may belong to at least six distinct
families. For example the a-amylase inhibitors
from wheat [2—4], and rye [5], proteinase in-
hibitors from rye [5], barley [6] and maize [7], and
a bifunctional a-amylase/trypsin inhibitor from
ragi [8] belong to a so-called superfamily [9] which
also includes the cereal chloroform-methanol
(CM) soluble proteins and certain 2 S storage pro-
teins from dicotyledonous plants. Other bifunc-
tional inhibitors from barley [10,11], wheat [12,13]
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and rice [14] have sequence homology with the
legume Kunitz inhibitor family, while proteinase
inhibitors from barley [15,16] clearly belong to the
potato inhibitor 1 family. The sequences of
probable a-amylase/proteinase inhibitors from
barley [17,18] and rice [19] suggest that they
should be included with the ragi [-2 o-amylase in-
hibitor [20] as a separate family. The diversity of
structures to be found amongst the enzyme in-
hibitors has been further emphasized by the recent
report that a maize inhibitor of trypsin and insect
a-amylases [21] has strong homology with the
sweet protein thaumatin and a pathogenesis-
related protein induced in tobacco by infection
with tobacco mosaic virus, and the finding that
trypsin inhibitors from wheat germ [22] and rice
bran [23] have strong structural affinities with the
Bowman-Birk family of proteinase inhibitors from
legumes.

In wheat germ [22] these inhibitors of the
Bowman-Birk type exist in two forms, inhibitor I
(14.5 kDa) and inhibitor II (7 kDa), with inhibitor
I having a duplicated structure of iphibitor II. The
rice bran inhibitor on the other hand appears to ex-
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ist only in the inhibitor I (14.5 kDa duplicated)
form [23]. Other workers have recently reported
the isolation of a 12 kDa trypsin inhibitor from
seeds of the cereal crop Jobs’ tears (Coix
fachryma-jobi) [24], which they suggest might be
similar to the inhibitor I forms in wheat germ and
rice bran.

We now report that the major trypsin inhibitor
present in the seeds of Coix is a 7 kDa protein with
an amino acid sequence of 64 residues which is
homologous with the Bowman-Birk family found
in legumes and the type II inhibitors of wheat
germ.

2. MATERIALS AND METHODS

2.1. Isolation and purification

The preliminary steps of the purification of the trypsin in-
hibitor from defatted flour of seeds of Jobs’ tears (extraction
with 50 mM NaH:PO:-K.HPQ, buffer, pH 7.5, containing
0.1 M NaCl; heat treatment; precipitation with (NH4)>SO.
(40-95%); ion-exchange chromatography on DEAE-Sepharose
CL6B; and gel-filtration on Sephadex G-75) were carried out as
described by Ohtsubo et al. [24].

The fractions containing trypsin inhibitory activity after gel
filtration on Sephadex G-75 were pooled, desalted and
lyophilized. The partially purified trypsin inhibitor (35 mg) was
dissolved in 6 M guanidine HCI in 0.1% trifluoroacetic acid
(1.5 ml) and injected onto a Vydac preparative C18 wide-pore
reverse-phase column (25 ¢cm x 22 mm, 218TP1022; Technicol,
Stockport), in a Varian 5000 HPLC apparatus. The column was
eluted with a gradient of acetonitriie (HPLC grade S,
Rathburn) in 0.1% trifluoroacetic acid {flow rate 10 ml/min) as
shown in fig.1.

2.2. Assay of trypsin inhibitor activity

The inhibitory activity of all samples against bovine trypsin
were determined by measuring the hydrolysis of N-benzoyl-DL.-
arginine-p-nitroanilide as described [8].

2.3. Estimation of molecular mass

The molecular mass was estimated by high-performance gel
filtration on an Uliropac TSK-G 20008W column (0.75 x
60 cm, LKB Produkter AB) equilibrated and eluted with 6 M
guanidine HCl in 50 mM phosphate buffer, pH 6.5, containing
1 mM EDTA. The column was calibrated using chymotrypsin
(25.3 kDa), trypsin (24.5 kDa), soybean Kunitz inhibitor
(20.1 kDa)j, lysozyme {14 kDaj, wheat o-amylase inhibitor
(13.4 kDa), soybean Bowman-Birk inhibitor (7.8 kDa) and in-
sulin (5.8 kDa).

SDS-polyacrylamide gel clectrophoresis (SDS-PAGE) was
carried out in 17% acrylamide gels at pH 8.8 as described by
Laemmli [25].

2.4. Sequence determination

The trypsin inhibitor was reduced and S-carboxymethylated
as in [8]. Samples (2.5mg) of the reduced and S-
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carboxymethylated protein were digested separately with tryp-
sin, chymotrypsin and S. aqureus V8 protease as in {26). The
mixtures of peptides produced by these methods were frac-
tionated and purified by reverse-phase HPLC on a Vydac
analytical reverse-phase column (25 cm x 4.6 mm, 218TP54,
Technicol) in a Varian 5000 HPLC using variable gradients of
0--50% acetonitrile in 0.1% trifluoroacetic acid.

The intact inhibitor and the peptides derived from it were se-
quenced using the 4-N, N-dimethylaminoazobenzene-4' -isothio-
cyanate (DABITC)/phenylisothiocyanate (PITC) double
coupling method as in {25]. Amino acid compositions were
determined using a Waters Pico-Tag system.

2.5. Comperison of amino acid sequences

The amino acid sequence of the Coix trypsin inhibitor was
compared with those of other proteins stored in a databank (US
National Biomedical Research Foundation 1986) and the se-
quences of other inhibitors more recently obtained, by com-
puter analysis using the FASTP and RDF programmes as
described in [27].

2.6. Predictions of hydropathy and secondary structure

The profile of hydropathy of the Coix trypsin inhibitor was
predicted from the amino acid sequence by the method of Kyte
and Doolittle {28] using the computer programme of Krystek et
al. [29]. The secondary structure of the protein was predicted by
the computer method in [30].

3. RESULTS AND DISCUSSION

Application of the preliminary steps of the
purification method of Ohtsubo et al. [24] follow-
ed by preparative reverse-phase HPLC yielded two
peaks of trypsin inhibitory activity, one major and
one minor, together with a number of other pro-
tein peaks (fig.1). The protein in the major peak
(TI1) was eluted at an acetenitrile concentration of
24% which is very similar to the value reported for
the wheat germ trypsin inhibitors of the 7 kDa type
i1 [22].

During gel filtration on Sephadex G-75 the elu-
tion volume of inhibitor TIl was very similar to
that observed for the 7.8 kDa soybean Bowman-
Birk proteinase inhibitor. When subjected to high-
performance gel filtration on a TSK-G 2000 col-
umn in 6 M guanidine HCl the purified protein
TI1 was homogeneous and was shown to have a
molecular mass of 7 kDa. However, pretreatment
with either dithiothreitol or 2-mercaptoethanol ap-
peared to convert the protein to a form of
14.5 kDa and to larger aggregated forms. The in-
hibitor also behaved anomalously on SDS-PAGE
giving a single narrow band of apparent molecular
mass 11 kDa in the absence of reducing agent, and
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Fig.1. Reverse-phase chromatography of 35 mg partially purified trypsin inhibitor from seeds of Ceix on a preparative C18 column
(25 cm x 22 mm, Vydac 218TP1022), equilibrated in 0.1% trifluoroacetic acid and eluted with a gradient of acetonitrile in 0.1%
triffuoroacetic acid at a flow rate of 10 ml/min. Only the proteins in peaks TI1 and TI2 inhibited trypsin.

broader more diffuse bands (17-20 kDa) after
treatment with 2-mercaptoethanol. The higher
values of molecular mass observed after treatment
with reducing agents probably resulted from re-
oxidation to form inter-chain disulphide bonds
and confirm the observations of Chtsubo et al.
[24] that the Coix inhibitor had a similar mobility
to cytochrome ¢ (12.5 kDa) on SDS-PAGE, but
eluted after this protein during gel filtration on
Sephadex G-100.

The complete amino acid sequence of the Coix
trypsin inhibitor is shown in fig.2 together with
details of the overlapping peptides from which it
was deduced. It should be noted that the N-
terminal glycine residue was missing in about 30%

of the chains of the intact polypeptide, but no
other microheterogeneity was detected. The se-
quence contained 64 amino acid residues, cor-
responding to 7262 Da, and was in good
agreement with the amino acid composition of the
protein. The composition calculated from the se-
quence is also very similar to that reported for the
Coix 12 kDa trypsin inhibitor by Ohtsubo et al.
[24] when the latter is recalculated for a protein of
7 kDa.

Fig.3 shows the clear sequence homology which
exists between the Coix trypsin inhibitor, rice bran
inhibitor [23], wheat germ inhibitors [22] and
Bowman-Birk proteinase inhibitors from a number
of legumes [31-37]. The legume inhibitors have
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Fig.2. Amino acid sequence of the major trypsin inhibitor TI{ from seeds of Jobs’ tears (Coix lachryma-jobi L.). T, tryptic peptides;
C, chymotryptic peptides; V, peptides from digestion with protease from S. eureus V8. Regions of peptides sequenced by the DABITC
method (~--); blank spaces, residues were not sequenced or yielded unsatisfactory results; ——, residues determined by direct

DABITC sequencing of the intact reduced and S-carboxymethylated protein.

been shown to be ‘double-headed’, with one in-
hibitory site in each of two structural domains.
Similar domains are present in the Coix inhibitor,
where they correspond to residues 1-31 and
3264, respectively. The Coix inhibitor TIl has
greatest homology with the cereal proteins
(48—55% identity of residues), but there is also
significant homology with the legume Bowman-
Birk inhibitors (27—-37% identity). Ten out of the
14 cysteine residues which are characteristic of the
Bowman-Birk family are conserved in the Coix in-
hibitor, and the sequence homology is particularly

high in the region around the first reactive site of
the legume inhibitors (in domain I). This
homology suggests that the trypsin reactive site in
the Coix TI1 is Arg(17)-Ser(18) as this peptide
bond is located in the exactly homologous position
as the first reactive sites of the legume inhibitors,
and moreover obeys the tentative rules for such
sites [1]. There is no such identifiable peptide bond
in the region of the Ceix sequence which cor-
responds with the location of the second reactive
site in domain II of the double-headed legume in-
hibitors. We suggest therefore that the Coix pro-

Fig.3. Homology of the amino acid sequences of the Bowman-Birk family of proteinase inhibitors from legumes and cereals. {1)
Inhibitor CII from soybean (Glycine max) [31]; (2) inhibitor AIl from peanut (Arachis hypogaea) 132]; (3) adzuki bean (Phaseolus
anguiaris) [33]; (4 Macrotyloma axiflare [34]; (5) Vicia angustifolia [35); (6) mung bean (Phaseolus radieta) [36]; (7) alfalfa leaf
(Medicago sativa) [37]; (8) rice bran (Oryza sativa) residues 169 [23], residues 70—133 are an internal duplication homologous with
residues 3—69, and are shown as 8*; (9) wheat germ (Triticum aestivum) 11-4 incomplete sequence [22]; (10) wheat I-2b incomplete
sequence [22]; (11) Jobs’ tears (Coix lachryma-jobi). On the numbering of the soybean (top line} and the Coix (bottom) sequences
are shown, The sequences are aligned for maximum homglogy, resulting in some gaps { —) which may represent insertions/deletions.
Arrows indicate the position of the reactive sites determined for the legume inhibitors. The cysteine residues are boxed to facilitate
comparisons.
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Fig.4. Comparison of the hydropathy profiles and secondary structures predicted from the amino acid sequences of the Coix T11 (top)

wheat germ 114 (middle) and soybean CII (bottom) inhibitors. The Kyte and Doolittle [28] plots of hydropathy were computed as

described in [29]. The secondary structures were predicted using the computer method as in [30]. H, o-helix; E, #-sheet; T, S-turn;
and C, random coil. Arrows indicate the positions of the putative reactive sites.
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tein is a single-headed inhibitor like the type I1
inhibitor in wheat germ [22], and is not double-
headed as suggested by Ohtsubo et al. [24] who
based their calculations of the stoichiometry of in-
hibition on an erroneous estimate of the molecular
mass of the inhibitor protein. The larger type I in-
hibitor of rice bran [23] differs in the presence of
an internal duplication, residues 70—133 (8* in
fig.3) corresponding to residues 3—69 (8 in fig.3).
The sequences reported for the type I and II in-
hibitors of wheat are incomplete, but an internal
duplication also appears to be present in the
former [22].

Using the FASTP and RDF computer program-
mes [27], limited homology of low significance can
also be detected between a short region of the Coix
inhibitor (residues 9-25) and sections of the se-
quences of the trypsin inhibitors from rye (residues
44—57) [5] and barley (residues 43—56) [6], which
are classified in the cereal superfamily. Such weak
affinities between the Bowman-Birk and cereal
families have been noted previously [38].

Fig.4 shows a comparison of the hydropathy
profiles of the Coix trypsin inhibitor, wheat germ
type Il inhibitor and soybean Bowman-Birk CII in-
hibitor. As might be expected the two cereal in-
hibitors show the greatest similarities, but all three
proteins aré similar in possessing hydrophilic
regions near their N- and C-termini, and more
hydrophobic regions around the putative reactive
sites. Also shown in fig.4 are the secondary struc-
tures predicted from the amino acid sequences. It
can be seen that the only regions showing much
similarity are those around the reactive sites. It
should be noted however that the Coix and wheat
inhibitors have similar contents of a-helix (34 and
37%, respectively) and A-turn (55 and 52%,
respectively), whereas the soybean CII has a higher
content of S-turn (81%) and no a-helix. Such
levels of A-turns and the frequency of disulphide
bridges probably account for the unusual thermal
stability of these proteins,
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