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The N-terminal amino acid sequences of two chloroform/methanol soluble globulins from barley and one

form wheat are reported. They are homologous with N-terminal sequences previously reported for a-amyl-

ase and trypsin inhibitors from cereals and 2 S storage proteins from castor bean and rape. Three albumins

were also purified from Aegilops squarrosa and Triticum monococcum. These had N-terminal amino acid

sequences most closely related to the a-amylase and trypsin inhibitors. The relationships of this superfamily
of seed proteins are discussed.

Barley Wheat

1. INTRODUCTION

The increasing sensitivity of methods for direct
protein sequencing, and the availability of protein
sequences deduced from nucleotide sequencing of
cloned cDNA and genomic DNA, have facilitated
the comparison of proteins of diverse origin. In
some cases this has revealed the presence of se-
quence homology in proteins with no known func-
tional relationships (see [1]), indicating an origin
from a single ancestral protein. One such group-
ing, or family, contains a number of seed proteins,
including inhibitors of a-amylase and trypsin (at
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least one of which is bifunctional) from cereals
[2-9] and storage globulins with sedimentation
coefficients (s204) of about 2 from castor bean
[10,11] and oil seed rape [12].

A further group of low M, salt-soluble proteins
from cereal seeds are characterized by solubility in
mixtures of chloroform and methanol, and have
accordingly been called CM proteins [13-21].
Their function is not known, although they do not
appear to be stored in protein bodies [22]. In the
present paper we show that CM proteins from
wheat and barley and several albumins from
diploid wheats have N-terminal amino acid se-
quences homologous to the a-amylase/trypsin in-
hibitors and 2 S storage proteins. These proteins
together constitute a superfamily with limited se-
quence homology as defined in [1].
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2. MATERIALS AND METHODS

CMd and CM3 were prepared from barley
(Hordeum vulgare L.) cv. Zephyr and tetraploid
wheat (Triticum turgidum) cv. Senatore Capelli
respectively as described previously [17,19]. CMd
was also prepared, as was CM56, by ion-exchange
chromatography and gel filtration of a reduced
and pyridylethylated total hordein fraction from
barley mutant Rise 56 [23]. Albumin fractions
were prepared from the diploid species T.
monococcum (accession MG4273), Ae. squarrosa
ssp. eusquarrosa (accession G3489) and Ae. squar-
rosa ssp. strangulata (G1276). An acetic acid
(0.01 M) extract of flour was mixed with
3 volumes of 1.5% (w/v) NaCl. The precipitated
proteins were removed by centrifugation,
redissolved in 0.01 M acetic acid, dialysed and
lyophilized. They were then separated by gel filtra-
tion on Biogel P100 in 0.01 M acetic acid, and in
the case of the component from eusquarrosa,
followed by ion-exchange chromatography on car-
boxymethyl cellulose in ammonium acetate buffer
(pH 5.2) with a linear gradient of 0.1 to 0.2 M.,

Proteins prepared from T. turgidum, T.
monococcum, H. vulgare cv. Zephyr and Ae.
squarrosa ssp. eusquarrosa were reduced and car-
boxymethylated [24]. Electrophoresis in alumini-
um lactate buffer at low pH and SDS—PAGE were
as described previously [25,26]. N-terminal amino
acid sequences were determined with a Beckman
890B automatic sequencer and Beckman 1M
Quadrol program 112078. Phenylthiohydantoin
(PTH) amino acids were determined by high per-
formance liquid chromatography [27], identifica-
tion of PTH valine and PTH methionine were
checked by thin-layer chromatography [28].

3. RESULTS AND DISCUSSION

Three main CM proteins (designated CM1 to
CM3) are present in wheat and five (designated
CMa to CMe) in barley [17,19,21]. They have
similar M; values (about 12000-16000 by
SDS—PAGE) and amino acid compositions. Com-
parison of the latter by the compositional dif-
ference index of Cornish-Bowden [29] indicates se-
quence homology, notably between CMd of barley
and CM3 of wheat [20]. These two proteins are
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also unusual in being soluble in 7:1 (v/v)
chloroform/methanol. Their homology is con-
firmed by comparison of N-terminal amino acid
sequences (fig.1). The main difference is at the N-
terminus, where four alanine residues are present
in CMd. This unusual sequence was confirmed by
the analysis of CMd preparations from two dif-
ferent genotypes (Zephyr and Rise 56). A second
CM protein, with an M; by SDS—PAGE of about
13000, was also prepared from Rise 56. This
preparation, called CM56 in fig.1, may correspond
to CMc as described by Salcedo et al. [19]. The N-
terminal sequence was less closely related to CM3,
and again had a unique N-terminus.

Three a-amylase inhibitors, called 0.19, 0.28
and 0.53 according to their electrophoretic mobili-
ty at high pH, have been previously purified from
hexaploid bread wheat (T. aestivum) [30] and their
partial or complete amino acid sequences deter-
mined [3,4,7] (fig.1). These have been shown to
have homologous amino acid sequences to trypsin
inhibitors from barley [5] and maize {2] and to a
bifunctional a-amylase/trypsin inhibitor from
finger millet (Eleusine coracana) [8] (fig.1). In the
course of studies of the phylogeny of wheats we
also purified three albumin proteins from 7.
monococcum and Ae. squarrosa, diploid species
thought to be related to the progenitors of the A
and D genomes respectively of hexaploid bread
wheats [31]. One preparation from Ae. squarrosa
ssp. eusquarrosa had identical mobility on elec-
trophoresis at pH 3.1 to the 0.19 a-amylase in-
hibitor of T. aestivum, while a second from Ae.
squarrosa ssp. strangulata had a similar mobility
to the 0.28 inhibitor., The component from 7.
monococcum was faster than the 0.19 and 0.28 a-
amylase inhibitors (results not shown). The N-
terminal amino acid sequences of these com-
ponents (fig.1) are related to those reported for the
a-amylase/trypsin inhibitors. The albumin from
Ae. squarrosa ssp. eusquarrosa differed in only
two residues out of 36 from the 0.53 a-amylase in-
hibitor, indicating that it may also have been an -
amylase inhibitor. The albumin from T. monococ-
cum was more closely related to the trypsin in-
hibitors and the bifunctional inhibitor. Only small
amounts of these albumins were prepared, and we
did not test their inhibitory properties.

The a-amylase/trypsin inhibitors are also
homologous with the storage proteins (with sz,
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values of about 2) of castor bean (Ricinus com-
munisy [10,11} and oilseed rape (Brassica napus)
[12] (see fig.1). Both proteins are composed of two
subunits which are associated by disulphide bonds
[10,32]. The small subunits (M; values about 4000)
are homologous with the N-terminal regions of the
a-amylase/trypsin inhibitors (see fig.1), and the
larger subunits (M; values 7000 and 9000) with the
C-terminal regions. It has been shown that the two
subunits of the rape protein are synthesised as a
single precursor protein which is probably process-
ed to the mature subunits by the loss of a leader se-
quence and a short-linker peptide [12]. The CM
proteins from barley have been shown to be syn-
thesised as larger precursors which seem to be co-
translationally processed into the mature proteins
[22].

Comparison of the sequences in fig.1 indicates
that the CM proteins are also related to this group.
The region between residues 9 and 24 is the most
conserved, with cysteines at 9 and 23 and leucine at
20 in all the proteins. Within this region CM3 of
wheat has 13 out of 16 residues in common with
CMd of barley, 9 with the millet bifunctional and
wheat 0.19 o-amylase inhibitors but only four and
three with the small subunits of the castor bean
and rape proteins respectively. The CM proteins,
albumins and a-amylase/trypsin inhibitors also
have a third cysteine residue at 33 and arginine at
24. The extreme N-terminal region is the least con-
served, with variation in the number and sequence
of the residues preceding the first cysteine. The
three CM proteins are not related to each other or
to the other proteins in this region.

The extreme variability at the N-terminus may
indicate little or no functional role for this region.
Conversely the conservation of the number and
positions of the cysteine residues probably in-
dicates an important function. It has been noted
previously that protease inhibitors are often rich in
cysteine residues [33,34] and that the positions of
these are conserved [35]. It has therefore been sug-
gested that disulphide bonds are important in
stabilising the active conformation [36]. Their con-
servation in the CM proteins may indicate that this
group of proteins has a specific function, which re-
quires a precise and stable conformation.

Thus it appears that all the proteins discussed in
this paper constitute a protein superfamily [1],
with limited sequence homology (below 50% in
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some cases) and diverse functions. Although they
are present in monocotyledonous (grasses) and
dicotyledonous (castor bean, rape) plants, they ap-
pear to be restricted to seeds where they may be
synthesised in the endosperm (cereals, castor bean)
or embryo (rape). It is of interest that although
their structural genes have diverged to encode pro-
teins with different amino acid sequences and
functions, they share the property of being ex-
pressed only in the storage tissues of developing
seeds.
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