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An alignment is presented of portions of the amino acid sequences of two gliadins and a glutenin from wheat

and of a barley hordein. The two gliadins exhibit similarity over much of their sequences. The glutenin is

similar in sequence to the gliadins only over a restricted region. Our analysis of the aligned sequences leads

us to suggest the word ‘modular’ to describe the architecture of these proteins. The term is intended to con-

note the joining together, in the course of evolution, of several units (modules) of distinctive character, under
a set of rules that allows considerable flexibility in the arrangement of modules within a molecule.

Gliadin Glutenin Hordein

1. INTRODUCTION

The wheat storage proteins are a large group of
physically and chemically similar molecules [1].
They have been largely intractable towards efforts
of protein chemists to obtain and study individual
polypeptides. Recently, a good deal of amino acid
sequence information for several wheat storage
proteins has been inferred from nucleotide se-
quences of genomic or cDNA clones [2—5]. One of
the more interesting issues that can be addressed
with amino acid sequences of related proteins is the
evolutionary history of the molecules. We have
found that the reported sequences of two gliadins,
a high-M, glutenin, and a B-hordein from barley
are similar and can be readily aligned. This obser-
vation indicates that the 4 proteins are members of
a family of related (homologous) proteins and
allows us to begin to understand the construction
of the molecules in the course of evolution.

2. MATERIALS AND METHODS

The amino acid sequences that we have aligned
were deduced from nucleotide sequences of a
genomic clone for a wheat «/@3-gliadin [2] and of
c¢DNA clones for a wheat y-gliadin [3], a high-M;
glutenin from wheat [4], and a B-hordein from
barley [5].
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Amino acid sequence Wheat Barley

Homology

The similarities among the sequences were
strong enough that the sequences could be aligned
by visual inspection. In comparing alternate
alignments, we used the scheme of McLachlan [6]
to assign a score to each pairing of amino acid
residues. The rules and data of Chou and Fasman
[71 were used to predict secondary structure.

3. RESULTS AND DISCUSSION

The complete sequence of a wheat gliadin of the
a/@ subfamily is available from the nucleotide se-
quence of the genomic clone [2]; the partial se-
quences inferred from ¢cDNA sequences corres-
pond to the C-terminal portions of the other 3 pro-
teins. The complete amino acid sequence of the
a/3-gliadin is the basis of our numbering scheme.
Alignment of the longest (y-gliadin) of the 3 partial
sequences starts after the continuous stretch of 18
glutamine residues at positions 96—113 of the a/5-
gliadin. Optimal alignment of the two gliadin se-
quences requires few deletions, and the sequences
exhibit rather strong similarity. The aligned se-
quences (fig.1) reveal 3 distinct regions. Two
regions, 114-181 (particularly 126—181) and
219-266, contain hydrophobic residues at levels
typical of folded proteins. The greatest similarity
between the two gliadins is in these regions. The se-
quence linking these two regions (182—218) is quite

00145793/85/$3.30 © 1985 Federation of European Biochemical Societies 291



Volume 180, number 2

rich in glutamine, contains few hydrophobic
residues, and has a fairly high proline content.
Glutamine matches dominate the alignment in this
region. Other amino acids are frequently matched
with quite dissimilar residues. In other words, in
this region the sequences are not highly conserved
on a residue-by-residue basis, but the overall
glutamine-rich character of the region is preserved.

The shorter partial sequences from a barley B-
hordein and a wheat high-M; glutenin polypeptide
align readily with the C-terminal portion of the
a/B-gliadin and 9-gliadin sequences. Note,
however, that some known sequence of the high-
M; glutenin is not aligned. This lies on the N-
terminal side of that portion of the high-M;
glutenin sequence shown in the alignment. A con-
venient starting point in making the alignments
was a Met-Cys sequence that occurs in all 4 se-
quences (positions 246 and 247 in fig.1). There is
rather strong conservation on each side of this
Met-Cys sequence.

Large portions of the o/G-gliadin and y-gliadin
sequences are similar. From this, we infer that they
are homologous proteins, i.e., that at least those
portions of the two sequences that we have aligned
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have derived from a common ancestral polypep-
tide. Similarly, at least those portions of the B-
hordein and high-M, glutenin for which sequences
are available are homologous to the two gliadins.
Thus, the 4 sequences constitute a family of related
polypeptides, which appear to have been derived
(over at least a portion of their sequences) from a
common ancestral polypeptide.

The B-hordein sequence is somewhat more
similar to the y-gliadin than to the /g gliadin.
This suggests that the B-hordeins are the barley
analogs of wheat y-gliadins. Although it is much
larger than the gliadins, the high-M; glutenin (M;
~100000 from SDS gel electrophoresis [8]) ap-
parently is also related evolutionarily to the
gliadins, the majority of which have M, values of
30000—-50000 from SDS gel electrophoresis. We
then would tentatively divide the family of 4 se-
quences into 3 subfamilies: the «/#-gliadin group;
a group that contains the p-gliadin and the B-
hordein; and the high-M; glutenin group.

Our alignment suggests that primary structure in
this family of cereal storage proteins is ‘modular’;
i.e., in each protein several units of distinctive
character are linked together. We prefer to call the

FOLDING MODULE

Y-GLIADIN "ILFVHPSIL-QQLNPCKVFLOQQCSPVAMPQSLA---RSQMLQQASSCHVMQQACCQQALLAIPQQ
o/8~GLIADIN IL---Q01L00QLIP-------- CMDVVLOQHNlAHG?SQVLQOSTY?LLGELCCOHI:HOIPEO

10 130 o 19 160

GLN-RICH NONREPETITIVE MODULE
T-GLIADIN SRYEAIRAIIYSlll:l----DEOQOVOGSIOTQOOOPO-ELGOCVSOPOQOQSQOOLGQOPOOQOI
o/8-GLIADIN HECOAIHNVVHAI!LHOOOKOOO?PSSOVSFOGI"LOOYPLGQG§FRP ------------ SQONP
1w 10 190 20 a0
C-TERMINAL FOLDING MODWLE

wweuren  YDEPYHVSAEHQAASLKVAKAQQLAAQOLPAMCRLEGEDALLASQ® '
Y-GLIADIN LAQGTFLOP-QQVAQLEVMTSIALR-TLPTMCRVNVPLSRTTTSVPFGVGAGVGAY®
B-HORDEIN QLEATTSIALR-TLPTMCSVNVPLYR---IVPLAIDTRVGV®
a/8-GLIADIN OAOGS-VOP-QOLPOFEElRNLM‘.O-TLPAHCNVYIPPYC--TlAPfGIFGTN'

0 20 . 0 20

Fig.1. Alignment of sequences from 4 cereal storage proteins. Residue numbers are indicated for the a/@-gliadin.

Sequence information is available to the N-terminal side of the sequences shown for the gliadins and the glutenin. That

information is not shown because there are no homologies among the 3 proteins in those sequences (see text). The C-
terminal sequence of each protein is complete, as indicated by *.
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units modules rather than domains since their iden-
tification is entirely at the level of primary struc-
ture, and the term ‘domain’ ordinarily carries con-
notations of tertiary structure. Furthermore, some
of the modules are quite short and more likely to
be linkers or bridges between domains rather than
domains.

We can identify 3 types of modules. One is com-
posed of repeats (with some variations) of a se-
quence of 12—-20 residues that is glutamine-rich
and, to a lesser extent, proline-rich. A second type
of module is also glutamine-rich and rather defi-
cient in hydrophobic residues, but does not contain
repeats. An extreme form of this type of module is
a continuous stretch of glutamine residues. A third
type of module contains hydrophobic residues at a
level typical of globular proteins.

Glutamine/proline-rich repetitive modules have
been noted in an a/F-gliadin [2], a y-gliadin [3],
and in high-M, glutenin polypeptides [4,8]. In each
case, these occur immediately to the N-terminal
side of the sequence shown in fig.1. Although this
type of module has a characteristic amino acid
composition, there is no apparent similarity in the
repeat sequences of the 3 subfamilies. Thus, the
portions of the proteins comprised of this sort of
module apparently are not homologous from sub-
family to subfamily, although they might be
homologous within a subfamily. Indeed, the
nature of the repeating sequence within these
modules could be a diagnostic feature of a sub-
family within the wheat storage protein family.
The repeats in primary structure in this type of
module could be expected to give rise to repeats in
3 dimensions, i.e., to produce a helix.

The second type of module, the glutamine-rich
nonrepetitive regions, is represented by residues
182218 of the a/#-gliadin and by the correspond-
ing portion of the y-gliadin. Although this region
is not highly conserved, it does appear that these
two modules are homologous, that is, that they
have likely evolved from a stretch of common
ancestral polypeptide. Lacking repeats and being
relatively deficient in hydrophobic residues, this
type of module is unlikely to be structured in a
3-dimensional sense and may resemble a random
coil. We consider the continuous stretch of
glutamine residues (positions 96—113) in the /8-
gliadin to be an extreme form of this type of
module although one could argue that it is a
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distinct type of module since polyglutamine might
have a tendency to form an a-helix [7-9].

The third type of module we shall call a folding
module. This type occurs in the a/#-gliadin at
positions 114—181 and 219-266 and in the cor-
responding positions of the y-gliadin. The C-
terminal portions of B-hordein and the high-M;
glutenin are also representatives of this type of
module (fig.l), which contains hydrophobic
residues at a level typical of globular proteins. This
region contains all the cysteine residues in the a/6-
gliadin and all but one of the cysteine residues in
the portion of the y-gliadin for which the sequence
has been reported. It is these regions in which the
highest level of sequence conservation is apparent
between the a/f- and y-gliadins. Sequences com-
monly are conserved in proteins to preserve ter-
tiary structure (i.e., a folding pattern). This, along
with amino acid composition, suggests that this
sort of module in the wheat storage proteins is
folded into a specific 3-dimensional structure;
hence the term ‘folding module’. The two folding
modules of the a/@-gliadin sequence have high
helix and @-sheet potential under the predictive
scheme of Chou and Fasman {[7]. Physical
measurements indicate that gliadins contain about
25% helix [1]. Our analysis suggests that the helical
regions are at least largely within the folding
modules. Intramolecular or intermolecular
disulfide bonds could form between folding
modules. Their relatively high conservation sug-
gests that the folding modules may be the key
structural features in this family of cereal storage
proteins.

There appears to have been considerable flex-
ibility in combining modules in the evolution of
wheat storage proteins. Each of the proteins
studied so far contains a folding module at the C-
terminus. In the a/8- and y-gliadins this is preced-
ed by a glutamine-rich structureless module. In the
high-M,; glutenin, on the other hand, the C-
terminal folding module is preceded by a large
glutamine/proline-rich repetitive module [4]. (It
will be most interesting to learn whether a folding
region homologous to residues 114-181 of the
a/@-gliadin occurs in the high-M, glutenin on the
N-terminal side of the glutamine/proline-rich
repetitive module.} Another example of different
arrangements of modules is this: in the a/F-gliadin
a continuous stretch of glutamine immediately
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precedes the first folding module. There is no
analogous glutamine-rich structureless module in
the +v-gliadin. Instead, in this molecule, a
glutamine/proline-rich repetitive module im-
mediately precedes the first folding module. The
apparent flexibility, which is probably limited by
rules we do not yet understand, in the evolutionary
construction in this family of proteins is part of the
reason for our choice of the term ‘modular’.

In the case of the gliadins, it appears that after
duplication of a gene coding for 3 modules (two
folding modules separated by a glutamine-rich
nonrepetitive module) different repetitive modules
were attached to the N-terminal regions, forming
molecules homologous over only part of their se-
quence (the two folding modules and the linking
glutamine-rich nonrepetitive module). In subse-
quent evolution of the homologous regions, con-
straints on the structures of the folding module
maintained greater sequence similarity than in the
module that joins the folding modules.

We note that an alternate view of organization
of sequence units in wheat gliadins appeared
recently [10], after our manuscript had been writ-
ten. The data presented there are nicely accom-
modated by the approach outlined in this paper.
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