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Summary Foxtail millet glutelin 60 kDa (MG60) was purified by preparative SDS-PAGE,
and the N-terminal amino acid sequence was determined within 20 residues. The result
demonstrated that the primary structure at N-terminal of MG60 was almost identical to
those of the granule-bound starch synthase (GBSS) proteins from rice, barley, corn, wheat
and potato. The existence of common epitopes among MG60 and GBSS proteins from these
starch-storing cereals were corroborated by immunoblot analysis using antisera raised
against MG60. These facts strongly suggest a close relationship between MG60-like

glutelins and GBSS proteins.
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Our previous paper (1) indicated that the prolamins
from foxtail (Italian), proso (Common) and sawa
(Japanese) millet cultivars contained common epitopes
among them. Since then, however, little information on
the physico- or immuno-chemical properties of the mil-
let storage proteins has been published so far as we
know. Miflin and Shewry (2) have proposed that
glutelin proteins serve a metabolic and/or structural
role rather than a storage function in some cereals.
Recently, we purified a polypeptide a component with a
molecular mass (MM) of 60 kDa (referred to as MG60)
from the urea-soluble glutelin of a foxtail millet cultivar.
Then, the N-terminal amino acid sequence of MG60
was determined by the method of Matsudaira (3) in
order to obtain the first clue about the function of the
newly obtained glutelin component. .

In this paper, we describe the N-terminal amino acid
sequence homology and antigenic similarity among
urea-soluble MG60-like glutelins from rice and other
starch-storing cereals (barley, corn and wheat). Foxtail
millet (Setarica italica Beau, var akiawa) and corn were
supplied by Dr. T. Ishii (Laboratory of Culture, Faculty of
Education, Ehime University). Rice, barely, and wheat
were purchased from Kaneko Seed Company (Maebashi
Gunma, Japan). All the cereal seeds hulled and milled
were passed through a 0.5 mm sieve, defatted with ace-
tone and air-dried as described previously (1). The de-
fatted flours (5 g) were then extracted twice with 1M
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NaCl (100 mL) and 70% ethanol (100 mL) with stirring
for 1h, followed by centrifugation at 21,000Xg for
20 min at 20°C. After the supernatants were removed,
the salt- and ethanol-insoluble residues were washed
twice with water followed by washing with acetone
three times as described previously (3). The dried
residue was used for the extraction of glutelin fractions
or components of the millet flour. The buffer used here
contained 5M urea, 2% SDS and 0.5% 2-mercap-
toethanol in 50 mm Tris/HCI buffer (pH 8.6) (buffer A).
The dried residue (2 g) was suspended in 50 mL of the
solvent and stirred for 30 min at room temperature.
After being centrifuged as stated above, the super-
natants were pooled, to which an equal volume of ace-
tone was added, and the resulting pellts were washed
three times with acetone. (The content of glutelin frac-
tion was 0.35 g in dry weight, corresponding to a re-
covery of 17.5%. Further fractionation and purification
of glutelin were done by a preparative SDS-PAGE (4),
and one major component with a MM of 60 kDa was
obtained. The glutelin, MG60, was subjected to two-di-
mensional electrophoresis by the method of O’Farrell et
al. (5). As shown in Fig. 1, MG60 was a basic and
monomeric component. The N-terminal amino acid se-
quence of MG60 was determined by the method of
Matsudaira (3). MG60 was electrophoresed on a
SDS/15% polyacrylamide gel (1 mm in thick) and
transfered from the gel to a polyvinylidene difluoride
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(PVDF) membrane. Then, the protein band correspon-
ding to MG60 was sequenced by automated Edoman
degradation with a Shimadzu PSQ-2 protein sequencer.
The results thus obtained, together with data from
Swiss prot protein database 34.0 and from other work-
ers, are listed in Table 1. Although the sequence was de-
termined within 20 residues, the primary structure of
MG60 was found to be quite similar to that of granule-
bound starch synthase (EC 2.4.1.11) in rice, and allied
to those in barley, corn (maize) and wheat in homolo-
gies of 90, 90 and 75%, respectively. The granule-
bound starch synthase (GBSS), called waxy protein, is a
major granule-bound ADP transferase responsible for
the synthesis of amylose and aminopectin (6) in starch-
storing cereals and tubers. The MMs of GBSS range
from 58 to 60 kDa. For example, Echt and Shwartz (7)
first reported a nuclear-encoded enzyme of about
60 kDa, which is active in the starch-synthesizing plas-

tids of plants (8, 9). Clark et al. (10) have clarified the
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Fig. 1. Two-dimensinal electrophoresis of the purified
MG60 from buffer A-soluble glutelin. First electro-
phoresis was conducted in non-equilibrium pH gradi-
ent electrofocusing (NEPHGE) containing 5% ampho-
line (pH 3.5-10). Subsequently, SDS-PAGE was done
with a 15% polyacrylamide gel. The right number rep-
resent MMs of marker proteins: phosphorylase
(94 kDa), bovine (serum albumin (67 kDa), ovalbumin
(43 kDa), carbonic anhydrase (30kDa), trypsin in-
hibitor 20 kDa), a-lactalbumin (14.4 kDa).
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complete nucleotide sequence for the waxy protein of
hexaploid wheat and suggested that the mature waxy
proteins of all species investigated are 58—-60 kDa, as is
the case with wheat. Sano and Hirano (11, 12) verified
that the mature waxy gene product from corn, and that
from potato, was done as 60 kDa (13, 14). These data
strongly-suggest that the starch-storing cereals or tu-
bers share the buffer A-soluble glutelin components. As
for the immunochemical relationship between MG60
and GBSS, this was examined by immunoblot analysis
(15) using rabbit anti-MG60 antiserum that was pre-
pared by a procedure described previously (16). At first,
the antigenic specificity of the antiserum to anti-MG60
was determined against several millet proteins as
shown in Fig. 2. Of these protein fractions, only the
buffer A-soluble glutelin displayed clearly a positive re-
action with the anti-MG60 antiserum, and few cross-
reactions were observed for the prolamin fraction (lane
2) as well as the albumin and globulin fractions (lane
1), proving the high antigenic specificity of the anti-
serum. To confirm the existence of MG60-like glutelin
in rice and other starch-storing cereals, the buffer A-
soluble glutelin fractions were prepared as described
above and subjected to immunoblot analysis. Figure 3
reveals that the individual buffer A-soluble gultelin
fractions contain only one polypeptide component with
an apparent MM of nearly 58-60 kDa in rice (lane 1),
barley (lane 2), corn (lane 3) and wheat (lane 4), but
not in rye (lane 5) or oat (lane 6). These results indi-
cated that buffer A-soluble glutelin components from
the starch-storing cereals shared MG60-like glutelin
poly-peptides. In rye and oat, however, the buffer A-sol-
uble glutelin fractions failed to show any antigenic re-
sponses. Concerning this, we have no idea except that
their starch enzymes were not a granule-bound type
but a soluble one, or that the cultivars used in this study
were accidently waxy mutants which are defects or
scare in the bound starch enzyme (17). With oat, its
storage proteins are saline-soluble globulins but not
glutelin (18).

In any case, globulin may well be useful for the detec-

Table 1. Comparison of N-terminal amino acid sequence between MG60 and its likeness from rice and other starch-
storing cereals.
Source Sequence Homology (%)
1 5 10 15 20
MG60® A T G A G M N VvV VvV F V G A EM A P W § K
Riceh,c,d * * * * * % * * * % * * * * * * * * * * 20/20 (100)
Barleyc.d * * * * S * * * L * * * * * * * * * * * 18/20 (90)
Maizec.(l * * S —— * * * * * * * * * * * * * * * * 18/20 (90)
Wheat(.’ T G S G * * * L * * * * * * * * * * * * 15/20 (75)
Potato! — — * K * * * L I * * * o * vy * g * * * 12/20 (60)

4 Foxtail millet glutelin 60 kDa subunit (in this paper).

b Swiss-prot protein sequence database release 34.0 (in this paper).

¢Van der Leij et al. (Fig. 2 in ref. 14).

4 Hirano et al. (Fig. 5 in ref. 12).

¢ Clark et al. (Fig. 1 in ref. 10).

T Potato is cited as an example for starch storage tubars.
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Immunoblot analyses of foxtail millet protein
fraction using anti-MG60. Panel A: SDS-PAGE profiles
of the millet proteins. Lanes: 1, salt-soluble fraction
sharing albumin and globulin; 2, ethanol-soluble pro-
lamin; 3, buffer A-soluble glutelin. Panel B: The im-
munoblot profiles of panel A. The arrowhead at the
right the shows the MG60 subunit.

tion of corresponding proteins, although the action of
end-proteases is not negligible. For the purpose of es-
tablishing intimate linkages between the MG60-like
glutelin and GBSS proteins, the isolation of cDNA en-
coding all of this family of proteins will provide some in-
formation to resolve the problem of similarity or dissim-
ilarity.
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