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Abstract

The paper describes the amino acid sequence of a 26 kDa basic subunit of 13S globulin of common buckwheat (Fagopyrum
esculentum Moench). The protein has 93 and 75% sequence homology with 11S globulin of Coffea arabica and B subunit of 11S
globulin of Cucurbita pepo respectively. The subunit has the “globally conserved”” N-terminal sequence consisting of Gly-Ile-Asp-
Glu and the cysteine at P7’ from the proteolytic processing site. A conserved 7 residue domain of Pro-His-Trp-Asn-Ile-Asn-Ala,
characteristic of basic subunits of legumins from non-leguminous angiosperms, is also present in this protein. A distinguishing
features of this subunit is the relatively high level of lysine and methionine.
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1. Introduction

Although cereal grains and legume seeds are the main
source of dietary proteins for human nutrition, the sto-
rage proteins in both are deficient to varying degrees in
several of the essential amino acids. The major amino
acid deficiency in legume seed proteins is their low con-
tent of sulphur amino acids, especially methionine. On
the other hand cereal proteins are deficient in lysine
(Shotwell And Larkins, 1989). Over the years many
attempts have been made to improve the level of essen-
tial amino acids in seed storage proteins of crop plants
through conventional breeding programmes (Larkins,
1983). However, in most cases the attempts have either
led to a severe depletion in the storage protein levels or
abnormalities in seed development. A variety of barley
viz. Riso1508, developed in this way, had very high
lysine content but a severe depletion of hordein level
and grain yield (Herman and Larkins, 1991). The nega-
tive correlation between the seed protein content and
the level of essential amino acids per unit protein has
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come as a major handicap in improving the amino acid
composition of seed proteins in crops.

Because of inherent limitations in interspecific hybri-
dizations, molecular approaches have provided alter-
native strategies to conventional breeding programmes.
Such approaches have focussed either around the
manipulation of the primary sequence of the proteins
(Lago et al., 1990) or expression of genes for hetero-
logous proteins rich in essential amino acids (Guerche et
al., 1990; Saalbach et al., 1995). The generality of the
approach by which the foreign proteins, rich in desired
amino acids, may be introduced is constrained by scanty
information about suitable heterologous proteins and
their genes. The identification and characterization of
the target proteins and cloning of full length genes cod-
ing for such proteins would be an essential prerequisite
for production of transgenic plants with improved and
balanced amino acid composition.

Amongst the existing plant resources, minor crops
such as common buckwheat (Fagopyrum esculentum
Moench) assume importance because of short growth
span and the high nutritive value of its grains (Pomer-
anz and Robbins, 1992; Rout and Chrungoo, 1996).
Rout et al. (1997) have already reported about the pur-
ification and N-terminal amino acid sequence of the
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lysine rich basic subunit of the 13S globulin from grains
of common buckwheat. The present paper describes the
amino acid sequence of the protein and its phylogenetic
relationship with similar proteins of other plants.

2. Materials and methods
2.1. Plant material

Grains of common buckwheat (Fagopyrum escu-
lentum Moench var BDS-1354)) were procured from the
Vivekananda Laboratory for Hill Agriculture, Almora
(India).

2.2. Protein isolation

Total soluble proteins were extracted from the grains
following extraction with cold 50 mM Tris-Cl buffer
(pH 8.0) containing 0.1 M NaCl, 5% polyvinyl pyrroli-
done and 2 mM phenyl methyl sulphonyl fluoride
(PMSF). The globulin fraction representing the main
storage protein was isolated as per the protocol descri-
bed earlier (Rout and Chrungoo, 1996). Briefly the
homogenate was centrifuged at 10,000 g for 15 min at
4 °C. The supernatant was brought to 80% saturation
level of (NH4),SOy4; the precipitate was dissolved in
50mM Tris-Cl buffer (pH 8.0) containing 100 mM
EDTA and dialysed against the same buffer for 96 h at
4 °C. The 13S globulin was isolated from the dialysate
by chromatography on Sepharose 6B. The isolated glo-
bulin fraction was reduced and alkylated with 0.1 M
2-ME in 6 M Urea according to Hager et al. (1992). The
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Fig. 1. SDS-PAGE profile of the crude extract (a) and the purified 26
kDa basic subunit of legumin type protein (b) from grains of common
buckwheat.

alkylated fraction was fractionated on Sephadex G-120
to isolate the 26 kD basic subunit.

2.3. Amino acid sequencing

The intact S-alkylated basic subunit was sequenced by
Edman gas phase degradation using PSQ-1 Shimadzu
gas phase sequenator coupled to PTH-amino acid ana-
lyser. Samples of the S-alkylated protein were digested
separately with trypsin and CnBr as per Kamp (1986).
The peptide mixtures were fractionated on BioGel-P6
column in 0.1 M ammonium bicarbonate (pH 8.0). Peak
fractions were pooled and subjected to RP-HPLC
(Vydac C-18 column) with gradient of acetonitrile in
0.1% aqueous TFA. The derived peptides were
sequenced manually by the DABITC/PITC double
coupling method (Chang et al., 1978).

2.4. Sequence analysis

The CLUSTAL package (Thompson et al., 1994) was
used to align the amino acid sequence with amino acid
sequences of basic subunits of other known legumins.
The statistical significance of amino acid similarity was
calculated for 200 randomisations according to Dayhoff
(1978).

3. Results and discussion

The legumin-like polypeptides represent an abundant
protein fraction as detected by SDS-PAGE (Fig. 1a).
The polypeptides could be grouped into three size clas-
ses viz. o-B showing a molecular mass of 54 kDa, o with

Table 1
Amino acid composition of the 26 kDa basic subunit of buckwheat
grain legumin

Amino acid Residues (mol%) Residues (mol™)
Ala 9.27 18
Arg 6.18 12
Asx 10.30 20
Glx 16.49 32
Cys 0.51 1
Gly 6.70 13
His 1.03 2
Ile 5.67 11
Leu 7.21 14
Lys 6.70 13
Met 1.54 3
Phe 4.63 9
Pro 3.60 7
Ser 6.70 13
Thr 2.57 5
Trp 0.51 1
Tyr 3.60 7
Val 6.70 13
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molecular mass ranging from 32-37 kDa and B with
molecular weights ranging from 20 to 29 kDa. The
purified 26 kD subunit resolved as a single band under
denaturing SDS-PAGE (Fig. 1b).

The amino acid composition of the sununit reveals
relatively high levels of lysine, threonine, leucine and
methionine (Table 1). This feature indicates the nutri-
tionally rich amino acid composition of buckwheat
legumin. The protein also has high content of arginine
and glutamine/glutamic acid. Presence of high levels of
amides (glutamic acid, aspartic acid-asparagine and
arginine), as observed in buckwheat legumin, is con-
sistent with the role of crystalloid seed storage proteins
as a nitrogen source during seed germination. Fischer et
al. (1996) have reported the presence of methionine rich
(MetR) legumins in lower angiosperms. Amongst the
seed crops, methionine rich legumin type protein has
been reported from Perilla frutescens (Jin et al., 2000).

v

The identification of a legumin-type protein with a
relatively higher level of methionine in common buck-
wheat indicates the presence of such proteins in seed
crops also.

The amino acid sequence of the protein was estab-
lished after microsequencing of the relevant peptides
obtained after digestions of the reduced and alkylated
basic subunit with trypsin and or following chemical
cleavage with CnBr (Fig. 2). The sequence has been
deposited in the SWISS-PROT protein data bank with
accession no. P83004. Using an alignment that per-
mitted maximum homology, the buckwheat protein
showed the highest (>90%) homology with 118 storage
protein from Coffea arabica. The percentage homology
with other legumin type proteins varied between 68%
for leguminl from common buckwheat to 76% for
legumin type protein from Magnolia salicifolia. A sta-
tistical evaluation of the alignments revealed that the
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Fig. 2. Amino acid sequence of the basic subunit of legumin-type protein (Bwleg, Swissprot accession No. P83004) from grains of common buck-
wheat and its alignment with amino acid sequences of basic subunits of other legumin-type proteins. The invariant residues are shown in bold. The
“*” mark represents a conserved domain of invariant/ similar residues. [Text in parentheses indicates the accession No. of the sequence; arrow at the

start of the sequence marks the N-terminal glycine.]
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sequence homologies were highly significant. Although
Fujina et al. (2001) have reported the presence of aller-
genic proteins in buckwheat grains, the buckwheat
legumin isolated by us did not show any significant
homology with amino acid sequences of known aller-
gens.

The sequence reveals all the characteristic features of
legumin subfamily. These include the N-terminal
domain composed of Gly-Ile-Asp-Glu and the cysteine
at P7' from the proteolytic processing site. The “glob-
ally conserved” position of P7" Cysteine indicates its
significance in the secondary structure formation. Hager
et al. (1992) have indicated the importance of this resi-
due in formation of a disulphide bridge linking the
acidic and basic chains. The basic subunits of legumins
from angiosperms show conserved domain consisting of
Pro-His-Trp-Asn-Ile/Leu/Val-Asn-Ala between residue
64 and 70 from the N-terminus. This feature distin-
guishes these subunits of angiosperms from those of
gymnosperms. The buckwheat legumin also has a simi-
lar conserved domain of Pro-His-Trp-Asn-Ile-Asn-Ala.
A low complexity region was detected in the sequence

buckwheatlegumin P83004

11sglbcoffea ACC61983

Prunus CAA55009

pea P14594

soyabeanglycinin BAA74953

Vicia P16078

fagopyrumlegumin1 T10696

Magnolia $54206

11sglbcucumber P13744

Douglasfirlegumin AAA68981

Calocedrus CAAG4788

Ephedra CAA90640

Welwitia

Gnetum CAA90642

Ricinus AAF73008

citrin T10089
0.1

Fig. 3. Phylogenetic tree based on the amino acid sequences of the
basic subunit of legumin type proteins of various angiosperms and
gymnosperms. The text in the figure refers to accession number of the
sequence.

between residues 169—180. This allows a prediction that
any mutation or insertion in this region might not have
a detrimental effect on the structure of the protein.

Phylogenetic analysis of amino acid sequences of
legumin type proteins including the one from com-
mon buckwheat reported here reveals a clear diver-
sification into angispermous and gymnospermous
groups (Fig. 3).
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