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Lunasin is a peptide from soybean seeds which has been demonstrated to have anticancer properties. It
has also been reported in cereal seeds: wheat, rye, barley and Triticale. However, extensive searches of
transcriptome and DNA sequence databases for wheat and other cereals have failed to identify sequences
encoding either the lunasin peptide or a precursor protein. This raises the question of the origin of the
lunasin reported in cereal grain.

� 2013 Elsevier Ltd. Open access under CC BY license.
Lunasin is a peptide from soybean seeds (Jeong et al., 2003;
Odani et al., 1987) which has been demonstrated to have anticancer
properties (Hernández-Ledesma et al., 2009). It comprises 43
amino acid residues and is characterised by a high content of
charged amino acids (19 in total), including a continuous sequence
of nine aspartate residues at the C-terminus (sequence accession
AAB71140). The characterisation of cDNAs encoding lunasin shows
that it corresponds to the small subunit of the soybean 2S albumin
(Galvez and de Lumen,1999; Lin et al., 2004), with the large subunit
having been previously characterised as an 8 kDa methionine-rich
protein (Revilleza et al., 1996). The 2S albumins form a well-
characterised family of seed storage proteins, which have been
characterised from a wide range of dicotyledonous plants, with
methionine-rich forms occurring in several species, notably Brazil
nut and sunflower (Monsalve et al., 2003; Shewry and Pandya,
1999).

The biological activity of lunasin has led to searches for related
peptides in other plant species, including reported isolation from
Solanum (Jeong et al., 2007), amaranthus seeds (Maldonado-
Cervantes et al., 2010; Silva-Sánchez et al., 2008) and cereal
seeds: wheat (Jeong et al., 2007), rye (Jeong et al., 2009), barley
(Jeong et al., 2002, 2010), andmost recently Triticale (Nakurte et al.,
2012). The identity of the peptides in barley and wheat was
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confirmed by partial sequences whichmatch exactly to the soybean
sequence over stretches of 22 and 14 amino acids, respectively
(Fig. 1). This level of sequence identity is surprising considering the
evolutionary distance between cereals and legumes and the fact
that storage proteins diverge rapidly due to limited evolutionary
constraints on their structures. It therefore implies a strong
evolutionary pressure related to a precise functionwithin the plant.

2S albumin storage proteins have not been reported in cereal
seeds, although they are members of a wider superfamily of small
sulphur-rich proteins which include non-specific lipid transfer
proteins (LTPs), puroindolines (Pins) and inhibitors of a-amylase
and trypsin present in cereal seeds. These proteins are also related
to the prolamin storage proteins of wheat (gliadins and glutenins)
and other cereals and are therefore often referred to as the “pro-
lamin superfamily” (Shewry et al., 2004). We therefore decided to
search available sequence databases using the sequence of the
soybean peptide, in order to determine whether the lunasin iden-
tified in wheat and other cereals is also derived from a 2S albumin-
like precursor.

1. The nr protein database available at NCBI (http://blast.ncbi.nlm.
nih.gov/Blast.cgi) includes all non-redundant GenBank CDS
translationsþ PDBþ SwissProtþ PIRþ PRF totalling 58million
sequences, including 60,736 from the Triticeae. A search with
the lunasin peptide (using blastp, E-value cut off < 0.1; low
complexity filter off, other parameters set to default values;
search conducted 9th October 2012) showed that the only se-
quences that exactly matched lunasinwere from soybean, with
the most closely related sequence from another species being
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Fig. 1. Alignment of peptide sequences reported for lunasins fromwheat and barley seeds with the sequence of lunasin from soybean (based on sequences reported by Jeong et al.,
2003, 2007, 2010).

Fig. 2. Alignment of the best matching sequences fromwheat (top) and barley (bottom) (accessions ABR04074.1 and BAJ85510.1, respectively) in the NCBI nr protein database with
the sequence of soybean lunasin. ABR04074.1 corresponds to HMW subunit 1By16 from Triticum dicoccoides.
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from Arachis hypogaea (peanut), which is a legume within the
same Papilionoideae subfamily as soybean. This sequence
shares 60% identity with soybean lunasin over 25 amino acids,
with the longest stretch of identity being four amino acids. This
search would have found the wheat and barley sequences in
Fig. 1 if they were present in the database, as the matches
would have E-values of about 10�6 and 10�15, respectively. We
then searched specifically within the 60,736 Triticeae se-
quences in this database at lower stringency (E-value < 10) to
find the most similar sequence present in wheat and barley.
The best matching sequences from wheat and barley were ac-
cessions ABR04074.1 and BAJ85510.1, respectively. The first of
these is a HMW glutenin subunit 1By16 from Triticum dicoc-
coides, so could be a remote homologue within the prolamin
superfamily. However, the alignments for these show only
stretches of three or two identical amino acids and up to five
similar amino acids (Fig. 2). These matches are many orders of
magnitude less significant than those shown in Fig. 1 (proba-
bility of occurring by chance increased by about 108 and 1016 for
wheat and barley, respectively).

2. The Phytozome (www.phytozome.net) database includes the
genomic sequences of all fully sequenced flowering plant ge-
nomes (27 species, including the cereals sorghum, maize and
rice). A search for peptide sequences encoded by all predicted
genes with the lunasin peptide (blastp, E-value cut off of 0.1;
query filter off, other parameters set to default values; search
conducted 3rd October 2012) showed a 100% match to one
soybean genewhich comprised a single exon, Glyma13g36400,
indicating that this is the encoding gene. The only related gene
that was identified in another species was again in a legume,
Medicago truncatula, with no other hits being found at the same
cut off. Although the barley genome is not yet present in Phy-
tozome, a first draft of a comprehensive set of all genes has
recently been released (International Barley Sequencing
Consortium, 2012); tblastn searches of all 79,379 genes
(26,159 ‘high confidence’, 53,220 ‘low confidence’ genes)
revealed no better matches than that in Fig. 2B. Wheat has not
yet been fully sequenced but lunasin-related sequences were
also not found in the International Wheat Genome Sequencing
Consortium chromosome sorted database of wheat genomic
sequences (http://www.wheatgenome.org/).

3. EST (expressed sequence tags) sequence libraries comprise
sequences derived from mRNAs (ie transcribed genes). The
publically available libraries for barley and wheat total over 1.9
million ESTs from a wide selection of cultivars, with over half
corresponding to mRNAs from seeds. Searching these and our
own wheat RNA-Seq libraries from wheat starchy endosperm
(12 million sequences) (Pellny et al., 2012) for transcripts
encoding lunasin-like peptides (tblastn, E-value cut off of 0.1;
query filter off, other parameters set to default values) identi-
fied no significant hits.

We also did not find matches for the lunasin sequence reported
from the dicot amaranthus which shares 76% identity with soybean
lunasin (Maldonado-Cervantes et al., 2010; Silva-Sánchez et al.,
2008). However, this is not surprising as amaranthus species are
very poorly represented in the databases (only 348 peptides in
Genbank).

It is clear, therefore, that genes encoding peptides which are
closely related in sequence to soybean lunasin are not present in
the currently available sequence databases of wheat, barley or other
major cereals. It is, of course, possible that genes including lunasin
are present in cereals but are not represented in the databases. We
think this is unlikely because the databases are extensive. Also, the
reported levels of the lunasin peptide in cereal grains (reported as
14e21 mg/g and 12–99 mg/g in barley (Jeong et al., 2002, 2010),
429e6458 mg/g in triticale (Nakurte et al., 2012), 733e1510 mg/g in
rye (Jeong et al., 2009) and 211e290 mg/g in wheat (Jeong et al.,
2007)) indicate that significant levels of transcripts should be
present, as in soybean and peanut where both genomic and tran-
script sequences were readily identified. This raises the question of
the origin of the lunasin peptides reported by other workers in
cereals (as discussed above). We have no explanation for this but
one possibility is that the peptide is produced by microbiological
action, as Rizzello et al. (2012) recently reported that the concen-
tration of lunasin present after sourdough fermentation was 2e4
times greater than that present in control doughs. If so it must be
assumed that the lunasin is synthesised and secreted by the
microorganism, either as a mature peptide or a precursor which
is then processed by a microbial or endogenous plant proteinase.
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