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ABSTRACT

Cereal Chem. 78(1):79-83

Semidry electroblotting is convenient and allows a rapid and efficientvere grouped into HMW glutenin subunits, - or y-gliadins, and novel
protein transfer from two-dimensional polyacrylamide gel electrophoresiprotein polypeptides by using the N-terminal amino acid sequences. The
(2D-PAGE) gels onto sequencer stable supports for protein micros@ovel endosperm protein polypeptides were detected, and two new types
quence analysis in a gas-phase sequencer. Using this technique, | determiolel-terminal amino acid sequences have been found for protein poly-
the amino acid sequences of the endosperm proteins in Japanese hexapbeiptides. These polypeptides have much faster electrophoresigtymob
commercial wheatsT{iticum aestivum). Based on sequence determi- during 2D-PAGE and are therefore probably a much smaller size than any
nation of the Japanese hexaploid wheats, the endosperm protein coulddbeer peptides of endosperm protein groups found in hexaploid wheat.
easily characterized. Wheat endosperm protein, extracted in the presef@n protein polypeptides have been purified from cultivars of Japanese
of 2-mercaptoethanol and SDS, fractionated into many protein polypepvheat. Some differences in the contents of amino acids for four protein
tides using 2D-PAGE under dissociating dtnds. These components polypeptide spots were apparent in Japanese wheat.

The predominant proteins of the wheat endosperm proteins are
described here as prolamins (Shewry et a 1984) because of their
high content of proline and glutamine (Kasarda et a 1976). In the
developing endosperm, they are deposited in membrane-bound
protein bodies (Field et a 1983). These proteins are subdivided
into glutenin and gliadin. Glutenin isradically different from gliadin
and occurs as large disulfide-linked molecules or aggregates. It
elutes with the void volume upon gel-filtration chromatography
(Payne et a 1979). The gliadin fraction is a complex mixture of
simple polypeptides. They do not participate in intermolecular
disulfide bond formation, and they are not excluded from géel fil-
tration media designed to sieve molecules at MW < 80,000 (Naka-
mura et a 1990).

Two-dimensiona polyacrylamide gel e ectrophoresis (2D-PAGE)
has been extensively used for separation and characterization of
proteins (Lafiandra et a 1985; Payne et a 1985). Commonly, the
first-dimension separation occurs in a gel cylinder or strip, which
is then positioned across the top of a second slab gel for sepa
ration in the second dimension. In this way, amost any two one-
dimensional electrophoretic techniques can be combined to im-
prove resolution of a protein mixture. Amino-terminal sequences
of endosperm proteins were examined to reveal evolutionary rela-
tions, aid in classification, and relate their structures and properties
(Bietz et a 1977).

Prolamins are the magjor storage proteins in most cereal seeds
and as such are an important source of dietary protein. In addition,
the prolamins of whesat are the mgjor components of gluten, the prop-
erties of which determine the quality of wheat flour for various
technological processes including breadmaking quality (Shewry
and Tatham 1990). The starchy endosperm of mature wheat grains
contains severa types of protein including the storage proteins glu-
tenin, gliadin, globulin, and albumin proteins and enzymes that sur-
vived from the metabolically active endosperm of the developing
grain, and structural proteins, such as those in membranes.

A novel method for protein microsequencing has been rapidly
developed during the last 15 years. Severa authors have reported
that the wheat endosperm protein was extracted from whesat flour and
amino acid sequences were extracted (Thompson et a 1983; Forde
et a 1985; Halford et a 1987, 1992; Anderson et a 1989; Hirano
1989; Kasarda 1989; Hirano and Watanabe 1990; Reddy and Apples
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1993; Mackie et a 1996; Bleukx et a 1998; Masci et al 1999;
Ovidio et a 1999). In this method, subnanomole amounts of protein
are first separated by one-dimensiona (1D) or 2D-PAGE, eectro-
blotted from the gel onto sequencer-stable membrane supports, and
finally sequenced directly with a gas-phase sequencer. The sample
preparation procedure, consisting of only two steps, high resolution
of 2D-PAGE, and electroblotting, effectively prevents protein
losses and modifications inherent to multistep sample preparation
and often permits the purification of proteins that could not easily
be purified by conventional column chromatography, including
HPLC.

In this article, the 2D-PAGE protein obtained by isoelectric focus-
ing (IEF) in the first dimension x SDS-PAGE in the second 2D-
PAGE procedures has been subdivided further according to the
biochemical and genetic properties of the proteins. To overcome
this limitation, a detailed analysis of endosperm proteins from a
single cultivar is required. At present, no systematic effort has been
reported on the characterization of a gliadin family from a single
cultivar in Japan. The only extensive analysis in this direction is the
one done on cvs. Norin 1, Norin 2, Norin 3, Norin 4, and Chinese-
Spring, where a total 10 protein peptide spots have been sequenced.

To extend knowledge of endosperm proteins and particularly of
genes related to protein characteristics of Japanese hexaploid wheat,
| have started a research project to characterize the complete gene
set of a Japanese wheat cultivars by following two strategies. The
allelic variation in the HMW glutenin subunit loci @lu-1 in the
Japanese hexaploid wheat cultivars is unique throughout the world
although, for these cultivars, there are only 17 glutenin subunit com-
positions (Nakamura et al 1999). The N-terminal amino acid se-
guences of 10 individual protein spots isolated from wheat cultivars
are reported here. These results give further information on the
genetic and biochemical relationships within this important group
of wheat endosperm proteins.

MATERIALSAND METHODS

In this study, electroblotted proteins were separated by 2D-PAGE
and their N-terminal amino acid sequences determined. Japanese
hexaploid wheat cvs. Norin 1, Norin 2, Norin 3, Norin 4, and
Chinese-Spring used in this study were taken from the collection
maintained at the National Agriculture Research Center, Tsukuba,
Japan. Electroblotting of proteins for microsequencing analysis em-
ployed a semidry blotting apparatus, developed by Kyhse-Andersen.
Proteins electroblotted onto polyvinylidene difluoride (PVDF) can
easily be detected with Coomassie Brilliant Blue, Amino Black,
or Ponceau S. | preferred the PVDF (pore size @rdbdue to its
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characteristics in the blotting for microsequencing. Most of the
proteins were well bound onto PVDF and could easily be detected
by Coomassie Blue staining in this study. To complete poly-
merization, a polyacrylamide gel was usually prepared 1 or 2 hr
before use. However, the gel could be used a few hours after
initiation of polymerization without any particular problems in the
separation and sequencing of proteins. Protein samples for 2D-
PAGE were prepared according to the standard methods. Alter-
natively, pyridylethylation can be done in gas phase on the
immobilizing matrix after electroblotting. The thickness and con-
centration of polyacrylamide gels affected electroblotting efficiency.
In most cases, a 2-mm-thick gel was most suitable.

Proteins separated by 2D-PAGE were el ectroblotted in a semidry
blotting apparatus and sequenced by a gas-phase sequencer. Total
endosperm proteins were isolated from wheat flour in Japanese
Norin 1 by a gas-phase sequencer. Three buffer solutions were used
in electroblotting: solution A consisted of 0.3M Tris, 20% (v/v)
methanol; solution B was 25 mM Tris, 20% (v/v) methanol; and
solution C was 25 mM Tris, 40 mM 6-amino-n-caproic acid, 20%
(v/v) methanol. Blotting filters and filter paper (Whatman 3MM)
were trimmed to the dimensions of the gel. PVDF or siliconized
glass fiber filter (SGF) was soaked in 100% methanol for 10 sec
and subsequently in solution C for 5 min with shaking. Polybrene-
coated glass fiber (PGF) was washed carefully with 200 mL of
redistilled water to remove excess polybrene and soaked in solution
C for 5 min with shaking. After completion of 2-D PAGE, the gel
was soaked in 100 mL of solution C for 10 min with gentle
shaking to reduce the amount of glycinate contained in the gel. A
total of =200 mL each of A, B, and C was poured into three
Separate stainless trays. Two pieces of filter paper were soaked in each
tray and shaken gently for 10 min to wash out the contaminants
contained in the filter papers. Any excess solution in the filter papers
and gel was removed. The 2D-PAGE involved two separate first
dimensions and a common second dimension. Most proteins could
be fractionated in the procedure using IEF in the first dimension
and SDS-PAGE in the second. The method, originally described

by O’'Farrell (1975) and O’Farrell et al (1977), has been modified
further for the separation of wheat endosperm proteins (Nakamura
et al 1990). Samples for extraction weighted 30 mg and consisted
of several grains with their embryos discarded. Acrylamide,-N,N
methylenebisacrylamide, SDS, and urea were purchased from Bio-
Rad (Richmond, CA). Ampholine carrier ampholytes were from
LKB (Bromma, Sweden). Acetonitrile and methanol were HPLC
analytical reagent grade. Reagents and solvents for amino acid
sequence analysis were purchased from Wako Pure Chemicals
(Osaka, Japan) and Applied Biosystems Japan (Tokyo). Glass-fiber
(GF) filter and PVDF (Immobilon, pore size 0.48n) were
purchased from Whatman (Maidstone, Kent, UK) and Millipore
(Bedford, MA), respectively. Filter paper (3MM) was obtained
from Whatman. Bovineax-lactalbumin and3-lactoglobulin were

from Pharmacia (Uppsala, Sweden) and Applied Biosystems (Foster
City, CA), respectively. The pure spots in wheat endosperm proteins
separated by 2-D PAGE were electroblotted in a semidry blotting
apparatus and sequenced by a gas-phase automatic sequencer with
a Applied Biosystems model 477A.

RESULTS

N-terminal amino acid sequencing (Kasarda et al 1984; Shewry
et al 1984) and DNA sequencing of gliadin gene sequences cloned
in bacteria revealed four distinctive grougs; B-, y- and w-
gliadins (Payne et al 1985). Upon reduction, the aggregates dis-
sociate into several dozen protein spots that group into HMW and
novel protein polypeptide spots by two-dimensional electrophoresis.
By the 2D-PAGE, the novel protein polypeptides subdivided. In
addition to the major storage proteins, there are myriad additional,
minor proteins, which together make a significant contribution to
total endosperm protein.

Amino acid compositions of 10 protein polypeptides were examined
to reveal the gliadin polypeptides with lower molecular weight than
HMW glutenin subunits. Numerous protein components are present,
many LMW and not seen clearly in total protein extracts (Fig. 1).

TABLE |
N-Terminal Amino Acid Sequences of Purified Wheat (Triticum aestivum) Endosper m Proteinsin Japanese Wheat Cultivar Norin 1

Protein Spot Identified Residues N-Terminal Amino Acid Sequences? Protein Polypeptide
1 18 TGPY(MYAGMGLPINXLXG Novel protein N

2 20 TGPYXYPGMGLPSNPXEGXQ Novel protein N,

3 6 RTAXEP Novel protein N

4 8 RIA(SE(@Q) QH) Novel protein N4

5 10 VRVPVPQLQP a-, B-gliadin

6 17 VRVPVPQLQPQNPSQ(QQ a-, B-gliadin

7 20 NMQVDPSGQVQWPQQXXXPQ y-gliadin

8 8 VRVPVPQL a-, B-gliadin

9 11 EGEASXQLQOXQ HMWP glutenin subunit 2
10 9 EGEASGELQ HMW glutenin subunit 12

a Sequences aligned to maximize homology, resulting in gaps in those for seed storage protein components. Underlines indicate regions of sequence identity.
Notation of residue numbers follows standard single letter abbreviations: A, alanine; C, cysteine; D, asparatic acid; E, glutamic acid; G, glycine; |, isoleucine;
K, lysine; L, leucine; M, methiionine; N, asparagine; P, proline; Q, glutamine; R, arginine; S, serine; T, threonine; Y, tyrosine; V, valine; W, tryptophan; Z,
glutamine; X, unidentified.

b High molecular weight.

TABLEII
Comparison of Fraction of the Endosperm Protein Spotsin Wheat (Triticum aestivum) by 2D-PAGE (IEF x SDS-PAGE}

Protein Spot NumberP

Novel Protein Polypeptide Gliadin HMW Glutenin Subunit ©
Cultivar 1 2 3 4 5 6 7 8 9 10
Norin 1 + + + + + + + + + +
Norin 2 + + + + + + + + + +
Norin 3 - - - + + + + + + +
Norin 4 + - - - + + - - + +
Chinese-Spring - - - - - + - - + +

a2D-PAGE = two-dimensional polyacrylamide gel electrophoresis; IEF = isoelectric focusing.
b Present = + and absent = —.
¢ High molecular weight.
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The 2D-PAGE fractionation of the total endosperm proteins of _ I1 E F +
Norin 1 is shown in Table |I. The 2D-PAGE proteins were divided
into areas according to the biochemical and genetic properties of
the proteins, and results were similar, although more detailed, than

those published previoudy (Payne et d 1985). The subdivision of the 3 -

map into HMW glutenin subunit, LMW glutenin subunit, gliadin, abu- - -

min, and globulin is based on Jackson et a (1983). During a survey - . %

of hexaploid wheat cultivars, several Japanese modern cultivars - j A, A =

(Norin 1, Norin 2, Norin 3, and Norin 4) possessed the novel four £ B . - -™

protein polypeptides of much faster mohility in 2D-PAGE (Table I1). - ,;;':‘_-q. ?' - @

These protein polypeptides were not reported previously. 5 S =]
The four nove protein polypeptides were not fully characterized Lo A 3 7

biochemically and can not yet be included in the classification ik

scheme shown in Fig. 1 and Table I. They are present in protein ;

bodies in the developing endosperm, but they are endosperm proteins i il +

that do not fal clearly into the glutenin, gliadin, abumin, or

globulin groups. Fig. 1. Fractionation of endosperm proteins by isoelectric focusing (IEF)

The sequence resuilts for four novel protein polypeptides (Table x sodium dodecyl sulfat_e polyaqrylamide gel electrophoresis (SDS-PAGE)
I or Fig. 1). The novel protein polypeptide named N, in thisstudy ~ ©f Japanese wheat cultivar Norir
has the sequence NH,-Thr-Gly-Pro-Tyr-(Thr)-Tyr-Ala—Gly—Met—
Gly—Leu—Pro- —lle-Asn- -Leu- -Gly-. The novel protein polypeptide DISCUSSION
named N in this study also has the same sequence for 12
residues, N&Thr-Gly-Pro-Tyr-, -Tyr-, —Gly—Met—Gly—Leu—Pro-, At first, the aim of this study was to reveal the gliadin poly-
-Asn-, -Gly-, except that two residues could not be identified. Th@eptides in Japanese modern cultivars, but | determined mui@! e
protein spots 1 and 2 have regions of homology with, NHT ~ Sperm protein polypeptides with very low molecular weight (slot 1
(threonine) — G (glycine) — P (proline) — Y (tyrosine)-, - Y (tyrosine)and 2) on the same gel in these analyses.
-, - G (glycine) — M (methionine) — G (glycine) — L (leucine) — P Japanese hexaploid wheat cultivars are unique in terms of their
(pro]ine)_, -N (asparagin)_, -G (g|ycine)_, in agreement with 12HMW glutenin subunit CompOSition because two rare alleles are
residues, respectively. Therefore, | have determined this twdresent in Japanese wheat (HMW glutenin subunits 13+19 encoded
protein polypeptide. The determined sequence of the novel protedi theGlu-B1 allele and subunits 2.2+12 encoded at @he-D1
polypeptide named Nn this study was NHArg-Thr-Ala- -Glu-  allele) (Nakamura 1999). New types of N-terminal amino acid
Pro-; the novel protein polypeptide nameg iN this study also Séquence were found in Norin 1, Norin 2, Norin 3, and Norin 4.
has NH-Arg-lle-Ala-(Ser)-Glu-(GIn)-GIn-(His)-. Thus, four novel Altogether, five types of N-terminal amino acid sequence were
protein polypeptides (N N,, Ns, and N) in this study differ ~found: two new types and three other sequences corresponding to
significantly from endosperm proteins such as glutenin, gliadinHMW-glutenin types,a-, B-gliadin type, andy-gliadin type, as
albumin, or globulin groups sequences (Bietz et al 1977; Kasard¥eviously reported (Bietz et al 1977; Kasarda et al 1983, 1984;
et al 1983, 1984; Shewry et al 1984, 1989, 1990; Halberd 198§hewry et al 1984, 1989, 1990; Halberd et al 1985; Rafalski 1986;
Rafalski 1986: Anderson and Green 1989: Anderson et al 1984nnderson and Green 1989; Anderson et al 1989; Masci et al 1999).
Masci et al 1999). These four cultivars (Norin 1, Norin 2, Norin 3, and Norin 4) have

The purified protein polypeptides were identified by their mobility four HMW glutenin subunits (7+8, 2+12); none of them unique. How-
on the gel by 2D-PAGE. Ten fractions gave major or minor pro€Ver, these Japanese cultivars have the novel protein polypeptides
tein peptides on 2D-PAGE (Fig. 1). They are monomeric protein®f endosperm protein with very fast mobility in 2D-PAGE. | have
Amino acid compositions of 10 protein polypeptide spots preparatiori@med the two novel protein polypeptides N. Amino acid sequencing
are presented in Table I. It contains at least four types of proteingas great potential for analysis of the evolutionary relationships
usually referred to as-, B-, y- andw-gliadins. Although the novel among endosperm protein components and genes coding them, but
protein N, N, polypeptide preparations are rich in tyrosine (Y), this technique is only beginning to be applied in the study of those
proline (P), and glycine (G), and the novel protei N, poly- proteins in Japan. So far, no cereal grain storage protein has been
peptide preparations are also rich in arginine (R), alanine (A), argfquenced completely, even though the complete sequence of more
glutamic acid (E), some differences in the proportions of thostéhan a thousand proteins has been determined. Automated Edman
amino acids are observed from other endosperm protein polypepticéegradation reveals a high degree of homology among HMW glutenin
(glutenin, gliadin, albumin, and globulin). The-, B-gliadin  Polypeptidesa-, B-gliadin polypeptides, anggliadin polypeptides.
polypeptides preparations are rich in glutamine (Q), proline (P), These novel protein polypeptides are not major endosperm pro-
and valine (V). They-gliadin polypeptides preparations also areteins such as glutenin, gliadin, albumin, and globulin. The differ-
rich in glutamine (Q), proline (P), and valine (V). The HMW glutenin€nces between these novel protein polypeptides and other protein
polypeptides preparations are rich in glutamine (Q), glutamic acigolypeptides must be few in number and must occur well past the
(E), and glycine (G). The novel protein polypeptide N, has ~ amino-terminal region. This explains how a mixture of novel
regions of homology (Nkthreonine(T)-glycine(G)-proline(P)-and Protein polypeptides may be identical for the first 20 residues at
tyrosine(Y)-), but these sequences do not correspond to thengre  best. Comparison of my data to the N-terminal amino acid sequence
nant N-terminal amino acid sequence found in the sequence of tRENovel protein polypeptides suggest that there are relatively few
a-, B-gliadin groups (Kasarda et al 1984). Japanese cvs. Norin differences between endosperm proteins from Japanese commercial
and Norin 2 possessed the novel protein po|ypept|qe$jb| N, wheat {. aestivum) cultivars. It is pOSSib'e that this sequence is
and N.. On the other hand, Chinese-Spring does not possess thé&Recific for Japanese wheat, but this possibility needs further investi-
four novel protein polypeptides (Table I1). Norin 3 has only thegation. The relationship between four protein polypeptides and
novel protein polypeptide Aand Norin 4 has only the novel protein Wheat quality aspects has not yet been determined. The variation
po|ypeptide N. Norin 1 and Norin 2 possessed all 10 protein spotn HMW glutenin subunit composition in Japanese hexap|0id wheat
numbers ,1, 2, 3,4, 5, 6, 7, 8, 9, and 10. Norin 1, Norin 2, Norin 35 very different from that of the cultivars throughout the world
Norin 4, and Chinese-Spring have the same HMW glutenin suburfiNakamura 1999). Therefore, the endosperm protein components
composition, protein spot number 9 and 10. of Japanese wheat is unique and is of great interest to Japanese
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breeders or cered chemists. The possible effects on bread- or noodle-
making quality of the named novel protein polypeptides have not
yet been determined and their function remains unclear. Further
sequencing will be necessary to determine the extent to which
repeated sequences occur in novel protein polypeptides. | was
unable to extend our N-terminal sequences beyond =20 residues at
best. | think that this results from limitations inherent in the nature
of those novel protein polypeptides. This process probably occurred
in a stepwise manner with larger, possibly diverged, sequences
being duplicated in later steps, and eventually involved duplication
of complete genes. In this study, by employing the electroblotting
and microsequencing technique, the data file consisting of the
peptide map on the gl and the N-terminal sequences of the mapped
proteins, caled a protein library (Hirano 1989), could be constructed
easily from only wheat flour. The protein library in particular will
be useful for the synthesis of an oligonucleotide probe, which will
be used for the cloning of the gene encoding the protein mapped
on the gdl and for the identification of the coding region and reading
frame of the gene. The protein library will be used to define post-
trandational modifications of the protein synthesized by the gene
in the future.

The completely novel opportunity for researching the relation-
ships of interaction and composition of the proteins on wheat
quality is being reveaed by the construction of modified genes for
gluten polypeptides, such as those reported by Shani et a (1992).
Expression of such novel genes in a heterologous system offers
the opportunity to test the functional properties in whesat qudity for
subunits processing very different structures. For example, glutenin
polypeptides are becoming available with alonger or shorter repeti-
tive region in the middle of the polypeptide. These approaches are
expected to contribute significantly toward formulating models of
the ideal structure for the range of gluten proteins. Recent advances
in the transformation of wheat (Vasil et a 1991; Anderson et al 1994;
Brettell et al 1994) will enable the direct testing of such models by
the incorporation of the modified wheat genes and the subsequent
commercial availability of hexaploid wheat with improved wheat
quality.

The novel protein polypeptides described here add to the known
electrophoretic variation in endosperm proteins among Japanese hexa-
ploid wheat cultivars and will be useful in cultivar identification
and in determining the homogeneity of genotypes within modern
cultivars and lines. The effect of four novel protein polypeptides
and four gliadin polypeptides on gluten will aso be investigated,
and it has been possible to rank them in terms of their contribution
to this character. The results reported in this study indicate that the
N-terminal amino acid sequence is a powerful tool to characterize
the unique protein components in Japanese hexapl oid wheat.
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