






sion of absorbance points on the descending limb of the absorb-
ance versus (log) antibody concentration curve, and was defined
as the antibody concentration yielding an absorbance of 0.100
under the assay conditions used.

The ELISA response to seven protein fractions was measured:
fractions 1 and 2 were HMW-GS and LMW-GS (prepared as
described above), respectively, and 3-7 were various aqueous
ethanol extracts prepared following 10% NaCl treatment. Fraction
3 was prepared from defatted flour extracted with 40% ethanol.
Preparations 4-7 were treated with 1.5% (w/v) SDS, then the
SDS was removed such that they were comparable to glutenin
fractions I and 2 and effects of SDS treatment on antigenicity
could be controlled for. They were prepared as follows, after
10% NaCl treatment: fraction 4 from nondefatted flour extracted
with 70% ethanol; fraction 5 from defatted flour extracted with
70% ethanol; fraction 6 from nondefatted flour, extracted with
40% ethanol; and fraction 7 from defatted flour, extracted with
40% ethanol.

RESULTS

Extraction of Glutenin Fractions for ELISA
and Immunoblot Analysis

Extraction of gluten proteins from flour or whole meal for
the first step of two-step one-dimensional SDS-PAGE requires
the absence of a reducing agent. Preliminary comparison of a
variety of extraction solvents indicated that best results were
obtained using 4% SDS in Tris-HCl buffer. Addition of
concentrated urea or use of an acidic rather than buffered
extractant dissolved less glutenin. The classical Osborne (1907)
fractionation scheme for wheat flour proteins defined gliadins
as the protein extracted with 70% (v/v) ethanol following prior
extraction of albumins and globulins. However, several groups
have noted the presence of high molecular weight or aggregated
polypeptides in these 70% ethanol extracts (Beckwith et al 1966,
Bietz and Wall 1980, Shewry et al 1983).

TABLE I
Cross-Reaction of Monoclonal Antibodies with Gliadins

and Glutenins-Immunoblotting Results

Gluteninsa

Gliadin HMW LMW
Specificity (A) B C

a,/3y (high-mobility)-Gliadin binding
221/23 (a>)' - ++
230/9 (a/3) ± +
403/8 (a/l>y) +
227/22 (,f) - -
404/6 (f>y) -+
222/5 (af-y) - - ++

yco-Gliadin binding
218/17 + ++ +
236/9 + + +
237/24 + + +
246/21 + + +
401/16 + ++ ++

co-Gliadin binding
122/24 (co slow)b + + +
304/ 13 (co fast) ++
401/21 (co slow) + + +
405/7 (co slow) ++ ++ ++

Broad specificity
243/11 + + +
243/12 + + +
245/4 + + +
245/15 + + +
412/11 + + +
412/23 + +

A further complication is the use of defatted flours by some
workers for gliadin extraction studies (Meredith 1965, Bietz and
Wall 1973, Jackson et al 1983). Others claim that lower
concentrations of ethanol (40-60%) or 1M urea are superior to
70% ethanol as gliadin extractants (Meredith 1965, Lee 1968).
Analysis of these solvents and treatments (Fig. 1) showed that
relatively little co-gliadin was noted by acidic-buffer PAGE in
the 70% ethanol extracts compared with the 40% ethanol or 1 M
urea extracts, while the other gliadins were present in equivalent
amounts. Differences in HMW-GS content were seen on one-
dimensional analysis (Fig. IA). Nondefatted 70% ethanol extracts
had the highest HMW-GS content. After defatting, HMW-GS
were observed in the 70% ethanol extract but not the 40% ethanol
extract. Only trace amounts of HMW-GS were seen in the IM
urea extracts. Two-step SDS-PAGE (Fig. 11B) revealed that
significant amounts of LMW-GS were present in the ethanol
extracts, except for the defatted 40% ethanol extract. The "B"
cluster of LMW-GS was more prominent than the "C" cluster.
One molar urea also extracted considerable LMW-GS and some
additional disulfide-bonded albumins (Gupta and Shepherd 1987).

Cross-reaction of Antibodies with Gliadins, LMW-GS,
and HMW-GS

An example of the ambiguity of immunoblotting results that
can be obtained using only a single electrophoretic system is shown
in Figure 2. On gliadin blots (Fig. 2A) 218/17 bound a-, /3-,
and -y-gliadins and 227/22 bound 13-gliadins, whereas on SDS-
PAGE blots (Fig. 2B) both antibodies bound polypeptides in
the a-, /8-, or -y-gliadin and LMW-GS region. Further immuno-
blotting analysis following two-step SDS-PAGE (Fig. 2C),
showed that 227/22 was /B-gliadin-specific even at high
concentrations, whereas 218/17 bound both gliadins and LMW-
GS.

High mobility gliadin-binding antibodies. Most of these bound
to small clusters of a- and 83-gliadins, although some such as
222/5, 403/8, and 404/6 bound certain -y-gliadins (Skerritt and
Underwood 1986, and unpublished). These antibodies did not
bind HMW-GS in blotting (Fig. 3, Table I) or ELISA assays
(Table II) but at concentrations 2- to 10-fold above those used
to probe gliadin immunoblots, each antibody bound to the (higher
mobility) C-LMW-GS (Fig. 3). In the ELISA assays, the anti-
bodies had very high gliadin titers, but binding to LMW-GS was
detectable for only one antibody (404/6) at high antigen coatings.
These results could be due to the C-LMW-GS interaction being
of much lower affinity than gliadin binding. Unlike the other
antibodies, 227/22 did not bind LMW-GS even at very high
antibody concentrations (Fig. 2, Table II). Other data indicate
that this clone recognizes an unusual subclass of /3-gliadin-like
proteins (Donovan et al 1989).

-y- and/or w-Gliadin-binding antibodies. Each of these also
bound HMW-GS and LMW-GS (Fig. 3). Antibody 218/17 bound
especially well to LMW-GS (Fig. 2), whereas 236/9, 237/24, and
246/21, which had similar gliadin specificities, also had simi-
lar glutenin specificities, binding principally to HMW-GS and
B-LMW-GS (Table I). ELISA results with 401/16 and 218/17
reflected the immunoblotting results, with less binding to HMW-
GS than LMW-GS. Greater binding to HMW-GS was seen in
both ELISA and blotting assays with the cw- (but not 'y-) gliadin-
binding antibodies (Fig. 3, Table II).

Broad gliadin-specificity antibodies. Each of these bound well
to B- and C-LMW-GS, with the exception of 412/23 (B-LMW-
GS specific). Differences in the degree of HMW-GS reactivity
were seen in both blots and ELISA assays. A rabbit antiserum
to gliadin showed similar cross-reactivity to certain of the broad-
gliadin specificity antibodies (Table II), binding well to gliadin
and LMW-glutenin, and significantly less well to HMW glutenin.

Homologies Between LMW-GS Encoded by Different Genomes
To investigate immunological homologies between different

LMW-GS, analyses were made of 1) grain from a triple trans-
location plant bred with the short arms of each of the homoeolo-
gous group 1 chromosomes deleted and replaced with short arms
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'No reaction (-), rather weak reaction (+), weak-moderate reaction (+),
very strong reaction (++). HMW and LMW = high and low molecular
weight, respectively.
bSpecificity determined by acidic-buffer PAGE and immunoblotting
(Skerritt and Underwood 1986).



of chromosome 1 R (Fig. 4); 2) extracts of Chinese Spring wheat;
and 3) the following lines with deletions of specific chromosome
pairs, according to Sears (1954): nullisomic lA-tetrasomic ID,
nullisomic 1B-tetrasomic 1A, and nullisomic 1D-tetrasomic 1A
(Fig. 5). Comparison of the stained triple translocation gel (Fig.
4) with euploid Chinese Spring (Fig. 5) revealed that the former
had a greater number of HMW-GS (contributed by each of the
two parental wheat cultivars). Several polypeptides of lower
molecular mass were noted, although the triplet protein subunits
(Singh and Shepherd 1988) and the major B-LMW-GS were
absent; most of the polypeptides still present in the latter mobility
range (three doublets) corresponded in mobility to disulfide-
bonded albumins thought to be encoded by genes on long arms
of certain chromosomes 4 and 5 (Gupta and Shepherd 1987).
Several polypeptides were also missing in the C-LMW-GS.

Binding of different high-mobility gliadin-specific antibodies
was affected differently by deletion of the short arms of the wheat
chromosomes 1. Whereas C-LMW-GS binding by 221/23 and
230/9 was abolished by the translocation, 222/5, 403/8, and
404/6, which demonstrated different C-LMW-GS specificities,
were not affected. The immunoblot patterns of B-LMW-GS
binding antibodies were also altered. Antibodies 218/17, 243/
11, 243/ 12, 401/ 16, 405/7, and 412/11 now bound only to certain
C-LMW-GS. As expected, antibody binding to HMW-GS by,
for example, 122/24, 236/9, 237/24, 246/21, 304/13, and 405/
7 was unaffected by the translocation. However, high concen-
trations of these antibodies and the very broad-specificity anti-
body, 245/4, clearly bound polypeptides of B-LMW-GS mobility.

Two-step SDS-PAGE analysis of chromosome 1 nullisomic-
tetrasomic stocks (Fig. 5) was able to identify the presence of
structural genes for many of the B-LMW-GS (Gupta and

Shepherd 1988) and some of the C-LMW-GS. However, the
protein products appeared rather homologous, since deletion of
a particular pair of short arms of chromosome 1 did not abolish
binding of most antibodies. Immunoblot patterns altered as
certain polypeptides were removed; in many cases the examination
of the simpler immunoblot pattern (with only a few bands labeled,
compared with the stained gel) facilitated assignment of chromo-
some arms bearing genes for particular LMW-GS. For example,
B-LMW-GS encoded by chromosome l BS and 1 DS and C-LMW-
GS encoded by 1-PS can be readily identified by examination
of immunoblots probed with 122/24 and 230/9, respectively. The
failure of certain C-LMW-GS to be encoded by short arms of
group 1 chromosomes identified in the triple translocation blots
was confirmed in these experiments.

Effects of Gliadin and LMW-GS Extraction Conditions
on Antibody Bindings

Antibody titers to various SDS-treated aqueous ethanol-
extracted fractions were determined relative to "native gliadin,"
i.e., protein extracted by 40% ethanol from defatted flour and
not treated with SDS. The other aqueous ethanol-extracted
protein fractions were treated with SDS to enable comparison
with glutenin fractions. The binding of several monoclonal
antibodies of each specificity class was inhibited by SDS treatment
(Table II). The most sensitive antibody, 304/13, was reduced 50%
in titer by SDS treatment. Defatting and the use of 40% ethanol
rather than 70% ethanol, which decreased the glutenin content
of the fractions, had minor effects on antibody titers. The general
lack of effect of defatting can likely be attributed to there being
at most 10-15% glutenin in the nondefatted preparations (Bietz
and Wall 1973).

TABLE II
Monoclonal Antibody Binding to Gliadin and Glutenin Fractions-ELISAa Analysisb

Gliadin-rich Preparations ind

40% Ethanol 70% Ethanol Glutenine
Antigen

Antibody nc (g) No SDS/DF SDS/DF SDS/NDF SDS/DF SDS/NDF LMW HMW

af~ly-Gliadin binding
227/22 1 0.2 1 0.73 0.73 0.56 0.56 nd nd

2 1 0.70 0.79 0.56 0.70 nd nd

404/6 3 0.2 1 0.83 0.63 0.52 0.77 nd nd
2 1 0.64 0.93 0.89 0.77 0.69 nd

,yw-Gliadin binding
218/17 3 0.2 1 0.58 0.89 0.66 0.52 0.14 0.044

2 1 0.66 0.67 0.88 0.75 0.18 0.039

401/16 2 0.2 1 0.80 0.80 0.90 0.78 0.35 nd
2 1 0.73 0.92 0.84 0.93 1.15 0.038

w-Gliadin binding
122/24 1 0.2 1 0.94 0.97 1.06 0.61 0.73 0.38

2 1 1.0 0.90 1.23 0.73 1.8 0.18

304/13 2 0.2 1 0.52 0.54 0.52 0.46 0.41 0.88
2 1 0.42 0.45 0.50 0.40 0.59 1.6

401/21 3 0.2 1 0.61 0.91 0.94 1.06 0.82 0.76
2 1 0.91 1.15 0.86 0.78 0.78 0.56

Broad
243/11 1 0.2 1 0.67 0.76 0.68 0.88 0.64 0.024

2 1 0.86 0.79 0.86 0.71 0.71 0.26

412/23 1 0.2 1 0.85 1.10 1.35 1.20 1.25 0.35
2 1 0.96 0.94 2.1 2.1 1.12 1.0

Polyclonal
rabbit 1 0.2 1 1.9 1.27 0.88 0.96 0.16 0.046

2 1 0.83 0.79 1.08 1.0 0.50 0.063

aELISA = Enzyme-linked immunosorbent assay.
bData shown are antibody titers, relative to non-SDS treated, defatted 40% ethanol-extracted protein ("control gliadin") = 1.
C n = Number of experiments.
dSDS = treated with sodium dodecyl sulfate, DF = defatted, NDF = not defatted.
eLMW - Low molecular weight, HMW = high molecular weight, nd = not detectable (<0.01).
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bound LMW-GS in the current study also bound gliadin or HMW-
GS, this cross-reactivity arose because the antibodies used were
initially screened for reaction to gliadin or HMW-GS. Presence
of unique N-terminal (Shewry et al 1983, Okita et al 1985, Kasarda
et al 1988) and C-terminal sequences (P. R. Shewry, personal
communication) in certain LMW-GS may enable the development
of the necessary LMW-GS-specific antibodies.

ACKNOWLEDGMENTS

The authors are grateful to F. Bekes and N. K. Singh for critical review
of the manuscript, to D. D. Kasarda and P. R. Shewry for providing
unpublished results, to B. Arneman for typing, and to the Wheat Research
Council of Australia for financial support.

LITERATURE CITED

AUTRAN, J. C., LAIGNELET, B., and MOREL, M.-H. 1987.
Characterization and quantification of low molecular weight glutenins
in durum wheats. Biochimie 69:699.

BARTELS, D., ALTOSAAR, I., HARBERD, N. P., BARKER, R. F.,
and THOMPSON, R. D. 1986. Molecular analysis of gliadin gene
families at the complex Gli-1 locus of bread wheat (T. aestivum L.).
Theor. Appl. Genet. 72:845.

BECKWITH, A. C., NIELSEN, H. C., WALL, J. S., and HUEBNER,
F. R. 1966. Isolation and characterization of a high molecular weight
protein from wheat gliadin. Cereal Chem. 43:14

BIETZ, J. A., and WALL, J. S. 1973. Isolation and characterization
of gliadin-like subunits from glutenin. Cereal Chem. 50:537.

BIETZ, J. A., and WALL, J. S. 1980. Identity of high molecular weight
gliadin and ethanol-soluble glutenin subunits of wheat: Relation to
gluten structure. Cereal Chem 57:415.

BRANLARD, G., and DARDEVET, M. 1985. Diversity of grain proteins
and bread wheat quality. I. Correlation between gliadin bands and
flour quality characteristics. J. Cereal Sci. 3:329.

CHARBONNIER, L. 1973. Etude des proteines alcool-solubles de la farine
de bl1. Biochimie 55:1217.

DAL BELIN PERUFFO, A., POGNA, N. E., TEALDO, E., TUTTA,
C., and ALBUZIO, A. 1985. Isolation and partial characterisation of
,y-gliadins 40 and 43.5 associated with quality in common wheat. J.
Cereal Sci. 3:355.

DAMIDAUX, R., AUTRAN, J.-C., GRIGNAC, P., and FEILLET, P.
1978. Mise en evidence de relations applicables en selection entre
l'electrophoregramme des gliadines et les proprietes viscoelastiques du
gluten de Triticum durum Desf. C. R. Acad. Sci. Paris Ser. D 287:701.

DONOVAN, G. A., SKERRITT, J. H., and CASTLE, S. L. 1989.
Monoclonal antibodies used to characterize cDNA clones expressing
specific wheat endosperm proteins. J. Cereal Sci. 9:97.

GRAVELAND, A., BOSVELD, P., LICHTENDONK, W. J.,
MOONEN, J. H. E., and SCHEEPSTRA, A. 1982. Extraction and
fractionation of wheat flour proteins. J. Sci. Food Agric. 33:1117.

GRAVELAND, A., BOSVELD, P., LICHTENDONK, W. J.,
MARSEILLE, J. P., MOONEN, J. H. E., and SCHEEPSTRA, A.
1985. A model for the molecular structure of the glutenins from wheat
flour. J. Cereal Sci. 3:1.

GUPTA, R. B., and SHEPHERD, K. W. 1987. Genetic control of LMW-
glutenin subunits in bread wheat and association with physical dough
properties. Pages 13-19 in: Proc. Int. Workshop Gluten Proteins 3rd,
Budapest. A. Laztity and F. Bekes, eds. World Scientific: Singapore.

GUPTA, R. B., and SHEPHERD, K. W. 1988. Low-molecular-weight
glutenin subunits in wheat: Their variation, inheritance and association
with bread-making quality. Pages 943-949 in: Proc. Int. Wheat Genet.
Symp. 7th. T. E. Miller and R. M. D. Koebner, eds. Institute of Plant
Science Research: Cambridge.

GUPTA, R. B., SINGH, N. K., and SHEPHERD, K. W. 1989. The
cumulative effect of allelic variation in LMW- and HMW-glutenin
subunits on dough properties in the progeny of two bread wheats.
Theor. Appl. Genet. 77:57.

HENDERSON, L. E., OROSZLAN, S., and KONIGSBERG, W. 1979.
A micromethod for complete removal of dodecyl sulfate from proteins
by ion-pair extraction. Anal. Biochem. 93:153.

HUEBNER, F. R., and BIETZ, J. A. 1986. Assessment of the potential
breadmaking quality of hard wheats by reversed-phase high per-
formance liquid chromatography of gliadins. J. Cereal Sci. 4:319.

JACKSON, G. A., HOLT, L. M., and PAYNE, P. I. 1983. Character-
ization of high molecular weight gliadin and low molecular weight

glutenin subunits of wheat endosperm by two dimensional electro-
phoresis and chromosomal localization of their controlling genes. Theor.
Appl. Genet. 66:29.

JACKSON, G. A., HOLT, L. M., and PAYNE, P. I. 1985. Gli B2, a
storage protein locus controlling the D-group of LMW-glutenin
subunits in bread wheat. Genet. Res. 46:11.

KASARDA, D. D., TAO, H. P., EVANS, P. K., ADALSTEINS, A.
E., and YUEN, S. W. 1988. Sequencing of protein from a single spot
of a 2-D gel pattern: N-terminal sequence of a major wheat LMW-
glutenin subunit. J. Exp. Bot. 39:899.

KREIS, M., SHEWRY, P. A., FORDE, B. G., and MIFLIN, B. J. 1985.
Structure and evolution of seed storage proteins and their genes, with
particular relevance to those of wheat, barley and rye. Oxf. Surv. Plant
Mol. Cell Biol. 2:253.

LAWRENCE, G. J., MACRITCHIE, F., and WRIGLEY, C. W. 1988.
Dough and baking properties of wheat lines deficient in glutenin
subunits controlled by the Glu A-1, Glu B-l and Glu D-l loci. J. Cereal
Sci. 7:109.

LEE, J. W. 1968. Preparation of gliadin by urea extraction. J. Sci. Food
Agric. 19:153.

MEREDITH, P. 1965. On the solubility of gliadinlike proteins. 1.
Solubility in nonaqueous media. Cereal Chem. 42:54.

OKITA, T. W., CHEESBROUGH, V., and REEVES, C. P. 1985.
Evolution and heterogeneity of the a/f3-type and -y-gliadin DNA
sequences. J. Biol. Chem. 260:8203.

OSBORNE, T. B. 1907. The Proteins of the Wheat Kernel. Publ. 84.
Carnegie Institute of Washington: Washington, DC.

PAYNE, P. I., CORFIELD, K. G., HOLT, L. M., and BLACKMAN,
J. A. 1981. Correlations between the inheritance of certain high
molecular weight subunits of glutenln and breadmaking quality in
progenies of six crosses of bread wheat. J. Sci. Food Agric. 32:51.

PAYNE, P. I., HOLT, L. M., JACKSON, E. A., and LAW, C. N. 1984.
Wheat storage proteins: Their genetics and their potential for
manipulation by plant breeding. Philos. Trans. R. Soc. London 304:359.

PAYNE, P. I., SEEKINGS, J. A., WORLAND, A. J., JARVIS, M. G.,
and HOLT, L. M. 1987. Allelic variation of glutenin subunits and
gliadins and its effects on bread-making quality in wheat: Analysis
of F5 progeny from Chinese Spring x Chinese Spring (Hope IA). J.
Cereal Sci. 6:103.

POGNA, N. E., BOGGINI, G., CORBELLINI, M., CATTANEO, M.,
and DAL BELIN PERUFFO, A. 1982. Association between gliadin
electrophoretic bands and quality in common wheat. Can. J. Plant
Sci. 62:913.

SEARS, E. R. 1954. The aneuploids of common wheat. Mo. Agric. Exp.
Stn. Bull. 572:1.

SHEWRY, P. A., MIFLIN, B. J., LEW, E. J.-L., and KASARDA, D.
P. 1983. The preparation and characterization of an aggregated gliadin
fraction from wheat. J. Exp. Bot. 34:1403.

SINGH, N. K., and SHEPHERD, K. W. 1985. The structure and genetic
control of a new class of disulphide-linked proteins in wheat endosperm.
Theor. Appl. Genet. 71:79.

SINGH, N. K., and SHEPHERD, K. W. 1988. Linkage mapping of
genes controlling endosperm storage proteins in wheat. 1. Genes on
the short arms of group 1 chromosomes. Theor. Appl. Genet. 75:628.

SKERRITT, J. H. 1988. Immunochemistry of cereal storage proteins.
Adv. Cereal Sci. Technol. 9:263-338.

SKERRITT, J. H., and UNDERWOOD, P. A. 1986. Specificity
characteristics of monoclonal antibodies to wheat grain storage proteins.
Biochim. Biophys. Acta. 874:245.

SKERRITT, J. H., MARTINUZZI, O., and WRIGLEY, C. W. 1987.
Monoclonal antibodies in agricultural testing: Quantitation of specific
wheat gliadins affected by sulfur deficiency. Can. J. Plant Sci. 67:121.

SOZINOV, A. A., and POPERELYA, F. A. 1980. Genetic classification
of prolamines and its use for plant breeding. Ann. Technol. Agric.
29:229-245.

SUGIYAMA, T., RAFALSKI, A., and SOLL, D. 1986. The nucleotide
sequence of a wheat-gliadin clone. Plant Sci. 44:205.

TATHAM, A. S., FIELD, J. M., SMITH, S. J., and SHEWRY, P. R.
1987. The conformations of wheat gluten proteins. II. Aggregated
gliadins and low-molecular-weight subunits of glutenin. J. Cereal Sci.
5:203.

WAITE, J. H., and WANG, C.-Y. 1976. Spectrophotometric measurement
of dodecyl sulfate with basic fuchsin. Anal. Biochem. 70:279.

WRIGLEY, C. W., ROBINSON, P. J., and WILLIAMS, W. T. 1982.
Associations between individual gliadin proteins and quality, agrononic
and morphological attributes of wheat cultivars. Aust. J. Agric. Res.
33:409.

[Received May 9, 1989. Accepted October 25, 1989.]

Vol. 67, No. 3, 1990 257


