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A b s t r a c t - - A  new group of hydrophobic endosperm proteins from Triticum aestivum has been characterized. It 
consists of 10 components with MWs in the range of 17000-19000, which have a similar range of electrophoretic 
mobilities at pH 3.2 as the classical gliadins. However, they have a higher proportion of sulphur amino acids and 
lower levels of glutamine and proline than the gliadins. 

INTRODUCTION O ' 

The term gliadins was originally used to designate the 
prolamine fraction from wheat endosperm, a mixture 
of protein components that is extracted with 70% 
ethanol Eli. some components of this extract were 
thought to be albumin-like or globulin-like contamin- 
ants, so more restricted definitions of gliadins have 
been proposed based on additional criteria, such as 
solubility in other solvents [2, 3], MW range [4-1 or 
electrophoretic mobilities I-5, 6]. However, it has been 
shown that at least one group of the suspected contamin- 
ants [-7, 8], the CM proteins, actually consisted ofproteo- 
lipid-like hydrophobic components [,9-12]. We now 
report a new group of wheat endosperm proteins which 
could be classified as gliadins according to their solubility 
and their electrophoretic mobility but which are of 
lower MW and different amino acid composition than 
previously described gliadins, with the possible exception 
of one protein component purified by Ewart [,13]. 

RESULTS 

Extraction and fractionation 

The proteins under study can be extracted from 
delipidated flour with CHCI3-MeOH 2:1 or with 70 % 
EtOH, but are not extracted with other CHC13-MeOH 
mixtures (1:7 or 7:1) or with water. As previously des- 
cribed [-11], these extracts yield 3 protein fractions 
after gel filtration on Sephadex G-100. The third frac- 
tion, which is under 25000 MW, can be further frac- 
tionated by starch-gel electrophoresis at pH 3.2, yield- 
ing a group of components with higher mobility, which 
have been previously designated CM proteins, and a 
second group with lower mobility, which was previously 
thought to consist of gliadin contaminants [12]. A 
number of components can be detected in this group by 
appropriate staining conditions (Fig. 1) : 6-8 in hexaploid 
cultivars (T. aestivum cvs Candeal de Castilla and Chinese 
Spring) and 4-6 in tetraploid cuhivars (T. turgidum 
cvs Ledesma and Senatore Capelli). 

A two-dimensional electrophoretic method (pH 9 × 
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Fig. 1. Starch gel electrophoresis (aluminium lactate buffer 
0.1 M, pH 3.2, 3 M urea; 15 hr run at 12 V/cm) of the following 
samples: chloroform-methanol 2:1 (v/v) extract from (1) 
cv Senatore Capelli (T. turgidum); (2) cv Candeal (T. aestivum); 
(6) cv Ledesma (T. turoidum); (3), (4) and (5) fractions of MW 
under 25 000 from chloroform-methanol 2:1 extracts from the 
cvs Candeal, Senatore Capelli and Ledesma, respectively. 
Gels were stained with 0.6 % nigrosine in MeOH-H20-HOAc, 

5:5:1, for 16hr. 

pH 3.2) was developed in order to avoid the interference 
of gliadins, which are also present in crude extracts 
(70% EtOH or CHCI3-MeOH, 2:1). The fractionation 
of different samples using this method is shown in Fig. 2. 
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Fig. 2. Maps obtained by two-dimensional electrophoresis (Tris glycine buffer pH 9.0, acrylamide l 0 %: 2.5 h r at 
50 V/cm x aluminium lactate buffer pH 3.2, starch 12.5%; 15 hr run at 12 V/cm) of the following extracts from 
cv Candeal (T. aestivum): (A) chloroform-methanol 2:1 (v/v); tB) ethanol 70 % (C) fraction of MW under 25 000 
from chloroform methanol extracts. Black spots represent components with MW under 25 000: open ones 
represent those with MW above 25 000. Gels were stained with 0.6°;; nigrosine in MeOH-H20 HOAc, 5: 5: 1, 

for 16 hr. 

The two-dimensional  map of the fraction under 25000 
M W  from the CHC13-MeOH extract consists of l0 
components,  which are also resolved in the crude CHC13- 
M e O H  and in the 70 % E t O H  extracts of both T. aestivum 
cultivars. The isoelectric points of all components  of 
this group are high as evidenced by their migration to 
the cathode at pH 9. 

A preparation of 'classical gliadins' obtained by 
sequential solvent extraction according to Beckwith 
et al. [ 14] contained all the above men tioned components,  
but in a much smaller proport ion than in the crude 
CHC13-MeOH extract. As in the case of CM proteins 
[11], these proteins are soluble in water after gel fil- 
tration in acid buffer plus urea, dialysis and freeze- 
drying, without losing their solubility in CHC13-MeOH 
and in 70 % EtOH.  

Preparative electrophoresis, M W  and amino acid com- 
position 

This group of proteins was separated on a preparative 
scale from other components  of the CHC13-MeOH 
extract in two steps; first from glutenins and gliadins 
by gel filtration, and then from CM proteins by pre- 
parative electrophoresis on a polyacrylamide column 
at pH  9. The preparative procedure was monitored by 
analytical one- and two-dimensional  electrophoresis. The 
preparat ion thus obtained was subjected to electro- 
phoresis in sodium dodecyl sulphate together with pure 
protein standards of known MW. The proteins banded 
in the 17 000-19 000 M W  range. 

The average amino acid composit ion of these pro- 
teins is presented in Table 1. This analysis indicates 
that the hydrophobic  properties of these proteins are 
intrinsic {not due to lipid ligands) because ca 54 % of the 
amino acid residues are non-polar.  The fact that their 
isoelectric points are above pH 9 means that most of 
the Glx residues 121.3/100) are glutamine. 

Table I. Amino acid composition lmol/100 mol of amino acid 
analysed) of low MW gliadin-tike proteins 

Amino acid* Amino acid 

Lys 1.0 Ala 7.4 
His 0.8 Val 5.7 
Arg 4.1 1/2 Cys 8.5 
Asx 3.1 Met 3.4 
Thr 7.5 Ile 5.1 
Set 8.2 Leu 4.9 
Glx 21.3 Tyr 2.5 
Pro 6.3 Phe 1.9 
Gly 8. I 

* Trp was not analysed. 

DISCUSSION 

It is evident that, because of their solubility in 70 % 
E t O H  and their electrophorefic mobilities, these pro- 
teins have been included in gliadin preparations ob- 
tained by different authors [15-17]. It is surprising 
that they have not been previously detected, especially 
when sodium dodecyt sulphate electrophoresis has 
been carried out with the preparations. Bietz and Wall 
[15] found some components  under 36000 MW: one 
at 25600 and other at 11400, the latter probably corres- 
ponding to CM proteins. However, they did not detect 
components  with MW around 20000, probably because 
a lower proport ion of these proteins was present in their 
preparation and because they stain poorly with 
Coomassie blue. 

The amino acid composit ion of this group of proteins, 
their MW range and their electrophoretic mobilities 
are compatible with the inclusion in this group of the 
protein purified by Ewarl [13]. 
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Wi th  respect  to gliadins, these proteins  have a higher  
con ten t  of cysteine, threonine ,  glycine, a lanine  and  
especially, me th ion ine ;  as well as a lower p ropor t ion  
of proline,  leucine and  glutamine,  a l though  the  lat ter  
is still the mos t  a b u n d a n t  amino  acid [-1, 13]. In compar i -  
son with glutenins,  similar differences are observed for 
cysteine, alanine,  meth ion ine  and  g lu tamine  [1].  The  
C M  proteins  have a higher  content  of basic amino  acids 
and  a lower content  of g lu tamine and  meth ion ine  [9, 12]. 

On  the basis of the above  observat ions,  it is difficult to 
fit this g roup  of prote ins  in to  any  of the main  prote in  
classes. Perhaps  the operat ive designat ion of low M W  
gliadins would be the most  appropria te .  

EXPERIMENTAL 

Biological material. Flours of 65 ~ extraction from Z aestivum 
cvs Candeal de Castilla and Chinese Spring and T. turgidum 
cvs Senatore Capelli and Ledesma were used in this study. 

Extraction and 9el filtration. The CHCI3-MeOH (2:1) 
and the 70 ~ EtOH extracts, both at analytical and preparative 
scales, were obtained as previously described [1 t, 18]. Classical 
gliadins were obtained according to ref. [19] as modified in ref. 
[14]. 

Analytical methods. One-dimensional starch-gel electro- 
phoresis was carried out in lactic acid-aluminium lactate 
buffer, pH 3.2, 3 M urea for 15 hr at 12 V/cm or alternatively, 
in Tris-glycine buffer, pH 9, 3 M urea, for 7 hr at 18 V/cm. 
Two-dimensional electrophoresis combined the above con- 
ditions: the I st dimension being carried out in 10 ~o polyacryl- 
amide gel columns of 2 x 70 mrn at pH 9 for 2.5 hr at 50 V/cm. 

Amino acid analysis was carried out essentially according to 
ref. [20], and performic acid oxidation according to ref. [21]. 
The samples were hydrolysed for 24 hr at 110 +_ 1 °. 

MWs were determined by electrophoresis in SDS according 
to ref. [22]. 

Preparative methods. Isolation of the group of proteins under 
study was carried out from the gel-filtration fraction under 
25000 MW, by preparative electrophoresis in Tris-glycine 
buffer, pH 9 i n a  1.7 x 13 cm 10~ polyacrylamide column. 
Recovery of the proteins was performed by the method of ref. 
[23] with modifications. The protein bands were visualized 
by exposing the gels to 30~o TCA for 1 hr and then they were 
hand dissected and homogenized in 2 M urea. The hornogenates 
were dialysed against 0.1 M HOAc for 48 hr. The polyacryl- 
amide was separated by filtration on Whatman No. 1 paper 
and the filtrates were directly freeze-dried. 

Acknowledgements--We thank Dr. F. Garcia-Olmedo for his 

advice and help in writing the manuscript. This research was 
supported in part by Research Contract No. 1669/RB with 
The International Atomic Energy Agency (F. G. O., chief 
scientific investigator). 

REFERENCES 

1. Kasarda, D. D., Bernardin, J. E. and Nimmo, C. C. (1976) 
Adv. Cereal Sei. Technol. 1, 158. 

2. Maes, E. (1962) Nature 193, 880. 
3. Mattern, P. J., Salem, A. and Volkmer, G. H. (1968) Cereal 

Chem. 45, 319. 
4. Meredith, O. B. and Wren, J. J. (1966) Cereal Chem. 43, 

169. 
5. Woychik, J. H., Boundy, J. A. and Dimler, R. J. (1961) 

Arch. Biochem. Biophys. 94, 477. 
6. Elton, G. A. H. and Ewart, J. A. D. (1962) J. Sci. Food 

Agric. 13, 62. 
7. Meredith, P. (1965) Cereal Chem. 42, 149. 
8. Charbonnier, L. (1973) Biochimie 55, 1217. 
9. Redman, D. G. and Ewart, J. A. D. (1973) J. Sci. Food Agric. 

24, 629. 
10. Garcia-Olmedo, F. and Carbonero, P. (1970) Phyto- 

chemistry 9, 1495. 
11. Rodriguez-Loperena, M. A., Aragoncillo, C., Carbonero, 

P. and Garcia-Olmedo, F. (1975) Phytochemistry 14, 1219. 
12. Salcedo, G., Rodriguez-Loperana, M. A. and Aragoncillo, 

C. (1978) Phytochemistry 17, 1491. 
13. Ewart, J. A. D. (1975) J. Sci. Food Aoric. 26, 1021. 
14. Beckwith, A. C., Nielsen, H. C., Wall, J. S. and Huebner, 

F. R. (1966) Cereal Chem. 43, 14. 
15. Bietz, J. A. and Wall, J. S. (1972) Cereal Chem. 49, 416. 
16. Hamauzu, Z., Nakatani, M. and Yonezawa, D. (1975) 

Agric. Biol. Chem. 39, 1407. 
17. Ewart, J. A. D. (1973) J. Sei. FoodAgric. 24, 685. 
18. Garcla-Olmedo, F. and Garcla-Faure, R. (1969)Lebensm, 

Wiss. U. Technol. 2, 94. 
19. Jones, R. W., Taylor, N. W. and Senti, F. R. (1959) Arch. 

Biochem. Biophys. 84, 363. 
20. Moore, S. and Stein, W. H. (1963) in Methods in Enzymology, 

Vol. VI, p. 819. Academic Press, New York. 
21. Hirs, C. H. W. (1967) in Methods in Enzymology, Vol. XI, 

p. 197. Academic Press, New York. 
22. Weber, K., Pringel, J. R. and Osborn, M. (1972) in Methods 

in Enzymology, Vol. XXVI (c), p. 3. Academic Press, New 
York. 

23. Finla yson, G. R. and Chrambach, A.(1971) Analyt.Biochem. 
40, 292. 


