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Abstract-Variation in legumin, the major seed storage protein of Viciafaba was investigated in different (primitive 
and cultivated) varieties of V.&&a and in other primitive Viciu species. Qualitative variation in legumin subunit patterns 
on gel electrophoresis was less within the species V.faba than the variation between Vicia species. However, the large 
seeded modem V.f&a cultivars showed much increased levels of the ‘main’ legumin subunit pairs. Analyses of amino 
acid composition, and nitrogen and sulphur content did not show systematic variation between the samples tested, and 
suggested that breeding and selection had not decreased protein content or nutritional quality. It was concluded that the 
heterogeneities of legumin genes in the Vicia species examined are comparable, and that selection for a large-seeded 
phenotype in V.faba has had the effect of increasing the expression of a subset of legumin genes, those encoding the 
‘main’ subunit pairs. 

INTRODUCTION 

Legumin, the major storage protein in seeds of Viciafabu, 
is a hd molecule (M, approx. 38OooO) composed of 
six subunit pairs held together by non-covalent forces; 
each subunit pair in turn contains an or(acidic) and a 
/.I (basic) subunit joined by one or more disulphide bonds 
[l, 21. Thus on treatment with SDS the molecule dis- 
sociates into subunit pairs, which will further dissociate to 
individual a and @subunits if treated with reducing agents 
such as 2-mercaptoethanol. The two-stage dissociation of 
legumin can be exploited to identify legumin subunits in a 
complex mixture of proteins such as a total protein extract 
of seeds. A two-dimensional SDS-polyacrylamide gel 
electrophoretic analysis technique is most conveniently 
used, running the proteins non-reduced in the first 
dimension and reduced in the second, so that disulphide- 
bonded subunits separate in the second dimension and 
appear off the ‘diagonal’ of nondisulphide linked poly- 
peptides. This technique was used to identify ten different 
legumin subunit pairs in Vi&foba cv. Felix [3], in which 
the a subunits varied considerably in M, (23 000-58 000) 
whereas the fi subunits were relatively invariant (M, 
21000-23 Ooo). In the present paper structural variation 
in legumin is assessed in six Vicia species and two Vicia 
f&u cultivars in order to compare variation between 
species to that within a species, and to attempt to assess 
the effect of breeding for a large-seeded phenotype on seed 
protein genes and their expression. 

Variation in Viciu f&u protein content and amino acid 
composition has been considered by L&andra et al. [4] 
and Sjiidin [SJ amongst other authors, and qualitative 
and quantitative variation in storage proteins have been 
investigated in Pisum [6] and Viclo [7,8], but we are not 
aware of other studies attempting to compare intra- and 
inter-specific variation of storage proteins in Vicia. 

RESULTS AND DIsCUSSiON 

Choice of materials 

The following seeds were selected for analysis: Vicia 
f&a maj. cv. ‘Triple White’ (commercial broad burn); 
Vi&f&a min. cv. ‘Mat-is Bed’ (modern,commercial field 
bean); Vicia f&a min. cv. 182 (a primitive V. faba cultivar 
from Afghanistank Vicia galilea; Viciu nurbonnetks (both 
closely related to V. ffabab Vi& villosq Vicia pannonicq 
Viciu atropurpurea (all more distantly related to V. f&u); 
of these, only Viciu fabu cv. ‘Maris Bead’ and ‘Triple 
White’ had undergone sign&cant artificial breeding and 
selection. Seeds were grown under conditions where no 
nutrient was limiting. 

Identification of legumin polypeptides by two-dimensional 
gel electrophoresis 

Subunit pairs of legumin were recognised as pairs of 
spots ‘off the diagonal’ in gels of total protein extracts of 
Vicia species after two dimensional SDS-PAGE with non- 
reducing conditions in the first dimension and reducing 
conditions in the second (Fig. 1). These spots have been 
shown to be due to legumin or legumin-like polypeptides 
in Viciu f&a cv. ‘Felix’ [3] by immunoprecipitation and 
other techniques. In the present paper we divide legumin 
subunit pairs into three types based on their iU, values, 
corresponding to the trpes observed in cv. ‘Few, ‘large’ 
(~~0~ Mr) ‘main’ (J5ooo-58000 M,) and ‘small’ 
(30 000-50 000 M,). Vicia f&a cv. ‘Maris Bead’ displays a 
similar pattern of legumin polypeptides to that of Viciu 
f&a cv. ‘Felix’, with the polypeptides of the main subunit 
pairs of legumin (M, ca 56000) present in very much 
larger amount than any other subunit pair. Small amounts 
of legumin subumt pairs of higher h4, are present (M, 
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Fig. 1. Two dimensional gel electrophoresis of total protein extracts of seeds of Vi& spp. First dimension; SDS- 
PAGE, non-reducing conditions, 12.5 % acrylsmide gel. 8econd dimension; SDS-PAGE, reducing conditions, 17 % 
acrylamide gel. White arrowheads show legumin a -subunits, black arrowheads legumin j-subunits. Corresponding 
a-and @ubunits of subunit pairs are on vertical lines in the gel slab. M, values are approximate. Some arrowheads 
indicate more than one subumt. (A) Vicrafhbu cv. ‘Maris Bead’. Note high legumin content, predominantly of‘main 
legumin subunit pairs. (B) Viciafbba cv. 182 (primitive variety). Legumin content much lower than (A), but main’ 
legunun subunit paus predominant. (C) Vim narbonnensis. Note broad similanty to (A), but with increased 
proportion of ‘big’ legumin subunit pairs. (D) Vicia galilea. Note low legumin content, ‘main’ legumin subunit pairs 
much reduced. (E) Vicia uillosa. Note equal amounts of most legumin subunit psirs, more complex pattern wtth 
some legumin subunit pans containing very large a-subunits. (F) Vim pamonica. Broadly similar to (E), but sixe 

dtstnbutton of legumin subumt pairs less extenstve. 
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Table 2. Nitrogen and sulphur analyses of Vicia 
species 

seed %N %S 

V. f&a CT. ‘Maris Bead’ 5.7 0.29 
V. f&a cv. Triple White’ 7.2 0.20 
V. f&a cv. 182 4.9 0.21 
V. narbonnensis 3.9 0.21 
V. galilea 4.8 0.19 
V. villosa 5.4 0.31 
V. pannonica 5.3 0.20 
V. atropurpurea 6.1 0.19 

Values are means of triplicate determinations; vari- 
ation beween determmations was C 10%. 

meals are given in Table 3. All the meals analysed showed 
the typical legume seed amino acid pattern-high levels of 
acidic amino acids (Asp and Glu) and low levels of the 
nutritionally limiting sulphur amino acids (Cys and Met). 
The contents of Met and Cys varied between species; Met 
was relatively constant in the V.faba varieties tested but 
Cys was higher in the primitive small seeded P.faba than 
the cultivated varieties. Most other Viciu species had 
higher Met and Cys contents than V. f&n. No clear 
correlation between amino acid composition and legumin 
content, or yO N, or yO S could be drawn, although it was 
clear that a high legumin content did not result in 
increased Met and Cys levels in the amino acid com- 
position, nor did it necessarily depress the levels of 
sulphur amino acids. The amino acid composition of 
legumin in the different Vicia species and cultivars may 
itself vary, particularly with regard to the sulphur amino 

acids, as is known to be the case in different pea lines [ 123. 
Multiple factors are clearly involved in determining 
amino acid composition which are beyond the scope of 
the present analysis. Chemical analyses of this type are 
clearly not a useful tool in distinguishing intra- from inter- 
specific variation in seed proteins unless applied to limited 
sets of samples produced under carefully controlled 
conditions. 

All the amino acid analyses showed the presence of 
unidentified peaks, presumably due to non-protein amino 
acids; these were not characterized. 

Conclusions 

The data presented lead to the following conclusions: 

1. In the Vicia samples studied, quantitative variation in 
amino acid composition of seeds within a species is 
comparable to that between species. Similarly, variations 
in N and S content between species and within a species 
are comparable. 
2. Breeding V. faba for increased seed size has not 
decreased N or S content, nor has it appreciably altered 
the amino acid composition. 
3. Variation in legumin content between wild-type Vicia 
species is less than variation between cultivated and 
primitive varieties of V. f&u; the cultivated varieties 
considered tend to have higher legumin contents, al- 
though this may not be true for all cultivars. 
4. The numbers of subunit pairs in legumin and their 
heterogeneity in size are comparable over the range of 
samples tested. Increase in legumin content, or seed size 
does not lead to an increase in the number of legumin 
subunit pairs; instead, a subset of legumin subunits are 
mcreased in amount. This suggests that the number and 
types of genes encoding legumin are comparable in all 

Table 3. Ammo acid cornpositron (g/16 g N) of seed meals 

V. faba 

cv. cv. 
‘Maris ‘Triple cv. 
Bead White’ 182 V. narbonnensis V. galilea V. villosa V. pannomca V. atropurpurea 

ASP 8.52 8.65 7.33 10.27 10.42 8.61 10.36 10.05 
Thr 2.67 2.57 2.56 3.95 3.00 3.00 3.69 3.22 
Ser 3.74 3.79 3.35 4.82 4.40 3.46 4.77 4.09 
GIlI 17.48 15.95 12.66 19.42 18.19 14.00 18.13 18.41 
Pro 2.40 3.00 2.77 3.82 4.03 2.29 3.87 3.25 
GlY 3.51 3.50 2.95 3.83 3.35 2.90 4.23 3.66 
Ala 4.31 4.29 3.80 5.26 4.17 4.08 5.22 4.77 
Val 3.51 3.50 3.13 4.78 4.34 3.78 4.72 4.07 
Met* 0.50 0.46 0.47 0.68 0.50 0.61 0.46 0.64 
Ileu 2.99 3.05 2.70 3.92 3.79 3.04 4.23 3.36 
LeU 5.96 6.42 5.07 6.97 7.08 5.44 7.47 656 
Tyr 2.59 2.64 2.33 2.98 2.57 2.62 3.24 3.07 
Phe 3.24 3.32 2.94 4.30 3.99 3.31 4.44 4.01 
His 1.69 1.72 1.54 2.22 1.80 1.76 2.57 2.08 
LYS 4.80 4.80 5.00 6.71 6.26 4.94 6.41 5.82 
Arg 5.39 4.65 5.70 7.84 7.45 4.96 6.11 5.04 
cys* 1.00 098 1.30 1.75 1.55 1.59 107 2.05 

Total 68.32 73.29 65.62 92.51 86.87 70.39 90.98 83.93 

*Determined after performic actd oxtdation Values are taken from duplicate 24 hr hydrolysis; variation between 
hydrolyses was < 10%. 
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these species, but expression of a subset of legumin genes 
can be favoured, cultivation in V. faba has increased the 
expression of these genes encoding the ‘main’ legumin 
subunit pairs. This process could occur by gene amplifi- 
cation or by control of mRNA production. Studies of the 
genomes of Vicia species and cultivars to determine the 
numbers and types of legumin genes present will be 
required to clarify the course of this inter- and intra- 

speci!k variation. 

EXPERIMENTAL 

5. SJddm, J. (1982) in Faba Bean Improoement (Hawtin, G. and 
Webb, C., eds). Icarda, Netherlands. 

6. Casey, R., Sharman, J. E., Wright, D. J., Bacon, J. R. and 
Guldager, P. (1982) Qual. Plant. Plant Foods Hum. Nutr. 31, 
333. 

Seeds of Yicia spectes were obtained from Tyneside Seed 

Stores, Gateshead, Tyne & Wear, U.K., or were supplied by Dr. P. 
Gates, Department of Botany, Durham University SDS- 
polyacrylamtde gel electrophorests (SDS-PAGE) was carned out 
according to ref. [13], and as modified in ref. [3] for two 
dimensional gels where the first dtmenston IS run under non- 
reducmg condittons and the second dtmenston 1s run under 
reducing conditions. Acrylamide concns of 12.5% and 17% 
respectively were used for first and second dimension gels. 
Densttometric scanning of stnps cut from stamed and destamed 
gels was carned out on a Gtlford model 2000 densitometer; peak 
areas were esttmated by cuttmg out the appropnate areas of the 
recorder trace and weighing. 

7. Utsumt, S., Yokoyama, Z. and Mori, T. (1980) Agric. Biol. 
Chem. 44,595. 

8. Gatehouse, J. A., Croy, R. R. D., McIntosh, R., Paul, C. and 
Boulter, D. (1980) in Vtcta faba. Feeding Value, Processing, 
and Viruses (Bond, D A., ed.) pp. 173-190. ECSC, EEC, 
EAEC, Brussels. 

9. Randall, P A, Thomson, J. A. and Schroeder, H. E. (1979) 
AIM. J. Plant Phystol. 6, 11. 

10. Blagrove, R. J., Gillespte, J. M. and Randall, P. J. (1976) AIM. 
J. Plant Physiol. 3, 173. 

11. Evans, I M , Boulter, D , Fox, R. L. and Kang, B. T. (1977) J. 
Sci Food Agrw 28, 161. 

Nitrogen analyses were carned out by a micro-KJeldahl 
technique, as described in ref. [14]. Sulphur was estimated as 
sulphate [ 151. Ammo acid analysts was carned out on a Locarte 
Autoanalyser by conventtonal methods [ 16, 173; methionme and 
cysteme were estimated as methtonme sulphoxtde and cysteme 
acid after performic acid oxulation [18]. 

12. Casey, R. and Short, M. N. (1981) Phytochemistry 20, 21. 
13. Laemmli, U. K. (1970) Nature (London) 227, 680. 
14. Varley, J. A. (1966) Analyst (London) 91, 119. 
15. Mottershead, B. E. (1971) Lab. Pratt. 20, 483. 
16. Evans, I M. and Boulter, D. (1974) J. Sci. Food Agric. 25,311. 
17. Evelagh, J. W and Winter, G. D. (1970) in Protern Sequence 

Determmatton (Needleman, S. B., ed.) pp. 91-123. Chapman 
& Hall, London. 

Acknowledgements-We thank Dr P Gates for supplying seeds, 18. Schram, E., Moore, S. and Btgwood, E. J. (1954) Biochem. J. 
and Mr. R. Swmhoe for techmcal asststance. 57. 33. 

Vicia species 1723 

REFERENCES 

1. Wnght, D. J. and Boulter, D. (1974) Biochem. J. 141,413. 
2. Casey, R. (1979) Biochem. J. 177,509. 
3. Matta, N. K., Gatehouse, J. A. and Boulter, D. (1981) J. Exp. 

Botany 32, 182. 
4. Laliandra, D., Pohgnano, G. B. and Colaprico, G. (1979) Z. 

Pj7anzenzucht. 83, 308. 


