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Summary. A group of proteins with similar Mr, iso- 
electric points and amino acid composition to those 
previously described for the low molecular weight 
prolamins (LMWP) of wheat and barley were isolated 
from the endosperm of rye (Secale cereale L.). Genes 
controlling four components of this protein group have 
been assigned to chromosome arm 4RL, through the 
two-dimensional electrophoretic analysis of T. aesti- 

vum-S, cereale disomic and ditelosomic addition lines. 
This observation, together with the previous assignment 
of LMWP genes in wheat to chromosome groups 4 and 
7, is discussed in relation to the proposed 4R/7R 
chromosomes translocation in S. cereale. 
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Introduction 

The chemistry and genetics of prolamins, the main 
endosperm storage proteins of species such as wheat, 
barley and rye, have been extensively investigated in 
the last few years because they determine to a large 
extent the nutritional and technological properties of 
these cereal grains (see Garcia-Olmedo etal. 1982; 
Shewry and Miflin 1985). The structural homology 
among the sulphur-rich domains of prolamins, some 
low molecular weight proteins from cereal endosperm 
and the 2S globulins from dicots (Kreis et al. 1985) has 
opened new perspectives about the origin and evolution 
of these seed proteins and the structural relationships 
among different endosperm protein groups. 

* To whom correspondence should be addressed 

The prolamin preparations of wheat and barley 
endosperm contain a group of low molecular weight 
basic components (Mr-- 16-20 Kd; pI > 9), which have 
similar solubility properties, electrophoretic mobility at 
pH3.2 and amino acid composition as the major 
prolamins, although sulphur amino acids are atypically 
high (see Shewry and Miflin 1985). These proteins have 
been designated low molecular weight prolamins 
(LMWP; Salcedo et al. 1979; Aragoncillo et al. 1981). 
Individual components of this group have been isolated 
and characterized in wheat (Prada et al. 1982: Cottenet 
et al. 1984) and barley (Salcedo et al. 1982), and protein 
fractions enriched in LMWP have been described in 
rye (Charbonnier etal. 1981). Genes controlling five 
members of the group have been assigned to chro- 
mosomes 7A, 4B and 7D in hexaploid wheat (Salcedo 
et al. 1980). 

Further chemical characterization of LMWP, as 
well as studies of the chromosomal location of their 
corresponding structural genes in other species, are 
desirable for a better definition of this protein family 
and for a further clarification of their evolutionary 
relationship with the major prolamins. 

We now report the isolation of LMWP from rye 
endosperm, their identification in two-dimensional pro- 
tein maps and the chromosomal assignment of genes 
encoding four members of the group in Secale cereale. 

Materials and methods 

Biological materials 

Flour of 65% extraction from Secale cereale L., INIA c/17 I-M, 
was used for the isolation of rye LMWP. Imperial rye-Chinese 
Spring wheat and King II rye-Holdfast wheat disomic and 
ditelosomic addition lines used for the genetic study were the 



gifts of E. R. Sears (University of Missouri, Columbia, USA), 
S. M. Reader (Plant Breeding Institute, Cambridge, England), 
F. J. Zeller (Technische Universit~t Miinchen, FRG) and C. 
Benito (Universidad Complutense, Madrid, Spain). 

Protein extraction and gel filtration 

The crude 70% ethanol extract from rye endosperm was 
prepared from delipidated flour (petroleum ether; b.p. 50 ~  
70~ 1 • 10 v/w; 1 h) by two sequential extractions with 70% 
ethanol (10 v/w; 1 h). The ethanol extract was fractionated by 
gel filtration on Ultrogel AcA-54 as reported by Prada et al. 
(1982). 

Kernels (~30mg) were extracted with 70% ethanol as 
previously described (Salcedo et al. 1980). 

One- and two-dimensional gel electrophoresis 

Sodium dodecyl sulphate-polyacrylamide gel electrophoresis 
(SDS-PAGE) was carded out by the method of Laemmli 
(1970) and one-dimensional polyacrylamide gel electrophore- 
sis (PAGE) was performed in 0.1 M aluminum lactate buffer 
(pH 3.2), 3M urea (10% polyacrylamide; 9 • 9 • 0.1 cm gels; 40 
V/cm; 1.5h; 4~ Two-dimensional protein maps were 
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Fig. I. Gel filtration on Ultrogel AcA-54 of 70% ethanol 
extract from rye endosperm 
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obtained by combined electrofocusing (IEF; 5% polyacryl- 
amide, 6M urea; 14x0.2 q~cm gels; ampholines pH9-11; 35 
V/cm; 7h; sample insertion at pH9 end) X SDS-PAGE 
(Laemmli 1970). All gels were stained with Coomassie Bril- 
liant Blue G-250 (Blakesley and Boezi 1977). 

The pH gradient in the IEF gels was determined ac- 
cording to Drysdale et al. (1971), and ribonuclease (pI 9.45) 
and cytochrome c (pI 10.65) were used as testers. 

Amino acid analysis 

Protein hydrolysis was carried out according to Moore and 
Stein (1963) and performic acid oxidation as in I-Iirs (1967). 
Amino acid analyses were performed as described by Bidling- 
meyer et al. (1984). 

Results 

Isolation of the L M W P  group from rye endosperm 
and its identification in two-dimensional protein maps 

The 70% ethanol extract from rye endosperm was 
fractionated by gel filtration on Ultrogel AcA-54 
(Fig. 1). The fractions obtained ( I - I V  in Fig. 1) were 
subjected to SDS-PAGE and PAGE, pH 3.2 (Fig. 2). 
Fractions I and II corresponded to the main rye 
prolamins (secalins) and fraction IV contained low- 
molecular-weight polypeptides that had similar electro- 
phoretic mobilities at acid pH as those of  the wheat 
and barley CM-proteins (Aragoncillo et al. 1981; Paz- 
Ares et al. 1983). 

Components of  fraction III  had elution volumes on 
Ultrogel AcA-54, molecular weights (Mr 21-17 Kd) and 
electrophoretic mobilities in PAGE pH 3.2 that cor- 
responded to those o f  the previously isolated low- 
molecular-weight gliadins and hordeins (Aragoncillo 
etal.  1981; Prada etal.  1982), indicating that this 

Fig. 2. A SDS-PAGE and B PAGE, pH 3.2 of the gel filtration fractions (I-IV) indicated in Fig. 1 and of the crude 70% ethanol 
extract (E) 
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Fig. 3. Two-dimensional protein map (IEF pH 9-11 • 
SDS-PAGE) of a crude 70% ethanol extract from rye 
kernels, INIA c/171-M 

Table 1. Amino acid composition of fraction III (see Fig. 1) 
and major low molecular weight prolamins (LMWP) from 
wheat and barley (mol/100 mol of amino acid analysed) 

Amino acid a Fraction III Wheat b Barley r 
LMWG- 1 LMWH- 1 

Lys 0.4 0.3 0.1 
His 0.6 0.6 0.2 
Arg 2.8 2.4 2.5 
Asx 2.6 1.8 2.2 
Thr 7.7 7.1 9.6 
Ser 6.6 7.5 12.2 
Glx 28.5 27.4 26.2 
Pro 8.8 11.3 7.0 
Gly 6.0 7.5 6.0 
Ala 6.2 7.2 7.2 
Val 5.2 4.1 4.4 
a/2 Cys 8.3 6.4 7.1 
Met 3.5 3.9 3.6 
Ile 4.1 4.2 3.3 
Leu 4.8 4.1 4.0 
Tyr 1.8 1.9 2.3 
Phe 2.0 2.3 2.1 

" Trp was not analysed; b Prada et al. 1982; ~ Salcedo et al. 
1982 

fraction included the LMWP group from rye endo- 
sperm. This was confirmed by comparison of the amino 
acid composition of fraction III with those of the major 
LMWP from wheat and barley (Table 1). Very similar 
amino acid compositions were found in all three cases, 
indicating that major proteins in fraction III are homo- 
logous to LMWG-1 and LMWH-1. 

Two-dimensional electrophoretic fractionation of 
LMWP extracted with 70% ethanol from rye kernels was 

achieved, making use of their high isoelectric points 
(pI > 9) and low molecular weight (see Fig. 3). The first 
dimension, IEF (pH 9-11), selected only basic proteins; 
the second dimension, SDS-PAGE, separated LMW 
proteins from classical prolamins of pI > 9. The two- 
dimensional protein map of Fig. 3 was found to be 
identical for INIAc/171-M rye and for Imperial rye. 
Components with MW under 25 Kd included in this 
protein map can be subdivided into two classes: while 
components 1-6 appeared only in fraction III and were 
not readily extracted by 0.5 M NaC1, components 7 and 
8 appeared exclusively in fraction IV and were quan- 
titatively extracted by salt solutions. It was concluded 
that proteins represented by spots 1-6 are LMWP, and 
spots 7 and 8 correspond to low-molecular-weight 
basic, salt-soluble proteins. 

Chromosomal location of genes encoding rye LMWP 

The two-dimensional protein maps of 70% ethanol 
extracts from Imperial rye, Chinese Spring wheat and a 
mixture of both, are shown in Fig. 4 (A-C). All LMW 
components from Imperial rye can be identified in the 
mixture, except for components 2 and 4 that overlap 
with wheat ones. The chromosomal location of genes 
encoding the non-overlapping rye components were 
carried out by analysing the disomic and ditelosomic 
Imperial-Chinese Spring addition lines. All lines show- 
ed the same pattern of Chinese Spring wheat, except 
those involving rye chromosomes 3R and 4R. Com- 
ponent 7, a salt-soluble protein, appeared in disomic 
addition line 3R (Fig. 4D). Components 1, 3, 5 and 6 
that correspond to LMWP, together with spot 8, an- 
other salt-soluble protein, were present in disomic 
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Fig. 4A-F. Two-dimensional electrophoretic analysis of 70% ethanol extracts from kernels of the following samples: A Secale 
cereale, cv Imperial; B Triticum aestivum, cv Chinese Spring; C a mixture of Imperial and Chinese Spring extracts; D 
Imperial/Chinese Spring disomic addition line 3R; E Imperial/Chinese Spring ditelosomic addition line 4RL; F King II/Holdfast 
ditelosomic addition line 4RL. Only pertinent zones of the two-dimensional maps are shown 

addition line 4R (not shown). All these proteins were 
absent in ditelosomic addition line 4RS and present in 
the 4RL line (Fig. 4 E). 

The chromosomal location of genes that control rye 
LMWP was further analysed in King II rye-Holdfast 
wheat addition lines. Similar two-dimensional protein 
maps to those presented for Imperial rye (Fig. 4A) and 
Chinese Spring (Fig. 4 B) were obtained for King II and 
Holdfast, respectively. Components 1, 3, 5, 6 and 8 
only appeared in addition lines 4R (not shown) and 
4RL (Fig. 4 F). 

Discussion 

A group of proteins from rye endosperm that cor- 
respond to the LMWP described in wheat and barley 
(Salcedo et al. 1979, 1980, 1982; Aragoncillo et al. 1981; 
Prada et al. 1982; Cottenet et al. 1984) were isolated 
based on the similarity of molecular weights, electro- 
phoretic properties, isoelectric points and amino acid 
compositions. Chemical characteristics of the LMWP 
reported here closely resemble those of the A-secalins 
described by Charbonnier et al. (1981), so both prepa- 
rations probably include the same main components. 

The two-dimensional procedure that was developed 
to resolve rye LMWP also separates other proteins, 
presumably basic albumins and globulins. Analysis of 
disomic and ditelosomic rye/wheat addition lines, fol- 
lowing this procedure, has allowed for the assignment 
of genes encoding LMWP components 1, 3, 5, and 6 to 
the long ann of chromosome 4R. Additionally, the 
genes for salt-soluble proteins 7 and 8 have been 

respectively located in chromosomes 3R and 4R (long 
arm). 

Therefore, genes for the LMWP from rye are 
located in a different chromosome than those encoding 
the main prolamins, which have been assigned to 
chromosomes 1R and 2R (Shepherd and Jennings 
1971; Singh and Shepherd 1984; Shewry et al. 1985). A 
similar situation was found in wheat, where the LMWP 
genes are in chromosomes 4B, 7A, and 7D (Salcedo 
et al. 1980) and those corresponding to a,/3, ~, and ~o- 
gliadins, LMW- and HMW-glutelins are in chromo- 
some groups 1 and 6 (see Payne et al. 1985). 

Previous evidence has indicated that rye chro- 
mosome 4R is partly homoeologous to wheat chro- 
mosomes of groups 4 and 7 and that the same might be 
true for chromosome 7R (see Miller 1984). Further- 
more, Koller and Zeller (1976) and Zeller and Koller 
(1981) have proposed a reciprocal translocation event 
between the ancestral chromosome arms 7RS and 4RL, 
and have presented evidence of homoeology between 
rye chromosome arm 4RL and wheat 7BS and 7DS, as 
well as between rye 7RS and wheat 4AL, 4BS, and 
4DL. The chromosomal location of LMWP genes in 
rye 4RL and wheat 4B, 7AS, and 7DS would point to 
an ancestral interchange between 7RS and 4RL. Evi- 
dence of this translocation has been previously pre- 
sented by Hart and Langston (1977) and Salinas and 
Benito (1984) through the analysis of phosphatase 
isozymes, and by Miller (1984), studying the purple- 
culm character. Analysis in rye of other biochemical 
systems associated with wheat chromosome groups 4 
and 7, such as the subunits of oligomeric a-amylase 
inhibitors presently under study in our laboratory, 
should further clarify this matter. 
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