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Abstract-Legumin-like proteins of Lupinus albus seeds, consist of 12s and 7s species which are in part involved in an 
association-dissociation equilibrium that is shifted towards association by increasing the ionic strength of the medium. 
A consistent portion of the 7s species does not associate to 12s. The 12s and the 7s associating molecules have the same 
protomer composition. The 7s non-associating molecules differ from them because they have less high M, acidic 
protomers. Partial proteolytic breakdown of these polypeptides appears to convert associable to non-associable 
molecules. The splitting protease is tightly associated to the legumin in the preparation. It is inhibited by sodium azide. 
The apparent M, of the heavy and the light species is 3 15 000 and 185 000 respectively. Also other parameters, such as 
diffusion coefficients, frictional ratios, Stokes’ radii, are in good agreement with those of legumin-like storage proteins 
from other legume seeds. Binding of the purified legumin to a concanavalin A-Sepharose and incorporation of tritiated 
IV-acetylglucosamine into legumin polypeptides during seed development have confirmed that lupin legumin is 
glycosylated. Only the acidic subunits appear to contain covalently linked carbohydrate. 

INTRODUCTION 

One of the major components of legume storage proteins 
is 11-12s globulins. They are referred to as legumin-like 
proteins because of their analogy to legumin of pea seeds. 
They are of special nutritional interest due to their content 
in sulphurated aminoacids and in tryptophan that gives 
them a far more balanced aminoacid composition than 
the vicilins, the other major group of storage proteins. 

As far as the quaternary structure of legumin is 
concerned, various models of hexameric structure includ- 
ing trigonal antiprism Cl] have been proposed, although 
in a recent contribution it has been claimed that none of 
these models provides acceptable interpretation of the 
experimental data [2]. No definite structure of the 
legumin fraction of lupin seeds has been described so far. 

The 11-12s forms dissociate to 7-8s depending on 
ionic strength and on pH [3]. In almost all cases 
dissociation at neutral pH is related to a decrease in ionic 
strength. Reports on sedimentation behaviour of this 
group of proteins in lupin on altering the ionic strength 
vary according to the species: the 12s globulin of Lupinus 
angustifolius [4] and Lupinus luteus [S] dissociated to 7.8s 
molecules upon decreasing the ionic strength of the 
medium, whereas in Lupinus a/bus the dissociation of the 
12.5s protein to 8.7s has been reported to occur on raising 
the ionic strength [6]. 

The legumin-like fraction of lupin, which has been 
referred to as conglutin a [7], appears to contain 
a plurality of components not related to 
association-dissociation phenomena. In Lupinus angusti- 
folius, ammonium sulphate precipitation or chromato- 
graphy on celite with an ammonium sulphate gradient 
solubilization yielded at 4” a cold-soluble and a cold- 
insoluble component [7]. In previous work on Lupinus 
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albus two legumin-like fractions were partially resolved 
by ion exchange chromatography [S]: preliminary evi- 
dence indicated that each of these fractions could be 
resolved further into one heavier and one lighter 
component [9], but these two forms were not studied in 
detail. 

The legumin-like protein of Lupinus albus and Lupinus 
angustifolius were found to contain covalently bound 
sugar [ 10. 111. This appears to be another peculiarity of 
the lupin since legumins generally are not glycosylated 
[3, 12, 131. Bound carbohydrate has been reported in 11s 
seed globulins from faba bean [ 141, rapeseed and Brassica 
Lampestris [ 151. 

All these peculiar features of legumin-like proteins in 
lupin seed prompted a more detailed study. The present 
work is an approach in this direction. Globulin 8 was 
considered, that is the most abundant constituent of the 
legumin-like group in lupin [S]. Some data on globulin 9 
are also given. 

RESULTS 

High and low M, components of lupin legumin 

As shown in Fig. 1A two components were resolved 
from fraction 8 by sedimentation velocity analysis. Sedi- 
mentation coefficients did not depend on the ionic 
strength of the medium in the range investigated (I from 
0.06 to 0.8, not shown), while the relative amounts of 
heavy and light species did. A preparation of fraction 8 in 
phosphate buffer, pH 7.5 (I = 0.36) was desalted, aliquots 
with increasing ionic strength were prepared and their 
sedimentation behaviour was assayed: as shown in Fig. 2 a 
12s and a 7s component were present throughout; on 
raising the ionic strength the 7s species decreased and an 
equivalent amount of 12s component was produced. 
Above I = 0.1 further salt addition had no effect. 
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(a) 
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Fig. 2. Distribution of 7S and 12s components of fraction 8 at 

varying the ionic strength. Fraction 8. 3.0mg;ml. was ultra- 

centrifuged at 48 000 r.p.m.. Schlieren diaphragm 60 tn 10 mM 

Na-Pi buffer pH 7.5 and NaCl to give the II~EIK strength 

indicated. The areas of Schlieren peaks produced at each Ionic 

strength arc given tclrcle: 12.7: square: ‘is). The arrow Indicates 

the calculated amount (see text) of 73‘ rpec~s formed by 

dissociation of the 12s globulin at 1-0.0X. The amount of non- 

associating 7.S species (see text) is indicated by the horizontal 

dashed line. 

Further information on transitions between heavy and 
light species were obtained by gel permeation in Fast 

Protein Liquid Chromatography (ITPl.C~. This technique 

resolved fraction X into two major components and one 

excluded fraction, (Fig. 3A). The tubes indtcated with bars 

in the figure uere separated and re-chromatographed at 
various intervals of time. On an Immediate trun they 
yielded nearlq symmetrical peaks (Fig. 3B :rnc! C‘I intlicat. 

b 
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Table 1. Molecular parameters of the heavy and light components of globulin 8 

Globulin 8 

17 

Isolated 
12s 

Isolated 
IS 

Heavy 
component 

Light 
component 

%W 
Calculated 
Determined 

Stokes’ radius (nm) 
Frictional ratio, (f&) 

M, 
sedimentation equilibrium 

sedimentation velocity 
Gel permeation on: 

TSK G3000 SW 

Sephacryl S 300 

12.3 +0.4 7.4kO.7 
(n=3) (n=3) 

3.80 3.89 
nd. 3.10 
5.61 5.48 
1.24 1.45 

315700*5300 185400+3200 
(n=3) (n=3) 

n.d. 190000 

* 

n.d. 

180000+2000 
(n=6) 

n.d. 

12.0+0.7 
(n=5) 

n.d. 
n.d. 
n.d. 
n.d. 

n.d. 

n.d. 

l 

315000+1700 
(n=3) 

7.lkO.8 
(n=5) 

n.d. 
n.d. 
nd. 
n.d. 

n.d. 

nd. 

188000 

188000+500 
(n=3) 

n.d.: Not determined. 
*: Out of the fractionation range. 

5 25 70 

Hr at 20’ 

Fig. 4. Time dissociation-association behaviour of isolated 
heavy and light component of fraction 8. The heavy and the light 
component purified by FPLC as detailed in Fig. 3A, were re- 
chromatographed after various intervals at 20” (abscissa). Media 
as in Fig. 3. In composite elution peaks components were made 
evident by assuming for overlapped parts a behaviour symmetri- 
cal to the uncontaminated slope. Planimetric measurement of 
areas allowed to establish the amount of heavy and light species 
present at each time in the analyzed sample. Full symbols, 
starting material; empty symbols, newly formed species. Heavy 

component of fraction 8, circles; light component, squares. 

association-dissociation process the results of ultra- 
centrifugations done at increasing ionic strength. The 
ascertained association of 7s protein to yield 12s globulin 
as I is increased, modifies the data reported by Joubert [6] 

and sets the legumin-like proteins of Lupinus albus within 
the general scheme of behaviour as those of Lupinus 
angustifdius and of Lupinus luteus [4, 51 and of other 
legume seeds. 

Loss of association capacity in the light species appears 
to be related to proteolytic splitting of the acidic poly- 
peptides into its constituent subunits: this event occurs in 
the legumin preparation itself and its agent is tightly 
associated with it. A lupin albumin has been partially 
purified elsewhere, that hydrolyses the acidic protomers 
[16, 173 of pea and lupin legumins only. 

Different ratios of heavy to light component in separate 
preparations of fraction 8 show that non-associable 
molecules were in different amounts; probably because 
proteolysis had involved a different number of molecules. 
Proteolysis however did not play a role in determining the 
ratio of heavy to light species during ultracentrifugation 
or gel permeation studies because of the presence of the 
inhibitor, sodium azide or the temperature and duration 
of the the run. This non-associable molecule appears also 
in FPLC if one considers the higher ratio of light to heavy 
species in Fig. 3C’ as compared to 3B’. 

Gel permeation chromatography of globulin 8 on 
Sephacryl S 300 at pH 7.5 and I =0.21 gave one excluded 
fraction followed by a broad peak (Fig. 5A) that, depend- 
ing on preparation and ionic strength, partially separated 
into two. On polyacrylamide gel electrophoresis (PAGE) 
the excluded fraction did not penetrate the gel. Early tubes 
of the peak displayed two close spots with low anodic 
mobility; the slower one soon disappeared. They were 
accompanied by a faster species that increased as elution 
progressed and separated alone at the end of the peak. 
Intermediate tubes in the elution contained the species in 
varying ratios (Fig. 5B). Overall data (see Discussion) 
relate slow movement to high M, and fast movement to 
lower M,. Two components were separated by direct 
electrophoresis of fraction 8 (Fig. 5B). 
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The low M, species isolated on Sephacrji al I ==I).21 

displayed in the ultracentrifuge a single symmetrical 

boundary with little broadening during the run (Fig. IBi 

whereas the high ;LI, one contained a SIT~~III amount of 

lighter component (Fig. 1C). This qecirs was not re- 

moved by repeated gel permeation before uitracentri- 

fugation. 

As shown in Table I different qaratmn procedures 

and starting material (i.e. unresolved frnctlon X or the 

components of it) were in very good agreement as far as 

determined M, of the healy and the light species and 

similarly for values of Szo,,, In the ultraccntrifuge. 

Fraction 9 displayed in the ultracentrifuge ,ind on gel 

permeation chromatography the same i) pe ofseparations 

as obtained with fraction X (not \hown: 

The proteins separated by PACrE following get perme- 

ation were submitted to sodium dodccyl suiphate (SDS)- 

PAGE under non-reducing and reducing conditions. The 

two slow tnoving species were analysed together: their 

protomer pattern was in both media practically the same 

as in the low ,W, species of earl) tubes from Sephacryl 

(Fig. 6). In non reducing medium thq displayed major 

polypeptides of ‘ipparcnt 51, 8 I 000 and 69 000 and two 

minor protomer\ of 75 000 and 72 000 that wire evident as 

thin bands in gels at constant acrylamid~ i:(~ncentration 
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Fig. 6. Protomer composition of the various legumin-like pro- 

teins of L. albus seed. Proteins separated by PAGE in the 
experiment displayed in Fig. 5B were analysed by SDS-PAGE. 
Indications for tubes and bands are the same as in Fig. 5B. Laser 

scannings of proteins run under non-reducing, A, or reducing, B, 

conditions are shown. C, superimposed scannings of untreated 

fraction 8 (full line) and fraction 9 (dots) analysed under reducing 

conditions. M, (abscissa) were determined in comparison with 

known standards. 

in assays run under sterile conditions. At 72 hr autolysis 
was more pronounced in the light globulin (Fig. 7, L vs H). 
The total area of protomers decreased after incubation, 
9% in the heavy globulin and 72% in the separated light 
one: this indicates that small fragments not detected by 
SDS-PAGE were formed. Sodium azide added in the 
reaction medium inhibited autolysis (Fig. 7). 

The contaminating proteinase(s) were removed only in 
part by repeatedly passing of fraction 8 on diethylamino- 
ethyl (DEAE) cellulose or by chromatography on Con- 
canavalin A Sepharose as detailed under methods. 

Modifications in the assembled oligomeric protein were 

investigated by sedimentation analysis: a sample that had 
the 12s and 7s components in a 3.5 to 1 ratio (52 000 rpm, 
sodium phosphate buffer pH 8.0, I =0.29) was again 
ultracentrifuged in the same conditions after 48 hr incub- 
ation at 37“. At this ionic strength the 12s globulin should 
not dissociate: nevertheless the ratio was found to have 
decreased to I .8 : 1. 

Fraction 8 was fully retained on a column of concana- 
valin A-Sepharose in the binding buffer: it was eluted on 
adding 0.1 M a-methylmannoside to the buffer (Fig. 8). 
Samples taken throughout the elution peak had the same 
polypeptide composition on SDS-PAGE as untreated 
fraction 8 (Fig. 8). 

Duplicate runs of these samples and of the separated 
basic and acidic subunits of globulin 8 were stained either 
with Coomassie Blue or with PAS stain for carbohydrate 
detection. The densitometric scannings of the differently 
stained gels run under reducing conditions are super- 
imposed in Fig. 9. They show that no sugar was bound to 
the basic component, while all the acidic polypeptides 
were glycosylated. 

Incorporation of radioactivity in the proteins of total 
extracts of cotyledons of developing lupin and pea seeds 
incubated with tritiated N-acetylglucosamine was 
measured after SDS-PAGE under non-reducing and 
reducing conditions. The fluorography and the densito- 
metric scanning of a Coomassie Blue stained electropher- 
ogram in non-reducing medium are compared in Fig. 10. 
Bands due to protomers of legumin-like proteins were 
recognized because they disappeared under reducing 
conditions. In lupin radioactivity was incorporated in 
protomers of legumin-like proteins, of conglutin y and in 
some belonging to vicilins (Fig. 10A). Small sized frag- 
ments appeared not to incorporate radioactivity. In the 
pea only the protomers of vicilin were labelled (Fig. 10B). 
When the total extract was resolved under reducing 
conditions (not shown) results were consistent with those 
mentioned but identification of protomers of legumin-like 
and vicilin-like proteins in lupin was less clearcut. 

DlSCUSSION 

The legumin-like component of Lupinus albus seeds 
appears heterogeneous, although its constituent proteins 
are in many respects alike. These globulins had been 
partially resolved in previous work [S] by ion exchange 
chromatography into fractions 8 and 9 (this latter being 
named 9a in earlier work [S-lo]. They displayed the same 
bound hexoses, though in slightly different amounts [S]; 
the aminoacid composition was very alike but amidation 
of dicarboxylic aminoacids was less in fraction 9, which 
thereby increased its acid character [S, 91: indeed fraction 
9 had a slightly more acidic isoelectric point than fraction 
8 [S]. This diversity may be the reason for their different 
behaviour on DEAE cellulose. In the present research 
these proteins displayed the same M, on gel permeation 
and in the ultracentrifuge, and contained the same type of 
protomers. Heterogeneity in isoelectric point in legumin- 
like proteins has been documented in other legume seeds 

c3, 191. 
Each legumin contains one 12s and one 7s component 

that can be separated in the ultracentrifuge and by gel 
permeation chromatography but not by ion exchange. 
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Fig. 7. ~utulbs~s of globulin 8. t‘ractiun 8 (k’Xi and its hcavv (H) anti light IL) c‘otl1po1IcIIt sep:trat~~I on Seph~r>l S- 
3(H), were incubated at 37 in 0.0.5 M Na-I’1 buffer pH 8.0 and 0.15 M NaCi. Sodturn aztdc, where present, was 3 mM. 

equal aliquots uere removed at intervals and were assayed by SDS-PAGE under- non rcdu~~g conditions. Results 

at I -:(j and after 72 hr xc shi,wn The &f,s were establrshed a,rth refcrcrr~~ to ititndzrd proteins. 

Fig. 8. Chromatography on Concana\alrn 4-Sepharose ciffractlon X. Fract~an X (26 mg) US dlssol\ed and apphcd 

in 0.1 M Na-Pi buffer pH 7.2 containing 0.2 M NaCI, 1 I’M MnCI, and 1 /iM CaC’I,. Elutmn ~‘3s tint wtth buKer a.\ 
above IA) then with buffer containing 0.1 M r-methylmannosidc (B), finally with 0.2 M borate huRer pH 8.5 (0. 

i\lquota of 1.75 ml per tuhe were ci>llectcti. SDS-PAGE analysis of tubes indicated with arrows ,ind of the starting 

This hehaviour indicates that different mohilities ob- spews in PAGE may represent a dm~eric form ofthe 125’ 
served in PAGE were not due to deamidation of aspara- componcn!: :t 4miiar si~ustion occurs in the broad bean 
gine or glutamine residues in the same compound but to [ZOJ. 
differences in M,. The legumin appears to form also high Gel permeation chromatography of the 1X and the 7s 
M, aggregates that were excluded in separations based on 
molecular size: their amount depended on the course of 

globulin made it possible to follows qtrantitati\ely how the 
light species formed from the hea\! one and tice bersa. in 

experimental manipulations of the protein The rrrq slow a rev<-rzibic aswciation ciis<xilitic)n procw that tended 
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Fig. 9. Polypeptide and sugar distribution in legumin-like pro- 

tein of lupin. The separated acidic (A) and basic(B) polypeptides 

of the legumin (fraction 8) were analysed by SDS-PAGE in the 

presence of 2% 2-mercaptoethanol. Each sample was run twice, 

in parallel lanes. At the end of the run one lane was stained for 

polypeptide with Coomassie Blue and scanned at 610 nm (full 
line), the other one for sugar with a Schiff reagent, and was 

scanned at 530 nm (dots). Scannings are superimposed. The M,s 
were determined in comparison to known standards. 

to equilibrium. These results agree with data obtained in 
the ultracentrifuge and indicate that 12s molecules are 
formed by associating 7s units. An equilibrium between a 
monomer of M, 180 000 and a dimer of 350 000 has been 
reported for arachin [21]. 

Dissociation of the heavy species explains why it was 
not possible to obtain it free of a light component in the 
ultracentrifuge and by PAGE. Proteolysis measured on 
the non associable light species indicates that modifi- 
cations due to proteolysis are likely to make the molecule 
more susceptible to further action of proteolytic enzymes. 
The isolated legumin-like protein of sunflower seeds, 
helianthinin [22], and that of Nigella damascena [23], 
undergo degradations quite similar to those shown in our 
experiments when kept at 4”. 

The legumin contains several polypeptides that differ 
slightly in M,. A similar situation occurs in other legume 
seeds [24-271. The pattern of proteolysis observed in the 
present experiments, as well as results on the albumin 
endopeptidase of lupin seed [17] indicate that larger 
protomers (8 1000,75 000 and 72 000) may be the precur- 
sors of those of 69000 and 63000 upon proteolytic 
splitting. What physiological role these modifications 
play in the seed is not known. They might prepare stored 
protein for the action of other endopeptidases and of 
exopeptidases on germination. 

The determined M, of lupin legumin compare well with 
those of most legumin-like proteins. Values for 7S and 12s 
components close to 1: 2 indicate that 12s is made up of 
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Fig. 10. Incorporation of tritiated N-acetylglucosamine in 

developing cotyledons of lupin (A) and of pea (B) seeds. The 

total globulin extract of cotyledons incubated with tritiated 
N-acetylglucosamine was analysed by SDS-PAGE under non- 

reducing conditions. Laser scannings of electropherograms 

stained with Coomassie Blue (full line) are compared with 

labelled polypeptides evidenced by fluorography (dots). Lupin 
peaks belonging to legumin-like (L) or vicilin-like (V) proteins 

and to conglutin y (Cy) are indicated (horizontal full lines). Pea 

polypeptides are attributed according to literature data [37]. 

Apparent M,s were determined with reference to standard 
proteins. 

two 7S units as in other legumin-like proteins [3]. The 
constituent polypeptides found by protomer analysis 
hardly fit a trimer: hexamer scheme, because of their high 
M,. Nevertheless they may display on SDS-PAGE an 
apparent M, higher than that assumed from the as- 
sembled oligomer because of either conformational con- 
straints in the oligomer or by virtue of the bound sugar 
and high content of dicarboxylic aminoacids: these last 
factors may interfere with correct binding of SDS, and 
affect the mobility in the gel. Also the sum of M,s of acidic 
and basic subunits is less than the M,s of the unreduced 
unsplit protomers: in this case binding of acidic and basic 
peptides, before reduction, is an additional hindering 
factor to mobility. 

Precursors of conglutin t(, the legumin-like globulin of 
Lupinus angustfolius seeds, form in protein bodies a 
family of polypeptides of M, 6400@-85000 [28]. These 
values are in good agreement with those found by us for 
the mature polypeptides: in phaseolin precursor and 
mature polypeptide differ by lOO&2000 [29]. 

Presence of bound sugar in legumin-like proteins has 
long been debated: for some seeds it has been attributed to 
co-purification of a contaminant glycosylated poly- 
peptide [12]. The present data confirm our previous 
evidence [S] indicating that legumin-like seed globulin in 
Lupinus albus is glycosylated. No carbohydrate was 
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