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At&act--An 11s seed globulin has been isolated from Phuse~lus aureus and P. vu~mis by zonal isoelectric precipi- 
tation and the MWs of the constituent subunits determined. The protein of P. vu@ris occurs in the protein 
body fraction and its chemical composition, including the N-terminal amino acids and amino acid composition 
has been determined. The similarity between the 11s globulin of the two Pivots spp. and legumin from other 
legumes is discussed. 

INlRODUCl’ION 

Legumin, an 11s globulin first isolated as an impure frao 
tion from seeds of Pism Otis [1,2] has been puritled 
from Vi& f&u seeds where it represents approximately 
75% of the storage protein [Xi]. Legumiu-like globulins 
are also major seed storage proteins of other legume spe- 
cies for example Viciu satiua [6] and Glycine tp1(u~ [7-91 
and they probably occur widely among flowering 
plants [lo]. Globulins which sediment as 11s com- 
ponents have been identified in several species of Pka- 
seoolus and were equated with legumin by Danielsson 
solely on the basis of their sedimentation coefficients [2]. 
The only species of Pkaseolus from which an IiS glob 
Iin has been isolated previously is P. (~ureus [l l] and 
the subunit composition reported for this globulin differs 
from that of legumin-like globulins. 

We have now isolated a lea-Ice ~obu~ from 
Phseolus atmus and P. Yulgaris and have~characterized 
that of the latter species. 

The crude globulin preparations from Phaseohs ml- 
gmis and P. aureus were each separated into two protein 
fractions by zonal isoelectric pr~pi~ti~ [5,12]. One of 
these fractions consisted of protein which was soluble 
at pH 47 and eluted from the column in a volme of 
50 ml immediately after the void volume (130 ml), while 
the other consisted of protein insoluble at pH4*7 and 
which was su~~tiaIly retarded (Ve a~ro~a~ly equal 
to 2.5 V,) and ehtted in a volume of 90 ml. The retarded 
fraction from each species accounted for approximately 
15% of the protein recovered (250/3OOmg) and was 
homogeneous in the ul~a~~~ge (sZO approx. 11% 
except for traces (approx. 5%) of a larger component (sZO 
approx. 16s). By comparison the unretarded protein was 

._. 

The protein of the retarded fraction from each species 
migrated during disc e~~opho~~s as a major band 
with mobility 015 relative to that of the bromophenol 
blue marker band and two slower and one faster minor 
bands. The proteins were dissociated by treatment with 
sodium dodecyl sulphate (SDS) and 2-mercaptoethanol 
@Me) into major subunits with apparent MWs 62ooO 
and 20000; only trace amounts of stain were retained 
by these subunits when half gels were stained for glyco- 
protein by the PAS procedure. 

Further characterization was then carried out on the 
protein recovered from the retarded fraction of both spe- 
cies. The protein was first precipitated by the addition 
of (NH&SO4 to 704 saturation and then redissolved 
in a small volume of 001 M 2-Me. This method of recov- 
ery was used rather than precipitation by dialysis s&e 
protein precipitated by dialysis against deionized water 
did not redissolve in 04M NaC1-001 2Me-O.05 M 
NaHz PO,+, pH7. The recovered protein of the retarded 
fractions sedimented in the ultracentri&e with 
szow = 116S (P. t@pis) and 114s (P. ~IWWUS) at pH 
7.2 and I = 04 except for a minor component with 
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heterogeneous at pH 7 in the ultracentrifuge and for both 
species the Schlieren d@arns showed a large 7s peak 
which was not completely resolved from a small 2S-3s 
peak: a 6s shoulder was also present in the 7S peak 
of P. vulguris. When the unretarded fraction of P. vu&& 
was examined in the ultracentrifuge at pH 62 and 
I = 015 more than 500/, of the 7s component observed 
at pH 7 was replaced by a peak which corresponded 
to 18s protein and under these conditions the sedimen- 
tation coefhcient of the 65 component of P. r;erlgaris was 
6.1s i.e. it had a calculated MW of approximately 
130000. The unretarded protein of P. aureus did not as- 
sociate to 1% at pH 6.2 and I = O-15. ~lut~at~g ac- 
tivity was detected only in the unretarded fractions; agg- 
lutination by that of P. vulgaris was more rapid than 
by that of P. aureus. 
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Fig 1. SDS polyaaylamide gel electrophomsis of reduced dissociated 11s globulins from (a) Phase&s aureus, 
and (b) Phaseolus wlgmis. Proteins (80 pg) were run on 1WA gels and stained in Amido Black. The mobilities 
of serum albumin (A), ovalbumin (0) and pepsin (P) relative to that of myoglobin (M) are shown for 

comparison. 

5 16s. The approximate MWs of the 11s com- 
gents are 340000 and 330000 respectively. The gel pat- 
terns obtained by disc electrophoresis of the native pro- 
teins and continuous electrophoresis of the subunits of 
protein dissociated with SDS and 2 Me were the same 
as those obtained directly with the retarded fractions 
before the precipitation and recovery step. However, 
SDS-2Me treatment preceded by incubation of the pro- 
teins in 6 M urea (1 hr at 45”) dissociated them both 
to subunits with MWs 37000, 34ooO and 2OooO (Fig. 
1). 

The nitrogen and sulphur contents of the 11s globulin 
of P. vulgaris were 17.8 (w/w) and 044% (w/w) respect- 
ively, and 05% (w/w) carbohydrate was present (Table 
1). Glycine, leucine, threonine and methionine were 
determined as N-terminal amino acids, and the amino 

Table 1. The chemioal composition of 11s globulin of 
Phaseohcs uulgaris 

Amino acid composition (g/lOOg protein)+ 

Asp 
Thr 
Ser 
GIu 
pro 

GUY 
Ala 
Val 
Met 
Ile 
LAX 

Tyr 
Phe 
Lys 
His 
Arg 

$2 
Kjeldahl N 
Total S 
Carbohydrate 
N-terminal ammo 
acids 

86 
3.9 
5-o 

128 
3.8 
3.6 

3.8 
5.5 
1.4 

4.5 

;:; 

52 
7.9 
3.2 

y$Og;i 

178 f ‘2% (w/w)t 
041 f *l%(wMI 
05 f .07% (w/w)? 
glycine, leucine, 

threonhre, methionine 

* Best values of means of duplicate samples hydrolysed for 
20 and 70 hr, except values for Thr and Ser which were 
obtained by extrapolation to zerc time, f Cys (which was 
determin& as cysteic acid after 20 h hydrolysis only), and Trp 
which was determined colcrimetrically[41]. TMeans and 
errors of dupliaate samples 

acid composition of the protein is presented in Table 
1. 

Approximately lo(;/, of the protein of the fraction 
(GlA) which was precipitated from an ascorbate extract 
of P. vulgaris sedimented in the ultracentrifuge as an 11s 
component at pH 7.2 and I = 04, although it was not 
completely resolved from the major 7s peak of this frac- 
tion. Its probable identity with the legumin-like globulin 
referred to above is indicated by the presence of subunits 
with MWs of 62OCN and 20000 as minor components 
when the GlA protein was dissociated by treatment with 
SDS and 2Me: other minor bands, MWs 55000 and 
33000, were present in the gels and the MWs of major 
components were 50000, 47000 and 24000. The GlA 
fraction agglutinated red blood cells. 

An 11s molecular component was detected also when 
the protein of the protein body fraction of P. tmlgaris 
was examined in the ultracentrifUge at a protein concen- 
tration of 10 mgml at pH 7.2 and I = 04; it was a minor 
component only and was not completely resolved from 
the major 7s peak, which had a 6s shoulder. Subunits 
with MW of 62000 and 20000 were minor components 
of protein body protein dissociated without the use of 
urea, and subunit with MW 50000,47000, 34000, 31000 
and 24000 were the major components of this fraction. 

DISCUSION 

Zonal isoelectric precipitation has been employed pre- 
viously to isolate pure legumin from protein precipitated 
by ammonium sulphate precipitation from initial extracts 
of Vicbjfaba [S] and E s&m [12,13]. However we have 
found it necessary, when isolating the 11 S globulins from 
Phaseohs spp. by this procedure to first remove small 
molecules from the initial extracts by molecular sieving 
and also to inhibit oxidative processes. The 11s globulins 
isolated from Phuseolus aureus and P. wlgaris are insolu- 
ble at pH 4.7 at I = 03 and they each have sedimen- 
tation coefficients, MWs and subunit sixes which are 
similar to those of legumin of We faba [S] and l? 
satitxz~13,14]. The 11s globulin of P. vulguris and legu- 
min of I/: fia are similar in amino acid composition, 
N-terminal amino acids and in their low content of 
carbohydrate. 

The N-terminal amino acids of legumin of members 
of the Vicieae are glycine, leucine and threo- 
nine [3,5,13,15,16] and those of Glycine mux are gly- 
tine, leucine and phenylalanine [8]: unlike the situation 
in Phaseohs vulgaris therefore, N-terminal methionine 



Isolation of a legumin-like protein 413 

has not been reported in these legumins. Several explana- 
tions for the apparent finding of iv-terminal methionine 
can be proposed. It may be there as a true N-terminal 
of the protein or it could be a contaminant if the protein 
were not completely purified. A further possibility arises 
since the synthesis of polypeptide chains in the cytoplasm 
of eukaryotes is initiated by N-terminal methionyl resi- 
dues which are subsequently cleaved from the completed 
chains [17,18]. Thus the iv-terminal methionyl residue 
detected may be the initiating methionyl residue. 

teins of the unretarded fraction which sedimented as 6X 
species. 

The presence of contaminating material could explain 
the low levels of carbohydrate found in several 11s 
globulin preparations [lo]; however it could also indi- 
cate that legumin contains a glycoprotein subunit. The 
carbohydrate content of subunits isolated from 11s 
globulins of legumes have not been reported but a 2.7s 
subunit of the 12s globulin of Brassicu napus contains 
45% carbohydrate [19]. 

The three banded pattern of subunits with MWs 
37000,340OO and 20000 found in SDS gels of dissociated 
11s globulin from Phaseolt~s mreus and P. vulgaris is 
also found in dissociated legumin from Mcia faba [5j and 
T! sutiua [14]. The subunit with MW 62000 seen in some 
of the Phaseolus preparations would appear to be an 
association product and a component of similar MW 
is also seen in dissociated legumin preparations horn K 
faba and K sutiw under special conditions. In dissociated 
11s globulin from Glycine max only two sixes of 
subunits, with MWs 37ooO and 22000 have been separ- 
ated so far [9]. Dissociated 11s globulin from Lwpinus 
ungusti@lius has subunits with MWs 63000, 53000, 
40000 and 20000 which differ somewhat from the 
above [20]. However the complete dissociation and sep- 
aration of the 11s globulin subunits are very dependent 
on the conditions employed and a critical comparison 
can be made between subunit compositions of various 
globulins only when the latter have been dissociated un- 
der identical conditions and their subunits examined by 
a variety of techniques. 

The Gl fraction of ascorbate extracts prepared from 
Phuseolus wlgaris by Sun et al. [30,31] is regarded by 
them as Glycoprotein II and an 11s protein was not 
detected, although they had reported previously that the 
sedimentation coelBcient of Gl (32) was 11s. The 
subunits identifled in dissociated Gl protein were also 
major components of a dissociated Gl fraction prepared 
by isoelectric precipitation [31] and they equate Glyco- 
protein II procedurally with legumin [31]. By contrast 
the GlA fraction which we isolated was heterogeneous 
and contained 11s protein, 7s protein (Glycoprotein II), 
and possibly a globulin agglutinin. The 11s globulins 
which have been isolated from various species as (rela- 
tively) pure proteins are very similar to legumin of VC4r 
faba when characterized by modem biochemical tech- 
niques [lo]. They have similar sedimentation coelBcients, 
MWs, subunit sixes, amino acid composition, N-terminal 
amino acids, low contents of carbohydrate and low solu- 
bilities at pH 4.7 at I = Q3, and we regard them all 
as legumin by analogy with other well characterized pro- 
teins, for example the haemoglobins, although only when 
their amino acid sequences have been determined will 
it be clear whether they are functionally similar 
proteins or whether they are a group of proteins related 
by a common ancestry. 

Ji.XPRRIMEJVTAL 

The high nitrogen and dicarboxylic acid/amide con- 
tents of the 11s globulin of Phaseolus tgtlgaris relative 
to those of a standard protein [21], its occurrence in the 
protein body fraction and its similarity to legumin sug- 
gest strongly that this protein is, like other legumins, 
a storage protein. Whereas the 11s globulins of Vicia 
faba and Glycine rnax contribute substantially to the 
nutritional value of these beans, the major globulin of 
Phaseohts dguris is Glycoprotein II [22,23] and legumin 
represents a much smaller proportion of the protein of 
these beans. However, the composition of the storage 
proteins is di&rent in different cultivars of the same spe- 
cies [24-271 and other cultivars of Phaseolus aureus and 
P. cdgmis may have higher legumin contents and be 
of greater nutritional value than those used in the present 
investigation. Procedures based on those employed here 
may play a part in screening programmes for the selec- 
tion of lines with improved nutritional status. 

The unretarded fractions will not be discussed in detail 
here but the presence in Phaseohrs aureus of high concen- 
trations of 7s protein which does not associate to an 
18s molecular species suggests, contrary to the sugges- 
tion of Ericson and Chrispeels [ll], that this protein is 
not identical to the 7s Glycoprotein II of P. vul- 
garis [22]. Agglutinins with sedimentation coeflicients of 
approximately 65 have also been isolated from P. t)ul- 

Isolation of 11s &bulins. seed meals of Phaseolus aureus 
(preen gramjand E vulgaris cv. “Streamline”, were dispersed 
with 10 a insoluble nolvvinvl-nvrrolidone in 04 M NaCl-OQl 
M 2 Me&l M NaHiP& pH i-(10 g meal/100 ml), and were 
blended for 3 min in a high-speed blender which was cooled 
in ice, and then stirred for 15 min. Each extract was filtered 
through 2 layers of muslin and &rifled by centrifugation, then 
60ml claritkd extraa containing approximately 1 g protein 
was applied to a column of Sephadex G-25 (6.6 cm x 20 cm), 
which had been equilibrated with 0.2 M NaCl-0035 M NaH, 
PO4 pH 7-001 M 2 Me. The column was developed with the 
latter buffer. The chromatographic fractions which contained 
protein excluded from the Sephadex G-25 were bulked and 
adjusted to 70”/, saturation with respect to (NH&SOa and 
the protein which precipitated was quickly collected by centri- 
fugation and redispersed in 10ml 02 M NaCW05 M 
NaI-IaP04, pH 8-0.01 M 2 Me @H 8 buffer soln). Ammonium 
sulnhate was removed from the protein soln by passing it 
through a column (3.4 x 20 cm) ofSephadex G-25, which had 
been eouilibrated with the DH 8 buffer solution. After five-fold 
conceniration of the protein solution by use of an Amicon 
ultraliltration cell 8 ml, containing approximately 300 mg pro- 
tein. was ant&d to a column (34 x 35 cm) of Sephadex G-50 
which had- &en equilibrated with 02 M NaCl&5 M citric 
acid DH 4.7-O-01 M 2 Me and the column was then developed 
with ‘the pH 8 buffer solution (xonal iso-electric precipitation 
(12)) at a flow rate of 25ml/hr. Buffer soms which were 
employed had been deaerated and flushed with Na before the 
addition of 2 Me and were stored under N. The Sephadex 
used for chromatography had been deaerated before equilib- 
ration. Column eluates were monitored continuously at 
280nm by use of an LKB Uvicord II analyser. 

Ascmbate extract. An ascorbate extract of meal of Phczseolus 
uu\garis was prepared by the method of M&rester et al. [32] 
and clarified by centrifugation. The clarified extract was 
diluted with two volumes of dionixed water at 4” and the 
protein which precipitated was collected by centrifugation and 
designated the GlA fraction. 

Protein bodies. These were isolated by centrifugation __-. . 
garis [28,29] and it is probable that these were the pro- through glycerol, a method suggested by M. J. Chrispeels. 
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Seed meal (500&t@ of Phaseolus vulgaris was suspended in 
5 ml So”/; glycerol in 005 M N&PO4 pH 8 and centrifuuged 
at 30008 for 20 min and then at 23000~ for 20 min. The 
su~rnat~t was layered over fOml 90% glycerol in the same 
buffer and centrifuaed at 23000n for 20 min. The o&et was 
resuspended in St& 80% glyceral in buffer, large aggregates 
of material were removed by low speed centrifugation and 
the protein bodies were pelleted at 230009. 

Analytical ce~tr~agat~on. This was carried out at 40000 
rpm and 20” in an Omega II 7OOOQ u~tracent~fuge. Proteins 
wemcentrifuged tit concentrations of 5 m&ml and I mg/ml 
and sediment&ion coefficients, s2,, and s,,-values were d&r- 
mined as described bv Svedbera and Pedersen r331. The Sch- 
lieren peaks obtained-at the lower protein con&nt;ation were 
too small for accnrate measurement and values quoted in the 
text were obtained at con~nt~t~ons of 5 mg/ml, except where 
stated otherwise. Approximate MWs were calculated by the 
method of Halsall[34]. 

Dissociation of protein. Equal volumes of protein soln 
(2 mg/ml) and 2.5% SDS-01 M 2 Me+05 M Pi buffer pH 7 
were mixed and heated for 3 min in a boiling water bath 
and then cooled in running tap water. Myo~lobin was 
employed as a marker protein and afte; heating in 
SDS-2Me-Pi b&r uH 7, it was added to a oortion of each 
dissociated protein ‘sample to a final cdncentration of 
07 mg/ml. 

Polyacrylamide-gel etectropkoresis. Undissociated proteins 
were examined in 7.5% gels by the procedure of Ornstein and 
Davis [35] but without the use of spacer gel. Dissociated pro- 
teins, 20 ~1 and 80 ,uI vois, were loaded under buffer onto 10% 
gels of 60 mm length in a continuous 0.1 M Pi, pH 7-10 mM 
sodium thioglycolate system (11,31): 15 mA/gel was main- 
tained for 3 hr. Gels were stained for protein in 1X (w/v) 
Amido Black in 7”/, HOAc and destain& by diffusion‘& ?i 
HOAc Certains gels. on which the subunits of 11s elobulin 
had been separatk, were split lonnitudinally and o&half of 
each gel was stained for protein while the &her was stained 
for glycoprotein by the periodic acid-S&% base uro- 
ceduie[3?]. The eiectroph&etic mobilities of the sub&its 
relative to that of the marker protein were determined after 
staining and the apparent MWs of the subunits we? esti- 
mated by reference to a calibration curve prepared usmg cyto- 
chrome c, myoglogin, pepsin, ovalbumin and serum albumin. 

Agglutinin activity. Protein fractions were adjusted to pH 7 
and a protein concentration of 1 m&/ml and then mixed with 
an equal vol of a 2% suspension of human group 0 red blood 
cells in 1% NaCl at RT. 

Chemical composition. Total notrogen was determined by 
aa automated micro-Kjeldahl method [38], and total sulphur 
was estimated by wet dIgestion with perchloric-nitric acid mix- 
ture, and subsequent turbidimetric analysis of BaSO,[39]. 
Carbohydrate was determined by the method of Dubois et 
ol. [40]. The amino acid commotion of acid hydroiysed (20 
and 7Ohr) protein was analysed on a Locarte automatic load- 
ing amino acid analyser. Tryptophan was determined colori- 
metrically [413 and cysteine plus cystine were determined by 
performic acid oxidation [42] and subsequent analysis of cys- 
teic acid on the Locarte analyser. N-Terminal amino acids 
were determined by the procedure of Gros and Labouesse 
[43]; after hydrolysis each sample was loaded on one side 
of a polyamide sheet, a mixture of dausylated amino acids 
was loaded onto the reverse side and the N-terminal amino 
acids of the sample were identified after chromatographic sep- 
aration by reference to the pattern obtained from the amino 
acid mixture. 
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