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Abstract-“Crude” glutelin was prepared from milled rice (Oryza sutiw) Aour by sequential extraction of the albumin- 
globulin fraction with 0.5 M NaCl and prolamin with 70”/, ethanol-O.6% #?-mercaptoethanol. The solvent, 0.5% 
sodium dodecyl sulphate (SDS)-O.S% #& mercaptoethanol, extracted 91% of the endosperm glutelin without gelatiniz- 
ing starch granules, whereas chaotropic solvents such as urea and guanidine caused extensive gelatinization. The 
S-cyanoethyl glutelin (Ce-glutelin) prepared by SDS extraction of the “crude” glutelin (9.5% protein) of IR480-5-9 
rice gave three major subunits with, MW 38000, 25ooO and 16000 in the ratio 2:l:l as determined by SDS 
polyacrylamide gel electrophoresis. A similar preparation from “crude” glutelin of a lower protein containing rice 
had the corresponding subunits in the ratio of 16:3:1. The MW 38000 subunit was unique to glutelin and was 
not present in C3-albumin-globulin or prolamin; the subunits were only partially purified by SDS Sephadex G-150 
gel-f&ration. The Cfglutelin was also prepared from a crude glutelin-prolamin preparation from IR480-5-9 by 
NaOH extractions followed by precipitation at pH 10 and ethanol extraction of the precipitate (C3glutelin). This 
preparation had the same three major subunits and in the same ratio as C3-glutelin prepared by the SDS method. 
The subunits of the former preparation were separated by carboxymethyl Sephadex C-50 chromatography; the 
MW 38000 subunit eluted between pH 6.2-8.5, the MW 25000 in an impure state at pH values above 9, and 
the MW 16000 subunit was eluted at pH 8.6-9.2. Amino acid composition of the Ce-glutelin preparations were 
similar to each other. The MW 38000 and 16000 subunits had lower lysine contents than whole C3glutelin, 
whereas the MW 25000 subunit had a higher lysine content, 

INTRODUCTWN 

The major storage proteins of most cereal grains are glu- 
telin and prolamin. In rice (Oryza sativa L.) unlike most 
other cereals, however, glutelin is the only major protein 
of the endosperm, comprising at least so”/, of the total 
protein and prolamin accounts for less than 5% Cl]. 
Because of its insolubility except in dilute alkali, its high 
MW and its heterogeneity [2-4], very little work has 
been done to characterize rice glutelin. Rice endosperm 
protein is present mainly in the form of protein 
bodies [5,6], which have the same glutelin content and 
aminogram as total endosperm protein [5]. 

Using a purified glutelin preparation, Sawai and Mor- 
ita C73 demonstrated that the polypeptide subunits of rice 
glutelin are bound together by disulphide bonds. Under 
reducing conditions they found one major subunit with 
MW of CQ 2OooO and two minor subunits with MW 
of ca 35000 and 43000[8] in the ratio of 8:l:l [7J In 
contrast to these findings, reduced glutelins from 
corn [9], oat [lo], wheat [lO-121 and sorghum [133, 
have two or more major poIypeptide subunits as estab- 
lished by SDS polyacrylamide gel electrophoresis. Simi- 
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larly, Sephadex gel-filtration in the presence of guanidine 
or urea of reduoed and alkylated glutehns from different 
cereals separated several major components which were 
not completely resolved--six with corn f9], three with 
wheat [12], and five with sorghum [13]. 

Because of the importance of milled rice as the major 
source of protein in the diets of tropical Asia [1], breed- 
ing programmes are in operation to improve the protein 
content of rice. High protein rices from this programme, 
such as IR48O-5-9 [14] are ideal materials for studying 
rice glutelin because of their higher glutelin content [ 15). 
This paper compares methods used to isolate rice gluts 
lin and describes the characteristics of the principal 
subunits of reduced and C&ice glutelin from IR480-5-9 
rice. Alkylation was undertaken to prevent disulphide 
interchange occurring after isolation of glutelin. 

REsultTs AND DISCUSSION 

Extraction of commercial rice flour containing 6.7% 
protein, first with 0.5M NaCl and then by 70% 
EtOH-O.B% /&mercaptoethanol resulted in the extracted 
flour (crude glutelin preparation) containing 4.8% pro- 
tein. Since crude glutelin-prolamin preparations con- 
tained 5.0% protein, the protein of the original rice flour 
containing 6.7% protein consisted of 25% albumin-glo- 
bulin, 3% prolamin, and 72% glutelin. Extraction of 
IR480-5-9 milled rice flour containing 10.6% protein with 
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Table 1. Efficiency of extraction of protein from milkd-rice 
powder and crude glutefin preparations by various solvents* 

Extraction 

Solvent (with 0.6% AIciency 

SampIe B ME) (“/,) 

M&d r&et 0.1 N NaOH 98 

MalIed met 0.5% SDS 94 

Crude glutelin- 

prolamtif 0.5% SDS 94 

Crude glut&n5 0.1 N NaOH 98 
(70% EtOH denatured) 0.5% SDS 81 

0.5% SDS, 0.5 M 

NaCI, 0.1 M borate, 
pH IO 75 

0.5% SDS, 0.5 M N&l, 
0.1 M borate, pH 10, 
0.57; NaBH 4 78 

H@ 11 

0,5 M N&I, 0.1 M 
borate, pH losi 6 

crude glutcxlnB 0.5% SDS 91 
(2 hr exposure to 0.5% SDS, 0.1 M NaF’t, 

70”/, EtOH) pH 7.2 91 

* 150mg in 2 ml solvent far l-2 hr at room temp. t 6.6% 
protein Ir\E x 5.95). $4.98x protein CN x 5+95)+ §4.82% 
protein (N x 5.95). DNo fi-mercaptoethanol added. 

0.5 M NKI left a residue (crude glutelin-prolamin prep- 
aration) with 9.8% protein. Short duration extraction of 
this with 7Oa/, EtOH made 0.6% with p-mercaptoethanol 
gave a crude glutelin preparation with 9.5% protein. 
Thus, glutdin constituted 89% of the protein of 
IR480-S-9. These results are consistent with previous 
observations that differences in the level of rice endo- 
sperm protein were mainly due to differences in glutelin 
content [15]. 

A survey of protein extractants, including chaotropic 
solvents [lq indicated that only 0.5% SDS-O.6% &mer- 
captoethanol approached 0.1 N NaOH in efficiency of 
protein extraction from rice (Table l), Chaotropic agents 
such as 6-8 M guanidine, 8M urea, 4M NaSCN and 
4M NaClO, caused immediate gelatinization of starch 
giving viscous gels. When lower concentrations of these 
solvents were used which did not extensively gelatinize 
the starch granules, i.e. 1.5 M NaClQ, 1 M NaSCN, 3 M 
urea or 3 M guanidine, only 40--600/, of the glutelin pres- 
ent was extracted. 

The solvent 0.5% SDS-O.6% #!-mercaptoethanol 
extracted 81% of the protein from a crude glutelin prep- 
aration from which prolamin had been removed pre- 
viously by prolonged exposure to 70% EtQH. The same 
solvent extracted 91% of the protein from a similar prep- 
aration of crude glutelin, which had been extracted with 
70% EtOW for only 2 hr (Table 1). Since the SDS+mer- 
captoethanol solvent extracted 94% of the protein of mil- 
led-rice it appears that prolonged exposure of glutelin 
to EtOH results in its partial denaturation. Landry et 
al. [17] also found that SDS+mercaptoethanol 
extracted 94% of the protein of barley with a similar 
reduction in the efficiency of extraction by SDS-Bmer- 
captoethanol afier prolonged exposure of the barley Aour 
t9 EtOH. 

Ce-glutelin prepared by sodiem dodeqd dphate extrac- 
tion 

Ce-glut&n prepared from IR480-5-9 rice by the SDS- 
#?-mercaptoethanol method was insoluble in water and 
in most sol\;ents except SDS+mercaptoethanol and 
chaotropic solvents. It was sparingly soluble in non-ionic 
detergents, e.g. 1% aqueous solutions of Brij 35, Tween 

80 and Triton X-100, an observation in agreement with 
that of Makino et al. CiS] that T&on X-100 was not 
as good a solvent as SDS for denaturing proteins. 

SDS-polyacrylamide gel electrophoresis showed that 
this preparation contained three major subunits with 
MW 38000, 25000 and 16000 in the ratio of cu 2:i:l 
(Table 2). A similar preparation containing 4.872 protein 
from a commercial lower protein rice had the corre- 
sponding subunits in the ratio 16:3:1. Sawai and Mor- 
ita [7l reported a ratio of 8: 1: 1 for the subunits of their 
rice Ce-glutelin. 

Better resolution was obtained with 12% gels than 
with 10% gels and the MW 16000 subunit was readily 
detected in the former but was not fully resolved from 
the bromophenol blue front in the latter. In addition, 
a white precipitate was apparent in the MW 16000 band 
even before staining and this may Iead to an over-esti- 
mate of the concentration of this subunit based on absor- 
bance of the Naphthalene Black 12B stain. This MW 
subunit was not observed when reduced alkylated glute- 
lin was dissociated with some SDS preparations. 

Only the Mw 38ooO band was observed when the 
MW 38000 subunit was extracted from three gels, the 
extracts combined, protein precipitated with 3 vol. of ace- 
tone and after solubilization, re-run on SDS-polyacryla- 
mide gel electrophoresis. Hate, the MW 25000 and 
16000 subunits were not derived from the MW 38000 
subunit by reduction with /?-mercaptoethanol. 

Addition of 8 M urea, 6 M guanidine, or 4 M NaSCN 
to the glutelin 1 hr before alkylation did not change the 
electrophoretogram pattern of Ce-glut&n obtained sub- 
sequently and alkylation was, therefore, carried out in 
the absence of these chaotropic solvents. 

Comparison of the SDS-polyacrylamide gel electro- 
phoresis patterns of reduced and alkylated rice protein 
fractions showed that the major subunits of the “albu- 
min” or water-soluble fraction of a salt extract, i.e. Ce- 
albumin-globulin had MWs 25oo0, 19ooO and 16000, 
whereas its “globulin” or water-insoluble fraction had 
major subunits with MWs 35000, 25000 and 14OCKl 
(Table 2). The Ce-prolamin had a single major subunit 
with MW 23000. Thus, the major subunit of Ce-glutelin 
MW 38#0, is not common to the other protein frac- 
tions. A major globulin protein of rice endosperm has 
been reported with a MW of 25UOO [19]. 

The SDS-#?-mercaptoethanol extract of “crude” glute- 
lin-prolamin had the same ele@rophoretogram as that 
of Ce-glut&n The removal of the 6% protein from the 

Table 2. MW of drlnils of C+gluklini compared with those 
of C+JlbumIn-globulin ~rril prolank* 

MW of subuntts x 1O-3 

Ce-protein Major Minor 

GhQllVlS 

SDS-jknercaptocthfmo~ 
method 38 25 16 42 35 27 

19 14 
NaOB-NaCI method 38 25 16 42 35 19 

14 
0.14 M NaCl, pH 7-10 35 27 25 38 32 22 
precipitate 18 

Albumm~lobuhn 
“AIbUmltl” 25 19 16 42 35 
‘%lobulin” 35 25 14 16 

Pr&l&l 23 

*By SDS-polya a y Iamide gel electrophoresis of derivatives 
of protein f?ztions fern IR480-S-9 rice. 
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vo v/v0 139 V/V0 182 

0 

Elution volume, ml 

Fig, 1. MW fractionation of Ce-rice glut&n prepared by the 
SDS-knercmtoethanol method on a SeDhadex G-150 cohmn 
(3.0 >; 60 cm)*with 0.05 M Tris-HCI, ph 8.6 with 0.5% SDS 

as eluting solvent. 

Ce-glutelin which was soluble in 0.5 M NaC1-0.1 M 
borate-NaOH, pH 10 buffer [4] also did not affect the 
electrophoretogram pattern of the residual glutelin. 

Fractionation of C&glut& prepared by the SDS-/?- 
mercaptoethanol method using SDS Sephadex G-100 
chron&ography gave incomplete separation of the MW 
38ooO subunit from material eluding with the void 
volume. 

Ce-glutelin by the N&H-NaCl method 

Because of the difficulty of isolating pure subunits 
from Ce-glutelin prepared by the SDS-&mercaptoeth- 
an01 method, Ce-glutelin was also prepared from ((crude” 
glutelin-prolamin of IR480-5-9 bi u&g a modification 
of the method of Sawai and MO-& [2,Tf. Protein pre- 
cipitates obtained by further acidification bf the 0.14 gnd 
0.5 M NaCl solutions from pH 10 to 7 were also col- 
lected; 7 times more glutelin was obtained by precipi- 
tation between PI-I 10 and 7 than at pH 10 as in the 
Sawai and Morita method The Ce-derivatives of these 
glutelin preparations gave almost identical electrophore- 
tograms, except for the slightly lower content of the MW 
16-m subunit in the pH 10 -glutelin. Sawai and Mor- 
ita [Z] considered a sin&r preparation to be pure glute- 
lin. Denatured protein in the s&face layer ob&ned dur- 
ing the centrifugation of these glutelin preparations also 
had a similar electorphoretogram. 

The electrophoret&ram showed the three subunits 
with MW 38000, 25ooO and 16000 in the ratio of CQ 
2: 1: 1; the same ratio as obtained with Ce-glutelin pre- 
pared by the SDS method. However, glutelins when pre- 
pared Gy the SDS-p-mercaptoethanol method had a 
minor subunit MW 27ooO which was not seen in Ce-glu- 
telin prepared by the NaOH-NaCl method. The protein 
which remained in solution in 0.14 M NaCl at pH 10 
but which was precipitated at pH 7 in the NaOH-NaCl 
method had this MW 27ooO band as a major subunit, 
in addition to subunits with MW 25ooO and 35ooO 
(Table 2). This step removed contaminating protein 
which may have been deposited in the protein bodies 
during grain development and which was not accessible 
to 0.5 M NaCl during extraction of the meal with this 
solvent, since glutelin constitutes at least 80% of the rice 
endosperm protein [l]; it was only dissolved when the 
glutelk was &persed, Probably most of the minor 
subunits found in the glutelin preparation are from con- 

laminating proteins since they correspond in MW to 
subunits found in the albumin--globulin fraction (Table 
2). The status of the MW 25000 and 16000 subunits 
may be different from the other minor subunits since 
they tended to be present at higher levels relative to the 
MW 38000 subunit in glutelin from high protein rice 
IR480-5-9 as compared to similar glutelin preparations 
from low protein rice; the albumin and globulin fractions 
do not increase proportionately to the glutelin with an 
increase in the protein content of rice [l&20]; varietal 
differences in the ratio of glutelin subunits have also been 
reported for wheat [21]. 

All three subunits showed no reaction with periodic 
acid-Schiffs reagent after separation on gels by SDS- 
polyacrylamide gel electrophoresis, indicating that rice 
glutelin has little or no carbohydrate content. Sawai and 
Morita [2] reported only 0.32% carbohydrate in glutelin 
prepared by the NaOH-NaCl method, although Tecsoll 
et al. [4] have reported a total carbohydrate content of 
2.8% in a similar preparation. 

CM-Sephadex C-50 chromatography of Ce-glutelin 
(NaOH-NaCl method) by means of a pH gradient in 
6 M urea [7l resolved the major subunits (Fig. 2). Protein 
unadsorbed at pH 5.2 consisted mainly of the MW 14000 
subunit. The first major protein peak which eluted as 
a clear solution between pH 6.2 and 8.5 was the MW 
38000 subunit. The opalescence of Ce-glutelin solution 
which was adsorbed by the ion-exchanger was eluted out 
by the NaOH eluant at pH 8.6-9.2 in the second protein 
peak. SDS-@lyacrylamide gel electrophoresis showed 
this peak to be mainly the MW 16000 subunit. 

The MW 25000 subunit, which eluted only above 
pH 9, was contaminated by other subunits. Protein still 
adsorbed on CM-Sephadex C-50 at pH 9.3 and extracted 
by 0.5 M Na,CO& M urea (PH 11.4) was also princi- 
pally the MW 25000 subunit. A purer preparation of 
this subunit was obtained by SDS-Sephadex G-150 chro- 
matography of&glutelin prepared by the SDS+mer- 
captoethanol method, but it had only 1.1% N. 

Rechromatography of the two major peaks from CM- 
Sephadex C-50 chromatography on the same ion- 
exchanger led to further purification. The MW 38000 
subunit eluted as a peak between pH 6.4 and 7.0 and 
contaminating subunits were mainly those with MW 
42 000,350OO and higher; sub-fractions that eluted above 
pH 7 were contaminated with lower MW subunits. 

The MW 16000 subunit eluted on rechromatography 
at pH 8.7. It still showed traces of the two major subunits 

1.2 
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Table 3. Amino acid analysis in g per 16g N (dry wt basis) Ce-rice glutelin and its major subunits as compared to the 
data of Sawai et al. [S] 

Ammo acid 
mdues 

Ce- 
ghtelin 

(SDS-ME)S 

c6 
glutelin 

(NaOH- 
N&1)$ 38oQO 

Subunits 

16000 2sOoa 
cc- 

glutehn 

!!hwai et al. ES] 
Major subunit Mmr subuntt 

MW 2OooO MW 43ooO 

ASP 10.08 10.28 8.85 10.10 1395 9.28 7.91 11.34 

Thr 3.31 2.91 282 2.99 246 3.03 3.10 3.40 

ser 4.49 4.43 4.55 43Q 533 4.80 533 45% 

Glu 16.10 18.15 18.15 1600 1655 17.&J 21.55 1090 

Pro 4.00 3 63 3.46 3.62 3 42 3 74 3.73 3.43 

GUY 340 3.15 3.52 2.97 4.51 3.37 3.89 265 

Ah 4.76 4.38 3.24 4.56 5.61 4.01 3.40 481 

Val 6.04 5.69 5.10 5.45 6.98 589 5.20 660 

Met 2.12 1.25 0.68 1.49 1.50 1.08 0.58 1.30 

Ile 4.04 4.18 3.17 4.85 4.65 4 34 360 5 37 

Leu 7.92 7.70 6.41 7.69 8 48 6 79 6 72 691 

TY~ 4.94 5.35 4.09 539 5.20 490 464 5.62 

Fhe 5.34 5.59 5.96 5.21 5.61 5.40 6.00 5.08 

His 2 16 2.14 2.16 2.09 2.60 2.42 2 26 2.67 

Lys 3 19 2.66 220 2.17 4.10 3.21 230 450 

Arg 802 8 53 926 7.63 8.62 9.08 893 9.34 

:-CYS 1.69 n.d.* 1.20 0.84 n.d * 1.31 I 95 0.83 

Try 0.67 I 79 n.d. n d. n.d 1.15 f 30 0.69 

Totai 92.27 9t $1 8482 87 35 99.57 90.80 9239 90.42 
Total N 
(g/lWg dry 14 3 178 182 169 i.17t 17.9 I7 5 173 
protein) 

= not determined. * Poor separation of Scarboxyethyl cysteine from glutamic acid. 
8 h%od of preparation see text for details. 

t Amino acid nitrogen. 

on SDS-polyacrylamide gel electrophoresis and still gave 
an opalescent solution. Protein that eluted up to pH 9.2 
was principally the MW 164KlO subunit as shown by 
SDS-polyacrylamide gel electrophoresis. 

Sawai and Morita [7j also separated the three protein 
subunits of Ce-glutelin by CM-Sephadex C-50 chromato- 
graphy, but with MW 2UOO0, 35 000 and 43000 as calcu- 
lated from amino acid analyses; they were in the ratio 
of ca 8 : 1: 1. The difference in the ratio of the two sets 
of results may be varietal, since glutelin from lower pro- 
tein rice had a ratio of 16 :3 : 1 which is similar to Mor- 
ita’s ratio of 8:l: I. Sawai et al. [S) verified that the MW 
of the major subunit was 2OooO by sedimentation analy- 
sis in 8 M urea. However, when the MW 38000 subunit 
of this present investigation was electrophoresed on the 
SDS-polyacrylamide gel system in the presence of 8 M 
urea, it did not dissociate. 

Amino aid composition qf Ce-ghtelins 

The amino acid composition of Ce-glutelins from 
IR430-5-9 rice and their three major subunits are given 
in Table 3, together with the results obtained for similar 
preparations by Sawai et al. [S]. The amino acid compo- 
sition of glutelin prepared by us by the alkaline extra0 
tion method is very similar to that obtained by Morita 
and by Tecson et al. [4,8] especially since some conta- 
minating protein was also removed in our preparation. 
Thus, both preparations showed high levels of aspartic 
and glutamic acid and low levels of sulpho-amino acids. 
Glutelin prepared by the SDS-fl-mercaptoethanol 
method is also similar to that prepared by alkaline 
extraction, although the SDS-/?-mercaptoethanol protein 
contained more non-protein material than did the alka- 
line preparation. However, the SDS-@-mercaptoethanol 
preparation had higher levels of lysine, threonine and 
Iysine and lower levels of arginine, glutamic acid, trypto- 
phan, tyrosine and phenylalanine. The amino acid corn- 
position of the major component subunit, component 1, 
of Morita’s data [S], is higher in glutamic acid relative 

to its parent glutelin and contains twice as much meth- 
ionine. Our major subunit was only slightly higher than 
glutelin in its content of glutamic acid but as with the 
Morita data it contained one-half as much methionine 
as did the parent glutelin. 

The 16UUD subunit is relatively lower in glutamic acid 
and arginine and higher in methionine, possibly explain- 
ing the different content of these residues in glut&n and 
its major subunit. The MW 38000 and 1600O subunits 
had lower contents of lysine than the NaOH-NaCl Ce- 
glutelii they were derived from. 

The MW 25000 subunit was the only one isolated with 
low purity. It was the only one derived from SDS- 
Sephadex G-150 chromatography of Ce-glutelin. It had 
higher contents of lysine, aspartic acid and glycine and 
lower contents of threonine, proline and methionine than 
whole glutelin. 

Our general conclusion is that our preparations are 
similar to those of Morita but that both may still contain 
small amounts of contaminating protein. 

EXPERIMENTAL 

Materials. Rice from the 1974 dry season harvest of 
IR480-S-9, a high-protein rice [143, was obtained from the In- 
ternational Rice Research Institute’s farm. It was dehulled and 
milled in Satake machines and ground to a &l-mesh flour 
in a UDY cyclone mill. Preliminary experiments used a Cres- 
tona ground rice of Italian origin (Crestona Ltd., Worksop, 
England) which contained 6.7% protein. 

Preparation of crude glutdin-prolamin and crude glutelin. 
Ground rice, 50 g in 100 ml 0.5 M NaCl, was blended at maxi- 
mum speed in an Oster blender for 2 tin and transferred to 
a centrifuge bottle with 50 ml more 0.5 M NaCl. After shaking 
for 1.5 hr the suspension was centrifuged at loo0~ for 10 tin 
and the supernatant discarded. The rice was again extracted 
2 x with 150 ml portions of 0.5 M NaCl for 1 hr after which 
the residue was washed 3 x with H,Q and was termed “crude” 
glutelin-prolamin. “Crude glutelm” was prepared from 
“crude” glutelin-prolamin by extraction 2 x’ for 0.5 hr with 
70% Et0H containing 0.6% &mercaptoethanol. The residue 
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was then washed 2 x with HzO. Resulting crude glutehn was 
air-dried at room temp. and ground to a fme powder in a 
mortar and pestle. 

E@ziency of various protein extractants. Duplicate samples 
of crude glutelin or rice powder {lSO mg) were extracted at 
room temp. with 2ml extractant containing 0.6% bmercap 
toethanol for 2 hr and then centrifuged at loo0 g for 1Omin. 
The residue was washed once with Hz0 and extracted for 
30 min with 2 ml 0.1 N NaOH which was used to remove 
any protein left unextracted by the method. Protein content 
of extracts was estimated by the method of Ref. 122-J using 
BSA as a standard. Protein content of the starting samples 
was determined on a fr. wt basis by using the micro-Kjeldahl 
method and a conversion factor of 5.95 [20]. Some extracts 
were alkylated with 24 ~1 acrylonitrile for 45 min [23], acidi- 
fied with HOAc, and dialysed overnight against HzO. The 
precipitated protein was subjected to SDS-polyacrylamide gel 
electrophoresis. 

So&urn dodecyl sulphate-polyacrylamide gel electrophoresis. 
The discontinuous system of Ref. [24] was used except that 
the small pore gel had 12% acrylamide. Protein samples were 
dissolved by boiling for 3 min in 4% SDS in 0.067 M Tris-HCl 
buffer, pH 6.8, in the presence of /?-mercaptoethanol. Electro- 
phoresis was carried out with a current of 4mA/tube for 
2.5-3 hr. Gels were stained with 0.1% Naphthalene Black 12B 
in 7% HOAc. Reference proteins were: myoglobin, egg albu- 
min, BSA fraction V and trypsin. Some gels were washed in 
10% TCA-10% sulphosalicyclic acid for 1.25 hr, washed 7 x 
with 7% HOAc and stained for carbohydrate with periodic 
acid-Schiffs reagent [25]. Stained gels were scanned at 580 nm 
and the area corresponding to protein bands weighed in order 
to determine the amount of protein on the gels. 

Preparation of Ce-glutelin fkm crude glutelin. Crude glutelin 
(50 g) was extracted with 360 ml 0.5% SDS 0.1 M Pi buffer, 
pH 7-0.6x b-mercaptoethanol at room temp. for 1.5 hr and 
centrifuged at 17500 g for 10 min. Residue was re-extracted 
with 140 ml solvent for 1 hr and the combined extracts were 
kept at room temp. for at least Shr, and then alkylated with 
1.2% acrylonitrile with occasional shaking for 45 min. Csglu- 
telin was precipitated by the addition of (NH&SO4 and 
stored as a wet ppt. at -20”. Addition of 8 M urea or 6 M 
guanidine during reduction and alkylation did not affect the 
results obtained subsequently. 

Preparation of Cc-albumin-globulin and prolamin. The albu- 
min-globulin fraction obtained by 0.5 M NaCl extraction of 
rice flour and the prolamin obtained by extraction of rice 
flour with 7004 EtOH-O.6% #?-mercaptoethanol were also con- 
verted to Ce-derivatives. The opalescent 0.5 M NaCl extract 
was made 0.5% with SDS and 0.6% with fl-mercaptoethanol, 
shaken for 1.5 hr at room temp. and alkylated with 1.2% acry- 
lonitrile for 45 min [23]; it was then dialyzed against HzO. 
The “globulin” or H,O-insoluble fraction was collected by 
centrifugation and “albumin” protein collected from the super- 
natant by precipitation with (NH4)2SO+ The prolamin extract 
was kept at room temp. for another hr and directly alkylated 
with 1.2% acrybnitrile, acidified with HOAc and then dialyzed 
against H,O. The protein ppt. was collected by centrifugation. 

Sephadex G-150 gel chromatography in sodium dixkcyl sul- 
phate. Ce-glutelin prepared by the SDS /&mercaptoethanol 
method was fractionated on a 3 x 6Ocm column of Sephadex 
G-150 (4@-120 pm) using 0.05 M Tris-HCl buffer, pH 8.6, with 
0.5% (w/v or 0.0174 M) SDS sulphate as eluant [26]. The 
sample to be applied to the column was dispersed in 0.05 M 
Tris-HCl buffer, pH 8.6, made 2.5% with SDS and 0.6% with 
#?-mercaptoethanol by heating to 100”. Fractions of 3-5 ml 
were collected with a flow rate of 20 ml/hr and protein moni- 
tored at 280nm. Identification of the protein fractions was 
by SDS-polyacrylamide gel electrophoresis. 

Preparation of Ce-glutelin frum “crude” glutelin-prolamin. 
The procedure was a modification of the method of Refs. 123 
and (7-J. Crude glutelin-prolamin (IOOg) was extracted with 
720 ml 0.05 N NaOH for 1 hr at O-4”, centrifuged at I7 500 g 
for 10 min and re-extracted with 400 ml 0.05 N NaOH. Com- 

bined extracts were made 0.14M with NaCl and the pH 
adjusted to 10 with N HCl. A fluffy ppt. and surface scum 
formed on standing 18 hr at 0” After centrifuging at loo0 g 
for 10 min, surface scum and ppt. were collected. The slightly 
turbid supernatant liquid was adjusted to pH 7, kept at 4” 
for 18 hr, and the ppt. collected by centrifugation at 17000 g 
for 10min. The glutelin ppt, was washed once with 0.14 M 
NaCl and redispersed in 1 litre 0.05 N NaOH at O-4’. This 
suspension was made 0.5 M with respect to NaCl and the 
pH adjusted to 10. On standing for 18 hr at O-4”, a glutelin 
ppt, a scum and a very turbid supematant liquid were 
obtained by centrifugation at 1OOOg. The supernatant liquid 
was acidified to pH 7, and after 1 hr at w, a voluminous 
ppt., together with the scum, were collected by centrifugation 
at 1100 g. The pH 10 and pH 7-10 glutelin preparations were 
washed 2 x with 200 ml portions of 0.5 M NaCl, then 5 x 
with H,O, once with 66% EtOH and then 2 x with H,O. 
Purified glutelins were dispersed in 6 M urea, 0.1 M Na Pi 
buffer, pH 7, with 0.6% /3-mercaptoethanol and alkylated by 
adding 1.2% acrylonitrile and shaking for 45 min. The solns 
were diluted with 5 vol. of Hz0 and (NH&SO4 added to 
ppt. the protein. The precipitations were collected by centrifu- 
gation at 17 5008 for l&15 min and kept at - 20” until used. 

Carboxymsthyl Sephadex C-50 chromatography of Ce-glute- 
lin. The procedure of Ref. [7] was employed using pH 7-10, 
S-cyanoethyl glutelin. A 2.5 x 40 cm column of CM-Sephadex 
C-50 was prepared with 6 M urea-O.05 M Tris maleate, pH 5 
buffer and 4 g of wet, pH 7-10, Ce-glutelin dispersed in 120 ml 
of solvents. The column was then eluted at room temp. step- 
wise with 0.05 M Tris-maleate, pH 5.2 buffer, 0.05 M Tris- 
maleate buffer, pH 8.6, 0.05 M Tris-maleate, pH 9.5, 0.05 M 
Na&Q, and 0.05 M NaOH each containing 6M urea. 
Pooled fractions were dialysed against Hz0 and subjected to 
SDS-polyacrylamide gel electrophoresis. The two major pro- 
tein peaks were pm&d by rechromatography on 2.5 x 30 cm 
columns of CM-Sephadex C-50. The protein which eluted at 
pH 6.2-8.5 from the first column was re-chromatographed on 
a column equilibrated in 6 M urea 0.05 M Tris-maleate buffer, 
pH 5.8 and eluted with 6 M uma 0.05 M Tris-maleate buffer, 
pH 9.5. The second protein which eluted at pH 8.5-9 from 
the first column was rechromatographed on a column equili- 
brated with 6 M urea-O.05 M Tris-maleate buffer, pH 8.2 and 
eluted with 6 M urea-O.05 M Na2C03, pH 11.4. Only the 
major protein peak from these columns was characterized. 

Amino acid analysis. Protein samples for amino acid analysis 
were exhaustively dialysed against Hz0 and freeze-dried. The 
method of hydrolysis and the amino acid analyses were carried 
out as described previously [27]. Cysteine was eluted as S-car- 
boxyethyl cysteine which was sometimes not completely 
resolved from glutamic acid [S]. Tryptophan was determined 
by Ba(OH)2 hydrolysis and short column chromatogra- 
phy CW. 
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