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Abstract-Immature opaque 2 (02) maize grains were compared with mature grains of 02 and normal maizes 
to determine the distribution and amino acid composition of protein fractions isolated by selective extraction. 
All the fractions are accumulated in 02 grains on development, except the albumins whose concentration 
decreases in the last stage of maturation. Each fraction has a nearly constant amino acid composition which is 
similar to that of the corresponding fractions present in normal grains. The data confirm that the main effect of 
the 02 gene is to alter the distribution of protein fractions by decreasing the proportion of accumulated zein 
and by increasing the proportions of salt-soluble proteins and G,-glutelins. 

INTRODUCTION 

The quantitative accumulation of protein fractions in 
developing opaque 2 (02) grains has been the subject 
of many investigations [l-8]. The results show that 
the 02 gene, as compared to normal, partially inhibits 
zein synthesis, and promotes the accumulation of 
glutelins, especially G1-fractions, as defined by the 
procedure of Landry and Moureaux [9]. Concerning 
the qualitative evolution of the protein fractions, the 
available data on this are not in complete agreement. 
Indeed Murphy and Dalby [2] found some variations 
in amino acid composition of zein and of glutelins 
isolated at different stages of development, which 
were confirmed by Ahuja et al. [lo]. On the contrary, 
Righetti et al. [ 1 l] showed by electrofocusing that all 
the components of zein and alcohol-soluble glutelins 
(zein-1 and zein-2) are present as soon as synthesis of 
these proteins begins. This observation agrees with 
our finding [12] relative to the constancy of amino 
acid composition of any protein fractions isolated 
from developing grain of normal maize. 

given in Table 1. Data are expressed as the ratio of 
nitrogen in each fraction to the total protein nitrogen 
(represented by the difference between amounts of 
total and non-protein nitrogen). At immature stages, 
the accumulation of each protein fraction is also 
evaluated by the ratio of nitrogen amount present at 
time t to that present in mature grain (Ni)f/(Ni)pd. At 
34 days after pollination (DAP), this ratio is 0.70 for 
salt-soluble proteins and has an average value of 0.33 
for zein and for G,-, G2- and G3-glutelins. At 48 DAP 
it ranges from 0.67 (G,-glutelins) to 0.92 (zein), which 
shows that nearly all zein present in mature grains is 
already synthesized at this stage. It is noteworthy that 
albumins are the only proteins to have a ratio greater 
than unity. 

The present paper demonstrates that the amino 
acid composition of the various protein groups 
isolated from immature and mature 02 grain remains 
constant during their accumulation. The amino acid 
composition of 02 protein fractions is also compared 
with their corresponding solubility homologues 
present in mature normal grain. 

The amino acid composition of the basic and 
endosperm-specific proteins [12] are shown in Tables 
2 and 3, respectively. For 02 grains each protein group 
has a nearly constant composition at any period of 
development. The most important differences noted 
between immature and mature stages are: (i) His, 
Arg, Asx, Glx, Pro and Leu for salt-soluble proteins; 
(ii) Tyr for G,-glutelins; (iii) Gly, Val and Ile for zein; 
and (iv) Asx, Pro, Val, Ile and Phe for G2-glutelins. 

RESULTS 

The distribution of the protein fractions in samples 
harvested at two stages of 02 grain development are 

Regarding the mature stages, the composition of 
the protein fractions in the 02 line was quite similar 
to those in the normal hybrid. The most notable 
discrepancies concern: (i) Arg for salt-soluble pro- 
teins; (ii) Tyr for albumins; (iii) Lys for globulins; (iv) 
Gly and Val for zein; (v) Lys, His and Pro for 
G,-glutelins; (vi) Lys and Asx for Gz-glutelins; (vii) 
Arg for G,-glutelins; and (viii) His for residue. 

DISCUSSION 

*Present address: Laboratoire de Chimie Biologique, The two immature stages of 02 maize studied cor- 
I.N.R.A., I.N.A.-P.G., 78850 Thiverval-Grignon, France. respond to the phase of intense synthesis of proteins 

tPresent address: Laboratoire de Biologie Cellulaire, since the accumulation of their fractions in grain 
I.N.R.A., C.N.R.A., 78000 Versailles, France. exhibits a two to three-fold increase between 34 and 
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Table 3. Amino acid composition of endosperm-specific proteins in developing and ripe 02 at 34, 48 
and 94 DAPI- and in ripe normal ( + ) maize grain at 84 DAP*t 

Amino 02 

acid 34 
- 

LYs 0 

His 10 

Arg II 

Asx 51 

Thr 32 

Ser 68 

GlX 212 

Pro 119 

GlY 29 

Ala 135 

cys (2) 
Vat 25 

Met (2) 
He 2s 

Leu 189 

Tyr 38 

Phe 51 

Zein G,-glutelins G&utelins 

02 02 + 02 + 02 02 02 t 

48 94 84 94 84 34 48 94 84 

2 

9 
11 

51 

32 

61 

207 

II9 

26 

136 

(1) 
24 

(4) 
29 

198 

37 

52 

8 

I3 
47 

28 

66 

204 
I02 

34 

123 

(17) 
36 

(13) 
34 

180 
39 

54 

I 2 

9 16 

II 14 

50 34 

31 39 

67 62 

209 192 

96 I45 

20 59 

140 111 

(3) nd$ 
42 39 

(10) (28) 
37 24 

I88 142 
37 41 
SO 49 

I I4 14 I7 I1 
II 61 56 66 66 
15 24 23 29 30 
38 19 24 30 22 
33 49 4.5 48 47 
61 54 57 Sl 54 

193 219 224 193 196 
107 237 211 194 I88 
48 81 86 80 80 

126 62 68 62 66 
nd nd (2) nd nd 
38 42 40 69 67 

(58) (5) (4) (5) (7) 
26 13 13 2s 23 

152 88 93 88 93 
47 22 24 20 24 
43 I2 16 22 23 

Results expressed as residues per thousand residues 
*Data in parentheses are only estimations. 

tDAP, days after pollination. 
fnd, Not determined. 

48 DAP. After 48 DAP, the accumulation of zein 
ceases whereas that of globulins and glutelins con- 
tinues. In contrast, the concentration of albumins in 
the grain reaches a maximum between 34 and 48 DAP 
and then decreases, probably through a partial in- 
solubilization into Gj-glutelins, as was observed for 
the salt-soluble proteins of normal grain [6, 121. 

To quickly identify proteins of each solubility group, 
amino acid compositions were determined from a 
single 24 hr hydrolysis of each crude extract. It is 
likely that crude extracts contain impurities which 
interfere with amino acid analyses despite the use of 
a large volume of hydrolysis media. The low content 
of tyrosine found for G,-glutelins present in immature 
02 grains would be the result of such interference, 
which has been also observed in other investigations 
on maize proteins [12, 131. However, any purification 
could likewise fractionate proteins, especially glutelin 
fractions, and lead to isolation of samples not 
representative of polypeptides represent in the crude 
extracts. Similarly, different hydrolysis times would 
have improved the estimation of labile residues and 
those released slowly upon hydrolysis, e.g. Val and 
Ileu. Therefore, some variations of amino acid com- 
position of a given protein fraction can be attributed 
to these imperfect experimental conditions. 

However, the variable amino acid composition of 
salt-soluble proteins of 02 maize, characterized by 
progressive changes of the levels of His, Arg, Asx, 
Glx and Leu between earliest and mature stages, can 
be related to changes in the albumin-globulin ratio 
which, as shown in Table 1, decreases from 11 to 1 
after 38 DAP. Since this ratio has different values 
according to the histological source in the grain, and 

since germ contains some proteins which are like zein 
and G,- and Gz-glutelins [14, 1.51, the differences in 
composition between protein groups of mature nor- 
mal and 02 grains may be attributed to the dissimilar 
proportions of germ and endosperm in the two 
varieties, as was shown specifically by Landry and 
Moureaux [14] and more generally by Bjarnason and 
Pollmer [16]. Some discrepancies in composition may 
be also interpreted by small changes in selectivity of 
the protein fraction extraction with varieties. Thus, 
02 zein could be contaminated by some G,-glutelins, 
since it contains more Gly and Pro than normal zeins 
[l7]. Likewise, 02 G,-glutelins would include some 
G2-glutelins, able to be extracted by alcoholic medium 
[18], since they are richer in His and in Pro. 

These results extend our previous observations on 
proteins of developing normal maize grain to 02 
proteins. Therefore, the amino acid composition of 
02 salt-soluble protein groups remains virtually con- 
stant. The similarity of 48 and 94 DAP G,-glutelins is 
particularly interesting; it shows that, despite an 
alteration in their rate of accumulation during the last 
stage of maturation [6], probably through a partial 
insolubilization of albumins, they are a well-defined 
fraction, not contaminated by other protein groups 
which would have not been exhaustively extracted. 
Likewise, G,-glutelins have a fairly well-defined 
amino acid composition, so it must be considered as a 
protein group distinct from G,-glutelins, which is 
consistent with the observations about the histologi- 
cal localization of protein groups [14]. 

The data from this investigation also demonstrates 
that the overall amino acid composition of any pro- 
tein groups from maize grain is little affected by the 
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presence of the 02 gene as first concluded by MossC 
et al. [19] and subsequently by Sodek and Wilson [20] 
and Misra et al. [21]. It remains necessary to isolate 
subunits present in these protein groups to determine 
the effect of the 02 gene at the primary structure 
level. 

EXPERIMENTAL 

Two maize varieties studied, a three-ways hybrid (Inra 
(260) and its 02 version were grown under field conditions. 
Grain harvesting, isolation and characteristics have been 
described previously [3,12]. 

Salt-soluble proteins, zein, G,-, G2-, Gj- and insoluble 
glutelins were separated from whole grains by the procedure 
of refs. [9] and [14]. The non-protein fraction and salt-soluble 
proteins were defined from saline extract on the basis of 
solubility and insolubility, respectively, in 10% TCA. Like- 
wise albumins and globulins were estimated from HZ0 and 
saline extracts on the basis of their insolubility in 10% TCA 
1141. 

Crude extracts or protein pellets (in the case of salt- 
soluble proteins and their subfractions) were hydrolysed 
with an excess of 6 M HCl at 1 lo” for 24 hr for amino acid 
analyses (Phoenix Precision Instruments). No corrections 
were made for losses of labile amino acids or incomplete 
hydrolysis. Results are expressed as no. per thousand reco- 
vered residues. 
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