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Abstract-Electrophoretic patterns of soluble proteins. pH 5 enzyme fraction, peroxidase, glutamic dehydro- 
genase, leucine aminopeptidase in developing endosperm of normal and opaque-2 were studied. Multiple forms 
were found for all the enzymes studied. The GDH pattern showed considerable differences in normal and opa- 
que-2 maize; the soluble prqtein pattern also differed. both qualitatively and quantitatively. The leucine-amino- 
peptidase pattern was identical and the peroxidase pattern showed slight differences. 

INTRODUCTION 

DEPRESSED zein synthesis in opaque-2 is mainly responsible for higher lysine and trypto- 
phan content compared to normal maize.lP4 Diverse metabohc changes brought about 
by the opaque-2 single recessive gene include higher ribonuclease activity,2.5T6 altered nuc- 
leic acid and protein metabolism7 and leucine and lysine incorporation in ~ivo’ and in 
vitro’.” during grain development. In addition, differences in soluble protein and isoen- 
zymes’ ’ and acetate metabolism” during seed germination in normal and opaque-2 

maize have been observed. In the present investigation, earlier studies7,‘0s1’ have been 
extended to the soluble protein and isoenzyme differences in endosperm of normal and 
its opaque-2 counterpart during grain development. 

RESULTS 

Soluble proteins 

The changes in soluble protein spectrum of endosperm of normal and opaque-2 maize 
during grain development are shown in Fig. 1. In general the protein spectrum was found 
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to be similar, except for bands with R, 0.32 and 0.47 which were absent in opaque-2 and 
a band with R, 0.X0 which was absent in normal. During grain development the protein 
pattern changed considera,bly. The bands with low- electrophoretic mobility (RP < 0.20) 
disappeared 20&25 days after pollination. There was also a change in the relative intensity 
of medium and high electrophoretic mobility bands. The number of bands decreased with 
grain development. At 15 days. _ 70 and 19 bands were present and at 30 days post-pollina- 

tion 16 and 11 bands were present in normal and opaque-2 respectively. At 25 days post- 
pollination, the number of bands decreased to 12 in normal whereas in opaque-2 it 
remained at I I. 

pH 5 LJKJXIL’ puttr~n 

Electrophoresis of pH 5 enzyme fraction from normal and opaque-2 cndosperm was 
done. The R, values of different bands along with their intensities are shown in Table 1. 
In general the electrophoretic pattern was similar in normal and opaque-2, except for the 
bands with R, 0.08 and 0.17 which were absent in opaque-2 at 15 days post-pollination. 
The bands at 0.27 and 0.29 were most intense. The band at 037 appeared dc UOZY~ in both 
normal and opaque-2 at 35 days post-pollination, 
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Peroxidase 

Changes in normal and opaque-2 Zra mc~ys endosperm 541 

Electrophoretic patterns of peroxidase from the endosperm of normal and opaque-2 at 
15,20 and 25 days post-pollination are shown in Fig. 2. The isoenzyme pattern was more 
or less similar in normal and opaque-2 endosperm at all the stages, except for a band at 
R, 0.14 which was absent at 15 and 20 days post-pollination and for another band at R, 
@21 which was absent at 20 and 25 days post-pollination in normal endosperm. A total 
of seven bands were present in normal and six bands were present in opaque-2 endosperm 
at 15 days post-pollination. During grain development the number of peroxidase bands 
in normal endosperm decreased while in opaque-2 endosperm it remained the same. The 
band with R, 0.68 had maximum intensity in both normal and opaque-2 at all the stages. 

FIG. 2. DENSITOGRAMSOF PEROXIDASE IWENZYMES IN NOKMAL AND OPAQUE-) ENDOSPERM AT DIFFERENT 

DAYSAFTER POLLINATION. 

Leucine-amino peptidase 

The isoenzyme pattern was similar in both normal and opaque-2 endosperm at all the 
stages examined. Only two bands with R, 0.44 and 0.53 were present; of these, the second 
was the most intense. No changes were observed during grain development. 

Glutamate dehydrogenase 

The glutamate dehydrogenase patterns from normal and opaque-2 endosperm showed 
considerable differences during grain development (Table 2). Though the number of isoen- 
zymes were similar, there were qualitative differences. The enzyme band at R, 0.32 was 
intense in normal endosperm and this band was absent in opaque-2 endosperm. Instead 
a band with R, 0.37 was very intense in opaque-2. This band was missing in normal endo- 
sperm at 15 and 20 days post-pollination but appeared at 25 days post-pollination. The 

TABLt2. GLGTAMATE DEHYDROGENASE ISOENZYMES~N DEVELOPING NORMAL AND OPAQUt-2 ENDOSPERM OF Zea 
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bands at R, 0.22, 0.24 and 0.25 in opaque-2 and at 0.1 8. 0.20 and 0.111 in nornxtl were very 
sharp and narrow. The band at 0.37 was intense during carly endosperm de\-clopment in 

normal. 

Ever since the discovery in maize of opaque-2 a single recessive gcnc. by Mertz 01 (I/..’ 
diverse metabolic changes ha\:e been noticed in the cndospcrtn of this piant. Dill%rences 
in proteins of normal and opaque-? endospcrm b:tscd on their soluhilit! have been invcsti- 
gatcd by many workcrs’ ’ and electrophorcticall4 by Kadam PI c/i.’ ’ In the present isocn- 

zyme investigation, a major ditrerence was noticed with rcspcct to GDH and minor difyer- 
cnccs with respect to peroxidase. During grain development the GDH pattern changed 
considerably. Characteristic differences in GDH isocnzj mc pattern in ttl~rmal and opaque- 

2 during germination have been observed by Kadam (I( i/l.’ ’ The exact physiological role 
of different GDH isoenyymes is not yet clear but, on the basis of the results obtained by 
Sodek and Wilson8 and Nagpal and Mchta. ’ 2 it appears likclq that these may be involved 
in the synthesis of glulamic acid and in maintaining the glutamic acid~aspartic acid ratio. 
Leucine-amino peptidase and peroxidasc pattern did not change much. The soluble pro- 
tein pattern showed diEI-enccs at early grain development from normitl :III~ opaque-? 

During grain development also the protein pattern changed considerably \vith the disap- 
pearence of slow bands and change in relutivc intcnsit>, of medium and fast running hands. 


