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The activity of GDH, GOT, GPT, lysine-ketoglutarate reductase and GS in the developing endosperm of
normal maize, opaque-2, sugary-2 and opaque-2 sugary-2 mutants was investigated. The results indicate
that the o, gene increases GDH, GOT and GPT activities and decreases lysine catabolism in the developing
endosperm. The presence of different mutants in the same genetic background does not affect GS activity.

Glutamate dehydrogenase
Glutamine synthetase

1. INTRODUCTION

Since the discovery of high lysine mutants,
which have a high nutritional value, there has been
increasing interest in studying biochemical changes
leading to increased lysine content and an altered
proportion of amino acids in the endosperm.

High lysine maize endosperm has altered protein
composition and increased lysine content [1].

Besides prolamine synthesis in the endosperm
being decreased, major differences exist in the
metabolism in normal and high lysine varieties; it
has been shown that high lysine varieties of barley
as well as corn have an altered amino acid
metabolism [2—5]. The mechanism leading to such
an altered proportion of amino acids is not known.

Glutamine, and to a lesser extent asparagine, are
thought to be the major transport forms of
nitrogen in cereal seeds [6] and developing seeds
are able to synthesize many of the amino acids re-
quired for the formation of their storage proteins
[7-9].

Abbreviations: GS, glutamine synthetase; GDH,
glutamate dehydrogenase; GOT, aspartate aminotrans-
ferase; GPT, alanine aminotransferase; o0z, opaque-2;
suz, sugary-2
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Since in plants all amino acids originate from
either glutamine or asparagine and since
glutamate, aspartate and alanine play the key role
in amino acid metabolism, it was of interest to
determine GS, GDH, GOT and GPT activity in the
developing normal and mutant maize endosperm.

Increased lysine content in the endosperm of
mutants is due neither to transport of higher lysine
amounts into the developing kernel [5], nor to
changes in enzyme regulation in lysine synthesis
[10].

High lysine content in mutant maize endosperm
is due to a lower rate of lysine catabolism to pro-
line and glutamate {3,5,9]. According to authors in
[11], lysine-ketoglutarate reductase is involved in
lysine catabolism in maize endosperm. This paper
reports the activities of this enzyme during the
development of normal and mutant maize
endosperm.

2. MATERIALS AND METHODS

2.1. Plant material

Inbred seeds of Oh 43 normal, Oh 43 opaque-2,
Oh 43 sugary-2 and Oh 43 opaque-2 sugary-2 were
planted in a field at Zemun Polje in 1982. All
plants were self-pollinated. Ears were harvested in
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Fig.1. Changes in level of enzymes of nitrogen metabolism. GS (A), GDH (B), GOT (C), GPT (D) in developing
endosperm of normal (O), opaque-2 (@), sugary-2 (0) and opaque-2 sugary-2 (m) maize.
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triplicate at regular intervals from 15 to 45 days
after pollination. Immature ears were immediately
frozen and stored at —20°C until use.

2.2. Enzyme determinations

For the determination of enzyme activity, crude
enzyme preparations from endosperm tissue were
used.

GS activity was determined as in [12], GDH ac-
tivity according to [13], aminotransferases (GOT
and GPT) as in [14] and lysine-ketoglutarate
reductase according to [15].

The final activity of each enzyme was calculated
on the basis of the amount of product produced or
substrate utilized/endosperm per h.

3. RESULTS AND DISCUSSION

All the enzymes investigated were present in the
immature endosperm in each variety (fig.1A-D,
2). There is a general increase in the activity in the
period of intensive storage-protein synthesis and
accumulation of total nitrogen.

GS activity was higher in the opaque-2 mutant
than in the normal endosperm throughout the ex-
perimental period, but that was not the case with
the opaque-2 sugary-2 mutant and its sugar-2
counterpart (fig.1A). These results, and our
previous results for opaque-2 maize hybrids [16]
and synthetics [17] and those of authors in [18]
suggest that the presence of different mutants in
the same genetic background does not show any
regular changes in GS activity.

Low GS activity (up to 4 xumol glutamylhydrox-
amate - endosperm ! -h™!) confirms that glutamine
synthesis is not essential for endosperm develop-
ment, because glutamine reaches the kernel by
transport from the vegetative parts of the plant.

Our results show that the level and pattern of
development of GDH, GOT and GPT differ
significantly in opaque-2 mutants from the normal
variety, but only slightly in the opaque-2 sugary-2
mutant compared with the sugary-2 variety
(fig.1B-D).

GDH activity in the endosperm of the opaque-2
mutant is much higher than in the normal during
the period of intensive synthesis of storage proteins
(fig.1B).

It is known that NH{ levels in the normal maize
endosperm increase just prior to the onset of zein
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biosynthesis and then decline. In opaque-2, NHi
levels are higher than normal initially and remain
high throughout the experiment [18]. Higher GDH
activities in opaque-2 endosperm suggest increased
glutamic acid synthesis from NH{ and
2-ketoglutarate. This synthesis continues after the
45th day after pollination. Authors in [18]
demonstrated the same trend for glutamic acid ac-
cumulation in normal and opaque-2 endosperm,
but could not detect any changes in GDH activity.

Both transaminases investigated (GOT and
GPT) are more active in opaque-2 endosperm from
20 to 35 days after pollination. The transamination
processes in opaque-2 endosperm abruptly inten-
sify after 15 days, reach their maximum on the
25th day (GOT) and 35th day (GPT) after pollina-
tion, respectively, and abruptly decline 45 days
after pollination. In normal endosperm the same
procsses occur at a more uniform rate during the
period studied (fig.1C,D).

In maize endosperm the activities of GPT exceed
those of GOT. High activities of GOT and GPT in
the endosperm during development correlate with
high relative amounts of aspartic acid and alanine
in the endosperm.

Increased activities of lysine-ketoglutarate
reductase coincide with the intensification of the
metabolism process in the kernel for the synthesis
of kernel storage proteins (fig.2). Normal maize
endosperm synthesizes high amounts of zein with
minimum lysine content. Considering that this
protein makes up about 50% of total protein in the
maize kernel, lysine is subject to metabolism more
than in opaque-2 mutant endosperm, in which zein
synthesis is retarded and the amount of other pro-
tein fractions containing higher amounts of lysine
is proportionately increased.

The results obtained (fig.2) show that the
presence of the o2 gene in maize endosperm leads
to a decline in activity of lysine-ketoglutarate
reductase, i.e., this enzyme controls the lysine level
in maize endosperm.

The presence of the su; gene in the Oh 43 genetic
background causes decreased starch and zein con-
tents in the kernel [19] and, therefore, decreases
kernel weight. The kernel undergoes the develop-
ment stages faster, so protein synthesis terminates
earlier. The processes investigated are, therefore,
less intensive in the double mutant than in the
opaque-2 mutant.
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Fig.2. Lysine-ketoglutarate reductase activity in normal
(0), opaque-2 (@), sugary-2 (O) and opaque-2 sugary-2
(w) maize endosperm.

The present results indicate that the o, gene af-
fects some changes in the biosynthesis of the solu-
ble precursors of protein synthesis in the develop-
ing maize endosperm.
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