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Protein Accumulation, RNA and Soluble Amino Nitrogen Content
in Developing Endosperm of Two Varieties of Triticum aestivum

with High and Low Protein Seed *
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Summary. The kinetics of protein accumulation, the variation in RNA, the soluble amino nitrogen content of
developing endosperm of two varieties of Triticum aestivum, with high and low protein content in the mature
seed, suggest a possible relation between maintenance of the RNA content and the ability to synthesize pro-
tein. A sudden halt in protein accumulation is observed as the RNA starts to decrease. The hypothesis is also
advanced that maintenance of the RNA content might, in turn, be dependent on the presence, in the endosperm
of developing wheat seed, of a certain level of soluble amino nitrogen which could then play the role of limiting

factor for protein synthesis.
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Introduction

A considerable amount of experimental data are avail-
able on the variation in nucleic acid and the kinet-
ics of protein accumulation, which take place during
the process of development and ripening of seed of
both monocotyledons and dicotyledons. The develop-
ment of the endosperm precedes that of the embryo.
In both of the storage tissues, endosperm or cotyle-
dons, the accumulation of nucleic acids precedes that
of storage protein (Varner 1965; Dure 1975).

In the endosperm of wheat, as in that of maize
(Ingle et al. 1965), once the DNA synthesis is over,
the DNA content is quite stable during the following
phases of seed development (Jennings and Morton
1963; Brunori et al. 1972). At variance with DNA,
the evolution of the RNA content of the endosperm
follows a different trend: it rises sharply together
with the DNA during the early stages of seed devel-
opment, stays constant for a while, and, as the final
stage of ripening approaches, it clearly decreases
(Matsushita 1959; Brunori et al. 1972; Nardi et al.
1975).

The rate of protein accumulation in the endosperm

of wheat increases from the beginning of seed devel-
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opment until the RNA content starts to decrease;
after that time the process of protein accumulation
stops within a few days (Nardi et al. 1975).

A positive relation between the level of RNA in
the endosperm and the amount of protein accumulated
has been reported in some varieties of rice with
varying protein percentages in the mature seed (Cruz
et al. 1970). In wheat, the variation in RNA content
and the level of soluble amino-nitrogen in relation to
the efficiency of protein accumulation is not known.

The present paper reports data on the evolution
of the RNA content, thelevel of soluble amino-nitro-
gen, and the rate of protein accumulation in the
endosperm of developing seed of two varieties of
Triticum aestivum characterized by low and high pro-

tein percentages in the dry seed.

Materials and Methods

Seeds of two varieties of Triticun aestivum, 'Irnerio’
and 'Atlas 66', with low and high protein content re-
spectively, were collected, from 4 days after anthe-
sis, throughout the process of seed development and
ripening. Embryos were removed from the seeds as
soon as they were large enough to be handled under
the stereomicroscope. The dry weight and the water
content were determined for samples of seed contain-
ing the embryo. The protein content was established
by the method of Lowry et al. (1951). Soluble amino
nitrogen was determined by the ninhydrin method of
Moore and Stein (1954) modified by More (1967);
L-Leucine was used as the standard. For the analysis
of total RNA content, seeds or endosperms were ho-
mogenized with an all-glass tissue grinder in 10 vol-
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umes of cold buffer containing 0.1M NaCl, 1 mM
EDTA, 1% SDS, 0.1M Na-glycine at pH 9.5. The hard
dry seeds were first roughly broken up in a mortar.
The homogenate was incubated 10 minutes at 70°C,
then centrifuged 10 minutes at 20,000 % g to remove
the cell walls and starch. The supernatant was pre-
cipitated with two volumes of cold 95% ethanol and
the precipitate washed twice with 70 % ethanol. The
pellet was suspendedin 0.3 MKOH andthe RNA were
precipitated by adding 0.2m! of 5M perchloric acid
to each milliliter of 0.3 M KOH. Because some pro-
tein can not be precipitated after KOH incubation
(Cherry 1965), the supernatant containing the nucleo-
tides of the hydrolized RNA was shaken with chloro-
form-~isoamylic alcohol 24:1. The amount of RNA
was calculated by multiplying the Optical Density at
260nm by the factor 31.7.

Results

The variation in total protein and water content in the
endosperm of developing seed of two varieties of
Triticum aestivum, 'Irnerio’' and 'Atlas 66', is shown
in Fig.1. During the initial stages of development the
endosperm of 'Irnerio' accumulates protein more effi-
ciently, but as the water content falls below 50 %, the
process of protein accumulation stops abruptly in
'"Irnerio', while it goes on in 'Atlas 66' till the water
content reaches the very low value of 28 %. The final
amount of protein accumulated in the endosperm of
the dry seed is about 5 and 7mg in 'Irnerio' and
'Atlas 66', respectively, despite the dry weight of
the seed, which is 50 mg for 'Irnerio' and 35mg

for 'Atlas 66°'.

The total RNA content and the rate of protein ac-
cumulation in the endosperm of developing seed of
'Irnerio' and 'Atlas 66' are shown in Fig.2. In both
varieties there is an early and rapid increase of total
RNA content. The highest level of RNA content, once
reached, is maintained for some days; later the RNA
content significantly decreases as ripeness approaches.
The total RNA content shows the same trend of varia-
tion in the two varieties and even attains the same
maximum value (about 100 p.g/endosperm) . The only
difference is the way the RNA content decreases, with
results somewhat delayed in 'Atlas 66'. Theamount of
protein accumulated per day per endosperm, calculated
from the protein accumulation curves of Fig.1, rises
progressively and reaches its highest value at the ad-
vanced stages of seed development, when the RNA

content begins its rapid decline; the process of pro-
tein accumulation then stops completely within a few
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Fig.1. Variation of protein and water contents in endo-
sperm of two varieties of T.aesticun during seed devel-
opment
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Fig.2. RNA content in endosperm and protein accu-
mulated per day in two varieties of T.aestivum during
seed development

days. Although in both varieties the highest value of
protein accumulated per day per endosperm is almost

the same (about 270 ug), the kinetics of protein ac-
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Fig.3. Soluble amino nitrogen content in the endosperm
of two varieties of 7. aestivwn during seed development

cumulation differ to some extent, the useful period
of protein accumulation in 'Atlas 66' being several
days longer than in 'Irnerio’.

In both 'Irnerio' and 'Atlas 66' the soluble amino
nitrogen content of the endosperm of developing seed
changes in the same manner and no clear differences
are evident (Fig.3). The soluble amino nitrogen con-
tent, which is high at the beginning of seed develop-
ment, gradually decreases and reaches very low val-

ues in the mature cariopses.

Discussion

The differing protein content in the dry seed of two
varieties of Triticum aestivum, 'Atlas 66' and
'Irnerio', - 17 and 10 % respectively - is the result
of an extended period of protein synthesis rather
than the effect of higher rates of protein accumula-
tion. The ability of 'Atlas 66' to accumulate protein
until the water content drops below 30 %, in contrast
to the apparent cessation of protein accumulation that
occurs in 'Irnerio' when the water content is still
about 50 % (see Fig. 1), tends to reduce the relevance
of water content as a critical factor for the synthesis

and accumulation of protein in the developing endo-

sperm of wheat seed. During the initial stages of seed
development, the endosperm of 'Irnerio' accumulates
protein more efficiently. Ten days after flowering,
although it has the same content of RNA, ‘Irnerio’
accumulates twice as much protein as 'Atlas 66'.
Since a minor fraction of ribosomes appear as poly-
somes in devloping wheat seed (our unpublished obser-
vation), the lack of relation between the RNA content
and the rate of protein accumulation suggests that at
least the ribosomal RNA is in large excess. The ap-
parent abundance of ribosomal RNA in developing
wheat seed contrasts with the situation in the devel-
oping cotyledons of legumes, where more than 80 %

of the ribosomes are present as polysomes (Poulson
and Beevers 1973). In both varieties the process of
protein accumulation suddenly stops as soon as RNA
content starts its rapid decline, strongly suggesting
that maintenance of the RNA content in the develop-
ing endosperm of wheat seed is essential to the pro-
cess of protein synthesis and accumulation. The pos-
sible relation between maintenance of the RNA con-
tent and synthesis of protein is reinforced by the
situation present in the maturing cotyledon of le-
gumes, where there is no decrease in RNA content
and accumulation of protein proceeds, almost until
the seeds are dry (Payne and Boulter 1969; Smith
1973; Walbot 1973; Millerd and Spencer 1974). There
are however some exceptions to the apparent rela-
tion between RNA content and protein synthesis. In
maize, protein is accumulated at high rates, while
the RNA is decreasing, as can be inferred from the
data available (Ingle et al. 1965). In some varieties
of rice, when the accumulation of protein stops, the
RNA content remains almost constant (Cruz et al.
1970). Altogether, the differing evolution of the RNA
content at the end of protein accumulation in wheat
and in other species suggests that the cessation of
protein synthesis in developing seed might be more
complex than a mere problem of maintenance of the
RNA content. In wheat the abrupt cessation of pro-
tein synthesis, when the RNA content starts to de-
crease, might result from a selective degradation of
the mRNA. Such a possibility, although stimulating
and in some way supported by the presence of high
levels of ribonuclease activity (Matsushita 1958, 1959),
remains to be proven. Results of preliminary experi-

ments underway in our laboratory on the presence of
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mRNA in the endosperm of developing wheat seed,
evaluated as polyA-RNA and on the ability to sustain
protein synthesis in a cell free system, indicate an
appreciable presence of mRNA even at the advanced

stages of seed ripening.

The soluble amino nitrogen content of developing
seed is obviously the sum of the synthesis and/or
translocation and the polymerization of amino acids
into protein. The high level of soluble amino nitrogen
in the early stages of seed development, its progres-
sive decrease as the rate of protein accumulation in-
creases, and the very low value of amino acids in the
mature seed suggest that the availability of amino
acid can play an important role in determining the
survival of the ability to synthesize protein in the
endosperm of developing wheat seed; and that the
lack of amino acids rather than the elimination of the
RNA system may be the limiting factor for protein
synthesis. Furthermore, a low level of soluble amino
acids might trigger the degradation of RNA, as hap-
pens in the liver cells of rats starved of protein (En-
wonwn and Munro 1970), thus providing an explana-
tion of the fate of the RNA in the maturing wheat

seed.

Indirect support for the idea that the maintenance
of the RNA level in the endosperm of developing
wheat seed may depend on the level of soluble amino
nitrogen comes from experiments with nitrogen ferti-
lizers (Nardi et al. 1975), where a large dose of N,
(400Kg/ha) does not significantly change the level
of RNA while at the same time the total amount of
protein accumulated in the mature seed is increased
by up to 50 %. The higher protein content is mainly
the result of a long term protein synthesis. Sur-
prisingly, the decrease of RNA content in the ripen-
ing seed is very low, so that the overall variation of
the RNA content resembles that of legumes. This
reinforces the concept that RNA stability depends on
the presence of a certain level of soluble amino nitro-
gen. Finally it must be recalled that the high pro-
tein content of 'Atlas 66' seed has been related to a
better amino acid translocation ability from the plant
to the developing seed (Johnson et al. 1968) and this
once more points to the availability of amino acids as
the limiting factor for protein accumulation in the

developing wheat seed.
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