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Growth and Protein Content of Cassia senna L. Seedlings
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Abstract, Water uptake by seeds, and the growth and protein contents of cotyledoms, radicles and
hypocotyls of Cassia senna seedlings were studied during the first 8 days after soaking.

Water uptake increased rapidly for 4 hours after soaking. The lengths and fresh weighs of the radicle
and hypocotyl increased up to & days, while the fresh weight and protein content of the cotyledons
decreased rapidly during the first 3 days and thereafter decreased slowly.

The protein contents of the cotyledons and axis were analyzed by sodium dodecyl sulphate- polyac-
rylamide gel electrophoresis (SDS-PAGE). The dry seeds contained several major bands and numerous
minor bands und as germination progressed there was a reduction in the protein content und number of
these components. Also, Lhere was a decline in the number of bands in extracts from the radicle during
germination.

Introduction

Seed germination of descrt plants of Saudi Arabia has been studied by several inves-
tigators [1-5]. However, most of the work has been concerned with the effect of temper-
ature and salinity on the germination process. Less is known about the effect of high
temperature and salt stress on the physiology and metabelism of resulting seedlings.

This work was undertaken as a part of a program to study the growth and
metabolism of seedlings of plants adapted Lo the arid environment of Saudi Arabia.
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Materials and Methods

C. senna seeds were collected from Makka Road in 1982 and were stored at
25°C. Seeds were treated with concentrated sulphuric acid to break seed dormancy
[1]. Water uptake was measured as described in a previous paper [2]. The seeds were
germinated at 30°C in the dark [1, 3].

About 40 seedlings were harvested 1, 3, 4, 6 and 8 days after soaking and were
separated into cotyledons, radicle and hypocotyl. On each occasion 27 seedlings
were used to measure fresh weight and the length of the radicles and hypocotyls. The
fresh weight of the separate organs was taken for the 27 seedlings collectively.

Seedling parts were wrapped in aluminium foil frozen at — 8°C for 48 b and then
freeze-dried and ground to a fine powder and stored at — 8°C until they were used for
anlaysis.

Soluble protein which was used for polyacrylamide gel analysis under dissociat-
ing conditions (sodium dodecyl sulphate-polyacrylamide gel electrophoresis) was
extracted with 0.2 M tris/HC1 buffer, pH 6.8, containing 20% {w/v) sucrose and 2%
(wiv) sodium dodecyl sulphate (SDS) as described before [6). Protein that was used
for protein content determination was extracted with 0.2 M tris'HC1 buffer, pH 6.8,
containing 2% (w/v) ascorbic acid and 2% (w/v} polyvinylpyrrolidone. Protein con-
tents were determined according to the Lowry method as described by Stenesh [7]
using albumin as a standard.

Soluble amino acids within the cotyledons were extracted with 60% ethanol at
4°C overnight and the extract was centrifuged at 4000 rpm for 5 m. The supernatant
was used for amino acid determination as described by Yemm and Cocking [8], using
L-glutamic acid as a standard.

Sodium dedecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) was
performed as described previously [6] using phosphorylaseb{94000 daltons), albu-
min (67000}, ovalbumin (43000}, carbonic anhydrase (30000), trypsin inhibitor
(20000) and a-lactoalbumin (14000) for molecular weight measurement.

Results
Seedling growth

Upon soaking the seeds in water their water content increased up to 45% of the
original seed weight in the first hour and after that it increased linearly with time
- (Fig. 1).
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Fig. 1. Imbibition of water by seeds
Note: Each figure is the mean of three measurements

Radicle elongation was rapid in the first 3 days and there was a slight increase in
length between the 3" and 4 day but there was no apparent elongation after that

(Fig. 2). The hypocotyl started to elongate after the radicle and increased in length
linearly with time at least until 6 days (Fig. 2).
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Fig. 1. Change in lengths of radicle and hypocotyl axis during germination
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Cotyledon fresh weight decreased by 45% between the 1% and 3% day, after ger-
mination, after which there was little further loss in fresh weight (Fig. 3). By contrast
the fresh weight of the radicle and hypocotyl increased with time (Fig. 3).
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Flg. 3. Change in fresk weight of the cotyledons, radicle and hypocotyl after germination

Protein and soluble amino acid contents

Dry seeds of C. senna contained about 425 mg soluble protein /g dry weight; that
is, protein made up about 42% of their dry weight (Fig. 4). This soluble protein con-
tent declined very rapidty in the cotyledons between the 1% and 3" day; cotyledons
lost about 58% of their original protein content in this period (Fig. 4). After that, the
rate of protein depletion was slower.

Dry seeds contuin relatively low content of soluble amine acids and amino acid
content increased during germination (Fig. 4).

Fig, 5 shows the sequence of changes in cotyledonary protein patterns during the
germination period. The extract from the dry seeds consisted of several major bands
with a high protein content and of numerous minor bands.

The cotyledonary protein patterns of one-day-old seedlings were almost identi-
cal to those of dry seeds. The staining intensity of two of the major bands (mol. wt.
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Fig. 5. 17% sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) of cotyledonary
protein at various stages of germination

Note, Numbers between parentheses represent volume (ul) of sample loaded of 1/50 ratio between
tissue and extraction buffer
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112200 and 83200 daltons) decreased. Also, the results demonstrate the apparent
increase in staining intensity of a component having mol. wt. about 37200 daltons.

By the third day, most of the major components had been hydrolyzed and as ger-
mination progressed further, the protein content of all subunits decreased. The
cotyledonary extract of 8-day-old seedlings had 2 limited number of bands with a low
protein content.

The data in Fig. 6 show the electrophoretic patterns of axis protein at various
stages of germination. The extract from the radicle of one-day-old seedlings had sev-
eral minor components and, as germination progressed, there was a decline in the
number of bands and in the staining intensity of the bands. The extract from the
hypocotyl resolved into one major band and several minor bands and there was no
apparent change in protein patterns during germination.
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Fig. 6. 17% sodlum dodecyl suiphate-polyacrylamide gel electrophoresis (SDS-PAGE) of protein of the
radicle and hypocotyl axis at various stages of germination
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Note: Number between parenth represent volume () of sample loaded of 1/50 for radicle and
1/75 for hypocotyl, the ratio between tissue and exiraction buffer
Discussion

The data presented in this paper show that dry seeds of C. senna contain high
levels of teserve protein, making up about 42% of their dry weight. This result con-
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firms and extends the previous observation [9] that protein is the major reserve food
of desert plant seeds.

The germination of C. senna seeds is characterized by a rapid decline in the fresh
weight of the cotyledons which is accompanied to a decrease in their protein conteat.

The loss of proteins from the cotyledons could be due to the transport of amino
acids to the growing axes [10, 11] or to respiratory loss, or it might result in the
accumulation of free amino acids in the cotyledons.

The analysis of soluble protein in the radicle and hypocotyl did not suggest the
accumulation of soluble protein in the axes, but there was, instead, a decrease in sol-
uble protein in the radicle. However, this does not exclude the possibility that the
hydrolyzed protein from the cotyledons might be used for the synthesis of insoluble
protein in the axes.

Also, the analysis of free amino acids and protein content in the cotyledons dur-
ing the various stages of germination showed the increase in free amino acids in the
cotyledons, but at a much lower rate than the hydrolysis of protein. This might
suggest the rapid utilization of hydrolysis products of protein and/or the rapid trans-
location of amino acids to the growing axes.

The analysis of cotyledonary protein showed that there was no apparent modifi-
cation of protein prior to the rapid utilization as has been suggested for various
species [9, 12, 13, 14]. Also, the results suggest that the different components were
degraded at different rates as has been shown for various species [10, 11].
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