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Abstract

Extreme temperature fluctuations in space, especially on the moon and Mars, are one of the
most important challenges for space scientists to transfer plant seeds and grow them in outer space
outside the atmosphere. The present research studied the effects of simulated space temperature
fluctuations on the quantitative and qualitative content of dry tomato seed proteins. The results
showed a double or more significant decrease in the intensity of protein bands with high molecular
weight in the treated group compared to the control. The two-dimensional electrophoresis technique
followed by mass spectrometry is suggested for the identification of unknown protein bands in future

studies.
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1. Introduction

The study of plants under real and simulated space
conditions has important applications for basic and
applied research supported by international space
agencies [1]. Seeds have evolved as essential components
of higher plants and enable drought tolerance and allow
reproduction after long-term dry storage [2]. Dry seeds
lose their viability when exposed to long-term storage or
controlled deterioration treatments such as excessive
dryness, lack of oxygen, and temperature fluctuations on
the ground or in the outer atmosphere [3]. Proteomic
changes can occur in the dry state for seeds. Therefore,
for the first time, in the present study, using a space
thermal cycle simulator, we studied the effects of space
temperature fluctuations on the quantitative and
qualitative protein content of dry tomato seeds.

2. Methodology

In order to simulate the conditions of temperature
fluctuations outside the atmosphere, the dry seeds of the
tomato plant (Solanum lycopersicum) cultivar Superchef
were placed in the thermal cycle simulator. The thermal
cycle was applied to the seeds in the temperature range of
-72 to +80 degrees Celsius with a change rate of 5 degrees

per minute. In order to measure the qualitative content of
dry tomato seed proteins, protein electrophoresis by SDS-
PAGE method was used. For this purpose, SDS-PAGE
was performed in 10% acrylamide gel according to
Laemmli's method. Image processing software (Image J)
was used to measure the intensity of protein bands and
determine the amount of protein in each band.

3. Discussion and Results

Tomato seeds are rich in protein and its protein content
varies from 22.2% to 40% based on dry weight [4].
Electrophoresis, which reveals changes in protein
composition and specific enzymes, can be an efficient
tool to determine the physiological potential of treated or
deteriorated seeds [5]. Degradation of proteins in the
process of aging or deterioration of seeds leads to a
decrease in the intensity of protein bands or their
disappearance. In the present study, the protein profile of
tomato seeds was prepared using the SDS-PAGE (Sodium
Dodecyl Sulphate-Polyacrylamide Gel Electrophoresis)
method, which showed about 13 protein bands (Figure 1).
Peptides were detected in the molecular weight range of
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91.82 to 8.89 kilodaltons. Intensity analysis of protein
bands using densitometry showed a significant decrease
in the intensity of all protein bands in the group treated
with thermal cycle (Figure 2). This decrease was more
evident in the protein bands with molecular weight above
45 kilodaltons (numbers 1 to 5) and a two-fold or more
decrease in protein band intensity was observed.
According to Hameed et al., [6], proteins such as DELLA
protein, vicilin, alkaline alpha galactosidase and BIP are
in this molecular weight range. DELLA protein is
considered as the main inhibitor of growth and its
expression increases in abiotic stresses [7]. In addition to
providing nutrients during seed germination, vicilins play
a role in maintaining the viability of seeds during natural
decay or long-term storage [2]. Alkaline alpha-
galactosidase plays a role in the mobilization of
carbohydrate reserves during and after seed germination
[8]. Binding immunoglobulin protein (BIP) is involved in
the protein repair process in plants in response to heat
shock and other stresses [9].

4. Conclusions

The reduction of seed reserve proteins during thermal
cycle treatment shows that the role of these proteins is
not limited to providing nutrients during seed
germination and they are necessary to maintain seed
vigor and viability under artificial or natural aging.
Finally, two-dimensional electrophoresis technique
followed by mass spectrometry is suggested for better
resolution of tomato seed proteins and their better
separation, as well as identification of unknown
protein bands in future studies.
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Figure 1. Electrophoretic profile of tomato (Solanum
lycopersicum) seed storage proteins.
1. Molecular marker
2. Thermal cycle treatment
3. Control
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Figure 2. Densitometry analysis of expressed protein levels
according to band intensity. Protein bands 1 to 13 were
compared in both groups.
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