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Abstract: The importance of examining environmental
stresses and their role in predicting and evaluating the growth
and yield of crops is very evident. Environmental stresses are
the most important factor in reducing agricultural yields world-
wide. In order to evaluate the environmental impact of water
loss on the amount of proteins affected in sunflower, an ex-
periment was conducted in randomized complete block design
with three replications at Karaj Oil Seeds Research Institute. In
order to study the response of susceptible line (BGK221) and
tolerant line (RGK46) under drought stress conditions, extrac-
tion of protein by acetone deposition method was performed
in 8 leaves and of 3 seedlings in each replication. The amount
of extracted protein was determined by Bradford method using
two-dimensional electrophoresis and existence of significant
difference between the bands in sensitive and tolerant lines was
investigated. A total of 467 repeatable bands were found in the
tolerant line and 417 repeatable bands appeared in the sensi-
tive line. Among these proteins, 6 bands in tolerant line (No
503, 1901, 904, 3301, 7011, 9005) and 6 bands in sensitive line
(No 704, 811, 3205, 4108, 7307, and 9207) were significantly af-
fected by drought stress. In both sensitive and tolerate lines the
main consequence is increase in amount of protein. The results
showed that the most important factor of tolerant line adaptive
for environmental stress conditions is maintaining normal cell
metabolism, keeping moisture in the cell, strengthening cellu-
lar structure and antioxidant defense. The study also showed
that drought stress had the greatest effect on cytoplasmic and
nucleus proteins, metabolism and energy of proteins.
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Dolocanje beljakovin v ob¢utljivih in toleratnih linijah son¢-
nic (Helianthus annus L.) v razmerah pomanjkanja vode

Izvlecek: Pomen preucevanja okoljskih stresov in njihove
vloge v napovedovanju in vrednotenju rasti in pridelka gojenih
rastlin je samoumevno. Okoljski stresi so v svetovnem merilu
najpomembnejsi dejavniki, ki zmanj$ujejo pridelke kmetijskih
rastlin. Z namenom ovrednotenja vpliva pomanjkanja vode na
koli¢ino beljakovin v son¢nicah je bil izveden popolni naklju¢ni
blo¢ni poskus s tremi ponovitvami na Institutu za preucevanje
oljnih semen, Karaj, Iran. Za preucevanje odziva na susni stres
obcutljive (BGK221) in tolerantne linije (RGK46) son¢nic so
bili narejeni izvlecki beljakovin iz osmih listov treh sejank v
vsaki ponovitvi z acetonsko depozicijsko metodo. Koli¢ina
beljakovin v vsakem izvlecku je bila dolocena z bradfordovo
metodo z dvo dimenzionalno elektroforezo, kjer so bile preu-
¢evane znacilne razlike med progami ob¢utljivih in tolerantnih
linij. Celokupno je bilo v tolerantnih linijah ugotovljenih 467
ponovljivih prog in 417 ponovljivih prog v ob¢utljivih linijah.
Med temi beljakovinami je bilo v tolerantni liniji 6 prog (No
503, 1901, 904, 3301, 7011, 9005) in v ob¢utljivi liniji 6 prog (No
704, 811, 3205, 4108, 7307, 9207), na katere je znacilno vplival
su$ni stres. V obeh linijah je bila znacilna posledica su$nega
stresa povecanje koli¢ine beljakovin. Rezultati so pokazali, da
so pri tolerantni liniji najpomembne;j$i mehanizmi prilagoditve
na okoljski stres vzdrzevanje normalne celi¢ne presnove, ohra-
njanje vsebnosti vode v celicah, ojacevanje celi¢nih struktur in
antioksidacijska obramba. Raziskava je pokazala, da ima sus$ni
stres najvedji ucinek na beljakovine citoplazme in jedra in na
presnovo beljakovin.

Klju¢nebesede: son¢nica; okoljski stres; dvodimenzionalna
elektroforeza; proteomika
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1 INTRODUCTION

Plants need the presence of nutrients in the soil,
protection against pests and diseases, and the presence
of appropriate environmental factors to grow well and
maintain their health (Maghsoudi, 2006). The increasing
world attention to the production of food to eliminate
hunger and restore the food needs of the large consumer
community has led to a massive effort across the world
in the fields of establishment of wastelands, increasing
the cultivating area, and increasing the efliciency of ag-
ricultural units, parallel with developing agricultural
mechanization and soil fertility, evolving irrigation sys-
tems, combating pests and plant diseases, breeding and
producing resistant seeds. Water is one of the most com-
mon and, at the same time, one of the most important
compounds on the planet. The variation and abundance
of plants in different parts of the earth depends on the
amount of water available for the plants more than any
other environmental factor. Drought tolerance is a com-
plex feature that is affected by various plant and envi-
ronmental variables. Identification of factors causing
drought tolerance at the molecular level can be effective
in the preparation of tolerant cultivars. Drought is one of
the environmental stresses that causes harmful effects on
most of the stages of plant growth, organ structure and
their activities (Fulda et al., 2011, Passioura, 2007, Ish-
faq et al., 2009). The response of plants to environmental
stresses is different in morphological, anatomical, cellu-
lar and molecular levels (Dinakar et al., 2012). The ability
of plants to adapt to environmental stresses depends on
the type, intensity and duration of stress, plant species,
and the stage of occurrence of stress (Passioura, 2007;
Asl et al., 2003). Proteomics is referred as the analysis of
a collection of proteins encoded by the genome (Karam
et al., 2007). This technology provides quantitative and
qualitative analysis of a large number of proteins; unlike
the genome, which is a constant and unchanging nature,
the proteome is fundamentally dynamic and variable, the
proteome differs from organism to organism according
to the type of tissue, cell, organ and environmental con-
ditions (Goksoy et al., 2004). The study of the proteome
of the intracellular organs may provide valuable infor-
mation about the role of the protein. Several proteom-
ics studies have been performed on proteome patterns of
the organelles such as nucleus (Lawlor et al., 2002), chlo-
roplasts (Ferro et al., 2003), mitochondria and plasma
membranes (Adebayo et al., 2012). Sunflower is one of
the important oily plants in the world and also Iran is in
an arid and semiarid region, the preparation and identi-
fication of tolerant cultivars can help increase yield and
develop its cultivation area.
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2 MATERIALS AND METHODS

This research was carried out at the research farm
of Seed and Plant Improvement and Production Institute
located in the Mard Abad Road, Karaj. In this study, sen-
sitive line (BGK221) and drought tolerant line (RGK46)
were identified. For this purpose, sunflower inbred lines
were cultivated in two separate experiments under nor-
mal irrigation and drought stress conditions in a ran-
domized complete block design with three replications.
The experimental plots had 3 x 3 meter Dimensions and
included 3 planting lines, lenght of 2 meters (on agricul-
tural land). The distance between the rows was 60 cm
and the distance between the plants in each row was 25
cm. Normal irrigation was from 10 to 14 days and water
stress was carried out through irrigation when irrigation
was terminated in 2-8 leaf stages. Samples were rando-
mly selected from 5 plants per plot and transferred were
taken to a laboratory for protein identification. The quan-
tity of extracted protein was determined by Bradford me-
thod (Bradford, 1976). Proteome pattern was obtained in
two lines and in two aforementioned conditions using
two dimensional electrophoresis. In the first dimension
the proteins were separated by isoelectric focusing me-
thod based on isoelectric point and using IPG, and in the
second dimension, the proteins were separated based on
molecular weights using SDS-PAGE. After staining with
Coomassie Brilliant Blue solution and scanning the gels,
the difference between the appeared bands was investi-
gated using PD Quest version 6 software-test.-The data
of protein quantity and a significant difference between
the bands in sensitive and tolerant lines was investigated.
Significant differences between bandsof sensitive and to-
lerant lines were investigated by t-test.

3 RESULTS AND DISCUSSION

When plants are exposed to environmental stress,
they respond to stress at the plant, cell, or molecule lev-
el. The pattern of production of many proteins changes
in response to plant water depletion (Hajheidari et
al., 2007). Plants to counteract or reduce the effects of
drought stress may change the pattern of gene response
or the amount of proteins within the tissue (Kanlaya et
al., 2005).
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3.1 CHANGE OF SENSITIVE LINE (BGK221)
PROTEINS UNDER STRESS

Under stress conditions in sensitive line, 6 protein
bands were investigated from 12 detected bands. Afore-
mentioned bands have increased in expression (Fig. 1a,).
Araus et al. (2002) in the effects of non-living stresses
on the protein content of two wheat cultivars (sensitive
and tolerant) in the seedling stage, has concluded that in
drought stress, the root proteins in sensitive cultivar I in-
creased significantly. These observations largely matched
with the results of researchers who studied the changes in
the protein content of wheat root and endosperm in the
early stages of budding under dehydration stresses and
reported that response to stress is specific to tissue condi-
tions (Bakalova et al., 2008).

3.2 ENOLASE

Band No. 704 was identified as an enolase cytopla-

smic form in the sensitive line, in which its expression
was increased by 2.3 times in stress conditions. This inc-
rease reflects the ability of this line to produce this en-
zyme to supply energy and continue its vital processes.
Increase of enolase due to drought stress in corn (Riccar-
dietal., 1998) and Arabidopsis (Wei et al., 2011) has been
reported. Hajduch et al. (2007) has reported increase in
the level of this enzyme in the sunflower oil line (Haj-
duch et al., 2007). Proteins such as enolase and 6 pho-
sphoglycerate kinase play a vital role in controlling the
key pathways of energy metabolism, such as glycolysis.

3.3 PHOSPHOGLYCERATE MUTASE INDEPEND-
ENT OF 2-3 BISPHOSPHOGLYCIRATE

The cytoplasmic form of this protein (811) was
identified in the sensitive line and its expression increa-
sed by 25.5 times under stress conditions. Gulcin (2012)
has reported the increase in expression of this protein in
soybeans under stress. This enzyme is the catalyzer of

Figure 1a: Proteome pattern of sunflower sensitive line in irrigation and stress
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Figure 1b: Change of proteins on the sensitive line

Acta agriculturae Slovenica, 117/2 - 2021

3



B. MAGHSOUDI DAMAVANDI et al.

the reversible catalytic conversion of 3-phosphoglycera-
te to 2-phosphoglycerate in the presence of magnesium
ion, in process of glycolysis. According to Hajduch et al.
(2007), this enzyme contributes to the balance between
3-phosphoglycerate and 2-phosphoglycerate (Hajduch et
al., 2007). Increasing the level of this enzyme in sensitive

line could be due to this regulatory role.

3.4 AUXIN CAUSED BY PROTEIN

The band number 4108 belongs to this enzyme,
which its expression in cell nucleus has increased 2.6

times. The role of this protein is unknown.

3.5 MALATE DEHYDROGENASE

The cytoplasmic form of this protein was detected
in the sensitive line (3205) and its expression increased
by 2.2 times in stress conditions. Malate dehydrogenase
is an important enzyme of cellular metabolism and cata-
lyzes the two-way conversion of oxaloacetate, and malate
(Musrati et al., 1998). This enzyme increases its activity
under drought stress in plants to provide high energy
requirements (Guicherd et al., 1997). Increased activity
of this enzyme was observed in bread wheat (Wang et
al., 2008) and Arabidopsis (Ndimba et al., 2005). Pereira
et al. (2016) conducted a research on proteomic analysis
of barley sensitive and tolerant genotype under drought
stress. They have reported the increase of this enzyme in
the barley tolerant genotype that shows the role of this
enzyme in drought tolerance (Pereira et al., 2016), while
the level of this enzyme declined in the sensitive line
(Nezami et al., 2008).

3.6 CHALCONE SYNTHASE

The cytoplasmic form of this protein stain was de-
tected in the sensitive line (7307), which was increased
3.8 times. Chalcone synthase (CHS) is a key enzyme in
the pathway of biosynthesis of flavonoids, and its expres-
sion is one of the determining factors in the pathway of
anthocyanins biosynthesis. CHS typically occurs in dif-
ferent plant species under various types of stress such as
UV, injuries, and microbial pathogens and drought con-
dition, resulting in the production of compounds with
various activities such as antimicrobial activity (phyto-
alexins), insecticidal activity and antioxidant activity or
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suppressing direct or indirect UV light (Dao et al., 2011).
CHS is a key enzyme in the flavonoid biosynthesis path-
way. Increased chalcone synthase levels can play a role in
antioxidant defense under stress.

3.7 GLYCERALDEHYDE TRIPHOSPHATE DEHY-
DROGENASE

The cytoplasmic form of glyceraldehyde triphos-
phate dehydrogenase (band 9207) was detected, which
has 10.1 times higher expression. Considering the signifi-
cant increase in the level of phosphoglycerate mutase en-
zyme, the increased activity of glycine aldehyde triphos-
phate dehydrogenase enzyme in this line was expected
in line with the continuation of the glycolysis cycle. In-
creased glyceraldehyde 3-phosphate dehydrogenase can
play role in plant tolerance under stress conditions by
contribution in providing energy and antioxidative de-
fense. (Tablel).

3.8 CHANGE OF TOLERATING LINE (RGK46)
PROTEINS UNDER STRESS

Under stress conditions, 6 protein bands were in-
vestigated from 18 detected bands. In tolerating line, the
band No. 904 showed the highest percentage in increase
expression (Fig2a).

3.9 SIMILAR TO DIHYDROFLAVONOL REDUC-
TASE

This protein was detected in the cytoplasm in the
tolerant line with band No. 503. Its expression increased
2.3 times in stress conditions. Ghaffari et al (2013) in the
study of the effect of drought stress in sunflower, repor-
ted a doubling of this protein in both sensitive and tole-
rant lines (Ghaffari et al 2013). This protein is involved in
the pathway of biosynthesis of anthocyanin, which is part
of the secondary metabolite biosynthesis (Dinakar et al
2012). Increasing the expression of this enzyme in this
line, which is one of natural molecular antioxidants, is in
line indicates its protective role and compatibility with
drought stress. Anthocyanin has a protective role against
various environmental stresses.
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3.10 LINOLEATE 9S-LIPOXYGENASE

In the tolerant line, the cytoplasmic form of this
protein band was identified with the number 1901 and
its expression increased by 2.3 times in stress conditions.
Ghaffari et al. (2013) reported the reduction of this pro-

tein in both sensitive and tolerant lines in the study of the
effect of drought stress (Ghaffari et al., 2013). This prote-
in is involved in the oxylipin biosynthesis pathway, which
is part of the lipid metabolism. Lipoxygenase is involved
in plant resistance to environmental stress. Its function
involves oxidoreductase activity.

Table 1: Properties of expressed proteins in the sensitive line (BGK221)

SSP Protein Registration Bands Percentage Irrigation ~ Stress Prot.e " Protein role PrOt?m
number overlap ratio location
704 Enolase NP_001105896.1 149 17 205.9 4732 2.30 Energy  Cytoplasm
811 Phosphoglycerate
mutase,2,3-
bisphosphoglycerate- NP_187471.1 122 14 3.167 80.6 25.45 Energy Cytoplasm
independent
3205 Malate dehydrogenase, 5,905 | 179 15 2197 492 224  Metabolism Cytoplasm
cytoplasmic
4108 Auxin-induced protein ~ AAB84222.1v 107 8 20.33 52.8 2.6 Unknown  nucleus
7307 Chalcone synthase Q9ZU06 278 19 17.13 65.6 3.83 Metabolism Cytoplasm
9207 Glyceraldehyde
3-phosphate AES72079.1 240 30 3.933 39.8 10.12 Energy  Cytoplasm
dehydrogenase

Figure 2a: Proteome pattern of sunflower tolerant line in irrigation and stress

Figure 2: Change of proteins on the tolerance line
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3.11 UBIQUITIN CARBOXYL- TERMINAL HYDRO-
LYZE

In the tolerant line, the cytoplasmic form of this
protein band was identified with the number 904 and its
expression increased by 36.7 times in stress conditions.
This enzyme has the activity of cysteine type peptidase (a
catalyst for hydrolysis of peptide bands in the polypep-
tide chain by the mechanism in which the remained sulf-
hydryl group in the active center acts as a nucleophile)
and hydrolase of ubiquitin (catalysis for hydrolysis of
thiol depending on an ester, thioester, amide, peptide or
iso-peptide chain formed by the C-terminus of glycine-
ubiquitin). (Ubiquitin Proteasome System) is almost en-
tirely involved in the regulation of all stages of growth in
plants and is likely to play a major role in many hormonal
pathways and cellular vital responses (Dreher and Callis,
2006).

3.12 POLYMYXIN BIFUNCTIONAL RESISTANCE
PROTEIN

The aforementioned protein, was identified in cell
cytoplasm with band number 3301 and its expression
increased by 3.2 times in stress conditions. Ghaffari
et al. (2013) reported the increase in expression of this
protein in the tolerant line and its reduction in sensitive
lines (Ghaffari et al., 2013) while investigating the effect
of drought stress on sunflower. Its molecular function
involves the coupling of coenzyme and oxidoreductase
activity (catalysis of oxidation-reduction reactions in
which a CH-OH group acts as a hydrogen or electron
donor and reducer of NAD* and NADP*) and transferase
activity relating to hydroxymethyl- and hydroxyformyl.
Increasing the level of this enzyme in the tolerant line
could indicate its defensive role in removing free radicals
and adapting to drought stress in the plant.

3.13 GLYCERALDEHYDE 3-PHOSPHATE DEHY-
DROGENASE

In the tolerant line, the cytoplasmic form of glyc-
eraldehyde 3-phosphate dehydrogenase (band No. 7011)
was identified which shows its relation to glycolysis and
energy. Increasing the level of this protein is a quick re-
sponse to supply the needed energy in drought stress
condition through glycolysis and oxidative defense. Ferro
et al. (2003) reported the increase in levels of this enzyme
in response to stress in Arabidopsis Thaliana (Ferro et al.
2003). Caruso et al. (2009) reported an increase in this
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protein in tolerant line of peanut under drought stress
condition (Caruso et al., 2009). Balbuena et al. (2011)
also reported the distinct expression of this protein in
sunflower in conditions of cold stress (Balbuena et al.,
2011).

3.14 BAND NO. 9005

Based on the standard protein comparison model,
the type of the above band was not detected in tolerant
line. Also, the location of the protein and its role are un-
clear, but increased by 1.38 times in stress conditions.
(Table2)

3.15 RELATIVE CHANGES IN PROTEINS

According to the research (Ghaffari et al, 2013)
and among the sensitive and tolerant sunflower lines,
it can be identified BGK221 as a sensitive line and the
line RGK46 as a tolerant line (Maghsoudi et al., 2020).
A total of 467 repeatable bands were found on the to-
lerant line and 417 repeatable bands appeared on the
sensitive line. Among these proteins, 6 bands in tolerant
and sensitive lines were significantly affected by drought
stress. Among these proteins, 6 bands in tolerant line
were similar to dihydroflavonol reductase (503), seed
linoleate 9S-lipoxygenase (1901), ubiquitin carboxyl-
-terminal hydrolas (904), bifunctional polymyxin resis-
tance protein ArnA-like (3301), glyceraldehyde-3-pho-
sphate dehydrogenase (7011), unknown (9005)} and 6
bands in sensitive line (enolase (704), phosphoglycerate
mutase,2,3-bisphosphoglycerate-independent (811), ma-
late dehydrogenase, cytoplasmic (3205), auxin-induced
protein (4108), chalcone synthase (7307), glyceraldehy-
de 3-phosphate dehydrogenase (9207) were significantly
affected by drought stress; in both sensitive and tolerate
lines the main consequence is increase in amount of pro-
tein. (Fig 3, Fig 4)
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Table 2: Properties of expressed proteins in the tolerance line (RGK46)

SSp Protein Registration ~Bands Percentage Irrigation Stress Protein Proteinrole Protein
number overlap ratio location
503 Similar to AAK68820.1 103 11 113.7 230.9 2.03 metabolism Cytoplasm
904 Ubiquitin
carboxyl- vy 0025241201 112 5 167 6117 3663 metabolism Cytoplasm
terminal
hydrolase
1901 Seed linoleate P24095.1 123 19 2410 7623 3.6 metabolism Cytoplasm
9S-lipoxygenase
3301 Bifunctional Disease
polymyxin ~ XP_003538161.1 101 14 2517 5907 235 7 Cytoplasm
resistance protein
7011 Glyceraldehyde-
3-phosphate AEP71393.1 252 36 51.80 102.77  1.98 Energy  Cytoplasm
dehydrogenase
9005  Unknown Unknown - - 38.40 52.87 1.38  Unknown Unknown

Figure 3: Protein classification by role

4 CONCLUSION

Given that water stresses have significant negative
impacts; it is necessary to control these tensions to crea-
te a sustainable environment. Plants are very effective in
protecting the environment. To prevent the extinction of
plant species and the lack of water resources in the envi-
ronment, it should be noted that the plant's characteristi-
cs and abilities are in the context of environmental stress.
In this study, the classification of proteins based on the
energy, metabolism, and defense function (Fig 3, Fig 4)
showed that proteins had increased in sensitive and tole-
rant line. Research of protein in sensitive line and tolerant
line, showed that the most important factors of tolerant
line adaptive for environmental stress conditions are:
maintaining normal cell metabolism, keeping moisture,
strengthening cellular structure and antioxidant defense.
The study also showed that water stress had the greatest
effect on cytoplasmic/ nucleus proteins and metabolism/
energy proteins. The sensitive line tries to compensate
for the damage caused by stress by increasing energetic

Figure 4: Protein classification by location

proteins. But the key to success in the tolerant line is inc-
reased lipid synthesis in the cell membrane and increased
hydrophilic proteins in the face of stress.
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