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ABSTRACT

One of the most important abiotic stresses is drought stress, which is particularly prevalent in
late-season growth stages. It is considered one of the most common growth-limiting factors for
plants in arid and semi-arid regions. Drought stress is one of the most critical environmental
challenges, severely limiting plant growth and crop productivity by disrupting physiological
processes dependent on water availability. To survive under drought conditions, plants employ
multiple adaptive mechanisms, with changes in protein expression playing a key role. These
changes are governed by physicochemical properties such as half-life, stability index, isoelectric
point, molecular weight, and extinction coefficient, which influence protein function, folding,
and stability under stress conditions. Additionally, the identification of motifs, conserved
patterns, and functional domains provides crucial insights into protein modifications,
interactions, and mechanistic adaptations enabling drought tolerance. Bioinformatics tools play
an essential role in understanding these molecular changes. This study utilized ProtParam for
physicochemical analysis, InterProScan and CDD for domain identification, ScanProsite for post-
translational modification predictions, BLAST for sequence similarity assessments, and T-Coffee
for conserved sequence alignment, ensuring a comprehensive evaluation of drought-responsive
proteins. Based on previous proteomic studies, 18 proteins associated with drought stress were
selected for analysis. Among them, 16 proteins exhibited a half-life exceeding 20 hours, with
molecular weights ranging from 13 to 70 kDa. Fourteen proteins had stability index values below
40, indicating their structural stability under drought stress conditions. Two key proteins, a-
tubulin and Elongation Factor TU (EF-TU), were examined in greater detail. a-tubulin forms a
heterodimer with B-tubulin, known as af-tubulin, which constitutes the primary component of
microtubules, essential for cell division, intracellular transport, and cytoskeletal organization.
This protein carries two motifs, TUBULIN B AUTOREG and TUBULIN, and two domains,
Alpha-tubulin and PLN00221, both with functionally significant sites. EF-TU plays a pivotal role
in protein elongation during translation, ensuring efficient amino acid incorporation into growing
polypeptide chains. It contains two conserved motifs, G TR 1 and G TR 2, and consists of four
domains: EF-Tu, EFTU-II, EFTU-III, and PLN03127, which contribute to its enzymatic activity.
Sequence similarity analysis revealed conserved sequence blocks among proteins with 30-70%
similarity, furthering the understanding of protein function and conservation under drought
conditions. Additionally, the organelle-associated EF-TU protein exhibited greater resemblance
to prokaryotic EF-TU than to eukaryotic EF-1la, indicating its distinct adaptive traits. These
findings emphasize the importance of bioinformatics-driven proteomic analysis in unraveling
drought-responsive proteins, paving the way for genetic engineering and breeding strategies
aimed at improving drought tolerance in crops. This study provides a foundation for further
molecular research into drought-induced proteomic shifts and their role in enhancing plant
resilience in challenging environments.
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Table 2. Physico-chemical properties of proteins involved in reducing the toxic effects of ROS

o Glubl padls 8399 S Sy o NP 09 o9y PU
Half life Instability index The isoelectric point of theory Molecular weight (kD) Potein name
3 min 24.63 4.61 13.22 Ascorbate peroxidase 2-like protein
>20hours 37.28 6.60 56.75 Catalase
>20hours 37.18 9.12 24.68 Peroxiredoxin-2E, chloroplastic
>20hours 15.58 5.61 15.41 Superoxide dismutase [Cu-Zn]
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Table 3. Physico-chemical characteristics of proteins involved in protein synthesis, growth and cell division under
drought stress

peded GHbbpadls (6598 S plgs abadi V9 039 o9z U

Half life Instability index The isoelectric point of theory  Molecular weight (kD) Potein name

>20hours 49.78 11.30 15.68 308 ribosomal protein S8, chloroplastic
>20hours 31.72 10.59 17.68 40S ribosomal protein S11
>20hours 34.35 4.94 49.86 Alpha-tubulin

>20hours 38.81 6.25 49.40 Elongation factor TU, mitochondrial
>20hours 42.61 6.50 66.39 Ferredoxin--nitrite reductase, chloroplastic
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Table 4. Physico-chemical properties of proteins involved in dextosynthesis under drought stress

et b padls (508 SO Slgsl At IV 039 Oo9n pb
Half life Instability index  The isoelectric point of theory  Molecular weight (kD) Potein name
>20hours 37.51 5.76 53.70 Hexokinase-1
>20hours 37.74 8.41 53.11 UDP-sulfoquinovose synthase, chloroplastic
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Table 5. Physico-chemical properties of proteins involved in carbon and energy metabolism under drought stress

o8 dod 5yl padlls ()98 S Sl dbadi V9 039 Ogx PU
Half life  Instability index  The isoelectric point of theory  Molecular weight (kD) Potein name
>20hours 32.05 7.11 65.73 ATP:citrate lyase
>20hours 2138 5.24 26.68 ATP synthase subunit a, chloroplastic
3min 50.90 4.64 13.02 ATP synthase subunit gamma, chloroplastic
>20hours 59.25 9.09 35.57 ATP synthase subunit gamma, mitochondrial
>20hours 34.34 5.20 48.06 Enolase 1
>20hours 3293 5.56 4791 Enolase
>20hours 35.19 5.71 54.67 Mitochondrial-processing peptidase subunit alpha
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Table 6. Patterns and profiles identified by ScanProsite software in the protein Elongation factor TU
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Identified profiles

LX) W I A F YN
Identified patterns
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Protein name

Translational (tr)-type guanine
nucleotide binding (G) domain
profile: G TR 2
Position:(65-261)

Translational (tr)-type guanine nucleotide-
G_TR_1 :binding (G) domain signature (454aa)
106-121)(Position:

Elongation factor TU, mitochondrial
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Figure 1. Results a-tubulin in Blastp
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Figure 2. Comparison of a- and B-tubulin sequences
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Figure 3. Manual alignment of six members of the tubulin superfamily
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Figure 4. Alignment of EF-TU amino acid sequences in BLASTp software
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