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Proteomics: a tool for the study of plant response to abiotic stress
La proteómica: herramienta para el estudio de la 

respuesta de las plantas al estrés abiótico

Gabriel Roveda-Hoyos1 and Liz P. Fonseca-Moreno1, 2

ABSTRACT RESUMEN

Due in part to human activity, changes in global climate be-
havior have manifested in an increase in extreme temperature 
related events  such as drought, salinization, contamination 
and flooding of vast areas of the planet. Regarding agricultural 
activity, these uncertain climatic scenarios are likely to cause 
biotic and abiotic stress increases, which must be dealt with 
through science and technology. Holistic approaches, also 
known as “omics”: proteomics, genomics, transcriptomics, and 
metabolomics offer new ways of facing these coming climate 
changes. Proteomics provide a new approach to the identi-
fication of proteins of interest and to carry out a functional 
analysis of the genome and its relationship with the environ-
ment. New advances in proteomics include the use of highly 
efficient techniques such as bi-dimensional electrophoresis, 
multi-dimensional chromatography, mass spectrometry and 
second generation technologies for the analysis of polypeptides 
and proteins at tissue, organ, organelle and membrane levels, 
as well as bioinformatic tools. This review article is comprised 
of aspects related to the general model of stress in plants, and 
advances in proteomics which contribute to the understand-
ing of water and salt stress in cereals of economic importance.

Los cambios en el comportamiento climático global, como 
consecuencia en parte de la actividad humana, se manifiestan 
con el incremento en la intensidad de eventos relacionados con 
temperaturas extremas, sequía, salinización, contaminación 
y anegación de extensas áreas del planeta. Estos nuevos esce-
narios climáticos de mayor incertidumbre para la actividad 
agrícola se relacionan con el aumento en la incidencia de 
estreses bióticos y abióticos, que deberán ser abordados desde 
el conocimiento científico y la tecnología. Las aproximaciones 
de carácter holístico, conocidas como “Ómicas”, genómica, 
transcriptómica, proteómica y metabolómica ofrecen nuevas 
oportunidades para enfrentar los cambios climáticos venide-
ros. La proteómica proporciona una nueva aproximación que 
permite identificar proteínas de interés y realizar un análisis 
funcional del genoma y de su relación con el ambiente. Los 
nuevos avances en  proteómica incluyen el uso de tecnologías 
de alta eficiencia como la electroforesis bidimensional, la cro-
matografía multidimensional, la espectrometría de masas y 
tecnologías de segunda generación, que junto con herramientas 
de bioinformática permiten el análisis de polipéptidos y pro-
teínas a nivel de tejidos, órganos, organelos y membranas. Este 
artículo de revisión, comprende aspectos relacionados con el 
modelo general de estrés en plantas y avances de la proteómica 
en la comprensión del  estrés  hídrico y salino en cereales de 
importancia económica.
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Introduction

The steady increase in demand for food and the presence 
of abiotic stresses such as drought, salinity, floods and de-
sertification which affect the planet, due in part to climate 
change, create a new challenge for modern agriculture. 
According to FAO data (2006 and 2011) during the 70s, 
the problem of malnutrition in the world affected about 
850 million people, today the situation has worsened and 
it is estimated that by the end of 2010 with 925 million 
inhabitants, with 52.5 million in Latin America. This will 
have major implications for food demand and the supply 
of natural resources.

Much evidence confirms the increase of concentrations 
of CO2 and other greenhouse gases such as methane and 
nitrous oxide resulting from burning fossil fuels (IPCC, 
2007). These changes are responsible for large increases in 
temperature, observed in the second half of the twentieth 
century, as reported by the International Panel on Climate 
Changes (IPCC) (2007). Studies based on climate models 
predict changes in average temperatures between 4.0 and 
6.4°C at the surface during the next six decades. Global 
warming will cause drastic changes in rainfall patterns, 
with significant consequences for agriculture, wildlife and 
life in general on the planet (WWF, 2008).
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Under future climate conditions, global agricultural pro-
duction is increasingly considered a high risk activity, com-
petition for natural resources like water and agricultural 
land will become more critical due to increased desertifi-
cation and floods (Kundzewicz et al., 2005). The increase 
in the intensity of events related to extreme temperatures: 
drought, salinization and water logging of large areas of 
the planet, will significantly affect agricultural production. 
It is estimated that the production of cereals such as maize 
will be reduced by 1.5% on average for each acre planted 
per increments of 0.8ºC over the next 30 years (FAO, 2009).

Given this scenario the new agricultural revolution must 
consider the selection of genetic material of plants adapted 
to different environmental stresses, a strategy that will be 
an essential part in facing the problems of securing food. 
The identification of desirable genes related to adaptation 
to stress in crops of importance should be included in 
breeding programs (Hashiguchi et al., 2009). The study 
of the ecophysiological behavior of species, including the 
mechanisms of adaptation to different conditions of abi-
otic and biotic stress, will be of fundamental importance 
(Hashiguchi et al., 2009). Recent research related to the 
study of comparative proteomics between stressors and ag-
riculturally important crops such as Oryza sativa (Agrawal 
et al., 2009), Hordeum vulgare (Finnie and Svensson, 2009), 
Triticum sativum (Caruso et al., 2009) and Glycine max 
(Komatsu and Ahsan, 2009; Tobari et al., 2009) contribute 
to the proper use of genetic diversity of cultivated plants for 
adaption to various ecosystems (Hashiguchi et al., 2009). 
This article presents an updated review of proteomics with 
an emphasis on understanding water and salt stress, start-
ing with a general model of stress.

General model of stress in plants

There is now strong evidence to consider various fac-
tors that cause stress in plants, with common routes for 
similar responses, and presenting specific effects. These 
observations were initially made by Selye (1936) and are 
known as “General Adaptation Syndrome“ (GAS). This 
concept evolved into a term coined as co-stress (Prasad and 
Rengel, 1998), which means that resistance to a particular 
type of stress can contribute to the co-resistance to other 
stresses for a mechanism of resistance to multiple stresses. 
This condition can be very beneficial to plant growth and 
development, in natural conditions, plants are exposed to 
various adverse factors that cause stress, simultaneously 
or alternately, so that a stress factor can confer or increase 
the tolerance of the plant to different stress (Shinozaki and 
Yamaguchi-Shinozaki, 2007).

This system of multiple integration has been the subject of 
current research interest and understanding it is a pillar 
for a better comprehension the physiological behavior of 
plants and the mechanisms of adaptation to environmental 
changes (Shinozaki and Yamaguchi-Shinozaki, 2007). Pos-
sibly, during the process of evolutionary selection, direct 
responses of plants to each environmental factor (drought, 
cold, heat, radiation intensity, salinity, etc.) were gradually 
replaced by means of perception/signal transduction and 
gene expression regulation, which formed an adaptation 
strategy that was more efficient and economical in biologi-
cal terms (Leshem et al., 1998).

This general model at the cellular level in response to 
stress, including perception, signal transduction and 
regulation of gene expression, allows a physical stimulus 
generated from a biochemical response (Goday and Pagés, 
2004). The perception of stress depends on the stimulus 
and in the case of water deficit may be related to changes 
in turgor cell pressure, which is converted into a cellular 
signal, with the participation of secondary messengers, 
initiating the transduction processes which amplifies and 
translates the signals into the cell nucleus. There are other 
signaling mechanisms where plant hormones such as ab-
scisic acid (ABA) and jasmonic acid (JA) are involved in 
responses to water stress, salinity and wounds (Shinozaki 
and Yamaguchi-Shinozaki, 2007). Among the molecules 
related to signal transduction pathways mediated by ABA 
are protein kinases, phosphates and other molecules such as 
phospholipids C and D, calcium binding proteins, farnesyl 
transferase and hydrogen peroxide (Goday and Pagés 2004).

A major common response of plants, considered a co-stress, 
is related to the detoxification of free radicals by the an-
tioxidant activity of enzymes such as ascorbate peroxides 
(APX) and Cu/Zn superoxide dismutase (SOD) by Qureshi 
et al. (2007). Similarly, the expression of several enzymes 
involved in the synthesis of compounds such as poly os-
moregulatores (mannitol and sorbitol) and non-protein 
amino acids preserve the plant metabolism. Other common 
responses are associated with heat shock proteins (HSP), 
proteins involved in the transport of water, ions and other 
compounds and LEA proteins (late embryogenesis abun-
dant proteins) that appear to have protective functions for 
different types of stress (Goday and Pagés, 2004).

Other strategies to adapt to various stress conditions in-
clude mechanisms such as the formation of phenols and 
flavonoids in the epidermis to protect the photosynthetic 
apparatus from UV rays, water stress or nitrogen deficiency 
(Schwieger et al., 1996). A response mechanism to high 
lighting reduces zeaxanthin in the photoreduction of the 
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carotenoid violaxanthin (Lichtenthaler and Schindler, 
1992) and in response to high light and high temperatures 
shows the emission of a volatile gas, isoprene, with the for-
mation of a photochemical smog that contributes to ozone 
formation (Zeidler and Lichtenthaler, 2001).

Proteomics in understanding abiotic stress

Water stress
Drought is a problem of great importance in world agri-
culture, especially in arid and semiarid regions, which 
represent a third of the world (Caruso et al., 2009). The 
availability to use water in agriculture will be a key factor 
in future agricultural production. Predictive models of 
climate change estimate that global warming will become 
more frequent with severe droughts (IPCC, 2007). The 
economic impact of water deficit in agricultural produc-
tion, may cause losses close to 50% (Kreps et al., 2002), as 
a result of reduced photosynthesis for one. For example, 
water stress inhibits CO2 fixation in soybean leaves in just 
a few days, reducing carbon assimilation rates to almost 
zero (Ribas-Carbo et al., 2005).

Plants respond to water deficit through a series of processes 
at the physiological, cellular and molecular levels, which 
can lead to stress tolerance. The effect of water stress on 
physiological terms has been extensively researched and 
plant responses include stomatal closure, reduction in cell 
growth, decreased photosynthetic activity and increased 
respiration. Among the most common responses highlight-
ed are the damage to chlorophyll, decreased antioxidant 
system, increase in the production of hydrogen peroxide 
(H2O2) and the O2-ion, lipid peroxidation, decreased pho-
tosynthesis (Qureshi et al., 2007), increased oxidative stress 
and alterations in cell wall elasticity (Caruso et al., 2009).

At the cellular level, plants respond and adapt to a water 
deficit by accumulating osmolytes and synthesizing specific 
proteins. The comparative analysis of water stress induced 
on genes of Arabidopsis and O. sativa using microarrays, 
revealed a high degree of similarity between the two ge-
nomes at the molecular level, 73 genes were identified in 
O. sativa (Rabbani et al., 2003) as water stress-inducible, 
51 had been reported with similar functions in Arabidopsis 
(Shinozaki et al., 2003). These results confirm that there 
are common genes that are induced during stress in spe-
cies that have evolved separately for more than a million 
years, such as Arabidopsis and O. sativa (Shinozaki and 
Yamaguchi-Shinozaki, 2007).

The identified gene products induced by water stress in 
Arabidopsis and O. sativa can be classified into two groups. 

The first group encodes proteins that probably function as 
tolerance mechanisms to abiotic stress, such as LEA pro-
teins and HSP to water, salt and high temperature stress, 
antifreeze proteins (AFP Antifreezing Proteins), which act 
as chaperones and proteins involved in the transport of 
water, ions and other compounds. In addition to enzymes 
involved in the biosynthesis of osmolytes (mannitol, tre-
halose, galactinol and raffinose), amino acids (proline), 
amines (glycinabetaina and polyamines) and detoxification 
enzymes (Timperio et al., 2008).

The second group of genes induced by water stress allows 
the expression of proteins involved in signal transduction 
pathways mediated by ABA, including protein kinases, 
protein phosphates and other molecules such as phos-
pholipids, protein bound calcium and hydrogen peroxide 
(Umezawa et al., 2006).

Experimental results suggest the existence of a common 
regulatory system in which signaling pathways are shared 
in the water and salinity stress induced ABA pathway, while 
there is a minor relationship between signaling pathways 
for water stress and the response to low temperatures 
(Rabbani et al., 2003). At least six signaling pathways have 
been reported by Shinozaki and Yamaguchi-Shinozaki 
(2007) in the activation of genes induced by conditions of 
water stress, salt stress and low temperature stress. Three 
of which are dependent on ABA (Tracks I, II and III), and 
three independent pathways IV, V and VI (Fig. 1).

The water and saline stress depend on ABA (pathways I, II 
and III) inducing genes that encode transcription factors, 
MYB, MYC, NAC and RAEB/ABF. The first factors, such as 
MYB (ATMYB2) and MYC (rd22BP1), which function in 
the regulation of ABA- RD22 inducible gene in Arabidop-
sis, have conservation motives (Abe et al., 1997; Shinozaki 
and Yamaguchi-Shinozaki, 2007). Recently, it was found 
that the NAC transcription factor encoded by the RD26 
inducible gene is drought and salinity based (Fujita et al., 
2004). Two transcription factors of the leucine zipper type, 
RAEB/ABF, can bind to ABRE (ABA-responsive element) 
to activate the expression of RD20A and RD29B (Choi et 
al., 2000; Uno et al., 2000).

Water stress is not only mediated by an ABA-dependent 
pathway, but also by an ABA-independent pathway. NAC 
transcription factors and genes involved in DREB2B induce 
tolerance to drought and salinity on the IV and V tracks 
and in DREB1/CBF related to low temperature stress (via 
VI) independent of ABA. A conserved sequence of 9 bp, 
TACCGACAT, known as a response to drought (DRE), 
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is required for the regulation of RD29A gene induction 
in water stress by drought and low temperature stress in 
a pathway independent of ABA (via V) (Shinozaki and 
Yamaguchi-Shinozaki, 2007). The factors that interact 
with the DRE sequence were detected in nuclear extracts 
prepared from dehydrated Arabidopsis plants. Over expres-
sion of the DREB2A transcription factor, a member of the 
DREB gene family, produces a degree of drought toler-
ance in Arabidopsis with over-regulation of many genes 
related to water stress and those encoding HSPs. Plants 
over-expressing the gene DREB2B showed high tolerance, 
suggesting that DREB2A is a central factor for the multiple 
signaling pathway (Sakuma et al., 2006).

Multiple efforts to clarify the operation of the integrated 
response system of plants to water stress are being made by 
analyzing the proteome in species such as upland rice (Ra-
bello et al., 2008; Ke et al., 2009), wheat (Hajheidari et al., 
2007; Caruso et al., 2009), maize (Álvarez et al., 2008) and 
melon (Yoshimura et al., 2008). The results of proteomics 
research in plants with different drought tolerance could 
be used in breeding plans.

Recent research on proteomics in wheat (Triticum durum) 
(Caruso et al., 2009) and rice (O. sativa) (Ke et al., 2009) 
under water stress conditions, using the techniques of 
2-DE and mass spectrometry, MALDI-TOF, show changes 
in protein expression, 36 to 18 for wheat and rice, with 12 
proteins over-regulated and 24 sub-regulated in wheat, and 
12 over-regulated and 6 sub-regulated in rice. In the case 
of T. durum, 36 reproducible protein spots were detected 
in response to water stress. This study identified 21 dif-
ferent proteins, including some isoforms and subunits of 
enzymes that change their expression under water stress. 
Eighteen percent of the proteins identified were related to 
the “primary” metabolism, particularly with the routes 
of glycolysis and gluconeogenesis, demonstrating that 
the primary metabolism can be modulated to establish 
a new homeostasis under water stress. Fifteen percent of 
the proteins were associated with the removal of reactive 
oxygen species (ROS), 12% amino acid biosynthesis, 9% 
in the Calvin cycle, 6% with defense mechanisms and the 
remaining 3% related to post-transcriptional regulation, 
these biological mechanisms are involved with drought 
stress in plants (Caruso et al., 2009) (Tab. 1).

Water stress can affect homeostasis and cause severe toxic 
effects in plants through complex mechanisms that have 
not yet been fully characterized. The water deficit stress can 
affect the photosynthetic activity more than other types of 
abiotic stress, possibly this involves the synthesis and degra-
dation of enzymes related to the light-dependent reactions 
and Calvin cycle (Caruso et al., 2009). In research done 
by Caruso et al. (2009), they found a differential response 
to water stress of six proteins involved in photosynthesis, 
including Rubisco isoforms (1, 5-bisphosphate carboxylase/
oxygenase), a protein involved in photosystem II (PS II), 
two proteins related to ATP synthesis and fosforibulosa 
kinesis involved in the Calvin cycle.

Other effects of water stress on the proteome of wheat are 
the biosynthesis of enzymes related to ROS detoxification 
mechanisms (ascorbate peroxidase-APX, Cu/Zn super-
oxide dismutase-SOD, carbonic anhydrase) and enzymes 
involved in proline biosynthesis (S-adenosylmethionine 
synthesize and glutamine synthesize), involved in osmo-
protection and osmoregulation. Additionally, we found 
a protein involved in the pathogen defense reaction 
(β-glucosidase) (Caruso et al., 2009).

The identification of differential expression of proteins 
and phosphoproteins induced by water stress in O. sativa, 
using a proteomic approach, allowed the detection of 18 
proteins with changes in expression (Ke et al., 2009). We 
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FIGURE 1. Transcriptional regulatory network of abiotic stress signals 
and genes involved in responses to stress tolerance. Six transduction 
pathways in response to water stress, salt stress and low temperature 
stress: Three ABA-dependent (via I, II and III) and three ABA indepen-
dent (IV, V and VI). I and II pathways include transcription factors MYB2, 
MYC2 and NAC (RD26), inducible by JA (jasmonic acid) and ABA (abs-
cisic acid), involved in the expression of RD22 and Gly, in response to 
biotic stresses and water and saline stress, respectively.  In III pathway, 
ABRE functions as the element that responds to ABA. ABRE/ABF are 
transcription factors involved in the expression of the genes RD20A and 
RD29B. In the ABA-independent pathways are the transcription factors 
NAC, DREB2 (AP2/ERF) that are involved in responses to dehydration 
and salt stress, the DRE1/CBF factor (AP2/ERF) that is related to low 
temperature stress. NAC and HD-ZIP are involved in the gene expres-
sion of ERD1, while both factors DRE1 and DRE2 are related to the gene 
expression of RD29A. Translated and modified by Yamaguchi-Shinozaki 
and Shinozaki, 2007. 
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TABLA 1. Identification of proteins related to the response to water stress (adapted Caruso et al., 2009; Ke et al, 2009).

No.a Expression 
levelb Protein identification Specie No. accession Authors Function

1 ↓ Glycine dehydrogenase Hordeum sp./Triticum sp T46636 Caruso et al., 2009 Nitrogen metabolism

2 ↓ ATP synthase CF1 alpha subunit Triticum aestivum gij14017569 Caruso et al., 2009 Calvin cycle

3 ↓ Beta-glucosidase Triticum aestivum Q1XIR9 Caruso et al., 2009 Defense-related protein

4 ↓ ATP1 Triticum aestivum gij81176509 Caruso et al., 2009 Calvin cycle

5 ↓ Phosphoglycerate mutase, (fragment) Triticum aestivum Q7XYD2 Caruso et al., 2009 Rubisco degradation

6 ↓ RuBisCo subunit binding-protein beta 
subunit

Secale cereale gij2493650 Caruso et al., 2009 Calvin cycle

7 ↓ Phosphopyruvate hydratase Zea mays T02221 Caruso et al., 2009 Glycolysis and gluconeogenesis

8 ↑ Phosphopyruvate hydratase Zea mays T02221 Caruso et al., 2009 Glycolysis and gluconeogenesis

9 ↓ Glucose-6-phosphate dehydrogenase Triticum aestivum Q9LRJ0 Caruso et al., 2009 Glycolysis and gluconeogenesis

10 ↓ S-adenosylmethionine synthetase 1 Triticum monococcum gij115589744 Caruso et al., 2009 Amino acid biosynthesis

11 ↑ S-adenosylmethionine synthetase 1 Triticum monococcum gij115589744 Caruso et al., 2009 Amino acid biosynthesis

12 ↑ Phosphoglycerate kinase Triticum aestivum gij129915 Caruso et al., 2009 Glycolysis and gluconeogenesis

13 ↓ RuBisCO activase isoform 1 Hordeum vulgare subsp. vulgare gij167096 Caruso et al., 2009 Calvin cycle

14 ↓ Plastid glutamine synthetase isoform GS2b Triticum aestivum Q45NB3 Caruso et al., 2009 Nitrogen metabolism

15 ↓ Plastid glutamine synthetase isoform GS2a Triticum aestivum gij7136245 Caruso et al., 2009 Nitrogen metabolism

16 ↑ Plastid glutamine synthetase isoform GS2c Triticum aestivum Q45NB2 Caruso et al., 2009 Nitrogen metabolism

17 ↓ Phosphoribulokinase Triticum aestivum S16585 Caruso et al., 2009 Calvin cycle

18 ↓ Ferredoxin-NADP(H) oxidoreductase Triticum aestivum Q8RVZ9 Caruso et al., 2009

19 ↓ Fructose 1,6-bisphosphate aldolase Avena sativa Q9LLD7 Caruso et al., 2009

20 ↑ RuBisCO large subunit, (fragment) Triticum aestivum RKWTLC Caruso et al., 2009 Rubisco degradation

21 ↑ RuBisCO large subunit, (fragment) Triticum aestivum Q37335 Caruso et al., 2009 Rubisco degradation

22 ↑ Photosystem II oxygen-evolving complex 
protein 1 

Tobacco T02066 Caruso et al., 2009 Light reactions

23 ↑ Carbonic anhydrase Hordeum vulgare gij729003 Caruso et al., 2009 ROS removal

24 ↓ Ascorbate peroxidase Hordeum vulgare O23983 Caruso et al., 2009 ROS removal

25 ↓ Carbonic anhydrase Hordeum vulgare gij729003 Caruso et al., 2009

26 ↓ Triosephosphate-isomerase Triticum aestivum Q9FS79 Caruso et al., 2009 Glycolysis and gluconeogenesis

27 ↑ Triosephosphate-isomerase Secale cereale S53761 Caruso et al., 2009 Glycolysis and gluconeogenesis

28 ↑ Triosephosphate-isomerase Secale cereale S53761 Caruso et al., 2009 Glycolysis and gluconeogenesis

29 ↓ Ascorbate peroxidase Hordeum vulgare Q945R5 Caruso et al., 2009 ROS removal

30 ↓ Nucleic acid-binding protein Hordeum vulgare T05727 Caruso et al., 2009

31 ↑ Thiol-specific antioxidant protein Hordeum vulgare gij2499477 Caruso et al., 2009 Posttranscriptional regulation

32 ↑ Thiol-specific antioxidant protein Hordeum vulgare gij2499477 Caruso et al., 2009 Posttranscriptional regulation

33 ↓ Cold-responsive LEA/RAB-related COR 
protein

Triticum aestivum gij7716956 Caruso et al., 2009 LEA protein

34 ↓ Cu/Zn superoxide dismutase Triticum aestivum gij1568639 Caruso et al., 2009 ROS removal

35 ↓ RuBisCO small subunit Triticum aestivum Q9FRZ4 Caruso et al., 2009 Calvin cycle

36 ↓ RuBisCO small subunit Triticum aestivum Q9FRZ4 Caruso et al., 2009 Calvin cycle

2 ↑ LEA-like protein Oriza Sativa tmr|Q40741 Ke et al., 2009

11 ↓ Rieske Fe–S precursor protein Oriza Sativa tmr|Q9ZSU7 Ke et al., 2009

18 ↑ Superoxide dismutase [Cu–Zn], chloroplast 
precursor

Oriza Sativa tmr|P93407 Ke et al., 2009

1 ↑ NAD-malate dehydrogenase Oriza Sativa trm|Q941V4 Ke et al., 2009

2 ↑ OSJNBa0084K20.14 protein Oriza Sativa rm|Q7X7H3 Ke et al., 2009

3 ↑ Abscisic acid- and stress- inducible protein Oriza Sativa trm|O49149 Ke et al., 2009

4 ↑ Ribosomal protein Oriza Sativa gb|AAO37485.1 Ke et al., 2009

5 ↓ trm|Q9FTY4 Oriza Sativa trm|Q9FTY4 Ke et al., 2009

6 ↓ OSJNBb0039L24.13 protein Oriza Sativa trm|Q7XMK5 Ke et al., 2009

1 ↑ Drought-induced S-like ribonuclease Oriza Sativa trm|Q8RYA7 Ke et al., 2009

2 ↑ Ethylene-inducible protein Oriza Sativa trm|Q8W3D0 Ke et al., 2009

3 ↑ Guanine nucleotide-binding protein beta 
subunit-like protein

Oriza Sativa spt|P49027 Ke et al., 2009

4 ↓ Germin-like protein Oriza Sativa trm|O49001 Ke et al., 2009

a Number of spot
b Comparison between the control treatment and treatment under conditions of stress. ↑: over-regulation, ↓: sub-regulation
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found three proteins related to the chloroplast, an LEA 
and SOD that were over-regulated, whereas the protein 
precursor of Rieske Fe-S was under-regulated, the latter 
may be involved in reducing rates of photosynthesis. Of 
the ten phosphoproteins identified in response to drought, 
seven had not been previously reported under conditions 
of water stress. These results suggest the involvement of 
currently unidentified proteins in the mechanisms that 
regulate responses to water stress (Ke et al., 2009). Protein 
phosphorylation is considered an important signaling 
mechanism of environmental stress, and is one of the most 
important post-translational modifications (PMT) that 
modulate the activity of proteins, protein-protein interac-
tion and cellular localization (Khan et al., 2005).

Saline stress
The salinity of the soil by the presence of toxic levels of 
sodium, chloride and sulfate, representing 800 million 
hectares (ha) in the world (6% of total cultivated land), 
and an estimated 397 million ha are associated with sales 
and 434 million ha to sodium (FAO, 2005). Abiotic stress, 
including salinity, has reduced agricultural production in 
the world by over 50% (Bray et al., 2000).

Salts in the soil inhibit plant growth for two reasons: first, 
by an osmotic effect that reduces the capacity of plant water 
uptake and causes a slow plant growth as a result of water 
stress in response to salinity of the external environment, 
and second, by the toxic effect due to the entry of salts that 
cause tissue damage of the leaves (Khan et al., 2007). The 
probable cause of damage is that the high flux of ions and 
salts exceeds the ability of the cell to compartmentalize 
them in the vacuole, with the rapid entry of salts and ions 
into the cytoplasm, enzyme activity is inhibited, the cell 
wall is altered and the cells become dehydrated and die 
(Munns, 2005).

Plants under saline conditions generally have an osmotic 
imbalance, which causes a nutritional imbalance. The 
osmotic imbalance mainly causes changes in ion con-
centration in the cytoplasm, particularly potassium and 
calcium, to be replaced by higher levels of Na+ and Cl-, 
which have toxic effects on the membrane structure and 
the enzyme systems (Ashraf and Harris, 2004). The latter 
effect is related to a secondary stress, such as oxidative 
stress caused by the production of toxic reactive oxygen 
which in turn leads to lipid peroxidation (LP) production 
(Qureshi et al., 2005).

Several studies related to the comparative analysis of pro-
teome between plants subjected to salt stress and control 

treatments have been performed in species like rice (O. 
sativa) (Abbasi and Komatsu, 2004; Yan et al., 2005), wheat 
(Triticum sp.) (Huo et al., 2004), sorghum (Sectarian ital-
ics L.) (Veeranagamallaiah et al., 2008) and A. thaliana 
(Ndimba, 2005), using the techniques of 2-DE and mass 
spectrometry, MALDI-TOF/TOF-MS. The results show 
changes in expression of proteins related to the response 
to salt stress, 1,100 proteins were detected in rice, including 
34 over-regulated proteins and 20 sub-regulated, while 175 
proteins were detected in sorghum, most of them over-
regulated (Veeranagamallaiah et al., 2008).

Salt stress causes changes in more than 1,100 proteins of 
the proteome of roots in rice var. Nipponbore. Twelve dif-
ferent proteins have been identified using the methodology 
of peptide fingerprint identification by MS and searching 
databases (Yan et al., 2005). Three of these proteins were 
identified as enolase, four of them were previously con-
firmed as proteins in salt stress response, and the remaining 
six were new proteins involved in regulating metabolism 
energy, nitrogen and carbon in the removal of ROS and 
the stability of the cytoskeleton. This study gave further 
signs of the responses to salinity in rice roots and showed 
the extent of the proteomic approach in studies of stress 
in plants (Yan et al., 2005).

In the proteome analysis of mutant plants in tolerant 
(RH8706-49) and susceptible (H8706-34) to salinity wheat, 
five proteins located in the chloroplast, were identified 
as an ATPase transporter H+, a glutamine synthetic 2, a 
precursor protein (33kDa) involved in photosystem II and 
Rubisco (1.3-bisphosphate carboxylase/oxygenase) (Huo 
et al., 2004). These proteins probably play a crucial role in 
maintaining chloroplast function in plants under salt stress 
in leaves and roots of three cultivars of rice of the subspecies 
indica, Nipponbare, IR36 and Pokkali (Abbasi and Kom-
atsu, 2004). Eight proteins demonstrated over-regulation in 
leaves in response to 50 mM NaCl for 24 h. These proteins 
were identified as LSY081, LSY262 and LSY363, while five 
proteins were identified as fructose bisphosphate aldose, 
a protein complex of PS II, a protein 2 (OEE2) (oxygen-
Evolving enhancer protein 2) and superoxide dismutase 
(SOD). The latter enzyme has been reported in response 
to drought, low temperatures, salinity and ABA, whereas 
the expression of LSY081, LSY363 and OEE2 is increased 
by salt stress and ABA. LSY262 was expressed in leaves and 
roots, the aldose bisphosphate and two proteins related 
to PS II were expressed in leaf veins and sheath. LSY363 
expressed in veins, but was not detected in the leaf sheath 
and not in the root. These results indicate that specific 
proteins are expressed in specific organs of rice plants, 
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suggesting a coordinated response to salt stress (Abbasi 
and Komatsu, 2004).

Furthermore, comparative proteome analysis of sorghum 
under different sodium chloride concentrations (100, 150 
and 200 Mm) and control treatments showed temporal 
changes in total protein profile (Veeranagamallaiah et al., 
2008). The results showed 175 reproducible and detectable 
protein spots. Through MS analysis, 29 different proteins 
were identified that are expressed in response to salt stress, 
involved in various processes such as photosynthesis 
(31.0%), nitrogen metabolism (13.8%) lipid metabolism 
(6.8%), carbohydrate metabolism (6.8%), nucleotide me-

tabolism (6.8%), cell wall biogenesis (6.8%) and signal 
transduction (10.3%), stress-related proteins (10.3%) and 
proteins with unknown functions (7.4%). The first group 
represented by proteins of photosynthesis (31%) and 
nitrogen metabolism (13.8%), includes enzymes such as 
cytochrome P450 71D, phytochrome 1, proteins associated 
with photosystem I (PS I), chloroplast precursor (PSI.EB 
and EC 1.14.99) and ATP synthesis among others. In the 
second group, enzymes include those related to nitrogen 
metabolism such as glutamine synthetic, an isoform at 
the roots of sorghum (EC 6.3.1.2), urease (EC 3.5.1.5) and 
glutamate synthesis dependent ferredoxin (EC 1.4.7.1) 
(FD-GOGAT) (Veeranagamallaiah et al., 2008) (Tab. 2).

TABLA 2. Identification of proteins related to the response to salt stress (adapted Veeranagamallaiah et al., 2008). 

No.a Expression 
levelb Protein identification Specie No. 

accession Authors Function

1 ↑ Isovaleryl-CoA dehydrogenase 2, mitochondrial precursor (EC 
1.3.99.10) 

Setaria italica Q9FS87 
Veeranagamallaiah 
et al., 2008

Lipid metabolism

2 ↑ Cytochrome P450 71D9 (EC 1.14.-.-) (P450 CP3) Setaria italica O81971 
Veeranagamallaiah 
et al., 2008

Photosynthesis

3 ↓ ATP synthase subunit beta (EC 3.6.3.14) (ATPase subunit beta) (ATP 
synthase F1 sector subunit beta)

Setaria italica P00826 
Veeranagamallaiah 
et al., 2008

Photosynthesis

4 ATP synthase subunit beta, mitochondrial precursor (EC 3.6.3.14) Setaria italica P29685 
Veeranagamallaiah 
et al., 2008

Photosynthesis

5
Inositol-3-phosphate synthase (EC 5.5.1.4) (Myo-inositol-1-phosphate 
synthase) (MI-1-P synthase) (IPS)

Setaria italica Q9LW96 
Veeranagamallaiah 
et al., 2008

Signal transduction and 
storage phosphor

6 ↑ Glutamine synthetase root isozyme 4 (EC 6.3.1.2) (Glutamate–
ammonia ligase) (GS107)

Setaria italica P38562 
Veeranagamallaiah 
et al., 2008

Nitrogen metabolism

7 ↓ Putative 3,4-dihydroxy-2-butanone kinase Setaria italica O04059
Veeranagamallaiah 
et al., 2008

Signal transduction

8 ↓ Phytoene dehydrogenase, chloroplast precursor (EC 1.14.99.-) 
(Phytoene desaturase)

Setaria italica P49086 
Veeranagamallaiah 
et al., 2008

Biosynthesis of 
carotenoids

9 ↑ 26S protease regulatory subunit 6A homolog (TAT-binding protein 
homolog 1) (TBP-1) (Mg(2+)-dependent ATPase 1) (LEMA-1)

Setaria italica PRS6A
Veeranagamallaiah 
et al., 2008

Stress proteins

10 → Adenosyl homocysteinase (EC 3.3.1.1) (S-adenosyl-L-homocysteine 
hydrolase) (AdoHcyase)

Setaria italica P50246
Veeranagamallaiah 
et al., 2008

Metabolism of nucleic 
acids

11 ↑ Caffeoyl-CoA O-methyltransferase 2 (EC 2.1.1.104) (Trans-caffeoyl-
CoA 3-O-methyltransferase 2) (CCoAMT-2) (CCoAOMT-2)

Setaria italica O65922 
Veeranagamallaiah 
et al., 2008

Cell wall biogenesis

12 ↓ Naringenin, 2-oxoglutarate 3-dioxygenase (EC 1.14.11.9) (Flavonone-
3-hydroxylase) (F3H) (FHT) 

Setaria italica P28038
Veeranagamallaiah 
et al., 2008

Biosynthesis of flavonoids

13 ↓ (Q43155) Ferredoxin-dependent glutamate synthase, chloroplast (EC 
1.4.7.1) (Fd-GOGAT)

Setaria italica Q43155
Veeranagamallaiah 
et al., 2008

Nitrogen metabolism

14 ↓ Urease (EC 3.5.1.5) (Urea amidohydrolase) Setaria italica P07374
Veeranagamallaiah 
et al., 2008

Nitrogen metabolism

15 ↓ Metallothionein-like protein type 2 Setaria italica O22319
Veeranagamallaiah 
et al., 2008

Stress proteins

16 ↑ ATP synthase subunit beta (EC 3.6.3.14) (ATPase subunit beta) (ATP 
synthase F1 sector subunit beta)

Setaria italica O47037
Veeranagamallaiah 
et al., 2008

Photosynthesis

17 ↓ Phytochrome 1 Setaria italica P42496
Veeranagamallaiah 
et al., 2008

Photosynthesis

18 →
Ribonucleoside-diphosphate reductase small chain (EC 1.17.4.1) 
(Ribonucleotide reductase small subunit) (Ribonucleoside-
diphosphate reductase R2 subunit)

Setaria italica P49730
Veeranagamallaiah 
et al., 2008

Nucleotide metabolism

19 ↓
Photosystem I reaction center subunit IV B, chloroplast precursor 
(PSI-E B) [contains: Photosystem I reaction center subunit IV B isoform 
2]

Setaria italica Q41229 
Veeranagamallaiah 
et al., 2008

Photosynthesis

20 ↓ UDP-glucose 4-epimerase GEPI42 (EC 5.1.3.2) (Galactowaldenase) 
(UDP-galactose 4-epimerase)

Setaria italica O65780 
Veeranagamallaiah 
et al., 2008

Carbohydrate metabolism

continúa
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TABLA 2. Identification of proteins related to the response to salt stress (adapted Veeranagamallaiah et al., 2008). 

No.a Expression 
levelb Protein identification Specie No. 

accession Authors Function

21 → Probable aldehyde dehydrogenase (EC 1.2.1.3) (Flax-inducible 
sequence 1)

Setaria italica Q40255 
Veeranagamallaiah 
et al., 2008

Lipid metabolism

22 ↓ 40S ribosomal protein S12 Setaria italica Q9XHS0
Veeranagamallaiah 
et al., 2008

Protein synthesis

23 ↑ ATP synthase subunit beta (EC 3.6.3.14) (ATPase subunit beta) (ATP 
synthase F1 sector subunit beta) 

Setaria italica P26530 
Veeranagamallaiah 
et al., 2008

Photosynthesis

24 → Beta-amylase (EC 3.2.1.2) (1,4-alpha-D-glucan maltohydrolase) Setaria italica P55005
Veeranagamallaiah 
et al., 2008

Carbohydrate metabolism

25 ↓ Ferredoxin-dependent glutamate synthase (EC 1.4.7.1) (FD-GOGAT) 
(Fragment)

Setaria italica Q08258 
Veeranagamallaiah 
et al., 2008

Nitrogen metabolism

26 ↓
Glycine dehydrogenase [decarboxylating] A, mitochondrial precur-
sor (EC 1.4.4.2) (Glycine decarboxylase A) (Glycine cleavage system 
P-protein A)

Setaria italica P49361
Veeranagamallaiah 
et al., 2008

Stress proteins

27 ↓ Pyruvate kinase isozyme A, chloroplast precursor (EC 2.7.1.40) Setaria italica
Q43117 
KPYA

Veeranagamallaiah 
et al., 2008

Photosynthesis

28 → Glycine dehydrogenase [decarboxylating], mitochondrial precursor (EC 
1.4.4.2) (Glycine decarboxylase) (Glycine cleavage system P-protein)

Setaria italica O49954 
Veeranagamallaiah 
et al., 2008

Stress proteins

29 ↑ Caffeic acid 3-O-methyltransferase (EC 2.1.1.68) (S-adenosysl-L-
methionine:caffeic acid 3-O-methyltransferase) (COMT) (CAOMT)

Setaria italica O23760
Veeranagamallaiah 
et al., 2008

Cell wall biogenesis

a Number of spot
b Comparison between the control treatment and treatment under conditions of stress 150 mM de NaCl. ↑: over-regulation, ↓: sub-regulation y →: no change

Conclusions and perspectives

Proteomics has proved to be a valuable tool to identify 
proteins involved in abiotic stress responses in plants, 
allowing functional genome analysis. Proteins have been 
identified as common mechanisms of response to various 
abiotic stress factors (water and salt), which are expressed 
in different parts of the cell, such as enzymes related to 
the removal of ROS and protein heat shock (HSP), HSP70 
is particularly common in water and salt stress. Specific 
response mechanisms to stress have also been identified, 
such as the expression of proteins involved in the synthe-
sis of osmolytes, aquaporins and LEA proteins related to 
water stress.

Therefore, this omic approach contributes to the under-
standing of the complex mechanisms of plant response to 
environmental factors. Comparative proteomic studies on 
different tissues, organs, organelles and membranes, using 
different biological models (mutant or transgenic plants) 
allow monitoring of protein expression during different 
times, contributing significantly to the understanding of 
the mechanisms of adaptation of plants under certain stress 
conditions. Other research on protein-protein and protein-
ligand interactions and advances in approaches such as 
genomics, transcriptomics and metabolomics, will help to 
establish networks of interaction between genes, proteins 
and metabolites involved in stress response mechanisms. 
With the goal to improve protein extraction techniques in 
plant tissues, considered to be recalcitrant, reduce the effect 

of abundant proteins such as Rubisco, which hinder the dis-
play of other proteins of interest and resolve proteins with pI 
(s) ends. Quantitative studies of protein may increase with 
the development of new methodologies, known as second 
generation proteomics, which solve some limitations as-
sociated with the analytical variability of the technique, 
allowing the attainment of results with greater reproduc-
ibility, in stages of development and protein comparison of 
organs and between genotypes. The improvement of new 
computing platforms will support the rapid advancement 
and exchange of information between different groups in 
proteomics research worldwide.
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