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Pre-harvest aflatoxin contamination is a major problem
in semi-arid tropics where drought stress aggravates the
Aspergillus spp infection resulting in aflatoxin
contamination of groundnut (Arachis hypogaea).
Aflatoxins are carcinogenic and immunosuppressive
substances produced when toxic strains of Aspergillus
spp grow on groundnut and other crops. Drought stress is
known to predispose groundnuts to aflatoxin
contamination possibly due to loss of the phytoalexin
producing capacity of the seed and altered seed
composition (Cole et al. 1985, Dorner et al. 1989). Based
on the understanding that drought stress enhances pre-
harvest aflatoxin contamination, drought tolerant genotypes
were speculated to possess considerable degree of
resistance to aflatoxin contamination. Plants respond to
adopt the stress for survival through homeostasis or
osmotic adjustment involving changes in physiological
and biochemical processes. During the stress, plants may
maintain water uptake via osmotic adjustment, which
lowers the water potential of the leaf and maintains an
osmotic gradient in the leaf. Over-expression of late
embryogenesis proteins have been predicted to improve
drought tolerance because of their roles in maintenance of
membrane structure, sequestration of ions, binding of
water and operation as molecular chaperones. Investigations
to obtain differentially expressed proteins that are
responsive to drought stress would establish the functional
relevance of these proteins for developing drought
tolerant groundnut cultivars. In our study, we have
evaluated a number of groundnut genotypes for water
stress-regulated proteins in order to identify the proteins
related to drought tolerance, and determine possible role
of these proteins in groundnut acclimation and adaptation
to drought. The plants were grown in pots under
greenhouse conditions till 120 days, after which these
were subjected to water stress by withholding irrigation.
The average soil water potential was 10, 16, 28 and 38
centibars at 7, 14, 21 and 28-day stress periods, respectively,
as measured by Quick Draw soil moisture probe.
Groundnut pods (brown to black stages) were collected

from control and treatments at 7, 14, 21 and 28 days after
the stress. The seed were ground into a meal using a
mortar and pestle and defatted with hexane. Defatted
groundnut meal was extracted with a buffer containing
9.3 M urea, 5 mM K

2
CO

3
, 0.5% (w/v) dithiothritol and

2% (v/v) Nonidet P-40. Equal concentration (75 μg) of
protein was loaded on each lane of SDS-PAGE and
subjected to two-dimensional (2D) gel electrophoresis as
described by Basha (1979). After electrophoresis, the
gels were stained with Coomassie Blue R-250 (0.25%) to
visualize the protein spots. The proteins showing
significant suppression in response to water stress were
eluted from the gel, digested with trypsin and subjected to
liquid chromatography. The individual peptides were
sequenced using Mass Spectrophotometer. Amino acid
sequences were compared with the sequences in non-
redundant public sequence database of the National
Center for Biotechnology Information (NCBI).

Our data showed (Fig. 1) that both the drought tolerant
and drought susceptible genotypes responded similarly
during the brief stress periods (3 days), but during
prolonged stress conditions (>3 day) drought tolerant
genotypes (Vemana, K 1375) are able to maintain
expression of certain proteins (molecular weight between
14 kDa and 70 kDa) while in drought susceptible
genotypes (M 13, JL 24), these proteins are suppressed
indicating their role in stress tolerance.

Evaluation of groundnut genotypes with diverse drought
tolerance characteristics for determining differences in
their response to drought stress showed varying levels of
protein expression, suppression or over-expression of
leaf proteins (Table 1) among the genotypes. For example,
drought stress appears to have affected most of the
proteins (molecular weight between 10 and 70 kDa) in
drought susceptible genotypes, Florunner and JL 24,
whereas in drought tolerant genotype TMV 2 no changes
were observed in leaf polypeptide composition due to
water stress. The proteins that were over-expressed
following water stress were identified using Mass
Spectrophotometer. Polypeptide matches of the selected
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2D-resolved proteins were found to be similar with the
proteins of ultraviolet-B (UV-B) repressive rubisco
activase, glyceraldehyde-3-phosphate dehydrogenase,
ribulose bisphosphate carboxylase, phosphoribulokinase,
cytochrome b6-f complex and oxygen-evolving enhancer
protein.

Ultraviolet–B repressive rubisco activase is the gene
encoding the enzyme which suppresses the UV-B stress
mediated effects on transcription or translation (Casati et
al. 2006). Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) catalyzes the synthesis of 1,3-bisphospho-
glycerate, a “high energy” intermediate used for the synthesis
of ATP (Voet and Voet 2004). Ribulose bisphosphate
carboxylase catalyzes carbon dioxide fixation and
photorespiratory oxidation (Spreitzer and Salvucci
2002). Phosphoribulokinase catalyzes ATP-dependent
phosphorylation of Ru5P in Calvin Cycle, carbon dioxide
fixation and photorespiratory oxidation (Brandes et al.
1996). Cytochrome b6-f complex of chloroplasts transfers
electrons between the two reaction center complexes of
oxygenic photosynthetic membranes, photosystem and

photosystem II, and participates in formation of the
transmembrane electrochemical proton gradient by also
transferring protons from the stromal to the internal
lumen compartment (Cramer et al. 1994). Oxygen-
evolving enhancer has been implicated in photosynthetic
oxygen evolution, and it is associated with the
photosystem II complex, the site of oxygen evolution in
all higher plants and algae (Sugihara et al. 2000).

These data suggest that the proteins that are up-
regulated during drought stress may play a crucial role in
photosynthesis, and because of the ability to over-express
these proteins, drought tolerant genotypes are more
capable of withstanding the drought stress compared to
drought susceptible genotypes which are unable to
maintain this expression.

In addition, the drought tolerant groundnut genotypes
were found to maintain their normal protein expression
even after 15 days of water stress. These results suggest
that the drought tolerant genotypes are able to maintain
normal leaf protein levels by maintaining gene expression
for a longer period than the drought susceptible

Table 1. Effect of water stress on seed protein composition of groundnut genotypes with varying drought tolerance
characteristics.

Number of proteins Proteins Proteins
Type1 Genotype affected over-expressed suppressed

DS S. Runner 9 9 0
DT JUG 37 9 7 2
DS JL 24 9 2 7
DS Florunner 8 1 7
DS K 1341 8 2 6
DS TKG 19A 7 7 0
DS M 13 7 0 7
DS Kadiri-3 6 3 3
DT CSMG-84-1 6 0 6
DS Kadiri-4 5 5 0
DT K 1319 5 5 0
DT JL 220 5 0 5
DS K 1340 5 4 1
DT ICGS 44 5 5 0
DT ICGS 76 4 4 0
DT K 1375 3 0 3
DT TAG 24 3 3 0
DT GG 2 3 0 3
DT Kadiri-5 2 2 0
DT TPT 2 2 2 0
DT Vemana 0 0 0
DT TMV 2 0 0 0

1. DS = Drought susceptible, DT = Drought tolerant.
Source: ANGRAU, Andhra Pradesh, India.



genotypes. These results are also consistent with our
findings where we have observed up-regulation or down-
regulation of several mRNA transcripts following water
stress, and identified 51 drought-responsive transcripts
affected by water stress (Jain et al. 2001). The observed
changes in leaf polypeptide content and composition
among the genotypes could be attributed to differences in
gene expression resulting in down-regulation, up-
regulation or de novo synthesis of proteins.

Further evaluation of these stress-responsive
transcripts by integrated functional genomic approach is
necessary to monitor quantitative and qualitative
differences in transcriptome, proteome and metabolome,
and to determine interrelationship between expressed
genes and cellular responses to per se components
conferring resistance to drought. Meanwhile, these
proteins may be useful as potential markers for screening
groundnut germplasm to identify drought tolerant
genotypes as well as to develop drought and aflatoxin
tolerant groundnut cultivars using gene technologies.
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Figure 1. Response of drought tolerant (K 1375) and drought susceptible (M 13) groundnut genotypes to water stress. (Arrows indicate
the proteins affected by water stress. C = Control; S = 15 days after stress.)
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