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Yellow vein mosaic disease of mesta, a compatible plant virus interaction, poses a serious threat to mesta cultivation in
India. Plants respond to invasion by pathogens with multi‑component defense responses particularly in incompatible
interaction. With the aim of understanding, a biochemical approach was attempted to study the cellular redox status
in early stages of yellow vein mosaic virus infection associated with different ages plants of Hibiscus cannabinus.
Comparative analysis of GSH and GSSG content in infected and control plants of different ages indicated that infected
plants are under oxidative or nitrosative stress condition. A significant change was observed in Glutathione Reductase,
Catalase and Ascorbate Peroxidase level in early stage of infection. We also showed microscopic evidence of nitrosylated
thiols in infected leaves, stems and roots of H. cannabinus. Furthermore, we identified few defense related proteins in
infected plant using MALDI TOF mass spectrometric analysis.

Introduction
Plants respond to invasion by pathogens with an array of biochemical and genetic changes. Several mechanisms have been
found to be involved in plant defense against bacterial and fungal
invasion. The multi component defense responses in incompatible interaction include a burst of reactive oxygen intermediates,1
transcriptional activation of defense genes encoding phenyl propanoid pathway enzymes, lytic and antimicrobial pathogenesis
(PR) proteins,2 and development of the hypersensitive response
(HR).3 The outcome of HR is manifested by dry, necrotic lesion
at the infection site that is clearly delimited from surrounding
healthy tissue and is thought to contribute to the limitation of
pathogen spread.4 However, there is little information available to
show how plant responds to compatible interaction.
It has been reported that incompatible viral infections also
can lead to marked elevation of foliar GSH levels.5 Interestingly,
the GSSG content (and the GSSG/total glutathione redox ratio)
decreased in the infected leaves, which was probably due to the
strongly induced GR activity in infected tissues. Summarizing
the above reports it seems that the accumulation of GSH
occurs mainly in incompatible plant-pathogen interactions.
Incompatible interactions usually lead to a marked oxidative

burst in plant tissues.1 It is conceivable that the higher demand
for anti‑oxidative defense reactions leads to increased GSH biosynthesis in plant cells. Further studies, primarily the comparison
of compatible and incompatible interactions are necessary to gain
a deeper insight into the supposed protective role of GSH.
Kenaf (Hibiscus cannabinus L.) and roselle (Hibiscus subdariffa L.), together known as mesta (family Malvaceae), are cultivated primarily for the production of bast fibres in different states
of India. Mesta crop also have medicinal value and are being used
effectively in paper industry. Yellow vein mosaic disease of mesta
poses a serious threat to mesta cultivation in India. The disease
was found to be associated with two different begomo viruses,
Mesta yellow vein mosaic virus and Mesta yellow vein mosaic
Bahraich virus, from eastern and northern India respectively.6
With regards to beta satellite, two such molecules have been characterized from eastern and northern part of India.7 Recently, we
have first time demonstrated that begomovirus infection in susceptible H. cannabinus plants, results in elevated NO and reactive
nitrogen species production during early infection stage not only
in infected leaf but also in root and shoot. Production of NO
was further confirmed by oxyhemoglobin assay. Furthermore,
we used Phenyl alanine ammonia lyase as marker of pathogenesis related enzyme. In addition evidence for protein tyrosine
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Figure 1. Different stages of healthy and yellow vein mosaic virus
infected leaf of H. cannabinus. (A) healthy, (B) infected.

nitration during the early stage of viral infection clearly showed
the involvement of nitrosative stress.8
With the aim of understanding the compatible plant-pathogen interaction associated with yellow vein mosaic disease of
H. cannabinus, a biochemical approach was attempted to study
the cellular redox status in early stages of infection associated
with different ages (45 days, 90 days and 120 days) of H. cannabinus plant. We measured total thiol as well as reduced and oxidized thiol, two important cellular defense enzymes Glutathione
Reductase (GR) and Catalase in control and infected plants.
We also showed microscopic evidence of nitrosylated thiols in
infected leaves, stems and roots of H. cannabinus. Furthermore,
we identified few defense related proteins in infected plant using
MALDI TOF mass spectrometric analysis.
Results
Virus infections led to marked decrease in GSH and GSSG
content in susceptible plant. Disease development was observed
sequentially. Initially, 8–10 days after whitefly inoculation, mild
chlorotic flecks appeared along the veins on one half of the lamina. As the disease progressed, entire veins of the lamina turned
yellow and formed a yellow vein network. The interveinal chlorosis started as mild greenish yellow discoloration which progressed until the entire lamina turned whitish yellow (Fig. 1).
The impact of Mesta yellow vein mosaic disease, on growth and
yield, was greatest when the plants were inoculated at the earliest stage of growth. For experimental purpose, infected leaves
were harvested initially, within 8–10 days after whitefly inoculation of different age group (45-, 90- and 120-day-old) plants
depending upon the appearance of the symptoms in the infected
plants, mild chlorotic flecks appeared along the veins on one half
of the lamina. This was further cross checked by PCR analysis for
determining the viral load as mentioned.8 An attempt was made
to measure the cellular redox status in control and in early stages
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of infection associated with different ages (45 days, 90 days and
120 days) of H. cannabinus plant. We measured total glutathione
(GSH+2GSSG), oxidized glutathione and the ratio of oxidized
GSSG and total thiol form (GSH+GSSG) as marker of cellular
glutathione status in infected and control leaf of H. cannabinus
grown in glass house (Fig. 2A–D). Total glutathione content was
decreased by 60.19%, 55.61% and 24.87% respectively in 45-,
90- and 120-day-old viral infected plant compared to the control
plant. Oxidized glutathione (GSSG) content was less in infected
plant than the control irrespective of the age of the infection. GSH
content was markedly decreased in early infection of 45-day-old
plant. Decrease in GSH content was less in early infection of
90-day-old plant compared to the control plant. There is negligible difference in GSH level among the control and early infected
120-day-old plant indicating defense response mediated by GSH
depends on the age of infection. In case of incompatible interaction, Tobacco mosaic virus infection led to a substantial elevation
of GSH levels both in the infected lower and non-infected upper
leaves of resistant tobacco (Nicotiana tabacum L. cv. Xanthi-nc)
plants.9 Comparative analysis of GSH and GSSG content in
infected and control plant of different ages indicated that GSSG/
GSH+GSSG ratio remained unchanged in early infection of
45-day-old plants but it was markedly decreased in early infection of 90- and 120-day-old plants (Fig. 2D) indicating those
plants are under oxidative or nitrosative stress condition.
Cellular redox active enzymes were highly modulated
during the course of viral infection in H. cannabinus. Little
information is available about pathogen-induced changes in the
antioxidant Glutathione Reductase activities in compatible interaction. To determine whether plants have a mechanism to combat ROS and RNS generated during the compatible infection,
we monitored two redox active enzymatic activities both in control and infected plants. In early stage of infection (45 days old),
there was a two-fold decrease in Glutathione reductase activity
in infected leaf than the control (Fig. 3A). There was a significant change in Glutathione Reductase level (~2.2-fold increase)
in early stage of infection in 90-day-old plant which corroborated
with our previous result where decrease in GSH level was less in
infected leaves than the control. There was an increase in GR
level in early infection of 120-day-old plant also but the extent of
increase was much less compared to the 90-day-old plant indicating protection against viral infection by redox active enzyme like
GR depends on the age of the plant.
Previous results from incompatible interaction suggested that
salicylic acid, which accumulates during pathogen-induced programmed cell death in tobacco, inhibits the activity of catalase
and ascorbate peroxidase (APx), thereby reducing the capability of cells to scavenge H2O2.10,11 In H. cannabinus leaf, yellow
vein mosaic virus infection induced a significant increase (2.03fold) in catalase activity in early stage of infection of 45-day-old
plant compared to the control (Fig. 3B). The increase in catalase activity was not significant in early infection of 90-day-old
plant. As there was a little decrease in catalase activity in early
infection of 120-day-old plant we checked ascorbate peroxidase
activity at the same stage of infection. Interestingly, ascorbate
peroxidase activity was increased 2.2-fold at early infection
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stage which was evident from the
specific activity level of infected
(0.77 ± 0.01 μmolmin-1mg-1) and
control leaves (0.34 ± 0.04 μmol
min-1mg-1). Zymogram analysis of
APx also supported similar observation (Fig. 4). Ascorbate peroxidase (APx; EC 1.11.1.11) is a key
H2O2 scavenging enzyme found
in the cytosol, chloroplast and
mitochondria of higher plants. We
next checked for ROS production
in leaf sections (Fig. 5), but we
did not find any reactive oxygen
species or ROS production indication compatible interaction does
not lead to hypersensitive response
which is also supported by the
induction of APx expression.
Microscopic
evidence
of
RSNO in infected leaves, stems
and root of H. cannabinus. The
potent Hg-Link phenylmercury
compounds form stable thiolates
with free sulfhydryls, but can also
react with other thiol moieties,
including nitrosylated thiols. Our
previous work on this system
showed the presence of nitric oxide
in all the infected plants irrespective of the age of infection.8 As cellular thiols could easily react with
nitric oxide to produce nitrosylated
Figure 2. Estimation of cellular thiol status in control and yellow vein mosaic virus infected H. cannabinus
thiols or RSNO, so we compared
leaf collected from (A) 45-day-old, (B) 90-day-old, (C) 120-day-old plant. Total thiol, GSH and GSSG were
the RSNO content in control and
determined according to the protocol described in Materials and Methods Section. The ratio of oxidized
and total thiol is presented in (D). Results are expressed as mean ± SD, for n = 3 experiments. p ≤ 0.01, using
infected leaves and stems of H. canone-way ANOVA.
nabinus using Epifluorescence and
Phase-contrast microscopy. We
found the presence of RSNO in all parts of the infected plants Interval (C.I.%) value ranges from 77–99.5%. Malonyl CoA
irrespective of their age of infection. A representative figure of 120 synthetase (Fragment)-Bradyrhizobiumjaponicum, heat shock
days infected leaf, stem and root sections have been shown here protein, 70 K, chloroplast-cucumber, dnaK-type molecular chap(Fig. 6 and 7). Interestingly, nitrosylated thiols were concentrated erone HSC70-9, chloroplast-spinach, Heat shock protein 70.
particularly in the xylem, phloem, epidermis and in spongy and Arabidopsis thaliana (Mouse-ear cress), dnaK-type molecular
palisade mesophyll region which corroborated well with the previ- chaperone CSS1 precursor, chloroplast-garden pea, Heat shock
ously published data on NO production under the similar experi- protein Hsp70. Medicago truncatula, dnaK-type molecular
mental conditions.8 Control leaf sections also showed RSNO chaperone HSP80 precursor, chloroplast-spinach (fragment),
fluorescence in xylem, phloem and epidermis layer. However, it dif- chloroplast-spinach showed high CI% value as well as high profered in their degree of fluorescence in control and infected leaves. tein score (Table 1).
Induction of plant defense proteins in infected leaves of
H. cannabinus. To identify the defense related proteins which
Discussion
were expressed in early viral infection of 120-day-old plant,
control and infected leaf extract were run in two dimensional The accumulation of GSH in plants exposed to various abiotic
gel electrophoresis followed by mass spectrometry, the spots of stresses has been reported in a number of papers.5 However,
interest, i.e., unique spots and certain landmark spots present in relatively little information is available about alterations of
infected plant leaf extract were excised from the 2-D gels. Initial endogenous GSH levels in plants infected with viral pathogens
MS scan resulted in PMF protein identification of a Confidence particularly in susceptible interaction. One of the primary roles of
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level in GR activity could be correlated with the availability of
the GSH molecules in 45-day-old plants. As high basal levels of
GSH was already present in 45-days-old plants during infection,
the lower level in GR activity did not impact much under that
condition. As there was a decrease in basal GSH level in 90- and
120-day-old plant, activation of GR was essential to combat viral
infection in those stages. It would be interesting to study the exact
mechanism of regulation of GR gene expression in early stage
of infection in different ages of plant. Induction of catalase and
ascorbate peroxidase activity in early infected plant also correlated
with the absence of ROS in infected leaves. In yellow vein mosaic
virus infected H. cannabinus leaves, in early infection, there was
almost two-fold increase in catalase and ascorbate peroxidase
enzyme activity indicating those are participating in scavenging
ROS in infected leaves.
Our mass spectrometric study for the identification of defense
related protein showed various chaperone proteins and malonyl
CoA synthetase. The primary step of Polykitide biosynthesis
is dependent on Malonyl coA synthetase. It is conceivable that
Polykitide biosynthesis would be beneficial under stress conditions.
Various chaperone proteins could play important role in restoring
proteins in their proper folded state under stress conditions.
In conclusion, this is the first biochemical characterization of
compatible plant viral interaction where we found a significant
role of cellular thiol and redox active enzymes to protect against
viral infection. In future study characterizing the role of the plant
defense proteins identified in this study would be helpful to elucidate the mechanism involved in protection.
Materials and Methods

Figure 3. Specific activity of (A) GR and (B) Catalase were measured at
different stages of control and yellow vein mosaic virus infected H. cannabinus leaf. Enzymes were assayed in crude leaf extracts according to
the method described in Materials and Methods. Results are expressed
as mean ± SD, for n = 3 experiments. p ≤ 0.01, using one-way ANOVA.

GSH in plant tissues is the participation in antioxidative defense
reactions. GSH can scavenge ROS in direct reactions or through
ascorbate glutathione cycle, which is an important mechanism of
plant cells for the detoxification of H2O2. Our previously published results showed the presence of nitric oxide under similar
experimental conditions. Oxidation of NO through binding to
transition metals or reaction with intracellularly generated superoxide anion may generate strong oxidant peroxynitrite and other
reactive nitrogen species, which may lead to GSNO formation
by S-nitrosylation of GSH, which is evident from our Alexa fluor
488 specific fluorescence in infected leaves.
Little information is available about pathogen-induced changes
in the antioxidant enzyme activities. The elevated GR activities
confer a more efficient antioxidative protection to infected tissues. However, GR activity was less in 45-day-old infected plant
than the control plant without infection. The exact reason for this
low GR activity in infected plant is not clearly known. The lower
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Chemicals. All the reagents are of highest purity and purchased
from Sigma Chemical Co. (St. Louis, MO) unless otherwise
stated.
Source of virus‑infected plants, maintenance of virus and
detection. Diseased plant samples, showing typical yellow vein
symptoms, were collected from the cultivated fields of Bongaon
region of West Bengal state of India these plants were used as
sources of virus inocula. The associated begomovirus complex
were maintained in susceptible kenaf plants cv. HC-583, grown
under insect-proof glasshouse of Central Research Institute for
Jute and Allied Fibres (CRIJAF), through successive whitefly
(B. tabaci) transmission. For whitefly transmission, the tobaccowhiteflies (B. tabaci) were collected from kenaf crop grown at the
CRIJAF research farm and reared on tobacco plants (Nicotiana
tabacum) in an insect-proof wood-framed cage for few generations to make the whitefly culture virus-free. The adult whiteflies,
which emerged from nymphs present on tobacco, were used for
transmission studies. Five virus-free whiteflies were separately fed
on the diseased samples collected from the farmers’ field and after
12 h of acquisition access period the viruliferous whiteflies were
released on the healthy plants (10 seedlings per pot) grown under
glasshouse. After 12 h of inoculation access period, inoculated
plants were sprayed with 0.2% Dimethoate (Rogor) and kept in
cages until symptom development. Successive back-inoculation to
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Figure 4. Analysis of APX activity in H. cannabinus crude protein extracts by the APX zymogram assay. Detection of APX activity in soluble
protein extracts (10 μg protein in each lane) was obtained from leaves
of 120-day-old control and yellow vein mosaic virus infected H. cannabinus. Electrophoretic separation and detection of enzymatic activities
were carried out as described under Materials and Methods.

new sets of healthy kenaf plants was carried out to avoid mixed
infection.
For detection of the associated begomovirus complex, total
plant DNA was isolated from the diseased plants maintained
under glasshouse by a modified CTAB method recently developed at CRIJAF.8 The modification included the use of more
volume of extraction buffer and dissolving crude nucleic acid pellet in 1 (M) NaCl, which markedly reduced the viscosity of the
mucilage and thus the final purification step yielded more quantity of mucilage-free DNA suitable for subsequent PCR based
detection of begomoviruses. To amplify the begomovirus(es)
associated with MeYVMD.
One primer pair (FL[H]F: 5'-AAG CTT AAA TAA ATY
TCC YGC YTA T-3' and FL[H]R: 5'AAG CTT TGA GCG
CGTCAT ATG ATT G-3') was designed from the AV2 gene
of the previously characterized sequence of MeYVMV (accession no. EF373060) and another primer pair [NIYVM(SP)-FLF
(5'-CAG AAG TCC GGA TGT TCC AAG-3')/NI-YVM(SP)FLR(5'-TAC ATC CGA TAC ATT CTG GGC-3')], was
designed from the AV1 gene of the MeYVMBV (accession no.
EU360303). For the amplification of betasatellite genomes, PCR
was carried out using the universal betasatellite primers.8
Preparation of crude cell free extract. All operations were performed at 0–4°C. H. cannabinus leaves were ground to powder
in a mortar with liquid nitrogen, and were suspended in 10 ml of
100 mM phosphate buffer (pH 7.4), containing 1 mM EDTA,
7% (W/V) PVPP, 15 mM DTT, 15 mM PMSF and centrifuged
at 10,000 rpm for 10 min to remove the cell debris. Then, the
supernatants were used for the following experiments.
Total glutathione (GSH+GSSG), reduced glutathione
(GSH) and oxidized glutathione (GSSG) content measurement.
All the three parameters were measured according to the method
described by Akerboom et al.12 In brief, crude cell-free extract
was added to equal volume 2 M HClO4 containing 2 mM EDTA
and incubated in ice for 10 min. The mixture was centrifuged at
5,000 g for 5 min. Resulting supernatant was neutralized with
2 M KOH containing 0.3 M HEPES. After centrifugation at
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Figure 5. Imaging of ROS and Superoxide detection in H. cannabinus
leaf by fluorescence microscopy. Images are cross sections showing
(A) no significant ROS-dependent DCFDA fluorescence from control
(a), infected (b), (c and d) showing no significant superoxide dependent DHE fluorescence. The orange yellow color corresponds to the
autofluorescence. (B) control leaf (a) and 10 μM H2O2 treated control
leaf used as positive control of superoxide detection (c), corresponding
bright fields (b and d). Figure representative of at least six independent
experiments. Bar = 250 μm.

5,000 g for 5 min, the neutralized supernatant was used for estimation of the above-mentioned parameters.
Total glutathione (GSH + 2GSSG) was estimated following
GR dependent DTNB reduction assay spectrophotometrically
measuring 5-thio-2-nitrobenzoate (TNB) formation at 412 nm.
The reaction mixture contained 100 mM K-phosphate, pH 7.0,
1 mM EDTA, 0.12 U GR, 0.2 mM NADPH, 0.063 mM DTNB
and sample in a total volume of 500 μl. Same neutralized extract
was treated with 2-vinylpyridine (Lancaster Chemicals, England)
(50:1, v/v) for 1 h at room temperature. Then it was used for
GSSG estimation using above method. Glutathione content was
determined from the difference between total and oxidized glutathione content of the sample.
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in absorbance at 340 nm due to
utilization of NADPH (extinction coefficient = 6.22 mM1
cm-1).13 The GR assay mixture
contained 50 mM K-phosphate
(pH 7.0), 1 mM EDTA, 1 mM
GSSG, 0.15 mM NADPH and
the enzyme in a total volume of
500 μl.
Catalase activity assay.
Catalase activity of crude
cell‑free extract was determined
by measuring the decrease in
absorbance at 240 nm due to
utilization of H2O2 (extinction
coefficient = 43.6 M-1cm-1).14 The
assay mixture contained 50 mM
K-phosphate (pH 7.5), 1 mM
EDTA, 10 mM H2O2 and the
enzyme in a total volume of 500
μl.
APX activity assay. Reaction
mixture contained 50 mM
potassium phosphate (pH 7.0),
0.1 mM H 2O2 and 0.5 mM
ascorbate. The H 2O2-dependent
oxidation of ascorbate was
followed by monitoring the
decrease in absorbance at
290 nm, assuming an absorption coefficient of 2.8 mM-1cm-1.
One unit of APx was defined as
the amount of enzyme that oxidized 1 μmol of ascorbate per
min at 25°C.15
Detection of APx activity in
gels. All steps described below
were performed at room temperature (20–25°C). Subsequent
to the electrophoresis separation, the gels were equilibrated
with 50 mM sodium phosphate
buffer (pH 7) and 2 mM ascorbate for a total of 30 min. The
gels were then incubated with
50 mM ascorbate and 2 mM
H 2O2 for 20 min. H 2O2 was
Figure 6. Imaging of RSNO detection in H. cannabinus leaf and stem by fluorescence microscopy from
added to this solution immedi120-day-old plant. Images are cross sections showing the bright green fluorescence corresponded to the
ately prior to incubation with
detection of RSNO. The orange yellow color corresponds to the autofluorescence. Control leaf (A), infected
the gel. The gels were subseleaf (C), control stem (E), infected stem (G), corresponding bright fields (B, D, F and H). Figure representative
quently washed with 50 mM
of at least six independent experiments. X, xylem vessels; Ph, phloem; e, epidermis; co, collenchyma; ca,
sodium phosphate buffer (pH 7)
cambium; c, conjunctive tissue. Bar = 250 μm.
for 1 min and submerged in a
solution of 50 mM of sodium
Glutathione reductase (GR) activity assay. GR activity of phosphate buffer (pH 7.8), 28 mM TEMED and 2.4 mM NBT
crude cell‑free extract was determined by measuring the decrease with gentle agitation.16 The APx activity was observed as an
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Two dimensional gel elec‑
trophoresis. Two dimensional
gel electrophoresis was performed with the Ettan IPGphor
II system (GE Healthcare
Limited,
Buckinghamshire,
UK).17 For the first dimension 7
cm NL, pH 3–10, immobilized
strips were used where 250 μgm
of protein was loaded together
with the rehydration buffer containing 8 M Urea, 2% (V/V)
Triton X 100, 0.28% (W/V)
DTT, 1% (V/V) IPG buffer containing ampholytes and
0.002% (W/V) Bromophenol
blue (all final concentrations).
For the preparation of sample,
the H. cannabinus protein sample is precipitated with 0.1 M
ammonium acetate in methanol. The pellet is washed several
times with ammonium acetate
in methanol, acetone and then
air dried. The pellet containFigure 7. Imaging of RSNO detection in H. cannabinus root by fluorescence microscopy from 120-day-old
ing 250 μg protein was directly
plant. Images are cross sections showing the bright green fluorescence corresponded to the detection of
solubilized in the above rehydraRSNO. The orange yellow colour corresponds to the autofluorescence. Control root (A), infected root (C), cortion buffer and loaded in the
responding bright fields (B and D). Figure representative of at least six independent experiments. X, xylem
first dimension. IPG strips were
vessels; Ph, phloem; e, epidermis; ca, conjunctive tissue. Bar = 250 μm.
rehydrated with samples at 50
μA/strip for 12 h at 20°C and
achromatic band on a purple-blue background; the reaction then isoelectric focusing was performed at 25°C by a linear
was allowed to continue for approximately 10 more min and increase to 500 V for 2 h followed by a gradient increase to
stopped by brief wash with deionized water.
4,500 V over 1 h and then held at 4,500 V until a total of 14
Table 1. List of induced plant defense proteins identified by MS analysis in infected leaves of H. cannabinus
No

Identified protein

Accession no.

Protein
score C.I.%

Protein
score

MW

pI

Function

1

Malonyl CoA synthetase (Fragment).Bradyrhizobiumjaponicum

Q9LAR4_BRAJA

99.532

88

55532.1

8.24

Helps in polyketide synthesis.

2

heat shock protein, 70 K,
chloroplast-cucumber

T10248

99.573

89

75480.0

5.15

Facilitates trafficking through
plasmodesmata.

3

dnaK-type molecular chaperone
HSC70-9, chloroplast-spinach

T08899

93.537

77

76265.5

5.19

involved in protein folding and
assembling/disassembling of
protein complexes.

4

Heat shock protein 70.- Arabidopsis
thaliana (Mouse-ear cress).

Q9M637_ARATH

88.507

74

77229.7

5.13

To control the accurate folding
and translocation of polypeptides at the different cellular
compartments.

5

dnaK-type molecular chaperone
CSS1 precursor, chloroplast-garden
pea

S32818

87.685

74

75583.3

5.22

Involved in protein folding and
assembling/disassembling of
protein complexes.

6

Heat shock protein Hsp70.Medicago truncatula

Q1SKX2_MEDTR

87.399

74

75824

5.19

Protect proteins under stressful
conditions.

7

dnaK-type molecular chaperone
HSP80 precursor,
chloroplast-spinach (fragment)

T09119

77.591

72

64917.7

4.87

Involved in protein folding and
assembling/disassembling of
protein complexes.
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KVH was reached. For the second dimension the IPG strips were
first equilibrated for 15 min in SDS equilibrium buffer containing
50 mM Tris-HCl (pH 8.8), 6 M Urea, 30% V/V Glycerol, 2%
W/V SDS, 1% W/V DTT and 0.002% (W/V) Bromophenol
blue and then in 50 mM Tris-HCl (pH 8.8), 6 M Urea (W/V),
30% Glycerol (V/V), 2% SDS (W/V), 2% Iodoacetamide
(W/V) and 0.002% (W/V) Bromophenol for another 15 min.
The strips were then embedded in 0.5% (W/V) agarose on top
of a 10% acrylamide gel containing 3% stacking gel. The second
dimension SDS PAGE was performed according to Laemmli.18
After second dimension, the two gels were analyzed for unique
spot analysis using Bio-Rad Versa Doc system (St. louis, MO)
with Quantity One version 4.6.2 and PD quest version 8.0.1
softwares.
Protein identification by mass spectrometric analysis.
Unique spots of viral infected sample were excised from the twodimensional polyacrylamide gel electrophoresis (2D-PAGE) gels
and digested in gel according to the manufacturer’s protocol
using in gel tryptic digestion kit, Thermo Scientific, Meridian
Road, Rockford, IL. Mass spectra were collected on an ABI 4800
Proteomics Analyzer MALDI-TOF/TOF mass spectrometer
(Applied Biosystems, Foster City, CA), and protein identification (ID) was performed using the Result Dependent Analysis
(RDA) of ABI GPS Explorer software, version 3.5 (Applied
Biosystems), using the MASCOT (Matrix Science, Boston, MA)
algorithm and MS DB. Peptide mass fingerprinting (PMF) data
obtained from the initial MS scan served for preliminary protein
identification.
Detection of RSNO by fluorescence microscopy. RSNOs
were detected using the fluorescent reagent Alexa fluor 488
Hg-link phenylmercury.19 H. cannabinus leaf sections were
incubated with 10 μM Alexa fluor 488 Hg-link phenylmercury
(Molecular Probes, cat. no H30462) at 25°C for 2 h, in darkness,
and then were washed three times in 10 mM Tris-HCl buffer, pH
7.4, for 15 min each. After washing three times in the previous
buffer, then the sections were examined by Olympus BX51 fluorescence microscope attached with Olympus CoolSNAP cf color/
OL camera using appropriate filter. Light intensity and exposure

times were kept constant for a given set of experiment and collection modalities for Alexa fluor 488 green fluorescence (excitation
495 nm; emission 519 nm).
Detection of superoxide radical and reactive oxygen spe‑
cies by fluorescence microscopy. For superoxide radicals, the
samples were incubated at 37°C for 30 min with 10 μM dihydroethidium (DHE), as described by Rodriguez-Serrano et al.20
and for reactive oxygen species, samples were incubated with 10
μM (DCF-DA).21 For positive control samples were incubated
with 10 μM H 2O2 for 30 min. After incubation, samples were
washed twice in the 10 mM Tris-HCl buffer, pH 7.4 for 15
min each. Then the sections were examined by Olympus BX51
fluorescence microscope attached with Olympus CoolSNAP cf
color/OL camera using appropriate filter. Light intensity and
exposure times were kept constant for a given set of experiment
and collection modalities for DHE green fluorescence (excitation 488 nm; emission 520), DCF-DA green fluorescence
(excitation at 485 nm, emission at 530 nm) and chlorophyll
autofluorescence (chlorophyll a and b, excitation 429 and 450
nm, respectively; emission 650 and 670 nm, respectively) as
orange.
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