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Abstract

Mannitol is important in pathogenesis to counteract
antioxidant defences induced in both plant and
animal hosts. Proline accumulation in plants under
stressed conditions causes the activation of proline
biosynthesis. Both mannitol and proline are
scavengers of ROS and play an important role in
host-pathogen interaction by allowing the fungus to
suppress ROS mediated plant responses. The aim of
this study was to characterize the effect on mannitol
production and proline accumulation during infection
of Alternaria alternata and its toxins with tomato
plant leading to cell damage or death. Alternaria
alternata was isolated from a naturally infected
tomato plant and characterized by molecular
techniques using PCR amplification. The production
of mannitol in plant tissues infected with the pathogen
and its toxins were observed and confirmed by using
TLC and HPLC analysis that mannitol being
produced in plant infected tissues but not in the
healthy plant tissues. Proline content also increased in
infected tissues at different time intervals. From the
result, it is proved that mannitol is somewhere
required by A. alternata for its pathogenicity during
interaction with tomato which is important for
normal disease development. This study demonstrates
that mannitol and proline production in tomato
plants were increased during treatment with
Alternaria alternata as well as its metabolites namely
tenuazonic acid (TeA) and alternariol (AOH).
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Introduction

Tomato (Lycopersicum esculentum) belongs to the
family solanaceae which is an excellent model
system to study plant-pathogen interactions [1].
Tomato is second most important vegetable crop
grown worldwide having reached a production of
more than 160 million tonnes [2]. There have been
significant reports on interactions between tomato
and other pathogens such as Alternaria alternata,
Fusarium oxysporum, Phytopthora infestans,
Pseudomonas syringae and Tomato mosaic virus
[3].

Mannitol is one of the most frequent sugar
alcohols (polyols) found in micro-organisms, plants
and animals, such as Alternaria alternata,
Cladosporium fulvum, Uromyces fabae, celery,
parsley and snapdragon [4-8]. Mannitol is well-
documented for its role in osmoprotection and
carbon transport in plants like celery, where
mannitol comprises up to 50% of the translocated
carbohydrate [4]. In fungi, several physiological
functions have been proposed for mannitol,
including carbohydrate storage and translocation,
osmoprotection and as an antioxidant [9-11].

Mannitol additionally extinguishes
reactive oxygen species (ROS) [8], prompting the
speculation that it can assume a cell reinforcement
part in host—pathogen interactions. Several fungal
pathogens require mannitol production and
secretion for its pathogenicity [12]. During
infecting in tobacco, Alternaria alternata secretes
mannitol, which is induced by host leaf extracts
[13]. This investigation revealed that fungal
pathogens secrete mannitol to reduce the ROS that
is involved in plant defences mechanisms.
However, pathogen secreted mannitol is
catabolised by mannitol dehydrogenase (MTD)
which is induced by the pathogen in the plants, thus
protecting the plants ROS-mediated defences [14].

Proline is an amino acid which is vital for
primary metabolism. Proline may also acts as a
protein-compatible hydrotrope [15], and hydroxyl
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radical scavenger [9]. Proline accumulation has
been described during situation of drought [16],
high salinity [17], high light, UV irradiation, heavy
metals [18], oxidative stress [19] and in response to
other biatic stresses [20]. Numerous studies have
reported proline as an antioxidant suggesting its
role as ROS scavenger and singlet oxygen
quencher [9, 21]. Exogenous application of proline
provides osmoprotection and also enhanced the
growth of plants exposed to salt stress [22, 23].

The present study was carried out to
examine the effect of Alternaria alternata and its
toxins (TeA and AOH) on mannitol and proline
accumulation during pathogenesis in tomato plants.

Material and Methods
Isolation and identification of
pathogen

The leaf samples from infected tomato plants were
collected and grown on PDA medium. The
pathogen was preliminary identified on the basis of
morphological characteristics including size, shape
and structure of conidia [24] which was further
confirmed by ITS amplification using primers
AAF2 and AAR3 amplifying ITS regions and 5.8S
genes encoding for Alternaria alternata. DNA
extraction was carried out as per the method
suggested by Doyle and Doyle [25].

Chlorophyll content analysis

In tomato plant, disease development was also
assessed by observing the Chlorophyll content (Chl
a, Chl b and total chlorophyll) [26]. In this method
tomato plants leaves (0.1 g) that were treated with
the pathogen and challenged with toxins of
Alternaria species were chopped into small pieces
and extracted with 80% acetone. Chlorophyll
contents were measured by taking absorbance at
645 nm and 663 nm for chlorophyll a, b and total
chlorophyll.

Estimation of mannitol
Mannitol determination by Thin
Layer Chromatography (TLC)

Mannitol was extracted as described by [27].
Treated leaves were killed in 80% boiling ethanol
and were left overnight. A further extraction was
done for 5 minutes with 20% boiling ethanol.
These extracts together form soluble extract
containing mannitol. Standard (2%) which consists
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of glucose, glycerol and mannitol were spotted
along with cell extracts onto silica gel 60 plates
(Merck, Darmstadt, Germany) and developed with
acetonitrile: ethyl acetate: propanol water
(17:4:4:3) as the mobile phase. The spots were
developed by spraying with 0.5% KMnO, in 1 N
NaOH.

Mannitol analysis by HPLC

Mannitol was extracted from the leaves of the
infected tomato plants, according to the method
described by [28]. Mannitol levels were analysed
and quantified by high-performance liquid
chromatography (HPLC detector, Photodiode
Array Detector PDA detector 2998) at 254 nm. Ten
microlitres of sample was injected per run and the
system was operated at 0.70 ml/min with
acetonitrile: water in the ratio of 80:20 as the
mobile phase and using C-18 Waters Spherisorb®,
ODS2, 5.0 pm, 4.6 mm x 250 mm column at 25°C
for the separation. Mannitol at 10 mg 1™ was used at
the standard and peak area of each sample was
quantified. The area of the standard was used to
determine the amount of mannitol in the samples.

Estimation of Proline

Proline was measured as described by [29]. For
proline content estimation, 0.5 g of treated leaf was
homogenized in 5 ml of 3% sulphosalycylic acid
and centrifuged at 1,000 rpm to collect the
supernatant. The reaction mixture contained 2 ml of
filtrate, 2 ml of glacial acetic acid and 2 ml of
ninhydrin reagent. The reaction mixture was kept in
a boiling water bath at 100°C for 1 h after brick red
colour was developed. The reaction mixture was
cooled with addition, added 4 ml of toluene and
transferred to a separating funnel. After thoroughly
mixing, the chromospheres containing toluene was
separated. The seprated sample was used for the
estimation of proline. The proline concentration
was determined from a standard curve. The
absorbance of the samples was measured at 520 nm
in a spectrophotometer.

Results

Isolation and identification of
the pathogen

On the basis of preliminary microscopic

examination based on morphological characteristics
the pathogen was identified as Alternaria alternata
(Fig. 1 A, B). This was further confirmed as the
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same on the basis of pathogen specific primers
(Approximately 25 bases in length) coding ITS
region and 5.8 S gene having some regions specific
for pathogen as the size of amplicon was found at
341 bp characteristic for Alternaria alternata (Fig.
1C).

Figure 1. (A) Isolation and purification of pathogen Alternaria
alternata on PDA plate isolated from tomato plant (B)
Morphology and conidial structure of Alternaria alternata (C)
Gel electrophoresis of PCR products with primers AAF2/AAR3
of DNA from fungal isolate of Alternaria alternata. Lane 1,
molecular weight markers (1 kb ladder); lanes 2-3, Alternaria
alternata (341 bp).

Effect on chlorophyll content

After treatment with metabolites (TeA and AOH)
and the pathogen, the chlorophyll (chl a, chl b and
total chl) content of plant decreased gradually (Fig.
2). Minimum cholorophyll content was observed in
pathogen treated plants, followed by TeA and AOH
with respect to control plants.

Chlorophyll a and chlorophyll b contents
were found minimum in pathogen treated plants
(chl a 52.74% and chl b 42.20%) followed by
metabolite AOH (chl a 69.23% and chl b 64.50%)
and metabolites TeA (chl a 89.67% and chl b
87.64%) challenged plants. Total Chlorophyll
content was also found minimum in pathogen
treated plants (46.34%) followed by metabolite
AOH (66.58%) and metabolite TeA (88.40%)
challenged plants with compared to control plants.
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Figure 2. Effect on chlorophyll content in tomato plants treated
with pathogen and their metabolites (TeA and AOH) after 48 h.
Results were expressed as the mean of three replicates and
vertical bars indicate the +SD of the mean.

Estimation of mannitol by TLC
The mannitol (Rf value 0.68) increased in the
pathogen treated samples as compared to TeA and
AOH challenged samples of tomato leaves (Fig. 3).
In the pathogen treated sample the spot size was
larger as compared to other samples. In control
sample (without treatment) the spot was not
detected.

S C AOH TeA P

Mannitol
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Figure 3. TLC plate showing the mannitol (Rf value 0.68) in
tomato plants in different stressed conditions (A) Plate showed
the mixture of (mannitol, glucose, glycerol) and separation of
these three compounds, (B) plate showed the amount of
mannitol in stressed condition after 24 h, and (C) plate showed
amount of mannitol after 48h

*(S: standard of mannitol, C: control, AOH: Alternariol
challenged sample, TeA: Tenuazonic acid challenged sample, P:
pathogen treated sample)

Quantitative analysis of
mannitol by HPLC

The result showed that the mannitol production
increased during stress conditions. In case of
pathogen treated samples highest intensity of
mannitol spot was observed at 48 h after treatment
and low intensity of mannitol spot was observed at
24 h after treatment (Fig. 4). Quantitative
estimation of mannitol was performed by using
HPLC and the observed results showed that the
maximum peak area was found in the case of
pathogen treated plant by using mannitol as a
standard. The highest content of mannitol was
found in pathogen treated plants (157.3767 + 5.87)
followed by treatment of TeA (89.0614 + 3.01) and
AOH (76.5062 + 4.98) challenged plants at 48h
treatment.
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Figure 4. HPLC chromatogram representing the differential
concentrations of mannitol (at 0 h, 12 h, 24 h, 48 h, 72 h and 96
h) during pathogen (Alternaria alternata) treated and their
metabolites (TeA and AOH) challenged tomato plants samples.

Proline content

Proline content in tomato plants was found to
gradually increase till 72 h of treatment and then
decreased up to 96 h of treatment (Fig. 5). The
maximum activity was seen in pathogen (12.49-
fold) treated plants followed by TeA (9.63-fold)
and minimum in AOH (7.63-fold) treated plants as
compared to the control plant.
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Figure 5. Production of proline( :j\t different time intervals in
tomato plant by Alternaria alternata and their metabolites (TeA
and AOH). Results are expressed as the mean of three replicates
and vertical bars indicate the £SD of the mean.

Discussion

Leaf chlorophyll content provides useful
information about physiological status of plants and
also closely related to plant stress and senescence
[30]. In this study, the results showed that the
chlorophyll contents (chl a, chl b and total chl)
were highly reduced in pathogen (Alternaria
alternata) treated sample as compared the
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metabolites (TeA and AOH) challenged samples.
Variation in chlorophyll contents in pathogen
treated plant could probably be correlated with
stomata closure, reduction in CO, assimilation and
transpiration. Thus, substantial enhancement in
intercellular CO, concentration may lead to drop in
Photosystem Il quantum vyields and total
chlorophyll content in pathogen infected plant [31].

Mannitol ~ scavanges ROS  bothin
vitro and in vivo [8-9]. This study concludes that in
biotic (pathogen) stress conditions tomato plants
produced mannitol. The amount of mannitol was
highest in pathogen treated plants under the
maximum stressed conditions at 48 h after
treatment. Numerous studies have recommended
that mannitol may be imperative in pathogenesis to
cell reinforcement barriers by both plants and
animals [14]. Jennings et al. [15] reported that
pathogens secrete mannitol to extinguish ROS amid
contamination of tobacco plants, in light of the fact
that tobacco (a non-producer of mannitol)
communicates a mannitol-debasing compound
(MTD) when tested with parasitic elicitors and
inducers of plant safeguard reactions.

Biotic stress as well as different abiotic
stress causes proline accumulation. The present
study concludes that proline accumulation was
increased in tomato during Alternaria alternata
infection and the stress caused due to its toxins. Its
accumulation under various biotic stresses and
abiotic stresses, in important crop plants, is
considered as a tolerance mechanism. It has also
been proposed that its accumulation may be part of
a stress signal influencing adaptive responses. It is
suggested to act as an osmolyte/compatible as well
as a source of nitrogen during recovery from stress.
Numerous studies have linked the accumulation of
proline to salt stress [32], which may play a
protective role against the osmotic potential
generated by salt. In addition, proline is proposed
to scavenge free radicals [9] and to ameliorate
shifts in redox potential by replenishment of the
NADP*supply.

Conclusions

The results obtained during the investigation
suggest that significant amount of mannitol was
produced in tomato plant to counteract effects of
Alternaria alternata and its toxins during infection.
Further, this study also reveals that proline
accumulation was found to be increased during
these interactions. Thus on the basis of current
investigation, we can conclude that both mannitol
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and proline play an important role during plant-
pathogen interactions.
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