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Abstract— Grapevine Leafroll desease (GLD) is among the most important diseases that affect the vine, which cause significant
economic losses in cultivars of these plant species, since they cause low-quality berries, in terms of their size and grade. sugar.
The changes suffered by plants at the metabolic level were studied in the present work. Four plants of V. vinifera L. cv.
Thompson Seedless, one infected only with GLRaV-3, another infected with GLRaV-3 coinfected with and GLRaV-2, a third
plant infected with GLRaV-2 coinfected with GLRaV-3 and GVA, and finally a plant that did not show viral titer (used as
negative control), all from the 2018-2019 harvest, from a commercial cultivar located in the province of San Juan, Argentina.
Changes in a-tocopherol contents, antioxidant capacity, total polyphenols, soluble sugars, soluble proteins, proline and glycine
betaine were analyzed, in addition to studying the increase in resveratrol as induced phytoalexin. This can be considered as a

plant adaptation mechanism to live with a viral pathogen.
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1. Introduction

Vitis vinifera L. is affected by various pathogenic
microorganisms that cause damage to foliage, roots, and
wood. Among the causative agents, fungi, bacteria, viruses
and nematodes can be mentioned, which can cause significant
losses in yield, as well as in the commercial quality of table
grapes [38], [70]. These pathogenic agents can affect plants in
different phenological stages and reduce their useful life, as
well as reduce the postharvest quality of their fruits [13].
Depending on the incidence and severity of the
phytopathological problems, these can become limiting
factors for production, causing economic losses to producers
and difficulties in marketing and export [47], [49]. The
incidence and severity of each disease will vary according to
the climatic characteristics that occur in each region. In
localities that present conditions of high humidity or free
water during the growing season, diseases can be the main
limitation of the crop in economic terms [53], [55].

Among the viral diseases are the Grapevine Leafroll Disease
(GLD), caused mainly by the Grapevine leafroll-associated
virus-3 (GLRaV-3), this disease is mainly characterized by
having a negative impact on the quality of the fruit, reducing
its size and sugar grade, considerably decreasing its quality

2.
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Vine roll is the most widespread viral disease in the world
that affects the vine, causing great economic losses, as a
consequence of the drop in yield, which is due to the drop in
the weight of the berries and the sugar content of the fruit
[48], [54].This disease is estimated to cause a loss of between
25,000 and 40,000 dollars per hectare of 25-year-old
vineyards [3]. The symptoms vary according to the type of
cultivar and the different viral combinations that affect them
[50], [51] This disease can be caused by a simple or mixed
virus infection [48], the predominant virus being Grapevine
leafroll-associated virus -3 (GLRaV-3) [50], the viruses with
which it is associated in mixed infection can be Grapevine
fanleaf virus (GFLV), Grapevine leafroll associated virus-1
and 2 (GLRaV-1 and GRAV-2), Grapevine virus A (GVA),
Grapevine virus B (GVB), Grapevine rupestris stem pitting
associated virus (GRPSaV) and Grapevine fleck virus
(GFkV) [24], [40].

The biochemical differentiation that exists between an
infected and a healthy vine plant occurs at different levels of
their metabolic processes [4]. The biosynthetic pathway of
phenylpropanoids in grapevine is one of the most studied and
related to plant defense mechanisms against a wide range of
stress factors (biotic and abiotic), and is responsible for the
synthesis of a large number of phenolic compounds [19],[35].
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2. Related Work

A large amount of previous research has demonstrated the
negative effect of viral infections on the metabolism of the
host plant. For example, in an investigation carried out on
potato plants (Solanum tuberosum L.) infected with Potato
leafroll virus and Potato virus Y, it was observed that the
sprouts increased the levels of chlorophyll, soluble proteins
and total sugars as consequence of the physiological changes
caused by the viral load in the different organs of the plant
[43], [17].

In the same way, changes at the metabolic level have been
reported in plants infected with ZYMV (Zuccini yellow
mosaic virus) [61].

Another clear example is the research on the effects on the
expression in the secondary metabolisms of Nicotiana
bentamiana when it is attacked by Potato virus X, where it is
shown that it expresses genes belonging to this secondary
metabolism, resulting in the synthesis and accumulation of a
terpenoid phytoalexin [44].

3. Experimental Method

2.1) CHEMICAL REAGENTS AND SOLVENTS

The pure grade solvents were distilled before their use, those
of analytical grade and High Performance Liquid
Chromatography (HPLC) grade were used as they were
provided by the supplier SALPER S.A, Mendoza
headquarters. The standard reagents and compounds used are
mentioned below: B-carotene (Supelco, China), a-tocopherol
(Supelco, USA), 2,2-diphenyl-1-picrylhydrazyl (DPPH,
Sigma, China), gallic acid (Sigma, USA), citric acid
(Supelco, USA), D-(-)-fructose (Sigma aldrich, USA),
Coomassie brilliant G-250 (Biopack, Argentina), Bovine
serum albumin (Roth, Germany), Ninhydrin (Merck, USA) ,
sulfosalicylic acid (Biopack, Argentina), L-proline (Biopack,
Argentina), glycine  betaine  (Sigma, USA), 1,2-
dichloroethane  (PHYW, Germany), o-phenanthroline
(Anhedra, USA), Folin-Reagent Ciocalteu (Biopack,
Germany), anhydrous sodium carbonate  (Biopack,
Argentina), Phenol (Biopack, Argentina), phosphoric acid
85% (Tetrahedron, Argentina), potassium iodide (Anhedra,
Argentina), resublimated iodine (BIOPACK, Argentina) .
TROLOX (Calbiochem, Germany).

2.2) PLANT MATERIAL AND VIRAL IDENTIFICATION.
Leaf samples were taken from four Vitis vinifera L. cv
Thompson Seedless plants during the prevalence of the viral
infection, in the month of January 2019. The commercial
cultivation of the variety is located in the Albardon
department, in the province of San Juan, Argentina. During
harvest, leaves were selected from plants that showed
characteristic symptoms of leaf roll disease, such as leaf
chlorosis, inward rolling, and low-quality berries. Leaves,
nodes, tendrils and petioles were collected and transported to
the laboratory on ice at a temperature of 5 °C and stored until
processing. Viral detection in the selected plants was carried
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out at the National Institute of Agricultural Technology,
Experimental Station located in the province of Mendoza.
They were carried out by means of RT-PCR analysis
containing specific primers for the GVA, GLRaV-1, 2 and 3,
and GFKkV viruses.

2.3) EXTRACTION AND QUANTIFICATION OF
METABOLITES INVOLVED IN THE INFECTIOUS
PROCESS

2.3.1) EXTRACTION AND ESTIMATION OF A-
TOCOPHEROL

The extraction and determination process was carried out
using the method described by Martinek, 1968. 5 g of fresh
leaf were chopped, and proceeded to extract with 30 ml of
xylene in a sonicator for 15 minutes at room temperature,
then filtered, in order to separate the leaves from the solution,
through Whatman N° 40 filter paper, permanently protecting
from light and proceeding to the determination immediately
to avoid oxidation of the extracted analyte. We proceeded to
work with 1 ml of filtrate, whose absorbance is read at 460
nm (Abs sample 460 nm). Then, 1 ml of 0.12% FeCl;
solution in absolute ethanol and 0.5 ml of 0.1% O-
phenanthroline in absolute ethanol were added, vortexed for
30 seconds, then centrifuged for 5 minutes at 350 rpm and
finally the absorbance at 600 nm of the upper layer was read
(Abs sample at 600 nm). A solution of standard a-tocopherol
in xylene at a concentration of 0.5 mg/ml is used for the
procedure, treating it in the same manner mentioned above, in
order to read the absorbance at 600 nm (Abs. Standard Sol
600 nm). The concentration of a-tocopherol in each sample is
calculated using the following formula:

Abs sample 600 nm - (0,373 x Abs sample
Conc. of o-tocoferol (ug/mg 460 nm)

PF) =

Abs. standar 600
nm

2.3.2) ESTIMATION OF ANTIOXIDANT COMPOUNDS
The total antioxidant activity of the methanolic fraction
obtained was studied using the DPPH method proposed by
Bakhta et al (2016) and Prior et al (2005). Briefly, 250 ul
aliquots of each extract were brought to 0.5 ml with methanol
and then 1 ml of the 6 x 10°® M concentration DPPH solution.
After 20 minutes, at a temperature of 25 °C, the decrease in
absorbance at 517 nm was determined, in the dark. As a
positive control, 1% ascorbic acid in methanol was used. The
percentage inhibition of the DPPH radical was calculated
using the following formula:

% inhibicion = (Ag— A/ Ag) x 100

Using a calibration curve made with TROLOX as a base, the
result of the antioxidant capacity is expressed as micrograms
of TROLOX per milliliter of extract from each plant, thus
expressing the amount of antioxidant necessary to reduce the
initial concentration of antioxidants by 50%. DPPH (ECsy).
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2.3.3) ESTIMATION OF SOLUBLE SUGARS

To extract the soluble sugars, the method proposed by Martin
et al, 2000, with some modifications, was followed. 1 g of dry
and chopped leaf was macerated with a mortar in 10 ml of
96% ethanol, then it was vacuum filtered through Whatman
N° 40 paper, washing the solid once more with ethanol,
obtaining 20 ml of final solution. We proceeded to evaluate 1
ml of the solution obtained, proceeding in the same way as
the standard, described below. For the calculations, a
calibration curve (0 - 13 pg/ml) was made using a 1 mg/ml
stock solution of D-fructose as standard, from which seven
aliquots were taken, transferred to seven test tubes and mixed.
with 1 mL of 5% phenol in water, prepared immediately, and
5 mL of concentrated sulfuric acid, then vortex vigorously for
one minute. Once the mixture has cooled to room temperature
and in the dark, its absorbance is read at 490 nm to plot pl/ml
D-fructose vs. Abs. 490nm. Each sample was tested in
triplicate and the results are expressed as milligrams of
fructose per gram of leaf dry weight.

2.3.4) SOLUBLE PROTEIN ESTIMATION

* Preparation of necessary reagents:

Potassium phosphate-EDTA buffer for protein extraction:
2.3135 g of KH,PO, (MW 136.09 g/mol), 7.53 g of
KoHPO,4.3H,O (MW 228.23 g/mol), 0.1861g were weighed.
of EDTA-Na, (MW 372.23 g/mol), then the set of reagents
was deposited in a beaker and dissolved with 350 ml of cold
distilled water. It was stirred until complete dissolution and
adjusted to pH 7.5 with 0.1 M HCI, finally making up to 500
ml with cold distilled water. The solution was stored at 4 °C
until use.

Sodium phosphate buffer for calibration curve: 1.244g of
NaH,P04;.3H,0 (MW 173.98 g/mol) and 0.4042 g of
Na,HPO, (MW 141.96 g/mol) were weighed, the set of
reagents were deposited in a beaker and dissolved in 80 mL
of cold distilled water, stirring until complete dissolution. It
was then adjusted to pH 6.8 with 0.1 M HCI and made up to
100 ml with cold distilled water. The solution was stored at 4
°C until use.

Bradford's reagent: 100 mg of Coomassie Brilliant Blue G-
250 were weighed, dissolved in 50 ml of 96% ethanol,
shaking vigorously and in the dark, then 100 ml of
phosphoric acid 85% were added, also shaking vigorously
and in the dark. Subsequently, it was made up to 1.0 | with
cold distilled water and stirred for one hour, filtered twice
under reduced pressure through Whatman N° 40 filter paper
and stored in an amber bottle at 4 °C.

e Calibration curve:
It was carried out with six different concentration levels with
a bovine serum albumin (BSA) standard of concentration
1,45 mg/ml, preparing the reaction mixtures and the
procedure presented below: they were placed in six test tubes
0, 20, 40, 60, 80 and 100 pl of stock solution, then 2 ml of
sodium phosphate buffer was added, it was homogenized
with a vortex for 10 seconds, 800 pL of Bradford's reagent
were added and finally each one was covered. The tube and
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gently homogenized five times to avoid the formation of
foam, leaving it to rest for 15 minutes and finally reading the
absorbance at 590 nm and 450 nm. Using the sodium
phosphate buffer as blank, the graph was constructed: pg/ul
protein (X) vs. Abs. 590 nm /Abs. 450 nm ().

e Extraction and determination of the content of
soluble proteins in the samples:

The extraction was carried out following the method of
Deutscher, 1990, with 10 ml of potassium phosphate buffer
on 1 g of finely chopped fresh leaf, and homogenizing for two
minutes in a vortex. It was incubated for 1 hour in an ice bath
on a horizontal shaker and then centrifuged for 30 minutes at
6000 rpm and 4 °C and the supernatant (protein extract) was
separated for immediate determination of protein content. 200
pl of the extract were taken and treated in the same way as the
standard in the calibration curve. The results are expressed as
milligrams of protein per gram of fresh leaf weight.

2.3.5) PROLINE ESTIMATION
The determination of the amino acid is carried out following
the method of Bates et al, 1973.

e Solutions to use:
0.1 M ninhydrin: 156,1 mg of ninhydrin were weighed and
dissolved in 3,75 ml of glacial acetic acid at 40 °C, after
complete dissolution, 2.5 ml of 3 M phosphoric acid were
added.

Sulfosalicylic acid 3%: 1,5 g of sulfosalicylic acid were
weighed and dissolved in 50 ml of distilled water, stored at 40
°C.

40 uM proline standard: 2.3 mg of L-proline was weighed
and dissolved to 500 ml with the sulfosalicylic acid solution.

e Calibration curve:

It is performed using a previously prepared L-proline
standard and evaluating each concentration level in triplicate.
The procedure consisted of placing in a test tube with a screw
cap covered with aluminum foil, adding the respective
volume of 3% sulfosalicylic acid and the different amounts of
the standard for each desired point on the curve, then 1 ml of
acetic acid was added and 1 ml of the ninhydrin solution,
shake vigorously for 10 seconds in a vortex, protecting from
light at all times. The test tubes were placed in a rack and
brought to a boil in a water bath for one hour, then they were
suddenly cooled on an ice-water bath and once they were at
room temperature, 3 ml were added to each tube of toluene,
shaken vigorously once more and then the organic phase
(upper phase) was collected and its absorbance read at 520
nm, using toluene as blank. The graph Proline (ug/ml) vs.
Abs 520 nm.

e Extraction and determination of the proline content

in the samples:
1 g of fresh chopped leaf from each sample was weighed in
20 ml of 3% sulfosalicylic acid and sonicated for one hour,
then centrifuged at 6000 rpm for thirty minutes at 10 °C. 1 ml
of the supernatant was taken, then treated in the same way as

3
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described in the calibration curve. Analyte content was
expressed as micrograms proline per gram of fresh leaf.

2.3.6) GLYCINE BETAINE ESTIMATE

e Calibration curve:

To extract and quantify glycine betaine, the method described
by Ma et al (2007). It is performed using a glycine-betaine
standard dissolved in 2N H,SO, at concentrations ranging
from 50 to 200 pg/ml, evaluating each one in triplicate. Each
concentration was diluted 1:1 with 2N H,SO,, then 0,5 mL of
this solution was taken, mixed with 0,2 mL of a Kl-I, solution
in water, and gently vortexed store at 0 °C for 16 h. Once the
16 h had elapsed, maintaining at 0 °C, we proceeded to
centrifuge at 10.000 rpm for 15 minutes and remove the
supernatant. The crystals that settled at the bottom of the tube
were diluted with 9 ml of 1,2-dichloroethane, mixing
vigorously and leaving to settle for 2,5 h to finally read their
absorbance at 365 nm. The linear regression line that relates
glycine-betaine concentration (ug/ml) vs. Abs. at 365 nm

e Extraction and determination of glycine betaine in
the samples:

Both the extraction and the quantification were carried out
following the method described by Grieven and Grattan,
1983: 5 g of dry leaf from each sample, from each one of the
plants, were placed to macerate in 10 ml of 2N H,SO, for 48
h in the dark. . We proceed to evaluate 1 ml of the
supernatant, in the same way that was done for the standard.
The result are expressed as micrograms of glycine-betaine per
gram of leaf dry weight.

2.4) STATISTICAL ANALYSIS

ANOVA comparisons were made using the statistical
program STATGRAPHICS 2.0, to evaluate the existence of
significant differences both between the healthy plant and the
diseased plants, as well as between the diseased plants. Data
with P < 0.05 were considered statistically significant. All
assays were performed in triplicate for each plant.

4. Results and Discussion

The abbreviations used are clarified below:
PS: plant that did not show viral titer (used as negative
control)
PELV: plant infected only with GLRaV-3 (one viruse)
PE2V: plant infected with GLRaV-3 coinfected with and
GLRaV-2 (two viruses)
PE3V: plant infected with GLRaV-2 coinfected with
GLRaV-3 and GVA (three viruses)

3.1) VIRAL DETECTION AND IDENTIFICATION

One plant was reported without identifiable virus, so it was
taken as a control plant (negative control), another three
plants were identified as plants infected with viral pathogens,
one with GLRaV-3, another coinfected with GLRaV-3 and
GVA, and one third infected with GLRaV-2, GLRaV-3 and
GVA (positive controls, one virus, two viruses and three
viruses respectively)
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3.2) ESTIMATION OF «-TOCOPHEROL AND

ANTIOXIDANT COMPOUNDS.

It was observed that the plants infected with one, two and
three viruses (PE1V, PE2V and PE3V) presented, with
respect to the healthy plant (PS), an average increase in a-
tocopherol of 50, 53.57 and 89.28 % respectively (Table I),
representing, in global terms, the infected plants an average
increase of 64.28% with respect to the control plant. The ECsg
was decreased with respect to the healthy plant by 24.03 %
for PE1V, by 22.92 % for PE2V and by 26.74 % for PE3V,
thus demonstrating that the amount of antioxidant compounds
present in the samples of diseased plants was greater than in
the healthy plant, in global terms this increase represented
24.56 % (Table I).

Tocopherol plays an important role as an [23]. Tocopherol is
located in some biological membranes, especially in
chloroplasts and thylakoids, where its main, and sometimes
only, function is to actively regulate lipid radicals and
reactive oxygen species. Of the four isomers present in nature
(a, B, v and 9), a-tocopherol is the one with the highest
antioxidant activity, due to the three methyl groups present in
its structure. a-tocopherol has an important role in the
protection of cell membranes against ROS [22]. So far,
numerous investigations have shown that the amount of a-
tocopherol increases during stress [33]. This compound and
its isomers readily react with free lipid radicals and protect
against ROS formed during stress. When plants are exposed
to a pathogen, the formation of ROS occurs mainly in the
leaves, causing an accumulation of antioxidant compounds in
them. a-Tocopherol, it cooperates to maintain the structure of
cell membranes, in order to avoid the oxidation of unsaturated
fatty acids, caused by these chemical compounds [24]. The
increase in a-tocopherol in tissues of plants infected with the
viruses under study suggests that it can improve resistance to
them, protecting cell membranes from oxidative damage
caused by stress, and also indicates a greater ability to adapt
on the part of plants to viral infection. The increase in the
synthesis of a-tocopherol and its subsequent accumulation in
cells is consistent with previous research, stating that this
metabolite is generated in response to the biotic stress that
plants are suffering [58], [60].

Phenolic compounds, classified as antioxidant compounds,
are secondary metabolites capable of reacting against ROS,
thanks to the ability of the phenolic hydroxyl(s) to donate
hydrogen [37]. The production of these by the cell is affected
by different types of stress: biotic stress such as attack by
pathogens [28], or abiotic (hydric stress, saline stress, etc.),
which can increase while the stress lasts [5][7]. Phenolic
compounds may or may not accumulate, depending on
whether the interaction between silver and the pathogen is
compatible or not, which will develop or not the
Hypersensitive Response, increasing both the amount of these
substances and the enzymes involved in their biosynthetic
pathways [69]. From the point of view of plant defenses
against different pathogens, the detoxification of ROS and its
generating enzymes must be maintained at a threshold that is
compatible with the cellular metabolism itself, and does not
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negatively affect it when reaching a point of apoptosis
[56][12].

Under optimal conditions, ROS are produced by many
metabolic reactions and are efficiently eliminated by
detoxification processes. Under stress conditions there is an
increase in ROS, and as a consequence an increase in
detoxifying enzymes and compounds with the ability to
neutralize them, as a mechanism of "acclimatization"
(upregulation of ROS and detoxification capacity) or
induction of death cell phone [34], [39]. The decisive factors
that determine either acclimatization or cell death are not yet
known. It has been shown that plant cellular metabolism is
capable of forming ROS and increasing the activity of
enzymes involved in its metabolic pathways in response to
both compatible and incompatible infections following
pathogen attack. [16]. Investigations have reported the
increase of phenolic compounds against plant pathogenic
fungal, bacterial and viral interactions, such as in Solanum
lycospersicum plants infected with Ralstonia solanacearum
[74] and Musa paradisica L. plants infected with
Colletotrichum musae [20]. The results of the present
investigation are consistent with what was reported by Zaho
et al (2008), where an increase in antioxidant activity is
demonstrated, and consecutively, an increase in the amount of
phenolic compounds, in plants infected with GLRaV-2,
GLRaV -3 and GVA, which suggests the ability of the plant
to defend itself from the pathogen, once the interaction has
been compatible.

3.3) ESTIMATION OF SOLUBLE SUGARS AND
SOLUBLE PROTEINS.

The soluble sugar content of diseased plants (PE1V, PE2V
and PE3V) was increased by 23,33, 23,34 and 24,22 % for
diseased plants with one, two and three viruses respectively
compared to healthy plant (Table I). The average increase of
sugars for the diseased plants with respect to the healthy plant
represented 23,59 %. It was observed that the plants infected
with one (PEL1V), two (PE2V) and three (PE3V) viruses
presented an increase in soluble proteins, expressed as mg of
BSA per fresh leaf weight, of 24,55 %, 15,29 % and 19,53 %
with respect to the healthy plant (Table Il). This in global
terms represents that the diseased plants present an average
increase of 19,79 % with respect to the control plant (PS). An
increase in the soluble sugar content could be attributed to the
denaturing effect against the lipoprotein complexes that
degrade during biotic stress [36]. The results of this study are
consistent with others that showed, for example, that infection
with Sugarcane yellow leaf virus (ScYLV) resulted in a
notable increase in the amount of soluble carbohydrates and
starch in the leaves of sugarcane plants [45], [27], [41].
Carbohydrate accumulation has also been demonstrated in
potato plants (Solanum tuberosum) infected with Potato
leafroll virus [68]. The increase in soluble sugars in
symptomatic and asymptomatic leaves of plants with viral
infection could be a product of virus assembly in the phloem,
and as a consequence of a violation of the virus function per
se, altering the origin/destination relationship of sugars
synthesized, since these could not be correctly transported to
the fruits [42].
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Some investigations have shown that plants infected with
GLV have high levels of osmotic stress, And this
significantly influences the amount of soluble proteins
synthesized and accumulated in the different parts of the
plant. [14], [17]. For example, a study on plants infected with
GFLV and GLRaV-3 indicated an increase in total protein
content in grapevine plants infected with GLV [66], [9], [14].
Increased soluble protein content has also been reported in
BBTV-infected banana plants [31] and in PLRV or PVY-
infected potato plants [43]. According to Bertamini et al
(2009), a pronounced reduction in the amount of soluble
proteins in grapevine A decrease in the production of
ribulose-1,5-bisphosphate carboxylase is assumed. It is then
understood that an increase in protein synthesis, whether
soluble or non-soluble, is due to an increase in general protein
synthesis in response to oxidative stress that is caused by viral
infection [61]. The results of the present investigation are
consistent with previous investigations, demonstrating that
infection with GVA and with GLARaV It triggers an
increase in soluble protein synthesis pathways in Vitis
vinifera plants.

Table 1: o tocopherol content, antioxidant compounds and soluble sugars in
the healthy plant and diseased plants.

o-tocopherol Antiox. Comp.. Soluble sugars
Flaat (ng/g FW) EC5q (ug/ml FW) (mg/g DW)
Ps 541.3+£0.23 11.93 £ 0.31 21.44 +£ 0.8
PE1V 812 =0.00 9.06 £ 0,98 26,42 £ 0.6
PE2V 831.3 £0.03 0,19 +1.45 26,42 +0.2
PE3V 10247 £0.03 8,74 £ 0,83 26.63£1.2
p values
PS/PE1V ok ok ok
PS/PE2ZV Fokk ok *
PS!’PEB\" deofede deafe Ao
PE1V/PEZV ns ns ns
PE1V/PE3V ns ns ns
PE2V/PE3V ns ns ns

Note: *** - p < 0,001, ** - p < 0,01, * - p < 0,05, ns — no significative. FW:
fresh weight, DW: dry weight.

3.4) PROLINE AND GLYCINE-BETAINE
ESTIMATION.

The proline content of diseased plants was increased by
40,55, 50,85 and 41,38 % for diseased plants with one, two
and three viruses respectively compared to healthy plant
(Table I11). The average increase of proline with respect to the
healthy plant represented 44,26 % more. In diseased plants
with one virus, two and three, the glycine-betaine content was
increased by 72,50 %, 45,43 % and 57,68 % respectively,
compared to the healthy plant, used as a negative control
plant (Table I1). The average increase of diseased plants was

58,54 % with respect to the healthy plant.

In the present investigation, a high amount of proline in
plants infected with GLRaV and GVA was observed in
comparison with healthy plants (control plants). The results
presented here are consistent with those of similar
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investigations [21]. For example, it was found that in potato
plants infected with Potato virus Y and Potato virus X,
proline concentrations increased a few days after infection
[11]. This was also observed in “soybean” plants (Glicine
max) under saline stress [32], or also in rice plants (Oryza
sativa L.) [67]. Microbial pathogens promote ROS
production, which can induce programmed cell death in some
leaf and stem cells [5] [1]. The proline molecule functions as
a preventer of apoptosis, which is triggered by ROS, fulfilling
the function of both cytoprotector and osmoprotector [15].
Thus, the accumulation of this primary metabolite is
explained as a product of GLRaV and GVA infection [21].
The glycine betaine molecule is a product of glycine
metabolism; both have a prominent role in the activation of
membrane phospholipid synthesis pathways [6]. The protein
holin and two enzymes, holinmonooxygenase and
betaineadialdehyde dehydrogenase, play an important role in
the synthesis of the glycine betaine molecule in plants [26].
Glycine betaine plays the role of osmolyte and osmoprotect,
accumulating when the plant is under some type of stress,
thus becoming involved in its protection through the
regulation of the osmotic balance [63]. The stabilization of
antioxidant enzymes and the structure of membrane proteins
belonging to the complexes of oxygenic photosynthesis of
photosystem Il [62]. The glycine betaine molecule is
responsible for regulating the photosynthetic function of the
plant, thus protecting cells from damage caused by different
types of stress, fulfilling the function of promoter of the
enzyme ribulose-1,5-bisphosphate carboxylase. oxygenase
(RuBisCO) [65]. Under the assumptions explained above, we
can infer that the synthesis and subsequent accumulation of
the glycine betaine molecule in the leaves of infected plants
occurs as a consequence of the viral infection, which
especially affects the phloem, not allowing the correct
transport of nutrients towards the cells of the leaves, tending
these molecules to protect cell membranes from damage
caused by stress. The results of this thesis are consistent with
these investigations. The infection by GVA, GLARaV-1,
GLARaV-2 and GLARaV-3, causes an increase in the
synthesis of glycine betaine and its subsequent accumulation
in leaves.

Table 2: content of soluble proteins, proline and glicine betaine in healthy
plant and diseased plants.

Plant Soluble proteins Proline (mg/g Glycine betaine
(mg/g FW) DW) (ng/g DW)
Ps 71.08= 7.73 2.58+042 18,48 £ 1,52
PE1V 88,73 £ 6,53 3.63 £0,19 31,88 = 2,68
PE2V 81,95 £ 1,95 3,90 £ 0,29 26,88 & 3,02
PE3V 85,17 + 8,48 3,65+ 41,38 20,14 £ 2,41
p values
PS/PE3V okok ko Hohok
PE1V/PE2V ns ns *
PE1V/PE3V ns ns ns

Note: *** - p < 0,001, ** - p < 0,01, * - p < 0,05, ns — no significative. FW: )

fresh weight, DW: dry weight.
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6. Conclusion and Future Scope

In the present investigation it was determined that, under viral
infection by Leafroll virus and Grapevine Virus A, V. vinifera
plants respond by increasing the concentration of some
secondary and primary metabolites, such as proline, glycine
betaine, proteins and sugars, which have some function
specific protection against stress. These results are also
consistent with previous research on the subject [57], [58],
assuming that any of these metabolites studied could result, as
explained above, as a chemical elictor when these plants are
infected with the aforementioned pathogens, being eco-
friendly chemical compounds, not synthetics. The results of
this research serve as a basis for future research in order to
search for new methods for the early detection of vine
curling, avoiding its rapid spread, and thus, as a consequence,
the great losses to fruit producers.

Data Availability

All data obtained as results of this research are available in
this document. There is no hidden or unavailable data. There
is no limitation that conditions this research.

Conflict of Interest
All authors declare that there are no declared or potential
conflicts of interest.

Founding source
None

Author’s contribution

The authors especially thank the Instituto Multidisciplinario
de Biologia Vegetal (IMBIV) - CONICET de la Universidad
Nacional de Cordoba for providing its facilities and
equipment to collaborate with this research.

Acknowledgements

The authors give special thanks to the Universidad Nacional
San Juan and the Universidad Nacional de Coérdoba for
allowing them to have their facilities to develop this research.

References

[1] Adi, M., Jens, P., Brotman, I., Mikhail, K., Iris, S. Henryk, K.,
Renal, G. Stress responses to Tomato yellow leaf curl virus
(TYLCV) infection of resistant and susceptible tomato plants are
different, J Metabolomics, Vol. 51, issue 2, pp.1-13, 2012.

[2] Almeida, R., Daane, K., Bell, V., Blaisdell, G., Cooper,M.,
Herrbach, E., Pietersen, G. Ecology and management of grapevine
leafroll disease, Frontiers in microbiology. Vol. 94, issue 1, 2013.

[3] Atallah, S., Gébmez, M., Fuchs, M., Martinson, T. economic impact
of grapevine leafroll disease on vitis Vinifera cv. cabernet franc in finger
lakes vineyards of new york. american journal of enology and viticulture.
Vol. 3, issue 63, pp. 79.

[4] Nguyen, P., Niemeyer, D.Effects of Nitrogen Fertilization on the
Phenolic Composition and antioxidant properties of basil (Ocimum
basilicum L.). Journal of Agricultural Food Chem, Vol. 6, issue 56,
pp. 85-91, 2008.

[5] Apel K, Hirt, H. Reactive oxygen species: metabolism, oxidative
stress and signal transduction. Annu. Rev. Plant. Biol. Vol. 10.
Issue 55, pp. 373-399, 2004.


https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Phuong+M.++Nguyen
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Emily+D.++Niemeyer

Int. J. Sci. Res. in Chemical Sciences

[6] Ashraf, M., Foolad, M. Roles of glycine betaine and proline in
improving plant abiotic stress resistance, Environmental and
Experimental Botany. Vol. 5, issue 59, pp. 206-216, 2007.

[7] Bakhta, A., Amira, S., Hamadi, F., Monique, S., Mohamed, B.
Anti-oxidant, anti-inflammatory, analgesic and antipyretic
activities of grapevine leaf extract (Vitis vinifera) in mice and
identification of its active constituents by LC-MS/MS analyses.
Biomedicine and Pharmacotherapy. Vol. 5, issue 84, pp. 1088-
1098, 2016.

[8] Bates, L. Rapid determination of free proline for water-stress
studies. Plant and soil. Vol. 7, issue 39, pp. 205-207, 1973

[9] Bertamini, M., K. Muthuchelian, K., Nedunchezhian, N. Effect of
grapevine leafroll on the photosynthesis of field-grown grapevine
plants (Vitis vinifera L. Cv. Lagrein), J. Phytopathol.. Vol. 13, issue
152, pp. 145-152, 2004.

[10] Bogdanove, A., Protein-protein interactions in pathogen
recognition by plants, Plant Molecular Biology. Vol 4, issue 50, pp.
981-989, 2002.

[11] Bozarth, F.H., Diener, R., Cahnges, T. Concentration in free
aminoacids and amides induced in tobacco plants by Potato virus X
and Potato virus Y. Virology. Vol. 6, issue 21, pp. 188-193, 1963.

[12] Calderon, A., Zapata, J., Munoz, R.,. Pedreno, M., Barcelo, S.
Resveratrol production as a part of the hypersensitive-like response
of grapevine cells to an elicitor from Trichoderma viride New
Phytology. Vol. 11, issue 124, pp. 455-463, 1993.

[13] Calonnec, A.; Cartolaro, P.; Dubourdieu, D.; Darriet, P. Effects of
Uncinulanecator on the yield and quality of grapes (Vitis vinifera)
and wine. Plant Pathol. Vol. 7, issue 53, pp. 434-445, 2004.

[14] Chaves, M., Santos, T., Souza, C., Ortufio, F., Rodriguez, M.;
Lopes, C. Deficit irrigation in grapevine improves water-use
efficiency while controlling vigour and production quality, Ann.
Appl. Biol. Vol. 11, issue 150, pp. 237-252, 2007.

[15] Chen, C., Dickman, M. Proline suppresses apoptosis in the fungal
pathogen Colletotrichum trifolii, J. Plant Pathol, Vol 14, issue 102,
pp. 3459-3464, 2007.

[16] Cristina, S., Annamaria, R., Mike, F. Antioxidative responses in
Vitis vinifera infected by Grapevine fanleaf virus. Journal of Plant
Physiology. Vol. 10, issue 170, pp. 121-128, 2013.

[17] Cui, ZH., Bi, W.L., Chen, P., Xu, Y., Wang, Q.C. Abiotic stress
improves in vitro biological indexing of Grapevine leafroll-
associated virus-3 in red grapevine cultivars, Aust. J. Grape Wine
Res. Vol 3, issue 21, pp. 490-495, 2015.

[18] Deutscher, M. Guide to protein purification. Academic Press Inc.
Vol. 3, issue 188, 1990.

[19] Dixon, R., Lahoucine A., Parvathi K., Chang-jun L., Srinivasa R.,
Liangjiang Wang, The phenylpropanoid pathway and plant defence
- a genomics perspective, Molecular plant pathology Vol. 8, issue
3, pp. 371-390, 2002.

[20] Ewané, P. Lepoivre, L. de Bellaire, L. Lassois, Involvement of
phenolic compounds in the susceptibility of bananas to crown rot,
Biotechnol. Agron. Soc. Environ. Vol. 4, issue 16, pp. 393-404,
2012.

[21] Fabro, G., Kovacs, M., Pavet, 1., Szabados, V., Alvarez, L. Proline
accumulation and AtP5CS2 gene activation are induced by plant-
pathogen incompatible interactions in Arabidopsis, Mol. Plant
Microbe Interact. Vol 10, issue 17, pp. 343-350, 2004.

[22] Falk, J., Munné-Bosch, S. Tocochromanol functions in plants:
antioxidation and beyond. The Jorunal of Experimental Biology.
Vol. 13, issue 61, pp. 1549-1566, 2010.

[23] Fan, J., Chen, C., Brlansky, R.H., Gmitter, F.G, Lia, Z. Changes in
carbohydrate metabolism in Citrus sinensis infected with
‘Candidatus liberibacter asiaticus’, Plant Pathol., Vol. 14, Issue
56, pp. 1037-1043, 2010.

[24] Foyer, G. Noctor, Redox sensing and signaling associated with
reactive oxygen in chloroplasts, peroxiosomes and mitochondria,
Physiol. Plantarum. Vol. 9, issue 119, pp. 355-364, 2003.

[25] G.N. Agrios, “Plant Pathology”, Ed. Elsevier Academic Press, San
Diego, pp. 105-108, 2005.

[26] Garcia, R., Jimenez, C., Mendoza, G, Hernandez, A. Munoz, C.
Rapid Purification and Properties of Betaine Aldehyde

© 2023, 1JSRCS All Rights Reserved

Vol.10, Issue.5, Oct 2023

Dehydrogenase from Pseudomonas aeruginosa, Journal of
bacteriology Vol. 8, issue 181, pp. 1292-1300, 1999.

[27] Goncalves, J. Vega, G., Oliveira, M. Gomes, A. Sugarcane yellow
leaf virus infection leads to alterations in photosynthetic efficiency
and carbohydrate accumulation in sugarcane leaves, Fitopatol.
Bras. Vol. 12, issue 30, pp.10-16, 2010.

[28] Gould, K. S., Lister, C., “FLAONOIDS: Chemistry, Biochemistry
and Applications” Ed. CRC Press, London, pp. 397-441, 2006.

[29] Grieve, C., Grattan, S. Rapid assay for the determination of water-
soluble quaternary ammonium compounds. Plant Soil. Vol. 2, issue
70, pp. 303-307, 1983.

[30] Hans, K. and Behaver, J. The determination of tocopherols with
iron-bipyridine reagent in the presence of fats. The department of
patholgy, College of Physicans and Surgeons, and of Chemistry,
Columbia University. Vol 1, pp. 653-659, 1994,

[31] Hagq, I., Nazia, P., Muhammad, T., Muhammad, U. Comparative
characteristics of micropropagated plantlets of banana from BBTV-
infected explants to its normal and saline stressed cultures, Pakistan
J. Bot. Vol. 10. Issue 44, pp 1127-1130, 2012.

[32] He, C., Zhang, Z., Chen, Y. A soybean gene encoding a proline-
rich protein is regulated by salicylic acid, an endogenous circadian
rhythm and by various stresses, Theor Appl Genet. Vol. 15, issue
104, pp. 1125-1131, 2002,

[33] Heba, M., Aly A., Mahmoud, M., Abd, E. Association of oxidative
stress components with resistance to flax powdery mildew.
Tropical Plant Pathology. Vol. 9, issue 37, pp. 386-392, 2012.

[34] Hutchenson, S. Current concepts of active defense in plants,
Annual Reiew Phytopatholgy. Vol 10. Issue 36, pp. 59-90, 1998.

[35] Jeandet, P., Phytoalexins: Current Progress and Future Prospects,
Molecules. Vol. 16, issue 20, pp. 2770-2774, 2015.

[36] Jinkang, S., Hao, J., Ping, W., Tao, W., Zhiming, L. Exogenous
gibberellin weakens lipid breakdown by Increasing soluble sugars
levels in early germination of zanthoxylum seeds. Plant Science.
Vol. 21, issue 280, pp. 155-163, 2019.

[37] Jungmin. L., Robert, R. Influence of grapevine leafroll associated
viruses (GLRaV-2 and -3) on the fruit composition of Oregon Vitis
vinifera L. cv. Pinot noir: Phenolics. Food Chemistry. Vol. 114,
issue 112, pp. 889-896, 2009.

[38] Kriiger, k., Saccaggi, D., Van der Merwe, M., Kasdorf, G.
Transmission of Grapevine Leafroll-associated Virus 3 (GLRaV-
3): Acquisition, Inoculation and Retention by the Mealybugs
Planococcus ficusand Pseudococcus longispinus (Hemiptera:
Pseudococcidae). S. Afr. J. Enol. Vitic. Vol 6, issue 36, pp. 223-
230, 2015.

[39] Kuc, C. Phytoalexins, stress metabolism, and disease resistance in
plants, Annual Review Phytopatlology. Vol. 4, issue 33, pp. 33-27,
1995.

[40] Komorowska, B., Berniak, H., Golis, T. Detection of Grapevine
Viruses in Poland. Journal of Phytopatology. Vol. 3, issue 162, pp.
326-331, 2014.

[41] Lehrer, P., Moore, E. Komor, A. Impact of Sugarcane yellow leaf
virus (ScYLV) on the carbohydrate status of sugarcane:
comparison of virus-free plants with symptomatic and
asymptomatic virus-infected plants, Physiol. Mol. Plant Pathol.
Vol. 10, issue 70, pp. 180-188, 2007.

[42] Lemoine, R. LaCamera, S., Atanassova, S., Dédaldéchamp, F.,
Allario, T., PourtaU N, Bonnemain, J., Laloi, M., Coutos-
Thévenot, P., Maurousset, L., Faucher, M., Girousse, M.,
Lemonnier, M., Parrilla, J., Durand, M. Source to sink transport of
sugar and regulation by environmental factors. Frontiers in plant
science. Vol. 9, issue 4, pp. 1-21, 2013.

[43] Li, B., Wang, M., Song, R., Wang, H., Zhang, B. Potato leafroll
virus (PLRV) and Potato Virus Y (PVY) influence vegetative,
physiological metabolism of in vitro-cultured shoots of potato
(Solanum tuberosum L.). Plant Cell Tiss. Vol. 18, issue 10, pp 313-
324, 2013.

[44] Li, R. Chuan-sia, T., Yu-Lin Jiang, Xi-Yuan Jiang, Prasanna Nori
Venkatesh, Rajani Sarojam, Jian Ye, A terpenoid phytoalexin plays
a role in basal defense of Nicotiana benthamiana against Potato
virus X. Scientific Report. VVol. 9, issue 16, pp. 1-6, 2015.


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Komorowska%2C+Beata
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Berniak%2C+Hanna
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Golis%2C+Tomasz
https://www.nature.com/articles/srep09682#auth-Ran-Li
https://www.nature.com/articles/srep09682#auth-Yu_Lin-Jiang
https://www.nature.com/articles/srep09682#auth-Xi_Yuan-Jiang
https://www.nature.com/articles/srep09682#auth-Prasanna_Nori-Venkatesh
https://www.nature.com/articles/srep09682#auth-Prasanna_Nori-Venkatesh
https://www.nature.com/articles/srep09682#auth-Rajani-Sarojam

Int. J. Sci. Res. in Chemical Sciences

[45] Lohaus, G., Hussmann, M., K. Pennewiss, H. Solute balance of a
maize (Zea mays L.) source leaf as affected by salt treatment with
special emphasis on phloem retranslocation and ion leaching, J.
Exp. Bot. Vol. 9, issue 51, pp. 1721-1732, 2000.

[46] Ma, X.L., Wang, YJ., Xie, S.L., Wang, W. Glicine betaina
application ameliorates negative effects of drought stress in
tobacco. Russian Journal of Plant Physiology. Vol. 7, issue 54, pp.
534-541, 2007.

[47] Mannini F, Mollo A, Credi R. Field performance and wine quality
modification in a clone of Vitis vinifera cv. Dolcetto after GLRaV-
3 elimination. Am J Enol Vitic, Vol. 5, issue 63, pp. 144-147,
2012.

[48] Maree, H., Almeida, P., Bester, R., Chooi, K., Cohen, D., Dolja,
V., Fuchs, M., Golino, D., Jooste, A., Martelli, G., Naidu,
R., Rowhani, A., Saldarelli, P.,Burger, J. Grapevine leafroll-
associated virus 3. Frontiers in Microbiology. Vol. 2, issue 82,
2013.

[49] Martelli, G.P., “Grapevine virology highlight” In Extended
Abstracts, 16th Meeting of the International Council for the Study
of Virus and Virus-Like Disease of the Grapevine, Dijon- France,
pp. 15-23, 2009.

[50] Martelli, G.P. Directory of virus and virus-like diseases of the
grapevine and their agents. Journal of Plant Pathology, Vol. 5, issue
96, pp. 1-4, 2014.

[51] Martin, A., Cuadrado, Y., Guerra, H., Gallego, P., Hita, O., Martin,
L., Dorado, A., Villalobos, N. Differences in the contents of total
sugars, reducing sugars, starch and sucrose in embryogenic and
non-embryogenic calli from Medicago arbdrea L. Plant Science.
Vol. 13, issue 154, pp. 143-151, 2000.

[52] Martinek, R. Method for the determination of Vitamin E (Total
Tocopherols) in Serum, Clin. Chem, pp. 1078-1086, 1968.

[53] Martinez, L., Miranda, C., Royo, J., Urrestarazu, J., Martinez de
Toda, F., Balda, P. Santesteban, L. Direct and indirect effects of
three virus infections on yield and berry composition in grapevine
(Vitis vinifera L.) cv “Tempranillo”, Scientia Horticulturae. Vol.
15, issue 212, pp.20-28, 2016.

[54] Mohamed, H., Abdullah, M., Plant hypersensitive response vs
pathogen ingression: Death of few gives life to others, Microbial
pathogenesis. Vol. 19, issue 145, pp. 2-8, 2020.

[55] Moutinho-Pereira, J., Correia, C., Gonclve, B., Bacelar, E.,
Coutinho, J., Ferreira H., Impacts of leafroll-associated viruses
(GLRaV-1 and -3) on the physiology of the Portuguese grapevine
cultivar “Touriga Nacional’ growing under field conditions, Ann.
Appl. Biol. Vol. 10, issue 160, pp. 327-249, 2012.

[56] Mullineaux P, Karpinski S. Signal transduction in response to
excess light: getting out of the chloroplast. Curr. Opin. Plant. Biol.
Vol. 12, issue 5, pp. 8-43, 2002.

[57] Nelson, S., Citovsky, V. Plant viruses. Invaders of cells and pirates
of celular pathways, Plant Physiology. Vol. 12, issue 138, pp.
1809-1814, 2005.

[58] Oliveira, F., Cassi, R., Caraballo, A., Tallarico, M., Chemical
signaling involved in plant-microbe interactions, Chemical Society
Review. Vol. 18, issue 47, pp. 1652-1704, 2018.

[59] Osbourn, A. Preformed antimicrobial compounds and plant defense
against fungal attack, The Plant Cell. Vol. 4, issue 8, pp. 1821-
1831, 1996.

[60] Prior, L., Wu, X., Schaich, K. Standardized methods for the
determination of antioxidant capacity and phenolics in foods and
dietary supplements. Journal of Agricultural and Food Chemistry.
Vol. 10, issue 53, pp. 4290-4302, 2005.

[61] Radwan, K., Fayez, S., Mahmoud, A. Hamad, Y., Lu, G.
Physiological and metabolic changes of Cucurbita pepo leave in
response to Zucchini yellow mosaic virus (ZYMV) infection and
salicylic acid treatments, Plant Physiol. Biochem. Vol. 12, issue 45,
pp. 480-489, 2007.

[62] Rajasekaran, 1., Kriedemann, P., Aspinall, D., Paleg, |I.
Physiological significance of proline and glycinebetaine:
maintaining photosynthesis during NaCl stress in wheat,

Photosynthetica, Vol. 9, issue 34, pp. 357-366, 1997.

© 2023, 1JSRCS All Rights Reserved

Vol.10, Issue.5, Oct 2023

[63] Robinson, S.P. Jones, G.P. Accumulation of glycine betaine in
chloroplast provides osmotic adjusments during salt stress, Aust. J.
Plant Physiol. Vol. 6, issue 13, pp. 659-668, 1986.

[64] Rosenberg, H., “Chemistry and Physiology of the Vitamins”,
Interscience Publishers, New York, pp. 452453, 1992.

[65] Sakomoto, A., Murata, N. The role of glycinebetaine in the
protection of plants from stress: clues from transgenic plants, Plant
Cell Environ., Vol. 7, issue 25, pp.163-171, 2002.

[66] Sampol, B., Bota, J., Riera, D., Medrano, H., Flexas, J. Analysis of
the virus-induced inhibition of photosynthesis in malmsey
grapevines, New Phytol. Vol. 14, issue 160, pp. 403-412, 2003.

[67] Santosh, K., Mohanty. Physiology of rice Tungro Virus Desease:
proline accumulation due to infection. Physiologia Plantarum. Vol.
10, issue 56, pp. 89-93, 1982.

[68] Scagliusi, S., Vega, J., Kuniyuki, H. Cytopathology of callus cells
infected with Grapevine leafroll-associated virus-3, Fitopatol.
Bras. Vol. 11, issue 27, pp. 384-388, 2002.

[69] Shalaby, S., Horwitz, B. Plant phenolic compounds and oxidative
stress: integrated signals in fungal-plant interactions, Curr. Genet.
Vol. 10, issue 61, pp. 347-357, 2015.

[70] Song, Y., Robert, H., Meng, B. Probing into the Effects of
Grapevine Leafroll-Associated Viruses on the Physiology, Fruit
Quality and Gene Expression of Grapes. Viruses, Vol. 05, issue 13,
pp. 2-23, 2021.

[71] Stange, C. Interaccion planta-virus durante el proceso infectivo,
Ciencia e Investigacion Agraria, (2006) 1: 21-33

[72] Zhao, H., Fan, W., Dong, J., Lu, J., Chen, L., Shan, Y., Lin, W.
Evaluation of antioxidant activities and total phenolic contents of
typical malting barley varieties, Food Chem. Vol. 17, issue 107, pp.
296-304, 2008.

[73] Zhen, Q., Xinnian D., Systemic acquired resistance: turning local
infection into global defense, Annual review of plant biology. Vol.
12, issue 64, pp. 839-863, 2013.

[74] Zhu, Q. Yao, I. Localized and systemic increase of phenols in
tomato roots induced by Glomus versiforme inhibits Ralstonia
solanacearum, J. Phytopathol. Vol. 18, issue 152, pp. 537-542,
2004.


http://www.frontiersin.org/Community/WhosWhoActivity.aspx?sname=HanoMaree&UID=64939
http://www.frontiersin.org/Community/WhosWhoActivity.aspx?sname=RodrigoAlmeida&UID=66435
http://www.frontiersin.org/Community/WhosWhoActivity.aspx?sname=RachelleBester&UID=75383
http://www.frontiersin.org/Community/WhosWhoActivity.aspx?sname=KarChooi&UID=79879
http://www.frontiersin.org/Community/WhosWhoActivity.aspx?sname=DanielCohen_1&UID=78103
http://community.frontiersin.org/people/ValerianDolja/28079
http://community.frontiersin.org/people/MarcFuchs/78074
http://www.frontiersin.org/Community/WhosWhoActivity.aspx?sname=AnnaJooste&UID=80022
http://community.frontiersin.org/people/GiovanniMartelli/55492
http://community.frontiersin.org/people/RayapatiNaidu/65071
http://www.frontiersin.org/Community/WhosWhoActivity.aspx?sname=AdibRowhani&UID=70440
http://www.frontiersin.org/Community/WhosWhoActivity.aspx?sname=PasqualeSaldarelli&UID=78167
http://www.frontiersin.org/Community/WhosWhoActivity.aspx?sname=JohanBurger&UID=67818

Int. J. of Scientific Research in
Biological Sciences

Int J. of Scientific Researchin | Int J. of Scienffic Researchin [ world Academics Journal of

Chemical Sciences Computer Science and Engineering Sciences
ineers ISSN:2348-535X

www.israsetorg www.isroset.org

Int. J. of Scientific Research in
%amzatlon for g, Mathematical and

(b@‘\ "")oo Staistical Sciences
S 2 &
W 1§ Yt t\"
~ NN

& o\ \
www.israsetorg
International Journal of

w It J. of Scierdific Research in
Medical Science Shudie

Research and Practice Submit your manuscripts at

www.isroset.org
email: support@isroset.org

Make a Submission

World Academics Journal of lm. J' u‘f Smgntﬁc Research m
Management

Journal of
Physics and Chemistry of Materials

S
&
&

L

=
2
9
72]
E
<
%
www.isrosetarg 2
%
7

178 (Pring
SSN: 2249 1186 (Onliew

Physics and
ISSN: 2321-505X [ Applied Sciences

4

v X v »

www israsetarg www.isroset.org

www.ijcseonline.org

Call for Papers:
Authors are cordially invited to submit their original research papers, based on theoretical or experimental works for

publication in the journal.

L. Make a Submission
All submissions:

- must be original

- must be previously unpublished research results

- must be experimental or theoretical

- must be in the journal's prescribed Word template

- and will be peer-reviewed

- may not be considered for publication elsewhere at any time during the review period



https://www.isroset.org/
https://www.isroset.org/journals.php
https://www.isroset.org/journal/IJMSRP/index.php
https://www.ijsrnsc.org/
https://www.isroset.org/journals.php
https://www.isroset.org/journal/IJSRBS/index.php
https://www.isroset.org/journal/IJSRCS/index.php
https://www.isroset.org/journal/IJSRCSE/index.php
https://www.isroset.org/journal/WAJES/index.php
https://www.isroset.org/journal/JPCM/index.php
https://www.isroset.org/journal/IJSRMSS/index.php
https://www.isroset.org/journal/IJSRMS/index.php
https://www.isroset.org/journal/WAJM/index.php
https://www.isroset.org/journal/IJSRPAS/index.php
https://www.ijcseonline.org/

	1-ISROSET-IJSRCS-09091
	Last page of Each Paper

