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ABSTRACT

Sunflower (HelianthusannuusL.), amember of compositae family isthe
most important edible oilseed crop. Sunflower necrosisvirusisone of the
viral diseases in sunflower plants, The main symptoms of this disease
chlorotic mosaic, leaf necrosis, stem necrosis, leaf distortion and plant
death. In this study, plant enzymes, peroxidase, and polyphenol oxidase
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activitieswere assessed and chlorophyll content was measured in healthy
and sunflower necrosis virus diseased plants. The peroxidase and
polyphenol oxidase activitieswere enhanced, where aschlorophyll content
was decreased in viral infected leaves than in healthy sunflower plants.
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INTRODUCTION

Sunflower necrosisvirusdisease (S\NVD) isoneof
thediseasesaffected by virusin sunflower plants. Itisa
strain of Tobacco streak virus belongs to genus
[larvirus, Family Bromoviridae. Raw sunflower ker-
nelsarenutritiousfor humans. Thekernelsof sunflower
contain 55 percent proteins. Other vitaminsand miner-
asinsunflowersinclude B, E andA vitamins, phospho-
rus, nitrogen, calciumandiron. Sunflower oil isusingin
cooking, soaps, lubricantsand candlespreparation. It
isalso used asnatural medicinein curing someof the
diseases of humanincluding snustis, hemorrhoidsand
leg ulcersin human beings. Peroxidaseisan oxidoreduc-
taseenzyme, the presence of hydrogen peroxideit cata-
lyzes the oxidation of organic and inorganic sub-
strates4. The peroxidase waswidely distributed in
plants, animalsand microorganism® The peroxidative

damage of cell wallsiscontrolled by the peroxidase of
antioxidative enzyme system*%l, Peroxidasewas one
of thekey enzyme, controlling plant growth and devd -
opment. It involvesin construction, rigidification and
eventud lignificationsof cell walls, protection of tissue
from damage and infection by pathogenic microorgan-
ismg?. Polyphenol oxidaseisatetramer that contains
four aomsof copper per moleculeand binding sitesfor
two aromatic compounds and oxygen'®. Inthis study,
peroxidase and polyphenol oxidaseactivitiesand chlo-
rophyll contentswere assessed in hedthy and vird in-
fected |leavesof sunflower plants.

MATERIALAND METHODS

Plant materials
Fresh sunflower leaves (both healthy and virusin-
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fected.) were obtained from green house of Virology
Department, Sri VenkatesvaraUniversity, Tirupati, In-
dia

Prepar ation of sunflower leaveshomogenate

Healthy and virusinfected plantsweregrown and
maintai ned for further research. The sunflower leaves
homogenate was prepared by Sakharov!” method.

Enzymeassays

Both the enzyme assay werefollowing with some
changes according to Hemantaet al®

Peroxidase assay: Thesamplemixture containing
0.1M phosphate buffer (pH 7.0), 1 ml of 45mM Guicol
and 22.5mM H,0,: Fromto this 25 ul diluted enzyme
extract was added. The reaction wasincubated in 5
min at 25°C inincubator. Thereaction was stopped by
adding 0.5 ml 5% (V/V) H,SO,. Without substratein
enzymemixturewas consdered ascontrol. Theamount
of guicogallin was determined at 470 nm in
spectrophometer (Spectronic-20D)

Polyphenol oxidaseassay: 3ml of mixturecontained:
0.1M phosphatebuffer (pH 7.0), 45mM Pyrogal (sub-
strate) and 25 pl diluted enzyme extract was added.
Thereactionwasincubatedin 5 minat 25°Cinincuba-
tor. Without substrate in enzyme mixturewas consid-
ered ascontrol. Theamount of purpurogdlinfrom sub-
strate was measured at 420 nm in spectrophometer
(Spectronic-20D)

Specificenzymeactivity wascd culated by follow-
ingformuld?

Enzymemix _ E1000V

mg protein Tt mg protein
WhereE indicates, Extinction coefficient, V indicate
Volume of thereaction mixtureandt indicatestimein
seconds.

Chlorophyll estimation

The Chlorophyll content in plant leaveswas deter-
mined according the method of Arnon (1949)19. The
young leaves of hedlthy, and sunflower necrosisvirus
diseaseinfected |eaveswere collected from sunflower
plantsat Virology department Greenhoule. Infected
leaveswerecutinto smal pieceswithwell edged sharp
blade. Onegram of each hedthy and virusinfected | eaf
samples were taken separately and washed with tap
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water and falowed by distilled water. Then the samples
were macerated in 10 ml cold 80% acetone, squeeze
with sterile absorbent cotton then centrifuged at
3000rpm for 20min and read the absorbance at 645nm
and 663nm in Spectrophotometer (Spectronic-20D).
The Chlorophyll content was estimated by following
formula.

Total Chlorophyll = [20.2(0OD645) + 8.02(0D663)] x V/
1000xW

Chlorophylla=[12.7(0D663) — 2.69(0D645)] x VV/1000xW
Chlorophyllb =[22.9(0D645) - 4.68(0D663)] x V/1000xW

RESULTS

Enzymeassays

The peroxidase activity in healthy and sunflower
necrosi svirusinfected sunflower | eaveswas measured
and theresultswererepresented in TABLE 1. The per-
oxidase activity wasdrastically reduced (nearly two
folds) inhedthy sunflower plantsthantheinfected leaves
(table.1and Figurel). For instancein hedthy plant the
peroxidase activity at 60seconds of incubation was
54.50 glycogudine/ml/min, whereasininfected 105.80
glycogualine/ ml/min The Similar observationswere
made in S.lycopersicum*d, After completion of
180seconds of incubation period the Polyphenol oxi-
daseactivity in hedthy 33.60 and 51.5 purpurogalin/
mi/min, invirusinfected samplewas observed

TABLE 1: Peroxidaseactivity in healthy and viral infected
sunflower leaves.

Per oxidase activity *

Incubation period (in seconds)

Healthy Infected
60 54.50 105.80
180 33.60 51.5

* Values represented in above TABLE mean values of
duplicates; *Activity measured in terms of liberation of mg of
glycogualine / ml/min

The polyphenol oxidaseactivity inhedthy and sun-
flower necrosisvirusinfected sunflower |leaveswas
measured and theresultswererepresentedin TABLE
2. Thepolyphenol oxidaseactivity gradually enhanced
invirusinfected sunflower plantsthan hedthy plantscon-
trols. Nearly two fold higher enzymeactivity was ob-
sarvedininfected plant leavesthan hedthy plant leaves.
[TABLE 2. Figurel]. For instancethe polyphenol oxi-
daseactivity ininfected leaveswas58.24 purpurogallin
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duplicates

Figure 1: Peroxidase and polyphenol oxidase activity in
healthy and viral infected sunflower leaves.

/ ml/minwhereasin heathy leaves29.86 purpurogdlin
/ ml/minat 60 secondsof incubation. After completion
of 180secondsof incubation period the Polyphenaol oxi-
daseactivity in healthy 45.38 and 65.24 purpurogallin/
ml/min, invirusinfected samplewas observed

TABLE 2: Polyphenol oxidaseactivity in healthy and viral
infected sunflower leaves.

Polyphenol oxid
Incubation period (in olyphenol oxidase

seconds) activity*
Healthy Infected
60 29.86 58.24
180 45.38 65.24

* Values represented in above TABLE mean values of
duplicates; *Activity measured in terms of liberation of mg of
purpurogallin / ml/min

Chlorophyll activity at 645nm
0.08 4
0.07 4
0.06 4
0.05 4
£0.04 - m Healthy
0.03 -
0.02 -

/

| hfected

0.01 -
O 4 |
Total chlorophyll Chlorophyllb

Values represented in above Figureure are mean values of
duplicates

Figure?2: Chlorophyll content in healthy and viral infected
sunflower laves

Chlorophyll estimation

Thetota chlorophyll content in healthy andinfected
sunflower plant leaves were estimated and shownin
Figure2 and TABLE 3. The Chlorophyll contentinthe

Concentration of chlorophyll in mg

Chlorophylla

virusinfected plantswerelowered thanthehedth plants.
Chlorophylla and Chlorophyllb ratios al so decreased
invirusinfected necrotic leaves compared to healthy.
Similarly reduced chlorophyll content wasobservedin
vird infected leaves®®4,

TABLE 3: Total chlorophyll, Chlorophyllaand Chlorophylla
content in healthy and infected sunflower leaves

Type of cmr):)ct)zlhyu Chlorophylla  Chiorophyilb
plants content

(mg/ml) (mg/ml) (mg/ml)
Healthy 0.0672 0.0317 0.0353
Infected 0.0561 0.0298 0.0249

* Values represented in above TABLE mean values of
duplicates; * Activity was measured in liberation of end
products mg/mi

DISCUSSIONS

Thecultivation of sunflower isassumed great im-
partment in theworld. Sunflower isconsidered asa
highly profitablecrop for farmers, especidly in North-
ern Karnataka, M aharashtraand Rayal aseemaregion
of AndhraPradeshinIndia Thiscropislargely culti-
vated under rain fed conditionsduring late kharif/rabi
season. The present work was undertaken to study the
chlorophyll content and di stribution pattern of peroxi-
dase, and polyphenol oxidase in developing and
senescing | eef tissuesand to determinewhether thein-
creasein peroxidase and polyphenol oxidase activities
during senescenceisspeciesspecific. Therewasclearly
arelationship betweeninfection and POD activity, with
plantscontaining thevirusexhibiting grester enzymétic
activity thanin the healthy plants. The chlorophyll con-
tent was drastically decreased in total chlorophyll,
Chlorophylla and chlorophyllb. Thetota individual
chlorophyllswerereported to sudy thevariaionindis-
easesto hedthy levelsindifferent virushost combina-
tions exhibiting chlorotic and mosaic symptoms™. In
thisstudy decreased Total chlorophyll, Chlorophylla,
Chlorophyllbwereobservedinvirusinfected sunflower
leaves. Similarly higher POD activity wasobservedin
many plant species. McKenzieet al™*® and Hamady et
al*? and analyzed the accumulation of defensive pro-
teins, including peroxidase, in hedlthy and tomato mottle
virus(ToMoV) infected plants, their findingsindicated
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that infected plantsdisplay greater POD activity than
their healthy counter parts. In plants, virusinfection has
often been associated with aplethoraof biochemical
and metabolic changes*. For ingtancein cotton plants,
cotton leaf curl virug CLCuV] infectionresultsinin-
creasesin catechol, phenols, carotenoids, protein con-
tentg1819,

Thedistribution of peroxidase and polyphenol oxi-
daseactivitiesinleavesof different physiologica ages
of 16 species varied to aconsiderable extent. Some
species showed higher peroxidase and polyphenol oxi-
dase activities toward the basal senescent leaves
whereas other species showed higher activitiesinthe
middle matureleaves or thetopmost |eaves. Increase
inenzymeactivitiesduring detached |eaf senescence
determined whether the tissue was capabl e of denovo
synthesisinall of the plant species??. Improved en-
zyme activity was probably dueto enzymeactivation
and detachment?-24, In the present study alsoit was
observed that the enzyme activities such as peroxidase
and polyphenol oxidasewere higher ininfected plant
|eaveswhen compared to healthy.An experiment was
designed® toverify thechangesintheenzymiclevels
during devel opment and subsequent senescence of
leaveswhich coincidewith on attached leavesof riceat
different developmental stages. Medhavi et al[ 2011]
studied homology modelingin polyphenol oxidase by
Modeller and Geno3D with atemplate sequence. The
3 D structure of the protein was evaluated and vali-
dated using PROCHECK and Verify 3D?!, Theen-
zyme polyphenol oxidasewas convertspolyphenolic
compoundsto quinine. Therateof oxidation of polyphe-
nol isenhanced in tissue adjacent to the diseased |e-
sionsand thismay createsinhibitory zonewhichisef-
fective barrier to further speed of the pathogen. Where
asin case of chlorophyll content, theinfected |eaves
showed lessamount of chlorophyll when comparedto
healthy leaves but there was no drastic reduction of
chlorophyll ininfected leaves.

CONCLUSION

In this study we concludethat the peroxidaseand
polyphenol oxidaseactivitieswereenhanced ininfected
sunflower plant leaveswhereasthe chlorophyll content
was reduced than heal thy. Decreased chlorophyll con-

tent ininfected sunflower leavesisanindication of toxic
nature of peroxidase and polyphenol oxidase activity
increased ininfected leaves of sunflower plantsdueto
antioxidativemechanism.
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