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ABSTRACT
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Investigations on morphological, physiological and biochemica changes
such as the content of proline and quantitative and qualitative changesin
protein were madeinthe seedlingsof Vignaradiata L. Var. K-851following
regular short time (10 and 20min/day) ultraviolet B irradiation. During the
initial period of ultraviolet B irradiation several morphological changes
such asreduction in leaf size and increase in leaf thickness occurred. The
rate of photosynthesis decreased upon ultraviolet B treatment which was
found to be due to adirect action on the light reactions. The biochemical
analysis of the changes in the ultraviolet B treated plants showed reduc-
tion in proteins which could be due to the low levels of photosynthates
formed. Protein profile changes have been manifested as tolerant, sensi-
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tive and induced proteins. © 2009 Trade Sciencelnc. - INDIA

INTRODUCTION

Pantsusesunlight for photosynthesisand, asacon-
sequence, areexposedtothe ultraviolet (UV) radiation
that ispresent in sunlight. Seven percent of theelectro-
magnetic radiation emitted fromthesunisinthe UV
range (200-400nm). As it passesthrough the atmo-
sphere, thetota flux transmitted isgreetly reduced, and
thecomposition of the UV radiationismodified. Short-
wave UV-C radiation (200-280nm) is compl etely ab-
sorbed by atmospheric gases. UV-B radiation (280-
320nm) isadditionallyabsorbed by stratospheric ozone
and thusonly avery small proportionistransmitted to
the Earth’s surface, whereas UV-A radiation (320-
400nm) is hardly absorbed by ozone. Inthe past 50

years, the concentration of ozone has decreased by
about 5%, mainly dueto therelease of anthropogenic
pollutants such as chlorofluorocarbong®. Conse-
guently, a larger proportion of the UV-B spectrum
reachesthe Earth’s surface with seriousimplicationsfor
al livingorganismg®19, Elevated UV-B radiation (UV-
B) has pleiotropic effects on plant devel opment, mor-
phol ogy, and physiology. The UV-B portion of sunlight
has received much attention in recent years because
irradiation fromthis spectral region (especidly 297to
310nm) will increase asthe stratospheric ozone con-
centration decreases®®. Currently, ozone decreases
result from chlorofluorocarbon contamination of the
stratosphere®¥, UV wave engthsfrom 320 to 390nm,
which make up the UV-A region of the spectrum, are
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not attenuated by ozone, so their influencewill be unaf-
fected by ozonelayer reduction. Likeall living organ-
isms, plants sense and respond to UV radiation, both
thewave engthspresent in sunlight (UV-A and UV-B)
and thewave engths below 280nm (UV-C). Al1 types
of UV radiation are known to damage various plant
processes. Such damage can be classified into two cat-
egories: damageto DNA (which can cause heritable
mutations) and damage to physiological processes.
There hasbeen much speculation about how increased
UV radiation exposure will affect plants, but as yet,
thereareno definitiveanswers. Influencesof low and
high doses of UV-B radiation (280-320nm from spe-
cia luminescent lamp) on cereals (barley, oat and win-
ter wheat) wereinvestigated by anumber of physiolo-
gistg®58121518 \Wjith thisbackground the present study
was aimed to examinethe physiologica changesand
protein profilesvariationsdueto different exposures
(0, 10and 20 min.) of UV-B radiation.

MATERIALSAND METHODS

Theseedsof Vignaradiata Var. K-851 were ster-
ilizedwith 0.1% (w/v) HgCl, for 3min. andrinsed thrice
with distilled water. Seedswere placed on plastic tray
with gterile sand and kept in the glassgrowth chamber
for germination. On the 3 day after planting, plants
wereexposed to UV-B radiation for various durations
0, 10 and 20 minutes per day. Investigationswere car-
ried out on the characteristics of plant responsetoirra
diation such aschangesin the content of prolineand
quantitativeand quditativechangesin protein. Estima-
tion of prolinewasdoneby Bateset al.'? method. The
proteins were estimated by the method of Lowry et
al .19, Separation and staining of proteinwas carried out
by Anbal agan method!¥.

RESULTSAND DISCUSSION

Seeds and Seedlings of Vigna radiata L were
grown under various UV-B exposures (0, 10 and 20
min.). UV-B exposed seeds and seedlings of V. ra-
diata showed different percentage of seedsgermina
tion and seedlings growth. High percentage (100%) of
seed germination wasobserved inal exposures. When
young V. radiata seedlingswereexposed to UV-B ra-
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diation (10 and 20 min/day) several morphological
changesoccurredinleavesduring thefirst 5days. Both
leaf expansionand growth of the plant were reduced to
alarge extent after the commencement of the UV-B
treatment. Exposure of plantsto UV-B radiationfor 5
days caused more than 80% inhibition of leaf expan-
sion. Similar decreaseswerealso noticedinfreshand
dry weight of the UV-B treated | eaves when expressed
onunit leaf basis. Thegerminated seedlingswereirri-
gated with 10x diluted M urashigeand Skoog’s medium
(1962) with variousexposures of UV-B 0, 10 and 20
min. UV-B exposed for 10 min showed high percent-
agetolerance compared to 20 min exposed seedlings.
UV-B exposed for 20 min seedlingstolerated upto 14
days, 10 minexposed seedlingstol erated upto 18 days.
Control seedlingsweretolerated with out any change.
Theexomorphic characterssuch asshoot length, fresh
weight and dry weight wered so affected differently at
different exposures (dataare not included). UV-B ex-
posed seedlings showed theleaves shedding after 10"
day of germination. UV-B exposed plants showed the
increased reduction in plant height progressively and
cons stently withincreasing exposures.

Growth of any organ is associated with an addi-
tional synthesisof proteinwhichisbuilding blocks of
protoplasm and are again the resultant inter- mediatory
metabolism. Thesoluble protein showed agradua in-
creaseintheir content. Thismay be dueto thereduc-
tionin chlorophyll contents, as confirmed by our ob-
servation that after 10 daystheleavesturned paeyd-
lowish green. Thisisanindication of Chlorosis. The
chlorophyll in photosynthetic pigmentsestablished a
complex with proteinwhen chlorophyl| was decreased.
Therelative positions of the protein bandsasreved ed
by SDS-PAGE of the V. radiata under different UV-B
exposures (0, 10 and 20 min.) showed obviouschanges
in the banding profiles (Figure 1 & 2). In case of V.
radiata, the number of observable polypeptidesin-
creased gradually from 0-20 min. UV- B exposures.
Of which, maximum numbers of bands (17) were ob-
served in 10 min exposed 6 days old seedlings of V.
radiata. Followed by, 10 min exposed 8 daysold seed-
lings of V. radiata which showed sixteen bands. The
majority of the bands appeared between the MW-Rf
ranges0.29t0 0.87. The protein profileswere classi-
fiedintothree categoriesbased ontheexpressionviz.,
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Figurel: Protein pattern of theV.radiataL . Var. K-851

under different UV-B exposures

A. 1% Harvest of V.radiata L .Var. K-851 under different
UV-B exposures. B. 2" Harvest of V. radiata L .Var. K-851
under different UV-B exposures. C. 3" Harvest of V. ra-
diataL.Var. K-851 under different UV-B exposures. D. 4"
Harvest of V. radiataL .Var. K-851 under different UV-B
exposures. E. 5" Harvest of V. radiata L.Var. K-851 under
different UV-B exposures.

M-Marker; C-Seedlings of V. radiata L. Var. K-851 ex-
posed toordinary fluorescent lamp

10-10 minutesexposed seedlingsof V. radiata L . Var. K-851
20-20 minutesexposed seedlingsof V. radiata L . Var. K-851

UV- B tolerant protein; UV- B induced proteins and
UV-B sengtiveproteins. UV- B induced proteins (MW-
Rf. 0.15, 0.25, 0.29, 0.37, 0.41 , 0.42, 0.52, 0.56,
0.57, 0.60, 0.61, 0.66, 0.68, 0.70, 0.80, 0.82, 0.85,
0.88, 0.89, 0.92,0.95, 0.97 and 0.98 ) were observed
only inthe UV-B exposed seedlingsof V. radiata, they
failed to expressin the control seedlings. UV-B toler-
ant proteins (MW-Rf. 0.11, 0.14, 0.16, 0.17, 0.19,
0.21, 0.26, 0.35, 0.39, 0.44, 0.45, 0.47, 0.49, 0.51,
0.53, 0.54, 0.55, 0.58, 0.59, 0.62, 0.63, 0.64, 0.65,
0.67, 0.69, 0.72, 0.73, 0.74, 0.75, 0.84, 0.87, 0.93,
0.94 and 0.96) were observed in control seedlingsand
UV-B exposed seedlings. UV-B sensitive proteins
(MW-Rf. 0.12, 0.18, 0.19, 0.26, 0.27, 0.40, 0.47,
0.49, 0.59, 0.62, 0.65, 0.72, 0.73, 0.75, 0.81, 0.84,
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Figure2: Zymogram of the V. radiatalL . Var. K-851 under
different UV-B exposures

I-0-Seedlingsof V.radiatal . Var. K-851 exposed to ordinary
fluor escent lamp

| -10-10 minutesexposed seedlingsof V.radiatal . Var. K-851
|- 20-20 minutesexposed seedlingsof V.radiatalL . Var. K-851
I1-0- Seedlingsof V.radiataL . Var. K-851 exposed to or di-
nary fluorescent lamp

I1-10-10 minutesexposed seedlingsof V. radiatal . Var. K-851
11-20-20 minutesexposed seedlingsof V. radiatal . Var. K-851
I11-0-Seedlingsof V.radiataL . Var. K-851 exposed to or di-
nary fluorescent lamp

111-10-10 minutesexposed seedlingsof V. radiata L . Var. K-851
111-20-20 minutesexposed seedlingsof V. radiata L . Var. K-851
I1V-0-Seedlingsof V.radiata L. Var. K-851 exposed to or di-
nary fluor escent lamp

1V-10-10 minutesexposed seedlingsof V.radiata L . Var. K-851
1'V-20-20 minutesexposed seedlingsof V.radiata L . Var. K-851
V-0-Seedlingsof V. radiata L. Var. K-851 exposed to ordinary
fluor escent lamp

V-10-10 minutesexposed seedlingsof V. radiataL . Var. K-851
V-20-20 minutesexposed seedlingsof V. radiataL . Var. K-851

0.87,0.90, 0.93 and 0.94) were observed only in con-
trol seedlings. They were denatured and failed to ex-
pressinthe UV-B exposed seedlings. Several promi-
nent protein bandswere present inthe UV-B exposed
plants. Itisevident fromtheresult present inthisreport
that the metabolism of V. radiata seedlingsrespond to
thechangesintheenvironmenta conditions. Thechanges
inthenormal over aperiod of 24 h reflects continuous
metabolism occurringintheleaves/plants.
Prolinegenerally alleviatedintheinhibitory effect
of UV-B dressonthestudied parameters. Thisdlevia
tionwasgenerdly associated with K*/Na' ratio of shoots
androots. Itisclear from our observationsthat proline
levels are very high at every period of UV-B stress.
Our resultsdepicting prolineaccumul ationsarein agree-
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TABLE 1: Protein pattern of theV.radiataL . Var. K-851 under different UV-B exposures

| Harvest 1l Harvest Il Harvest

IV Harvest V Harvest

| Harvest |l Harvest Il Harvest IV Harvest V Harvest

Mw- Rf Mw- Rf

0 10 20 0 10 20 0 10 20 O 10 20 0 10 20 0 10 20 0 10 20 0 10 20 O 10 20 O 10 20
0.11 + o+ o+ 068 - - - - +
0.12 + 069 - - - + - - + + - - 4+ - - +
0.14 + + + o+ 070 - - - - +
0.15 + + 072 - + + - - - - 4+ - - + + +
0.16 + + -+ 073 - - - + + o+
017 + + 074 + - - - + - + - - 4+ - 4+
0.8 + 075 - - 4+ 4+ - - o oo s
0.19 + + 076 - - - - - - - - - 4+ - 4
0.21 + o+ + + o+ o+ 079 -+ - - - - - + - - - - 4+ - 4
024 + - + o8 - + + - - - - - + - - +
0.25 + + o8 + - - - - - + - - - - - %
0.26 + o+ 082 - - - - - - - - - - - + - - +
027 + 084 + + + - - - - 4+ - +
0.28 + 08% - + - - - - - - + - +
0.29 + + o+ + 087 - - - - - + - + - - - + +
0.35 + + o+ 073 - - - + + o+
0.37 + o+ + + + 074 + - - - + - + - - 4+ - 4+
039 + + + o+ o+ 07 - - + + - - - - - - - - - - 4
0.40 + + 076 - - - - - - - - - 4+ - 4
041 + o+ + - + 088 - - +
0.42 + 089 - - - - - - - +
0.44 + + -+ o0 - - - - - - +
0.45 + + 092 - - + - - - - - - - - - - - 4
0.47 + + 4+ + o+ 093 - - - - - - - + - + - - +
0.49 + + o+ + o+ 094 - - - - - - - + - +
0.51 + + 0+ o+ o+ o+ 095 - + +
0.52 + + 0% - - - - - - + + +
0.53 + + 097 - - - - - - - - + - + +
054 + - + 098 - + +
055 * * " mentwithother reports“8. Thegreater accumulation
056 * * * inV. radiata, presumably render them drought toler-
057 * *  ant.Apossiblereasonfor these, increased levelsof pro-
058 * o lineduring UV-B stresscould bean dternationinthe
059 * * * activitiesof theenzymesinvolved inthe biosynthesis
060 * o * and degradation of proline. Prolineisthought toplay a
061 * multifunctional roleinthedefensemechanism. It actsas
062+ + + + * amediator of osmotic adjustments, astabilizer of sub-
063 -+ - -t - cellular structure, ascavenger of freeradicals, an en-
064 oot ergy salt and stressrelated signal 4. A strong correla-
065 =+ - - - * * tion between theaccumul ation of prolineand tolerance
066 -+ * of drought stress has been demonstrated by over ex-
067 + + + o+ o+ + -+
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genep5csor by anti-sense suppression of theproline
dehydrogenease (pro DH) geneinvariousplants. In
concluson, devated UV-B stressg gnificantly enhanced
the accumulation of proteinand prolinein V. radiata
var. K-851. The UV-B exposed seedlings of V. ra-
diatavar. K-851 exhibited substantial changesin pro-
tein and prolinelevels. Thedataon various parameters
of plant performance obtained in thisstudy revedled a
sgnificant effect on UV-B senditivevarieties. Thepro-
tein banding pattern was used to identify the UV-B tol -
erant and induced proteins.

It isintended to further solve the structure of the
few sdectiveproteinsusing techniqueslikenud ear mag-
netic resonance (NMR) study, X-ray diffraction (XRD)
analysisof crystasor bio-informatics.
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