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Abstruct

The deflense stiamegy of oo plants ngeinst Evedagidfuair vexans are mubtifold and include accumulation of
pathogenesis-reluted ("R proteting. A study on the ussocition of defenie enzymes wilh resistance in fea
plams wiggeved by E. vexons revenled significant chunges in the level of [-1.3-glucanase (PR 2) and
chitnase (PR 3} exhibiiing antimicrobial netivily, Aceumulation of defense proteins differed in time and
wagiitide. Time course studies poinls towards accumulation of PR-2 ond PR-3 in the carly hours, PR-9
bater o anal fimally the antifungol metabalites that conler resistance 1o the plants. Treatment with sulicylic
acid (540 stimulates o wulticomponent defonse response in ica leaves which was conlirmed by immuns-
loealization of PR 2 nind PR 3 in tea leaf tivsues following induetion of resistance. Induction of PR-3 in
suspension-cultured tea cells following SA treaiment was confirmed smmunalogically using antibody
probes (PAb-chitnase]. Subcellular loculization of PR-3 and PR-2 in lea leaves were also confirmed by
vdivect immumegeld Tabeling. Murked increase in frequency of gold particles following clicitation by SA
trestment was evident. Cell defense responses associsted with sysiemic acquired resistiance induced by 5A
against Eversns has been discussed in relation to the possible role of PR-prateins in immunizing tea

plants,

Keywords: Bliser blight, PR- 2. PR -3, defenss enzymes, immunogald labeling.

Tea [Cametlia sinersis {L.) 0. Kuntz], the preferred
beverage in the world is at a threat of guality
deterioranen due to the persistent anack of pests and
pathogens it faces all year around. When lza plant
suiccumbs o blister blight (Plawzl figA) caused by
Exobasidium vexans (Plate | AgB) crop loss is severe
and tea produced from such leaves is of inferior quality.
The diszase become dizastrous on lea recovering from
pruning which subsequently alleviptes the gquality of
bheverage production drastically and thus the tea industry
suffer enormously erop Ioss (Chandra Mouli 2005).
Higher plants protect themselves from biotic siresses by
producing wide array of defense compounds, which are
eier induced or preformed. One of the way in which
plants respond to biotic andfor abiotic stress faclors are
the accumulation of variows novel proteins collectively
referred to s pathogenesis-related proteins or PR-
proteins (Chakraborty and Sharma, 2008). In the p.r-:s.v.?nl
imvestigation, biochemical and immunological sudies
have been made to elucidate defense responses of tex
plants miggered by E. vexans with special refercnce Lo
the: imvolvement of PR protein, their induction for
development of 5AR and their immunocytochemical
lpcalhization in leafl mesaes.

Materiale and Methods

Plant material. Nine lea varietics (BS-TA76, BS5-1,
BSS- 1 UP- 26, TV- 20, TV- 23, TV- 26, TV- 2% and
TV. 10) were collected from Tea Germplasm Bank,

Warrespanding awiheor:
E-mail; bnonbu @ grres] com

Departnant of Botany, University of Nosh Bengal
Healthy and naturally blister-blight infected wa leaf
samples were collected from Tea Estaies of Darjesling
hills.

Fungal materinl, E vexans is an obligate pathogen so
its growth in arificial mediom is not possble. Tea
shoots with well developed sporulating lesions of blister
hilight were freshly collected from the garden and dipped
in concal flask contaiming 2% sucrose solution, kept at
25 °C for the collection of basidiospores and siored af 4
"C for further use

Artificial inoenlation and disease assessment. Tntaci
tea plants were artilicially inoculated with basidiospares
of E verans following the method of Chakraborty ex al,
{1997, The spore. suspension was brushed on either
surface of the first, second and third leaves of each
plants and incubsied at 23 £ 2 °C for 16h photoperiod.
Disease symploms developed withun 11 d of noculaled
plants and percentage infection in each casc waos
determined on the basis of the nomber of infected shoots
out of 50 shooss examined ar random. a5 suggested by
Venkataram (1979), Disease incidence was scored and
on the basis of the percentage of infection, ihe Yaretes
were grouped as 0-20 % - rezlztant (R 21-40 % -
moderately resisant (MR 41-10 % - moleraely
susceptible (MS) and 71-100 % - susceptible (5.

Elicitor mreatment. For induction of resislance i tcu
plants againat E. vexans, salicylic acid (Himedia) wasz
msed. Plants were treated with salieylic aced (15mb),
supplemented with Tween .20, thrice &t V-d-miervals
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Tmmunoflooreseence.  Indincet immtinafluoseence
stuving of ea leaf Gaswes using PAb of CHT labelesd
with anfi-rabbal gos IE!,;G wltjlq,:l.eﬂ with FITC was
performed  following e protocol as described by
Chakmbory  and  Chakraborty  {2003). Observations
were made under UV light in a microscope {Lenz)
euipped with 13 flier ideal for FITC and photographed
with a Leica Wild MPS 48 camera on Eodak flm
BO0ASAL

Western blotting. Proten samples were elecirophoresed
on 10% SDS-gel and slectrotransfzreed w nitracelluloze
shests using semi-dry Trans-blot unit (BioRad USA) and
probed with PAB-CHT. Hybridization was done using
alkaline phosphatase conjugate and 5-Bromo-2-chloro-3
<indolylphosphate  (NBT-BCIF) a5 substrate.
Immunoreactivity of the proteing were viswalized as
violez colored bands on nitrocellulods sheets.

Flectron  Microscopy . Transmission  eleciron
microscopy of healthy as well as salicylic acid treated
tea beaves was performed following the method of Tahird
~Alaoui er al (1993). Afier fixing in phosphate buffer
glutaraldehyde for  overnight the samples were
embedded in LR White and polymerized at 60°C for 2
days. Ubtra-thin sections of the samples were cut with 2
diamond knife and collected on Pioliform coated 300
mesh mickel grid for immunogold labeling  with
antirabbit IgG (whole molecule) gold conjugate {10nm}.
Afier contrasting with uranyl acetate and lead citrate, the
sections were examiped with a Tecnal 12 Bio Twin
ransmission  electron  microscope  (Fhilips, The
Metherlands) at 75 kV with Megaview T soft Imaging
System,

Resulls

Screening of resistance of tea towards E. vexans.
Nine tea varicties (B5-TA/76, BSS |, BSS 3, UP 26, TV
20, TV 22, TV 26, TV 29 and TV 30) were screened for
resistance towsrds B, vexans, Results have been
presented in Table 1. Darjecling varicties BS-TA/L/76
were highly resiplant, Among the UPAS] vanetes B3S-
1 was found 1o be resigant while others were found o

fill

Twhile 1z Incidence ol hlisier hlight cossed by B venmns
i ok licial Ty anculaied ea plams

Ten varbeibes Percenlage IMsense
Infection (%" score

e 5~ 15,9 & 0 R

limg TadITh

LA R B55-1 213 4 00k MR
553 182 =417 [
UP-26 46,5 £ 0.07 b

Tacklai T™V-20 224 =004 MR
TY-x2 44,3 £ D M5
TV-2i 220004 MR
TV.29 286005 MR
Tv.-30 4003 MR

Hove: Drara sverapo of thres enperimenls; £ Sianderd ermar; 340
shoals were screcsed per varissy 20 days afler inoculkation wih
E. werans, " R - resisizal {0 - 20 %), MRE - moderately resistant
{21 - 40 ), M5 - moderuiety susceptible (41 - 70 %) 5 « suse

ceptibde (71100 %l

be either moderately susceptible (M35) or moderately
resistant {MR). Most of the Tockisi varietics were gither
moderazly susceptile or moderately resistant.

Time course pocumulation of defende enzymes in Lei
varieties following imoculation with E. vexans.
Resistance to disease in plents iz associated with
indicible compounds, which may function in defense
against disease. Characienstic  pathogenesis-related
prateing (PR-protzins) accumulate in plant  cells
responding to pathogen atack. Timing and magnituce af
PR-protein induction differs, which 15 important for 2
successiul delense reaction, Therefore, as tme courss
sudies  may  reveal  important  differences  in
accumadation of defense enzymes such expenments
were performed. Activity of the defense enzymes [i
chitinase, and [-1,3-glucanasze wpon artificial incculation
with E. vexana under controlled conditioms was recarded
for nine different vanetes, Conorol plams were also
miainizined under identical conditions, Chitnase activity
significantly increased after inoculation with E. vexans.
The encyme activity was higher afier inoculation i both
resistant and susceplible varteties. However increase in
enzyme activity was misch sieeper in the resisiant lines
with highest levels in the order (BS-TAS176, TV-26, TV
30, TY-29, BS5-1 and BS5-3). This difference beswesn
the 1woa lines widened and reached 3 maximuom bevel 24
h of inoculation, Further companson showed o grasual
gecline with time in the resistang lings whereas the
decline in enzyme activity was rapid in suscepaible ones.
Diespite fall in the activity, chitinase levels were still
higher im the incculated plants than their respective
controls {Table 2§, It was seen that the chitinase sctivity
wis mare= ar less constant at the control value.

[i-1,3-glicanase activity show a rapid nse in the resistanl
yarleliss in companson 1o susceplible ones (Table 3L
Enzyme uctivity started 1o increase within 24 h of
inoculation and was maximum at this tme inerval
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Table 2: Azsecimnon of the defense eneyme chitimase (PR-3) in 1ce leaves triggered by arilicial inocu lation with

-E VTS
Vuriely Chitinase activity (mg GleNAc g leaf tissue b’ )
Haurs after inoculation
il 24 i85 4
[ I C | [ I C I
BS-TA T 0.256 (h26 (0.221 1.282 {1,232 0951 2| a3
+ 008 + 005 + 0,07 =002 + 009 = 0.08 + 007 I E]
Lt | Hids sl 0149 0.681 sl 0,408 0143 0321
& 003 + 003 & 0.0 + 00 + .08 =004 + 003 + [
S5 0152 N.155 0158 06T 0159 0471 0. 160 038l
+ (.03 +0.05 +0.03 & (ol + 003 = {008 + 0. + [0
P26 0147 {1149 0154 (662 160 (1,490 0.153 0,298
+ 007 + (L0G + 009 + 0 4 (08 + 002 = [1.07 + 003
TY-Eil 0. |88 mIEe 0185 1.0]4 0. 1% H80z 10,154 0.628
= (.05 + (.01 + (105 & (17 =005 + (0g = .05 4 [1.05
TW-22 0212 0231 221 0630 0234 0472 0,250 0,301
+ 0. & (1008 + [0 + [0 = (.05 =003 & 0.0k + .4
TY-26 (189 0190 0178 0.971 nase o7l o7 0600
+ (0% = 002 = DR = .08 =00 + (06 = 0.07 + .03
TV-20 0 1a97 0.198 0.195 0.891 0.186 ED3 0.181 0,492
+ 005 + 0,08 = (.07 + 006 £ (.07 = 0.05 + .06 + 0.07
TV-3 0.238 0.249 0241 .1 0.223 LELd 0.233 721
£0.08  #002  +001 000  +00i 008 40090 4045

*The resalis presenied are the means ealeulansd for five experimants

Table 3: Association of the defense enzyme -1 3-glucanase (PR-2} in tea beaves tngeered by artilicial inoculation

with £ verans

-1 3-glucanase activity (pg Glucose g leal tissue min™'}*

Viuricly
Hours after inoculation
il 24 AR 72

C I C I C ] C I
BS-7TAFLTG 14.2 5.2 121 212 16 1 fi. 3 2R 54.2
2.6 il L 15 27 35 LN | + 19
H55:1 303 312 129 LU Mk <ML an 4 97
+ 1.0 w13 + 17 s £ TR k.5 +1.1 1.7
[155-3 29.4 RITR i T 5.3 0 150 0.7 3
#0.) + 17 £ | ds = 1 | S 1] i [0 +13
Lis26 )7 M1 A 174 87 18.2 206 2.8
+ 1.3 +15 = |5 [ L 24 18 + 1.3
TW-20k 41.2 405 | &7 g ik K 41,3 4 0
+ |6 £ 24 =15 o o Q1 + 3.5 + | 4
TV-22 79 w2 L S5TH 154 0T 3 P
18 + 1.7 & |0 w7 = | 6 =] 2 * .3 + .0
TV.26 40.2 417 415 091 A1 o 509 4] 7 44 7
+ 1.3 +1.0 & 1.0 =14 = | 8 = [ +1.3 + 2.7
TV.20 I0.8 0T +0.4 L 4.6 47.2 ElE, 41 7
& 1.4 + 28 424 =35 = |.2 - i ) +2 0 1.0
TV-3i¥ 6.5 3T 6.0 B34 372 44 7 E M| A0
=24 + |4 =14 + 2.3 % 1.0 £ 1.1 2] & 141

*The resuslts presented are the means calculsed for five expesmiments

[raculied resistant varieties showed higher levels of the
ey in comparison o inoculated susceptible ones
After 24 h the engyme activity gradually decreased in all
varieties, which continued till 43 b Interestingly, thowgh
not so significant, the activity of [-1.3-glucanase in the
inoculated plants had o tendency 1o slighly increase
{T2h) after a full in peak value (24h). Further comparison

showed thal the resistant inoculated plants alained he
same level of enzyme after 48 h as that attained by
susceptible  varietics afier 24h, Suscepuible  varienes
showed a faster dechine in enZyme activily Whereas
resistant vaneaties soll maiatained muoch higher levels
The enzyme 2ctivities of both resistant and susceplibie
varieties following inoculation were higher than thear

fil
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(Plate I. fig. A-1k: {A) Blister blight disense oftea; () basidiospores of E. vexans bright field (40x); (C) £ vevans treated

with PAb - Chitinase labeled with FITC, (D) SDS-PAGE analysis nnd EDAS profiles of acid soluble 1 leal proleins of

healthy and E. vexans inoculated; (E)Western blol nnilysis of PR-3 in tea beaf asues triggered by £ vevans, Fluoreseont

:!:_lt_r-dhr stuinkng of tcu leal tissues (Fée 1) and frinble calli (G & 1) trentex] with salicylic acid and probed with PAB
Hinnse,
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Table 4: Dot immunohimbing reactions of PR-2 und PR-3 protein of leo variclics triggered by Everans

Yorleties PAh-CHT PAb-BGLLU
Healiby Inoculotes Healthy Inoculated
BSIATH b 4+ ¥+ +ht
nss. 4+ b 4+ + - - Ll
TV-26 + F +# 4 + 4+
T3 + oo+ " b
TV-29 4 + &+ + + +
TW.22 + + 4 + ++
LI 2 + + & + + &
TV 200 ! + + o
k-1 + + +4++ + +#

b comeentration 40 mg mi™; Colowr intensity of dots; + insgnificant, ++ light vialel, + + + vialel. + ++ + decp Viclel, + 4 4+ +

very deep violes, NET/ROIP was wsed a5 substrsie in dot hlod azsay

respective  controls throughout. Association of PR
prodeins in this host-pathosystem reveals that disease
resistance in ten following atack by E. vexans is a
culminatedl  setion of chitinase (CHT) and [I-1,3-
ghucanase (hGLLUD.

Polyclonal antibodies (PAbs) raised aganst purified f-
1, 3-alucanose (PR=2) and chitinase (PR-3) were used in
various immunological formats. The effectiveness of the
purificd chitinase as well as p-1.3-glucanase antigen in
raising PAbs were checked by homologous cross
reaction following agar gel double diffusion fests
Conatral 2205 involving normal sera and chilinase were all
negative. Stropg precipitin bands occurred when PAL-
CHT and PAb-GLL were reacted separacely with its
own antigen. The tire values of PAbs were checkead
afier each bleeding and only those showing strong
precipitin - bands  were  osed  for  subseguent
immunoassays, Tn vitro treatment of basidiospores of
Evexans with chitinase enzymes (PR-3) purified from
lzal samples and labelled with PAR CHT and FITC gave
chear inhibition of spore wall {Plate 1.fig. C).

Acid soluble proein extracts obained lrom tea leaves of
control and £ vexgns mocelated 1ea plants of resistant
und susceptible varieties were resolved in SD5-PAGE
(Plate 1.fig.D. These were reacted with PAR-CHT and
PAB-GLU in dot immunobinding assays (Table-4)
Results revealed that the antigens from leaves aficr 24 h
of inoculstion of resistant variedies (BS/TAT6, BSS5-3,
TV-26, TV-30 and TV-29) showed deep vieler colour
whereas susceptible varetiss showed weaker reactions.
When healthy and Evexonr inoculated proicins were
probed with PAR of CHT in westemn blot analysis, new
band yielded following challenge inoculation with
E vexans in resistant varieties (Plate 1,fig. E).

Induction of resistance towards E. vexans in fes
plants and associated changes in defense enzymes. An
artempt was made to induce resistance in tea varety (UP
«26) that has bean established 10 be suscepiible towards
E. wvexami. The plant was treated wath salicylic acid
(zbiotic elicitor]), one of the many activaiors of diseass
resistance being unlized 1o aid clucidation of the
compiex mechanisms of the defense response and to
assess the potental of employing SAR commercially.

L]

Plants were sprayed with 15 mM salicylic acid for 7 d
and chaltenge inoculated with E vexans. Samples were
harvesied at 24, 48 and 72 h, The extraclable defenze
enzymes - chitinase and f-1,3-glecanass were ohrained
from untreated healthy (UH), untreated inoculated with
E werans (UD), treated healthy (TH) and ireated
inoculated (TT) tea plants. The patterns of accumulation
of all defense enzymes were of significantly high fevels
in treated-inoculated planis.

Chitinass activity was measured in leaves following all
treatments as well as control. The levels rose with a peak
al 24 h after inoculation and at the later time poinis {43
and 72 h after inoculation) declined baut the fall was
steady. [, 3-glucanase activity in the leaf extracts was
influenced by inoculation with E vexans and displayed a
peak rize within 24 h post inoculation. The valuss
oblzinad for the ireated-inoculated plants showed o raped
rise in the [i-1.3-glucanose activity in comparison to
ireated healthy and wntresed inoculated plants. Afer 24
h the enzyme activity gradually decreased in all
treatments, which continued @l T2 b

Immunopold localization of PR-2 and PR-3 in lea
plants  induced by Salicyblc acld.  Indirect
immunolluarescence of salicylic acid weared ea leaf
lizsues gave bright apple green flworescence in
mesophyll fissues when probed wiath PAB-CHT and
labeled with FITC (Phue |, ligaF&D), Cell suspenzion
culture (Plate 1.fig.G) also gave bright fuorescence
following wemment with PAb CHT and labeled with
FITC (Plate 1, fig. H}. Hence, it was inleresling 1o bocate
these defense proteins in wtra thin sections of ea leaves
treated with salicylic acid and then probed with PAb
CHT as well as PAR GLU. Salicylic acid induced the
deposition of B- 1 3-glucanase (PR-2) and Chitinase (PR-
3} systemically in the cells. The deposition of the
chitinase, was found predominantly in  cellular
compartments. Gold labelling in the seclions showed 2
high amount of lsbelling in chloroplasts and  host
cyloplasm and lesser amount in vacuolzs, mitochondriz
and walls (Plote 2, figs A&B). Accumulation of p-1.3-
glucanase in treated tea plants was observed in cell walls
apd extracellular spaces. The results were compared
with untreated control plants. Microscopic examinations
revealed labelling comespending w f-1.3-glucanage
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Discnssion

In natume  plaais lisvie  evalved :I'|I.l|.||n:u:||'|1|;r|:||.1|;.111
coanbmated  mechamiams by wiach ey con delend
themeglves against the mwiltiiude of organisms :J.Il'.u:kmg
them Resisiance 10 discase in plants is associated with
preformed and or iwlucible compounds, which may
funcnon an defense agminst discuse (Brockser! clal
2000, Ravera ebal, 20020 The versaiile multicemponent
defense 5 adequate to provide them prolection against
mast of their polemtial pathogens; only a few of them
can overcome this defense and cause disease. Just
before oo concomitant with the appearance of a
hypersensitive reaction 15 the increased synthesis of
several families of pathogenesiz-relared (PR} protens in
the inoculated plants {Van Loon, 1985}, Induction of -
1.3-glucanazes has been demonstrated in many plant-
funzal pathozen iMerzctions (Kemp et al., 1900 Kink et
al., 201} and they are thought 1o play several roles in
plant defense.

Studies have besn taken uwp for detection of the
pathegen in bost dssues by imumunological means
(Chakrabormy and Chakraborry, 2003} and identification
of specific antigens in elecirophoretically  separated
components (Blake ef al., 1984).The development of
sefologecil technigues has produced a number of highty
sensiive methods for identifying microorgamisms in
dizzased plant tissues (Lyons and White,1992). The
induction and accumulation of chitinase and [-1.3-
glucanase however may be associated with the
restnction of symprom development on the ez leaves on
areck by E wvexans as the enzyme activicy was more
rapidly enhanced im incompatible than compatible
interactions. Recently it has been sugpested that a f-1,3-
glocanase, induced in soybean leaves, by infection with
Phytophthora megasperma Tsp. plycinea, Runctions in
defense by releasing a phytoalexin elicitor from the
mycehal walls of the fungus (Ham et al, 1991)L
Furthermore, Kim and Hwang (1994) suppored the role
for  [-1.3-glucanase n  discase resistance by
demongtrating that [-1.3-glucinase was induced and
accumulated in pepper planis by Phytophthore capsici
infection, more distinctly in resistam than susceplible
fissues. Yo and Hwang {1996) olso opined thor industion
and accumulation of fi-1 3-glucunoses and chitimases in
hypocotyl and leal tissues of soybean  Tollowing

imtection with Mivtopshies mepasperma Eap phoinen
s n reele D defense renetiom agiinst the pathapen
where e fmchictinn wus e conpspleunis in e
meompuatible  lueructions 0 the liie stiges of e
flection process (0 und 6f b afier inoculation), Pl iere:
preclsely, o lrpe budy of cvidence has iII:'tlJI'TiIlh:I".'!'i'
suggesting, a key role for salicylic acad lli_hﬂ"h SAR
signiling  one  discose  resislance {Raskin, [12)
Intercstingly, not anly is salicylic acid a potent inducer
ol resistmee but is olso capoble of octing direclly on
fungnl developmend o5 has been eluborately described
by Amibornbe e ol (2002) 1owards Evtypa Jada.

Mant innate  immunity s based on @ surprisingly
complex response thal is highly fMexible in it capacity
lir recognize und respond to the invader encountered. In
len plands the SA-dependent defence pathway induces
resistance 10 E. vexans, The phenomenon of induced
resistance by 34 as an achvalor 1o enhance resistance in
lea plams agoinst o broad rangs of fohar fungal
pothogens could be on stractive ond an aliermative
digense contral practice.
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