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Abstract

Four c lones o f  natural rubber p lants (c lone RRM 105, RRIM  600. G T I and PR 255) w ere grown in large poly bags under three 
d ifferent ligh t cond itions nam ely, 100, 7 0  and  30%  sunlight. One set o f  plants w as drought stressed for three weeks by 
w ithholding irrigation  during  the rain free sum m er season and  a second set was kept as irrigated controls at all light levels. 
The m alondialdehyde (M D A )/chlorophyll ra tio  in d rought affected plants was determ ined as an indicator o f  drought tolcrance/ 
susceptibility. Photosynthetic  o xygen  evolu tion  rate w as measured at d ifferent light intensities (LED). High light grown plants 
responded to  m easurem ent light intensity  be tte r than low  light grown plants in the relatively stress tolerant clone RRIM 600. 
TTie apparen t quan tum  yield  o f  oxygen  evolu tion  and light comfKnsation point w ere lesser in the low light grown plants than 
the open ligh t plants. T he degree o f  d rough t m ediated inhibition in photosynthetic O , evolution was lower in low light grown 
plants than  open  ligh t p lants indicating pro tection from  photoinhibition in shaded plants. The analysis o f  chloroplast protein 
profile show ed tha t the sun exposed plants w ith concom itant drought stress induced a novel 23 kDa chloroplast stress protein. 
LC /M SM S analysis revealed  that the protein w as a  sm all chloroplast heat shock protein (sHSP). These findings indicate that 
the sH SPs m ay play  a role in d rought to lerance as the m ore tolerant clones expressed relatively increased amounts o f this 
protein.
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Introduction

O n  a  g l o b a l  b a s i s ,  d r o u g h t  c o i n c i d e n t  w i t h  o t h e r  

e n v iro n m e n ta l  s t r e s s e s  s u c h  a s  h ig h  t e m p e r a tu r e  a n d  h ig h  

I  light in t e n s i t y  p o s e s  a  m a j o r  c o n s t r a i n t  t o  p l a n t s  s u r v iv a l  

j and p r o d u c t i v i t y  ( B o y e r  1 9 8 2 ) .  T h e  n a tu r a l  r u b b e r  p l a n t  

; 'H e v e a  b r a s i l i e n s i s )  i s  m a i n l y  c u l t i v a t e d  in  t r o p i c a l  a n d  

s u b - tro p ic a l  b e l t s .  D u r i n g  s u m m e r  m o n t h s  y o u n g  p l a n t s  

' in t h e  f i e l d  f a c e  m a n y  e n v i r o n m e n t a l  s t r e s s e s  a n d

i su c c u m b  t o  t h e  c u m u l a t i v e  e f f e c t s  o f  a b i o t i c  s t r e s s e s  

su ch  a s  d r o u g h t ,  h i g h  l i g h t  a n d  h i g h  t e m p e r a t u r e .  

D rought c o m b i n e d  w i t h  h i g h  s o l a r  l i g h t  i n t e n s i t y  h a s  

r e p o r t e d  a s  m a j o r  e n v i r o n m e n t a l  c o n s t r a i n t  f o r  

e s ta b l is h in g  r u b b e r  c u l t i v a t i o n  in  a r e a s  s u c h  a s  th e  N o r th  

K o n k a n  ( J a c o b  e (  a ! . .  1 9 9 9 ) .  H i g h  i n t e n s i t y  s o l a r  

For correspondence

r a d i a t i o n  c o n c o m i t a n t  w i th  s o i l  m o is tu re  d e f ic i t  l e a d s  to  

a n  i m b a l a n c e  b e t w e e n  l i g h t  a n d  d a r k  r e a c t i o n s  o f  

p h o t o s y n t h e s i s  a n d  c a u s e s  a n  i n c r e a s e d  d iv e r s io n  o f  

e l e c t r o n s  f o r  t h e  p r o d u c t io n  o f  a c t i v e  o x y g e n  s p e c i e s  in  

th e  l e a v e s  o f  r u b b e r  p l a n t s  ( J a c o b  e t  n i ,  1 9 9 9 ) .

In  g e n e r a l  m o s t  o f  t h e  d a m a g i n g  e f f e c t s  o f  

i r r a d i a t i o n  a n d  m o i s t u r e  s t r e s s  to  g r e e n  l e a v e s  o c c u r  a t  

t h e  c h l o r o p l a s t  m e m b r a n e  a n d  e n z y m e  l e v e l  

( O q u i s t  e / f l / . .  1 9 9 5 ) .  T h e  a b i l i ty  t o  u t i l iz e  h ig h e r  o r  lo w e r  

p h o t o n  f l u x  d e n s i t y  ( P F D )  is  m a in ly  d e p e n d e n t  o n  

s t r u c t u r a l  m o d u l a t i o n s  in  l e a v e s  a n d  p h o to s y n th e t i c  

a p p a r a t u s  r e s u l t i n g  f r o m  g r o w t h  l i g h t  c o n d i t i o n s .  T h e  

P S  n .  t h y l a k o i d  m e m b r a n e s  a n d  e l e c t r o n  t r a n s p o r t  

c o m p o n e n t s  a r e  th e  m a in  ta r g e t s  o t  p h o to in h ib i t io n  d u e
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to  the  lo rm atio n  o f  excess ac tive  o x ygen  species d uring  
adverse  c lim atic conditions (D em inig-A dam s and Adams 
1992. H alliw eii and G utieridge 1999). In m ature  rubber 
p lan ts  the  pho to sy n lh e tic  co n tr ib u tio n  o f  shaded leaves 
to  the to ta l ca rb o n  balance has been  suggested  to be 
h ig h er than  fu lly  ex p o sed  leaves d u rin g  d ro u g h t period  
(D cv ak u m ar et o i .  1999). D rought is a m ultidim ensional 
stre ss  a ffec tin g  p lan ts at various lev e ls  o f  grow th  and 
d e v e lo p m en t. M o st o f  the fie ld  g ro w n  p lan ts to lerate  
e n v ir o n m e n ta l  s tr e s s e s  th ro u g h  m an y  m e ta b o lic  
a d ap ta tio n s  at the ce llu la r  level. T h e  resp o n se  o f  p lants 
such  a s  ru b b er to d ro u g h t is m ore co m p lex  d u e  to  the 
in te rac tiv e  ac tio n s  at the  w ho le  p lan t lev e l w iih factors 
l ik e  w a te r  r e l a t i o n s ,  s to m a ta l  b e h a v io r  a n d  
p h o to sy n th esis  and ce llu la r p rocesses like  the  induction 
o f  ce rta in  g ro w th  h o rm o n es, d e h y d rin s . free  rad ical 
s c av e n g in g  co m p o u n d s, en zy m es and  sp ecific  stress 
resp o n se  p ro teins.

T o le ran ce  to  a b io tic  s tre sse s  h as  m ain ly  been 
achieved  through engineering for increased cellu lar levels 
o f  o s m o t ic a l ly - a c t iv e  s o lu te s  ( s u c h  a s  p r o l in e ,  
g ly c in e b e ta in e , m an n ito l, tre h a lo se , f ru c tan s , e tc .). 
H o w ev er the induction  o f  stress pro te ins in to leran t lines 
o f  a v a rie ty  o f  c ro p  species has been  w ide ly  reported  
(V ieriing  1991; Z hu , 2001). F u rth e rm o re  an increased  
le v e l o f  s tre s s  p ro te in s  in  so m e  p la n ts  h a v e  b een  
p re v io u s ly  c o rre la te d  w ith  e n h a n c e d  to le ra n c e  fo r  
d r o u g h t  a n d  l ig h t  s t r e s s  ( A d a m s k a  1 9 9 7 , 
H utin  e t a l .  2003). C urrently  little  in fo rm ation  is know n 
reg a rd in g  the  effec t o f  lig h t and d ro u g h t on the  pro te in  
p ro file s  o f  c h lo ro p las ts  o f  leaves from  ru b b er plants. 
T h is  stu d y  a im s to  ch a rac te rize  the  e ffec ts  o f  drough t 
a n d  h ig h  l ig h t  on  p h o to s y n th e tic  r a te  an d  s tre s s  
responsive protein expression in the ch loroplast o f  young 
ru b b er p lan ts and im plica tion  o f  such  stress p ro te ins  in 
d ro u g h t to le ran ce  in young  ru b b er p lants.

Materia ls  and  Methods 

P la n t m a te r ia l  a n d  g ro w th  co n d itio n

B udded stum ps o f  fo u r c lo n es  o f  H ev ea  nam ely  
R R II 105. R R IM  600. G T l and PR 255 w ere  plan ted  in 
larg e  (35 x 65 cm ) s ize  p o ly th en e  bags. T he p lants were 
grow n under d ifferent light cond itions (tw enty  plants per 
trea tm en t)  nam ely, open  su n lig h t (100%  light), partial 
shade (70%  light) and deep  shade (30%  light). D ifferent 
light intensities w ere achieved using  shade nets o f  varying 
th ick n ess  erec ted  3 m eters  above  the  top  w horl o f  the 
p lan ts. O ne  set o f  p lan ts in each  light cond ition  was 
d ro u g h t stre ssed  by w ith h o ld in g  irrig a tio n  for three

w eeks d u rin g  rain free  sum iner season  and a second set 
w as kept as irriga ted  controls.

M ea su re m e n t o f  P h o to syn th e tic  0 2  E vo lu tio n

T h e  rate  o f  p ho tosyn lhe tic  oxygen evolution by 
le a f  d isc s  o f  th e  fre sh ly  h a rv e s ted  le a f  (n= 8) was 
m easured  at 25"C  with a C lark  type  oxygen electrode 
(H ansaiech  L D 2/2, K ing's Lynn, UK). T he measurement 
light (L E D ) was ach ieved  using  a H ansatech LH  36 light 
so u rc e . T o  a v o id  any  CO ^ lim ita tio n  5%  CO^ was 
g e n e ra ted  in the  c lo se d  ch a m b e r by a b icarbonate/ 
ca rb o n a te  buffer (pH  9.2).

A dditionally  an experim ent w as conducted to find 
out the apparen t quantum  yield o f  oxygen evolution (mol 
o f  O 2 ev o lv ed  p e r m ol o f  p hoton  inciden t on the leaf) 
and lig h t co m p en sa tio n  point. T h e  le a f  d isc  was first 
acclim atized  to  dark  fo r five  m inu tes and the rate of 
d a rk  resp ira to ry  oxygen  up take by the lea f  disc was 
m easured . T h e  leaf d isc  was then  exposed  to  different 
light in ten sities  (50, 100, 200, 4 00 , 6 0 0  /im ol m ’  ̂ s‘ ‘) 
u s in g  an L E D  source  (LH  36, H ansa tech , UK ) for 5 
m inutes each  and p ho tosyn the tic  oxygen  evolution was 
m easured  at 2 5 ° C  (W alker 1988). A  lin ea r regression 
ana lysis  w as done betw een the rate  o f  oxygen  evolution 
(d ep en d en t variab le ) and ligh t in tensity  (independent 
v ariab le) fo r each  lea f  sam ple. T he  apparen t quantum  
yield o f  photosynthetic  oxygen evolu tion  (m ol o f  oxygen 
e vo lved  p e r m ol o f  photon incident on  the leaf disc) was 
calcu lated  from  the slope o f  the regression  equation. The 
pho to sy n th e tic  ligh t co m p en sa tio n  point (w hich  is the 
light intensity  a t w hich the rate o f  photosynthetic oxygen 
evo lu tio n  and the  rate  o f  resp ira to ry  oxygen uptake are 
eq u a l)  w as a lso  ca lcu lated  from  the  sam e regression 
models.

E s tim a tio n  o f  c h lo ro p h y ll a n d  m alo n d ia ld eh yd e

L e a f  ch lo ro p h y ll co n ten t w as estim ated  using 
A rnon 's  m ethod (A rnon 1949). T h e  lipid peroxidation 
p r o d u c t  m a lo n d ia ld e h y d e (M D A )  w as e s tim a te d  
acco rd in g  to  H eath  and Packer (1968).

C h lo ro p la s t p ro te in  p ro file

Type 11 ch loroplasts w ere isolated from  leaves and 
c h lo ro p la s t p o ly p ep tid es  w ere  p rep a red  from  those 
sam ples. T he  p o lypep tides w ere reso lved  in 12% SDS- 
P A G E  an d  s ta in e d  w ith  c o o m u ss ie  b r il lia n t  blue 
(L aem m li, 1970).

M a ss S p ec tro m e try

T he 23 k Da protein band w as harvested from the



gel using a sterile  scalpel and placed in to  a m icrofuge 
I'ube. Gel pieces w ere w ashed and digested  overn ight at 
J7"C w ith try p sin  a cco rd in g  to  H eaz lew o o d  e t a i .  
(2003). I’eptides w ere extracted from  the overnight digest 
by adding an equal volum e o f  aceton itrile  and shaking 
for 15 m inutes a t 8000 rpm  on an orbital shaker. The 
supernatant w as re m o v e d  and  20fil o f  a so lu tio n  
containing 50%  aceto n itrile  and 5%  fo rm ic acid was 
added to the gel pieces, and ag ita ted  for 15 m inutes at 
8000 rpm  on an orbital shaker. Supernatant w as removed 
and the previous step repeated. Supem atants w ere pooled 
and s o lv e n t  e v a p o ra te d  u s in g  a  s p e e d v a c  
iThermo Savant) for 20  - 30  m inutes until nearly  dried. 
Peptides w ere hydrated  in 16 fll o f  5%  aceton itrile  and 

1% form ic ac id  p rio r  to  m ass spectrom etric  analysis. 
Samples w ere ana lyzed  using  an A gilen t 1100 series 
capillary LC  system  with a 0 .5x50m m  C 18 reverse phase 
column coupled to a Q STA R Pulsar i LC /M S/M S system  
(Applied Biosystem s) equipped with the lonspray source 
ninning A nalyst Q S so ftw are  ( v l . l ) .  P ep tid es  w ere 
eluted from  the co lum n using  a 5 - 80%  acetonitrile  
gradient in 0.1 % form ic acid at 8(ll/min. A n inform ation- 
dependent acqu isition  m ethod fo r data  acqu isition  was 
used with rolling collision energy for autom ated collision 
energy d eterm ination  based on  the ion m /z (Sciex/A B ). 
The m ethod used a Is  T O F -M S  scan and  sw itched  to 
MS/MS for a 2s in fo rm ation-dependen t acquisition  o f 
the product ion for ions o f  2+. 3-t- and 4+  w ith greater 
than 30 counts. D ata  w as exported  and analyzed  using 
Mascot (M atrix  S ciences) against the M SD B  database 
with search p aram eters using  a pep tide  to le rance  o f  ±2 
Da and an M S /M S  to le rance  o f  ±0 .8  Da, a llow ing up to 
1 missed c leav ag e  for trypsin , a variab le  m odification 
of Oxidation (M ) and the  instrum ent type set to ESI- 
QUAD-TOF.

Results and  Discussion

The chlorophyll con ten t p e r gram  fresh w eight o f 
the leaf d ecreased  under d ro u g h t cond itions in all the 
clones except in R R IM  600. The photo -ox idation  of 
chlorophyll w as h ighest in RR Il 105 fo llow ed by PR 
255 and G T  1 and the least in RRIM  600. U nder shade
^*bie 1. The MDA/ctil ratio in leave.s of young rubber plants grown in sun

condition total chlorophyli com ent.increased in GT 1 
and PR 255 (Table 1). The lipid peroxidaiion product 
m a lo n d ia ld e h y d e  w as s ig n if ic a n tly  in c re a se d  in 
droughted p lants indicating a state o f  oxidative stress. 
H o w e v e r, s h a d e  g ro w n  p la n ts  a c c u m u la te d  
com paratively lesser M DA than their open light grown 
counterparts w hen stressed. The M DA/chlorophytl ratio 
m young plants w as a  typical renection o f the degree o f 
susceptibility to drought (Table I ). The droughted plants 
o f  RRII 105, a drought susceptible clone, recorded the 
highest M DA/chI ratio (50.5) whereas RRIM  600, a 
tolerant c lone, recorded the lowest ratio (26.5).

The photosynthetic  oxygen evolution rates of 
unstressed leaves were studied in two clones, namely 
the drought susceptible clone (RRII 105) and the drought 
to le ra n t  c lo n e  (R R IM  6 0 0 ) u n d er d iffe re n t lig h t 
intensities. W hen the grow th light intensity declined the 
rate o f  oxygen evolution also decreased (Fig. 1). In open 
lig h t g ro w n  p la n ts  the  ra le  o f  oxy g en  e v o lu tio n  
progressively increased when the measurement light was 
increased. T he light saturated level reached at around 
30 0 -4 0 0 /im o le  m'^sec"’ (LED). The plants grown under 
partial shade (70%  light) did not show any significant 
differences in photosynthetic rate compared to the 100% 
light g row n plants. The deep shaded plants (30%  light) 
did not respond to high m easurem ent light (Fig. 1). The 
light saturation level was reached very early at around 
200 ^m o l m '^sec * (LED ) in the shaded plants. These 
results show the adaptive nature o f the photosynthetic 
apparatus to various growth light conditions. In low light 
grown p lants there was a lim itation o f  the light driven 
e lectron transport rate and reaction center com ponents 
to give m axim um  photolysis (Anderson and Barber, 
1996).

U nder d ro u g h t c o n d itio n  the pho to sy n th e tic  
oxygen evolu tion  activity was drastically inhibited in 
open  ligh t g ro w n  p lants o f  RRII 105 but w as less 
inhibited in RRIM  600 plants (Fig. 2). The exten t of 
drought induced inhibition was lesser in shaded plants 
than  fu ll su n lig h t ex p o sed  p lan ts . T he d e g re e  o f 
susceptib ility  o f  the popular clone RRII 105 io drought

and partial shade (70% ligtit) and with or without irrigation.___________

RRIwrrfW G T t PR 255
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T«al chi
"ng/g F̂ .1) 
HDa

'(•M/g;
MDA/chl

Sun Shade Sun Shade Sun
Irrigated 3.7 ± 0.2 3.8 ± O-M 3.5 t  0.05 3,7 ± 0  03 3.6 ±0,17

Drought 2.4 s  0 02 3 .3 ± 0 .ll 3.3 ±0,08 3.01 ±0.05 2.9 ±0.1

Irrigated 78±  10 7 l ± 5  1 65 ± 8.5 05 ± 14 103 ±2

t)roughl 124 ±5.6 101 ±4.6 87 ± 3 9 4 ± 8 1 2 3 i 10

Irrigated 21 24 19 17.5 28.5

Droughi 50.6 30-6 26.5 31 41

Shade Sun Shade

4.0 ±0,15 3.2 ± 0.05 3.5 ±0,11

3.1±0,1J 2.9 ±0.2 3.2 ± 0.07

59± 10 86 ±5,9 62 ± 3.7

91 ±3.4 99 ± 9.2 92 ±5.4

14 5 27 18.4

29 32.5 28,1 i
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Photosyortictic tight response c u r\e  in /le\ra

Em
i (Utiinlm- *»•')

?0^i light 
- * - 3 0 %  light

Table 2. The light compensalion poin( iind quantum  yield o foxjgen  
evolution in dilTerenl light grown planLs.

Growth 1 ioM

Hphl (/imol/m2/sI)
yj-i 01 u i  oojunon 

(mol ()2/mole diolnn)

Open
70%
30%

RRII 105 
23.6 ±3,2 

12 t 2  
111 4

RRIM 600 
26,2 ±2,5 

IS ± 3  
l l ± 3

RRII 105 
0,023 ±0,0012 
0.019 ±0,0013 
0.018 ± 00018

RRIM 600
0,026 ± 0.002 
0.021 ±0,001 
0.018 ± 0001

r j l t «  pr aMf hish licht w t M l j  «lm w « m
in ttj^ra

mm
7D M  10* 70 M  

% frew ih  Ilf ht totBfisHy

Fig.l. Photosynthetic light response curve in young plants of 
Hevea.?\zn\s were grown underdifferenl light intensities (100,70 

and 30% sunlight). The measurement light was provided by LED 
source. For details regarding the measurements please see materials 

and methods.

h a s  b e e n  w e ll  c h a ra c te r iz e d  in  p re v io u s  re p o r ts  
(A n n am ala in a th an  e l  a l ,  2005 . A lam  et al.. 2005). T he 
p ercen tag e  in h ib ition  in p h o tosyn the tic  O j evo lu tion  in 
drough t s tressed  leaves as co m p ared  to  the respec tive  
con tro ls  w as as  low  as 33 %  in 30%  light grow n p lan ts 
and as h igh  as 51%  in open  light grow n p lants. T hese  
resu lts  d em onstra te  how  partial shade can p ro tect young 
ru b b er p lan ts  ag a in st pho to in h ib itio n  and can  sustain  
p h o losyn the tic  ac tiv ity  during  w ater defic it condition .

T h e  l ig h t  c o m p e n s a tio n  p o in t p ro g re s s iv e ly  
d eclined  as the g ro w th  light in tensity  d ecreased  iti R R II 
105 and R R IM  60 0  (T able  2). T h is  w as a ttrib u ted  to 
less d a rk  resp ira tio n  in the sh ad e  grow n  p lants. The 
a p p a re n t q u a n tu ir j  y ie ld  o f  o x y g e n  e v o lu tio n  a lso  
decreased in shaded p lants (Table 2). T his resu lt revealed 
that the ligh t use e ffic ien cy  o f  shade g row n p lants w ere 
b e tte r  u n d e r low  m easu rem en t light than  h igh  light 
(S c h ie f ih a le re ta l ..  1999).

Fig. 2, The photosynthetic oxygen evolution rate in irrigated and 
drought stressed young plants of Hevea. Plants were grown under 

different light intensities (100,70 and 30% sunlight). For other details 
regarding the drought imposition and measurements please see 

materials and methods.

In th e  p r e s e n t  s tu d y  w e  h a v e  o b s e rv e d  a 
c o n s is t e n t ly  o v e r - e x p r e s s in g  23  k D a  p ro te in  in 
c h lo ro p la s ts  o f  ru b b e r  p lan ts  ex p e rie n c in g  drought 
co n co m itan t with h igh sun ligh t in tensity  (F ig 3). This 
band was excised and digested using trypsin and analyzed 
by L C 'M S /M S . D ata  ob tained  by m ass spectrom etry * 
w ere used to identify the protein using the non-redundanl 
pro tein  d a tabase  (M S D B ) a va ilab le  through the M ascot 
search  eng ine (h ttp ://w w w .m atrix scien ce.co m /). This , 
search  ana lysis  produced  a n um ber o f  sign ifican t cross 
species m atches (Table 3 ) revealitig  that the protein was 
a sm all ch lo rop las t heat shock  pro te in  (sH SP). A total  ̂
o f  six d ifferent peptides from  the induced 23 kDa protein 
s u c ce ss fu lly  m atch ed  sev era l sH S P s from  tobacco,  ̂
pe tun ia  and tom ato  (T able 4). ^

T he sH SP s are  a c la ss  o f  the  H S P superfam ily i
in itia lly  identified  through their response to elevated I]
tem pera tu res (V ierling  1991). W hile  present in most I
eukaryo tes, the sH S P  class appears to be m ost prevalent )
in h ig h er plants. T he ch lo rop last sH SP s are a subclass ii
o f  the o f  the sH SP fam ily, w ith subc lasses a lso  present )|
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Tible 3. vSignificanJ Mascot cross species hits that pmvided novel peptide matches.

Hil' Acceiision Protein ID Spccies Coverage (9b) NP"

1 T02018 heat shock protein 26a. chloroplast
2 SI6004 heat shock protein 21
3 T06324 heal shock proiein 2 1. chioroplast

Nicodana labacwn 

Pftiinia hybrida 

Lycopenicon esculemum

26 6 
26.8 
26.2

135
126
125

'Hit refers to the Mascot rank in order of scorc; Accession refers to the SwissProi identity for ihc matched proiein; Mr is predicted molecular mass based on amino acid 
sequence; Mowsc is the total protein score given to the match by Mascot; Coverage is percentage of the protein matched; 
•'NP is number of peptides matched.

C D  C  D C  D .

»  »

23 k D a -

Fig .3. The chloroplast protein profile of young Hevea plants (clone 
RRIM 600). The plants were grown under diffet^nt light intensities 
(100,70 and 30 % solar radiation) with (C) or without (D) irrigation 

for 21 days during summer season. The stress protein 23 kDa is 
indicated on the righi .side. The molecular weight markers (STD) are 

indicated in the leftside.

in ihii endoplasm ic reticulum , the m ilochondrion and the 
cytosol. T he ch lo rop las t sH SP s have been reported in a 
variety o f  p lant species, including  a 26 kDa H S P from  
tobacco (L ee et al.. 1998) and 21 kD a H S Ps from  
tomato, A rab id o p sisan d  soybean  (Suzuki e t a l ,  1998). 
The sH SPs are present w ith in  the ch loroplast as large 
oligomers contain ing  9  o r m ore subunits and are actively 
synthesized during  heat stress (Suzuki e t al.. 1998). 
M oreover, a g reat deal o f  ev idence  indicates that sH SPs 
play a role in to le iances to  a  variety  o f  biotic and abiotic 
stre sses  as w ell as  key d e v e lo p m e n ta l  p ro ce sse s

(V ierling 1991; H eckathom  e t a i ,  2004).

in ch lo rop lasis  the sH SPs have been im plicated 
in p ro tecting  this organelle from  photo inh ib ito ry  and 
oxidative stresses by preventing protein aggregation and 
s tabilizing the thylakoid m em brane (Tdrok et al., 2001). 
H eckathom  et al., (1998) have dem onstra ted  that the 
c h lo rop last sH S P  plays a d irect role in stab iliz ing  the 
photosystem  II (PSII) oxygen-evolving com plex (OEC) 
pro teins during  heat stress and thereby prom otes the 
m ain tenance o f  PSII e lectron  transport. T he chloroplast 
sm all heat shock  protein a lso  im plicated  in pro tective 
m echanism  in p lan ts experiencing  ox idative stress by 
undergoing oxidationndependent conform ational changes 
in the  m olecu lar structure. M ore recently  it has been 
r e p o r te d  th a t  c h lo r o p la s t  sH S P s  a ls o  p r o te c t  
pho tosyn thetic  electron  transport from  the  inhibitory 
e ffects o f  heavy m etals (H eckathom  e ta i ,  2(X)4). Thus, 
sHSPs appear to be general stress proteins in chloroplasts 
that are  involved  in m aintaining function and survival 
o f  this organelle  during  stress or facilitating  recovery  
from  stress.

T here  w as a  tight association existing  betw een 
the appearance  o f  the sH SPs and grow th light intensity. 
T he expression  level o f the p rotein w as very low in 70%  
lig h t  g ro w n  p la n ts  an d  a b s e n t  in  d e e p ly  sh a d ed  
(3 0 %  lig h t)  p lan ts  (F ig . 3). T h e re  w as a lso  c lo n a l 
variation observed in the level o f  expression o f  the stress 
pro tein . A m ong the fo u r c lo n es  stud ied , R R IM  600 
show ed prom inent expression , w hich is a lso  a d rought 
tolerant clone (Fig 4) as evidenced from  the present study 
and prev ious report (A lam  e l al., 2005), follow ed by 
the c lones. R R II 105, G T  1 and PR 255. G iven  the 
ex ten siv e  research  un d ertak en  in the  a rea  o f  stress 
response in p lants, the re la tio n sh ip  betw een drought 
tolerance in young rubber p lants and the induction  o f  an 
H SP was not surprising. H ow ever, this new  finding  In 
H evea could be further tested in m ore num bers o f  stress 
to leran t and susceptib le  clones. Sim ilarly, the ex ten t o f  
expression  o f  sH SP and its corre la tion  w ith (M D A /chl)



C M o r o p ln s tie  f a c to r s  f o r  d r o u g lu  lo le r a iK e  in  r u b b e r

T>bie 4. P a rtn l ion and corresponding p«p(ide n iakhes from Mascot starch  rcsiills.

l e t  1; TOO 18 teal shock proicin 26a, chloroplasi - common lobacco

Observed Ion (nVz) 

455.7221 
544.3267 
544.8253 
615.3541 
461.2307

Charge (i) Mr (expu 

909.4296 
10866389 
1087,6361 
J 228,6937

Mr (calc) 

9094266
1086.6437
1086.6437 
1228.6914

Della

0.0030
-00018
09924
0.0023

Score

39
(25)
49
20

Pepiitle

F'DMPGLSK + Oxidation (M)* 
NGVLFISiPK*
NCVLFISiPK
VSVEDDLLVIK*

Hit 2: SI6(XM heat shock protein 21 -ganten petunia
JU HJMPGLSKDEVK+Oxidalton fM>*

Observed Ion (tn/z) a ia i?e (z ) Mr (expt) Mr (calc) Delta Score Peptide
455,7221 2 
608.3518 2 
556.3136 3

Uil VTnt.I'IA  ------- -

909,4296
1214.6891
1665.9189

909,4266
1214.6758
1665.8937

0.0030 
0,0133 
0 0252

39
37
50

FDMPGLSK + Oxidation (M)
VSVEDDVLVIK
VSVEDDVLVIKCEHK*

Observed Ion (m/z) 

455,7221 
521,7202 
544.3267 
544.8253

Char?e(z)

2
2
2
2

Mr (expt) 

909,4296 
1041,4259 
1086,6389 
1087.6361

Mr (caJc) 

909,4266 
1040.4267
1086.6437
1086.6437

Delia

0.0030
0,9992
-0.0048
0.9924

Score

39
37

(25)
49

Pepiidc

FDMPGLSK + Oxidation (M) 
QMIDTMDR + 2 Oxidaiion (M)* 
NCVLFISIPK 
NCVLFISIPK

m nh “ r̂esponds to the ion or peptide analyzed by the mass spectrometer; Chaijetefets
otl,eobserved,onsch^e;Mr(expt),stl,ee.trapolated mass of the observed ion orpeptide;Mr(caic)is the massofthe matched peptide?Deltais 
tkd iff™ ncem ™ sb aw eenM r(exp t)a iid M r(ca lc ); Score is lheMowsescoreforthcpeptide;Peptideistheamino acid seqnenceofthematched
tryp t c ^ d e .  The bracket that sutrounds some values m the score column itidicates that this value was not included in the final protein Mowse scoie 
due 10 redundancies. The astensk (*) identifies the novel ions or peptides from each protein hit.

ra tio  a lso  n eeds to  be  w o rk ed  o u t in m ore n u m b er o f  
d ro u g h t to le ran t and  su scep tib le  c lo n es  o f  H evea. O nce 
a strong correlation  cou ld  b e  estab lished  (M D A /chl) ratio 
c an  be  tak en  as y e t a n o th e r  su rro g a te  ex p ress io n  o f  
in trinsic  d ro u g h t to le ran ce  in H ev ea  p lants.

M Ml

4 | i i «  ^ 1

Fig. 4. Thechloroplastproteinproflleof young Hevea plants. The 
plants were grown under open light condition (100% solar radiation) 
with (Oor without (D) irrigation for 21 days during summer season, 

The stress protein sHSP (23 kDa) is indicated on (he right side
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