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Effect of photoinhibiti on of sorghum leaves and isolated ch loroplasts on chlorophyll fluorescence, pero xldation of thy­
lakoid lipids and acti vity of antioxidant enzymes were studied. Photoinhi bition of intact leaves and iso late chloroplasts de­
creased Fv/Fm ratio and qP, while q increased. Photoin hibitory damage was more at 5°C than at 30" or 50°C. Pcrox idation 
of thylakoid lipids was 5 times greater when photoinhibited at 50°C compared to control. Photoinhibition of chl oroplasts un­
der low uxygen conditiun or when supplemented with anti -ox idants (~-carotene , ascorbate and GSH) resulted in signifi­
ca ntl y less damage to photosynthesis (Fv/Fm rat io) and peroxidation level. Photoi nhibiti on also resulted in many fold in­
crease in the ac ti vity of superoxide dismutase (SO ) and ascorbate peroxidase (APX) and decreasc in cata lase. Data pre­
sented here suggest that photoinhibition resulted in production of oxygen rad icals and photoinhibition of chloropl asts in the 
prcsenee of low oxygen level or when supplemented with ant iox ida nts decreased the damage to Fv/Fm ratio and peroxida­
tiun level to a great ex tent si nce former prevented the formation of oxygen radicals and later could scavenge the oxygen 
radicals thus the protect ion. Increase activity of SOD and APX may also be to metabolise the oxygen radical s prod uced dur­
ing photoinhibition treatment , thereby , protecting the seedlings aga inst photoox idati ve damage. 

Photoinhibi tion occurs when photosynthetic organ­
isms are exposed to light level in excess to what can 
be di ss ipated by their normal photochemical proc­
esses resu lting in decreased photosynthetic capacityt. 
Environmental stress factors such as temperature, 
draught, salinity etc. often amp li fy the photoi nhibi­
tion. Inhibition of photochemical processes of photo­
synthesis proceed from an initi al damaging event 
which affects components of PS II system such as 0 I 
protein , P680, QA etc. It is thought that photoinhibi­
tion of photosynthesis was due to interaction of mo­
lecular oxygen with plastoquinone resulting in oxygen 
radicals which in turn cause damage to lipids and pro­
tein in the membrane. It has been shown that exposure 
of thylakoid to photoinhibitory ill um inat ion is accom­
panied by singlet oxygen production2

-
4

, which attack 
P680 itself, forming a triplet wh ich subsequently in­
teract with oxygen to form uperoxide radicals which 
then attack the closest molecule. In other case oxygen 
directly alters P680 itself by absorbing second quanta 
and ox idising P680. Other oxygen rad icals such as 
superoxide (02."), hydroxy radical (OR) and hydrogen 
perox ide (H20 2) are fo rmed by reducing the oxygen 
under conditions where reductant generated in the 
photochemical reactions are not utili sed by bio hemi-
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cal reacti ons. These oxygen radical generated in the 
photosynthetic reaction cause substantial damage to 
molecules such as lipids in thylakoid and other cell 
membranes, bleaching of pigments and ox idation of 
protei ns6

-
9

. 

Plants have developed various defence mechani sms 
in the chloroplasts to scavenge the toxic oxygen spe­
cies or prevent their formation , thereby, preventing 
greater damage. This includes among other mecha­
ni sm, an increase in the activity of enzymatic and non 
enzymatic antioxidant systems which metaboli se oxy­
gen radica ls th us provide protection against oxidative 
damage. Only in cases where the anti -ox idant defence 
system becomes overcharged these oxygen species 
might have a significant damaging impact. 

In thi s work, we have attempted to study acti vities 
of antioxidtive enzy mes such as superox ide dismu­
tase, ascorbate peroxidase, catalase and fluorescence 
characteristics in sorghum leaves after photoinhibition 
at 5°, 30? and 50°C as well. We have also examined 
effect of photoinhi bition on fluorescence in isolated 
chloropl asts as well as effect of ~-carotene, ascorbate 
and glutathione after photoinhibition treatment. 

Material and Methods 
Plant material -Seeds of Sorghum hicolor L. cul ­

tivar MSH-Sl were obtained from Mahyco Hybrid 
Seeds Company, 1alna, Maharastra, India and were 
stored in a dessicator at room temperature. 
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GrolVth conditions-Pri or to sowing the seeds 
were soaked in tap water fo r I hr and were surface 
sterili sed with HgCI2 (0. 1 %) for 2 min. The seeds 
were grown densely in pl asti c pots (di am 10 cm) con­
taining vermiculite and routinely bottom irrigated 
with half strength Hoagland so lution. The plants were 
grown in a controlled environmental growth chamber 
with 14 hr photoperi od prov ided with incandescent 
bulbs and fluorescent tubes havi ng a non photoinhibi­
tory level of light of 250 ~lmol m-2 sol PAR. The 
day/night temperature was maintained at 30° ± 2°C 
and relative humidity at 60%. Seedlings of 8 day old 
were used for the ex periments. 

Isolation of chloroplasts-Leaves (25 g) of 8 day 
old sorghum seedlings were cut into pieces (50 mm) 
and homogeni sed in a kitchen blender (Braun) for 
10 sec at full speed in 200 ml isolation medium 
containing sorbitol (0.33 M), 30 mM of TES buffer 
(PH 7.2 with KOH) , EDTA (l mM) , MgCI2 ( I mM) , 
MnCl2 ( I mM), dithiothreitol (5 mM; DTT) and 0.5% 
BSA (bov ine serum albumin). The homogenate was 
filtered through 2 and 8 layers of muslin , respectively. 
The filtrate was again filtered through a nylon cloth 
(75 J..lM) in order to remove the bundle sheath . The 
filtrate was centrifuged ( 1000 g) for 8 min in a swing­
ing bucket rotor. the supernatant was discarded and 
the pellet was washed twice and resuspended in a sus­
pension medium containing sorbitol (0.33 M) , 50 mM 
of tricine buffer (pH 7.8 with KOH ), MgCI2 (4 mM), 
EDT A (2 mM), MnCh (2 mM) , NaCI ( 10 mM), DTT 
(5 mM) and 0.5% BSA. Chlorophyll concentration 
was measured according to Arnon '0. Per cent intact­
ness of isolated chl oroplasts was 60% of A type, de­
termined accordi ng to Leegood and Walker" by as­
saying the rate of li ght dependent oxygen evolution 
aft~r addition of NH"CI with osmotically shocked 
chlOloplasts (A) and unshocked chloroplasts (B) in 
assay medium containing sorbitol (0.33 M ), 50 mM of 
HEPES buffer (PH 7.6 with KOH), MgCI2 (l mM), 
MnCI2 ( I mM) EDTA (2 mM) and chloroplasts 
equivalent to 100 J..lg mr' . The percentage of intact­
ness of the chl oroplasts preparation was calculated as 
% intactness =A-B/A x 100. 

Photoinhibition treatment -Intact leaves and iso­
lated chloroplasts were exposed to irradiance of 3600 
I1mol m-2 sol at 5°, 30° and 50°C temperature for a 
duration 0-6 hr in case of leaves and for 0-60 min in 
case of isolated chloroplasts. Six halogen lamps of 
15V and 250 W were used to provide the required 
light intensity. The leaves were kept on top of a me-

tallic box with water circulating facility to maintain 
the desired temperature during the treatment. 
Photoinhibition of iso lated chloroplasts was done in a 
metal cuvette used for measuring chlorophyll fluores­
cence under in vitro conditions attached with PAM 
chlorophyll fluorometer (Walz, Germany). Isolated 
chloroplasts (type A; 1 ml) of I mg chlorophyll mr ' 
concentration were placed in the cuvette and irradi­
ated from top to high light (3600 J..lmol m-2 sol) using 
Schott KL 1500 electronic li ght source. Chloroplasts 
were kept constantly stirred during the photoinhibi­
tion treatment. 

Effect of non-enzymatic antioxidant-~-caroten e, 
ascorbic acid and glutathione in final concentration of 
0.5 mM was added to the chloroplasts prior to the 
photoinhibition . The photoinhibition treatment was 
given according to the method as described for 
photoinhibition of isolated chloroplasts. 

Photoinhibition under anaerobic conditions­
Chloroplasts were also photoinhibited under anaero­
bic conditions (low oxygen conditions) and normal 
aerob ic conditi ons. The anaerobic condition during 
the photoinhibition treatment was created by flushin g 
the chloropl asts with nitrogen throughout the treat­
ment through the small pore provided in the cuvette 
for adding reagents or taking out sample without dis­
turbing the fluorescence measurements. 

Fluorescence measurell1 ents of intact leaves ond 
isolated chloroplasts-Leaves after photoinhibition 
treatment were dark adapted for 30 min prior to 
measurements at room temperature. The leaf was en­
closed in the leaf chamber provided for the measure­
ment of chlorophyll fluorescence from intact leaf. 
Similarly, isolated chloroplasts were dark adapted for 
5 min prior to measurement, and chlorophyll fluOl·es­
cence of isolated chloroplast was measured in a cu­
vette (Walz, Germany). The dark adapted leaf or iso­
lated chloroplasts, as the case may be, were exposed 
to a modulated light with an intensity of 4 J..lmol m-2 s- ' 
to measure initi al fluorescence (Fo). This was fo l­
lowed by an exposure to a saturating pulse of white 
li ght of 4000 I1mol m-2 sol to provide the maximum 
fluorescence (Fm). After measurement of Fm the leaf 
was allowed to reach a steady state fluorescence (Fs) 
while exposed to actinic light intensity of 800 J..lmol 
m-2 s-'. Another short burst of saturating light at Fs 
state was given to measure Fm'. After reaching to the 
steady state again, leaf was exposed to far-red radia­
tion to measure Fo'. The coefficient of variable fluo­
rescence (Fv=Fm-Fo), photochemical quenching 
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(qP=Fm'-FS/Fm'-Fo') and non-photochemical 
quenching (qN=Fm-Fm'/Fm-Fo') were calculated ac­
cording to Schreiber l2

. 

Peroxidatiol1 of thylakoid /ipids-Peroxidation of 
thylakoid lipids was assayed accord ing to Hall iwell 
and Gulteridge7 by 2-thiobarbituric acid-malondi­
aldehyde (TBA-MDA) adduct formation. Malondial­
dehyde formation was followed by adding eq ual 
amount of 0.5% TBA in 20% tri-chl oro acetic ac id to 
an aliquot of the incubation buffer contai ning 50 mM 
tris (pH 8.0), 175 mM, NaCl and chl oroplasts eq ui va­
lent to 50 ).lg of chlorophyll. The solution was incu­
bated at 95°C for 25 min and centrifuged at 250 g for 
2 min to pellet out the protein precipitated by TCA. 
The clear supernatant was used for determinatio of 
lipid peroxidation. Absorbance at 600 nm was ub­
tracted from absorbance at 530 nm in order to correct 
for the non spec ific turbidity. Amount of MDA for­
mation was calculated using an extinction coefficient 
of 155 mMI cm· l

. 

Assay of antioxidant enzymes 
Extraction-Leaves (0.5 g) were homogeni sed in 

ch illed ex tracti on buffer containing 50 mM potas ium 
phosphate buffer (pH 7.5), EDT A (I mM), triton X-
100 (0. 1 %) and 1% (w/v) soluble polyvinyl pyro­
phosphate. The homogenate was fi Itered and centri­
fuged at 12000 g for 15 min at 4°e. Pmtein content of 
the supernatan t was measured according to Lowry 
et al 13

• Supernatant equ ivalent to 50 ~lg was use for 
the estimation of enzyme activity. 

Assay of superoxide oxidoreductase (EC 1.15.1.1)­
Activity of superox ide dismut3se (SOD) was assayed 
accord ing to Bad iani et al l4

• The assay medium con­
tained 50 mM potassium phosphate (PH 7.8), EDT A 
(di sodium; 0.1 mM) , cytochrome c ( 10 mM), xan­
thine (0.1 mM) and the leaf homogenate eq uivalent to 
50 ).lg of protein. The reaction was fo llowed spectro­
photometrically as reduction of cytochrome c at 550 
nm. One unit of SOD activity was defined as the 
amount of enzymes required to inhibit the rate of cy­
tochrome c reduction by 50%. 

Assay of hydrogen peroxide oxidoreductase (EC 
l.ll .1.7) peroxidase-Peroxidase acti vity was moni­
tored according to Afilthile et a1 15

• Activity wa as­
sayed in a reaction mixture containing guaicol (3.4 
mM), H20 2 (0.9 mM) and 50 mM potassium phos­
phate (PH 6.0) and leaf extract equivalent of 50 ).lg of 
protein. The mixture was incubated for 5 min at 25°C 
and the reaction was stopped by adding 0.5 ml of 5% 

(v/v) sulphuric acid. Enzyme act ivity was ca lculated 
using an ext inction coefficient of 25 .5 mM' 1 cm·1 at 
470 nm for tetra-guaicol. 

Assay of hydrogen peroxide: Hydrogen peroxide 
oxidoreductase (EC 1.11 .1. 6) catalase- Activity of 
catalase was determined spectrophotometrically by 
following the decomposition of hydrogen perox ide at 
240 nm at 25°C in a reaction mixture containing po­
tassium phosphate (50 mM), H20 2 (I I mM) and the 
leaf extract equivalent of 50 ).lg of protein , accord ing 
to Mishra et al 16 . 

Results and Discussion 
Room temperature chl orophyll fl uorescence meas­

urements (Fv/Fm ratio, photochemica l quenching; qP 
and non-photochemical quenching; qN) of sorghum 
leaves photoinhibited at 3600 ).lmol m·2 

S· I at 5°, 30° 
and 50°C are shown in Fig. I A-e. it was observed 
that with the increase in the duration of photoinhibi­
tory treatment of intact leaves, Fv/Fm r3tio decreased 
linearly. Decrease in Fv/Fm rat io was greater in 
leaves photo inhibited at 5°C than at 300 or 50°C (Fig. 
I A). Photochemical quenching (qP) also declined 
linearly when leaves were photoinh ibited at 5°C, 
however, leaves photoinhibited at 30° and 50°C 
showed an initi al increase in qP fol lowed by a de­
crease (Fig. I B). Non-photochemical quenching (qN), 
however, increased due to photoinhibi tion . Increase in 
qN was greater when photoinhibited at 30°C than at 
5° or 50°C (Fig. IC). Photoinhib ition of isolated 
chloroplasts (up to 60 min) also resu lted in linear de­
crease in Fv/Fm ratio (Fig. I D) and qP (Fig. I E) and 
increase in qN (Fig. I F) at all the three temperatures. 
Photoinhibition at 5°C resulted in the max imum de­
crease in Fv/Fm ratio and qP and increase in q (Fig. 
I D- F). 

Results indicated that photoinhibi rion caused dam­
age to Fv/Fm ratio, suggested that effic iency of trans­
fer of excitati on energy from LHC to reacti on centre 
was declined, more so in leaves photoinhibited at 5° 
and 50° than at 30°e. Results showed decrease in gP, 
an indicator of utilisation of harvested light by photo­
chemical reaction. Results also showed increase in 
qN, indicative of dissipation of excessive energy in 
the pigment bed, thereby, preventing over excitati on 
of reaction centre under hi gh li ght condition. Chilling 
and high temperature exacerbated the effect. Photoin­
hibition of isolated chloroplasts also ind icated si mi lar 
pattern except that the extent of damage was greaier 
in short duration. However, damage under in vivo and 
in vitro conditions cannot be compared with each other. 
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Photoinhibition of sorghum leaves increased per­
oxidation of thylakoid lipids (Fig . 2A) as ind icated by 
MDA formation. Photoinhibition treatment at 5°C for 
6 hr caused an increase of 265 % in peroxidation level 
of thylakoid lipids compared to 128% observed at 
30°C and 533% at 50°C for the same duration with 
respect to control (Fig. 2A). Photoinhibition of iso­
lated chloroplasts showed similar results as seen for 
intact leaves except for greater level of perox idation 
under in vitro conditions (Fig. 28 ). Increase in MDA 
formation as a result of photooxidati on of thylakoid 
lipids in our study indicated that photoinhibition 
caused oxidative damage to seedlings probably by 
producing oxygen radicals. These radicals if not 
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quenched by the vari ous processes such as carote­
noids and enzy matic and non-enzy mat ic processes 
cause peroxidati on of thylakoid lipids. Lipid 
perox idati on has also been linked to effects such as 
increased ion permeability , loss of fluidity, cross 
linking of amino lipids and polypeptides, inact ivation 
of membrane enzy mes and receptors resulting in a 
decrease in photosy nthes is6

. '
7

. 

Earlier results indicate damage to photosy nthesis 
which invol ves at least in part, perox idation of thyla­
koid lipids, suggesting the involvement of lipids in the 
functioning of chloroplasts ' 8. Th ylakoid lipids in 
addition to fu lfilling a structural role in membrane 
organ isation, also playa functional ro le in the activity 

0.9 
0.8 0 

o 0.7 
:; 0.6 
a: 0.5 
E u. 0 .4 
;t 0 .3 

0.2 
0 .1 

O · 

° 3 5 10 15 30 45 60 

0.9 
0.8 E 
0.7 
0.6 

~ i b~ '5- 0.5 . 
0 .4 . 

0.3 
0.2 · 
0.1 . 

0 

0 3 5 10 15 30 45 60 

0.9 
0.8 F 

Ktq 0.7 

1 i ! 0.6 . ! I ZO.5 · 
CT 0.4 . 

0.3 
0.2 
0.1 . 

O · 

0 3 5 10 15 30 45 60 

Duration of Treatment (min) 

Fig. 1-Effect of photoinhibition of intact leaves (A, B & C) and isolated chloroplasts (D,E & F) at SoC (---- ---), 30°C (---0---) and SO°C 
(--- A ---) temperature up to 6 hr for intac t leaves and up to 60 min fo r isolated chloropl asts, on Fv/Fm ratio (A & D), photoche mical 
quenching (B & E) and non-photochemical quenching (C & F). The photo inhibition treatment was g iven at 3600 Mmole m·2 sec· l . The 
points represent 5 separate set of ex perime nts. Ve rtica l bars show standard deviation. 
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of several integral membrane protein complex 1<) . The 
composition of membrane lipids. and the degree of 
their unsaturation appear to be important for protec­
ti on aga inst stress and photoinhibition may alter thi s 
balance. It has been shown that res istant plants to 
photoinhibitory damage show higher unsaturation 
level of chloropl astic and mitochondrial membranes2o

. 

A 4 fo ld increase in rati o of unsaturated to sa turated 
fatty ac ids in cold tolerant culti var of burmudagrass 
has been reported under photoinhibition conditions21

. 

Data with photoinhibition of isolated chloroplasts 
nushed with 2 gas showed that Fv/Fm rati o and per­
ox idati on of thy lakoid did not result in much damage 
compared to that observed in control (ch loropl asts 
photoinhibited under normal aerobic condition; Table I ). 
These results indicated that oxygen radica ls were in­
volved in the photoinhibition of photosynthesis as 
photoinhibition under anaerobic conditions resul ted in 
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less damage to photosynthes is and peroxidation of 
thy lakoid lipid . Thi s may be due to the generati on of 
low level of oxygen radica ls under the experimental 
conditions, thereby, less damage ls. 

I solated chloroplasts were also supplemented with 
~-ca rotene, ascorbic acid and glutath ione during photo­
inhibition in order to see if addition of these antiox i­
dant provided any protecti on aga inst photoinhibition 
of photosynthesis under ill vitro conditions (Fig. 2 C·E). 
Thi s was carried out as under ill vitro condition inher­
ent protection as well as cellular recovery processes 
were either not functioning or functi oning at minimal 
level. The resul ts were compared with the chloro­
plasts photoinhibi red without adJing antioxidants 
(Fig. 28) to find out the relati ve ex tent of protection 
to photosynthes is provided by addition of the antiox i­
dants. It was seen that addition of antioxidants during 
the photoinhibition decreased perox idation of thylakoid 
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Fig. 2- Effect of photoinhibition on MDA fo rmat ion o f intact Ica vcs (A). isolated chl oroplasts (8) and isolated chloroplasts st:pplc­

men ted with antioxidants (3-carote nc, ascorbate and glutathionc (C) prior to the treatment on peroxidation of thylakoid li pids (ex prc~scd 

as formation of ~mol of MDA per 50 ~g chlorophy ll ). The photoinhibition treatmcnt was givcn at 3600 ~mo lc m·2 sec·1 PAR at 5°C 
(---e--_), 30°C (---0---) and 50°C (--- A ---) temperature up to 6 hr to intact leaves and up to 60 min to isolated chloroplas ts. The po ints 
rcpresent 5 separate set of experime nts . Ve rtical bars show standard dev iation . 
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lipids, indicating less damage, compared to control 
(chl oroplast photoinhibited without addition of anti ­
ox idants) . Results show that photo inhibition of iso­
lated chl oroplasts supplemented with ~-carotene, 

ascorbi c ac id and glutathi one resulted in 23, 28 and 
27% less peroxidation of thylakoid lipids respecti vely 
as compared to control (Fig. 2C-E) indicating protec­
tion against photodamage by non-enzymatic antiox i­
dant. 

Chlorophyll fluorescence was also measured in iso­
lated chl oroplasts suppl emented with anti ox idants (~­
carotene, ascorbate and GSH) after photoinhibiti on. 

A 1 • Control 
DB-carotene 

Results showed that damage to Fv/Fm ratio was less 
than control at 5° and 50°C when ch lorop lasts were 
supplemented with antiox idants during the photoin­
hibition treatment (Fig. 3A-C). 

Role of ~-carotene in rad ical trapping antioxidant 
is of much current interest and many aspects of this 
are sti II not understood22

. Protecti ve role of ~-carotene 
4 7 3 7 4 A has also been reported by others .- .- . ...,-carotene can 

inhibit photo-ox idi sed oxidation23 and is therefore, an 
efficient quencher of singlet oxygen24

. Protection to 
photodamage provided by addition of ascorbate in thi s 
study may be due to ascorbate being a excell ent scav-
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Fig. 3-Efrect of photoinhi bition of chloroplasts, isolated from normalleavcs and supplemented wi th anti ox idants ~-carotene , ascorbate 
and glutathione at 5°, 30° and 50°C on chlorophyll fluorescence parameters, Fv/Fm ratio (A), qP (B) and qN (C). The pholOinhibition 
treatment was given at 3600 ~lJnole m·2 sec-I PAR at 5°, 30° & 50°e. The points represent 5 set of experiments. Vertical bars show stall ­

dard devia ti on. 



1266 INDI AN J EXP BIOL, NOVEMB ER 2002 

enger of free radica ls and act as reductant5
. A cOl'bate 

can also fac ilitate the activity of ascorbate perox idase, 
an enzyme which catalyzes H20 2 and thereby prevent 
ox idati ve damage5 and may also facil itate de-
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Fig, 4- Effcct of photoinhibi tion of in tact Icaves at 3600 ~molc 

nf~ S·I PAR at 5°C (---. ---), 30°C (---0---) and 5()OC (--- .A. ---) 
tcmpcra tu rc up to 6 hI' on ac tiv iti cs of supcrox idc dism ut asc (A), 
ascorbatc pcroxidase (8) and catalasc (C). Thc po in ts rcprcscnt 5 
sct of cxpcrimcnts, Vcrtica l bars show standard dcviation. 

epox idation of violaxanthin (V) to zeaxanthin (Z), 
since the same ascorbate pool (chloroplastic) is used 
for APX acti vity and de-epoxidation of V to Z under 
these conditions25

. It has been reported that high con­
centration of ascorbate in sun acc limated ti ssue may 
be necessary fo r de-tox ifica tion of singlet oxygen22

. 

Glutathi one may also provide similar kind of protec­
ti on aga inst photodamage, as has been seen in thi s 
study. Glutathi one is a substrate wh ich is reduced by 
NADPH dependent glutathione reductase. Reduced 
glutathione in turn is used to maint ain a poo l or re­
duced ascorbate. Glutathione and ascorbate are I1lajor 
reductant of plant cell s and offer protecti on agains t 
d fl' fl' . 1(, 1 7 a verse e lects 0 severa acti ve oxygen specles- .- . 

Glutathi one fac ilitates rapid regeneration of reduced 
ascorbate pool, thereby, better scavenging of oxygen 
radi ca ls through acti vity of APX , Glu tathione may 
also have effect on rapid de-epox idati on of V to Z by 
maintaining ascorbate pool essenti al for the act ivity of 
membrane bound violaxanthin de-epox idase. 

There are reports of induction of endogenous anti ­
ox idants in improv ing photoprotecti on2s

,29. lort­
enssen el 0 1.30 have studied the mechani sm and rate of 
free radical scavenging by carotenoids and reported 
that rate constant fo r radical scavenging are in the 
order of 107_1 09 m-2 sec·l

, They have also reported 
th at mechani sm and rate of scavenging is strongly 
dependent on the nature of ox idising radi cal spec ies, 
but less dependent on structure of antiox idant. 
Mortensen and Skibsted31 have establ ished the hierar­
ch y of antiox idant studi ed as a-tocopherol, Iycopene, 
~-ca roten e, Z-A-tocopherol and lutein . 

Effect of photoinhibition treatment of intac t leaves 
on vari ous anti ox idant enzy mes was also studi ed (Fig. 
4A-C). Photoinhibition treatment for 6 hr at 5°C re­
sulted in an increase of 144% in superox ide dismutase 
as compared to 2 16 and 124% increase observed when 

Tablc 1- Errcct of photoinhibil ion trcatmcnt or isolatcd ch loroplast at 3600 ~molc m·2 scc·1 PAR at 
30°C on ch lorophyll f1uorcscc ncc and pcrox idation of thya lkoid lipids undcr acrobic and anaer bie 

(low oxygcn conditi on), 

Du ration of 
trcatmcnt 
(min) 

o 
5 
15 
30 
60 

I Va lucs arc mcan ± SD of 4 rcplica ti ons] 
Ch lorophyll f1uorcsccncc Pcrox idat ion of thylakoid lipids 

(Fv/Fm rat io) (~ mo lc/50~g chi) 
A B A B 

0.692 ± 0.07 0.7 10±0.05 0.45 ±0.04 0.45 ±O,OS 
0.612 ± 0.05 0.685 ±0,06 0.53±0.09 O.4S±O.OS 
0.5 19 ± 0.06 0.64S±0,OS 0,95 ±O.OS 0.56±(),09 
0.453 ±0,04 0.623 ±0.05 1.27±0. 1 0.64±0.OS 
0 , 362±0 ,0~ 0,60S±0.06 1.45±0.IS O.SS t o, I 

A-acrobic; B- anacrobic conditi on 
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photoinhibited at 30° and SO°C respectively, with re­
spect to control (Fig. 4A). Activity of ascorbate per­
oxidase also showed similar trends. A 6 hr photoin­
hibiti on treatment at SOC resulted in an increase of 
124% in APX as compared to control (Fig. 4B). 
Unlike the activity of SOD and APX, catal ase activity 
declined due to photoinhibition treatment at all the 
three temperatures (Fig. 4C). 

Increase in the activity of anti ox idant enzy mes was 
mainly influenced by tem perature (Fig. 4A-C). 
Photoinhibition at chilling temperature caused in­
crease in APX and SOD. Apparently, the ac tivity of 
these antiox idant enzy mes increased in response to 
metaboli se the increase level of oxygen rad icals and 
free radicals generated due to treatment. 

Biehler and Fock32 have reported a role of Mehler­
Perox idase reaction in oxygen consumption in 
drought stressed wheat. Over-expression of glu­
tathione reductase (S-8 times) and SOD (3-4 times) 
due to photoinhibition has been reported 33 . Some re­
ports suggest th at over production of SOD in the 
chloroplasts or in cytosol resulted in no protection 

. h ' h'b" 34·15 H h I agall1st p otOIl1 I Itlon ' . owever, ot ers lave 
shown that higher production of SOD in light stressed 

I 'd d . . h d 36 J7 p ants provi e protection aga ll1st p oto amage .. . 
Jansen el at?' have reported that photoinhibition 
causes overex pression of several other antiox idant 
enzy mes. Our results also showed similar results of 
elevated level of SOD and APX under photoinhibitory 
condit ions. Wherever treatment resulted in higher ac­
tivity of SOD and APX such as when leaves photoin­
hibited at 30°C the damage to photosynthesis (Fv/Fm 
ratio) and photooxidation of lipids was less indicating 
relationship between the two i.e. higher induction of 
SOD and APX and less photodamage. In most of the 
cases reported, even a moderate increase in chl oro­
plastic SOD activity has led to improved tolerance to 

. d . 38 19 A' . t 39 I I d OXI atlve stress' '- . n SI el a. lave a so reporte 
that in some cases enh ancement of SOD activity 
brought about increase in the ox idat ive stress toler­
ance which afforded better tolerance agai nst photo­
damage to PS II. Catalase is an enzyme which is lim­
ited in effecti veness to metabo li se H20 2 to H20 by its 
relatively poor affinity for H20 2 and its subcellular 
location in peroxisomes and also susceptible to 
photoinactivation and degradation 40.4 1, whi ch could 
explain the decrease in activity of catalase under our 
experimenta l cond itions. Also catalase being more 
functional during photorespiration reactioil to metabo­
lise H20 2 was not required to funct ion at hi gher level 
as sorghum being C4 plants will not show a high 
photorespiratory rate. 

Present results showed that sorghum seed lings il­
luminated with hi gh li ght ex perienced inhibition or 
photosy nthesis seen as decline in Fv/Fm ratio and qP. 
Damage was enhanced when photoinhibition was 
given at chilling or hi gh temperature. The results also 
indicated oxidative damage to pl ants during photoin ­
hibiti on treatment, which was indicated by higher 
peroxidation of thylako id lipids under aerobic condi­
ti on than seen under anaerobic conditions. The work 
showed that non-enzy matic antiox idant such as ~­
carotene, ascorbate and glutathione provided protec­
tion against photodamage, probably by scavenging 
oxygen radicals generated during photoinhibition . 
Activity of SOD and APX increased during the treat­
ment which may be useful to metabolise the oxygen 
rad icals and provide protection agai nst photodamage. 
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