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Abstract 

The level of ambient solar UV-B radiation is very high in countries lying near 

equator regions. In south India, the influx of solar UV-B is maximum twice a 

year. UV-B is known to affect photosynthesis by acting on multiple target sites.  

Irrespective of the sites, plants try to stabilize the vulnerable photosystem II (PS 

II) by cross-linking the proteins to other proteins.  The study mainly focuses the 

effect of enhanced solar UV-B radiation during the periods of high solar fluxes 

viz., summer (March to May) and monsoon (September to December) season. 

Two tropical legumes viz., cluster bean (Cyamopsis tetragonoloba L.) and black 

gram (Phaseolus mungo L.) were grown under enhanced UV-B radiation at two 

different climatic seasons behaved differently. In cluster bean, during monsoon 

period, a rapid induction of cross-linking had occurred whereas in summer 

season not much difference was observed.  In black gram, the PSII complex 

existed in the cross linked condition throughout the early stages of growth. 
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INTRODUCTION 

Over the last 50 years, stratospheric ozone has decreased by about 5%, mainly due to the 

release of ozone-destroying anthropogenic pollutants such as chlorofluorocarbons (1) resulting 

in higher levels of UV-B (280–320 nm) radiation at the Earth’s surface. Increases in solar UV-B 

have raised concerns regarding the damaging impact of UV-B radiation on crop plants (2, 3). 

Current global terrestrial UV-B radiation range between 2 and 12 kJm−2 d−1 on a given day with 

near equator and mid-latitudes receiving higher doses which includes an increase of 6–14% 

since 1980s (UNEP, 2002). The man made pollutants have the potential to cause a depletion of 

ozone layer which is responsible for the increase in fluctuation of UV-B radiation on the earth’s 

surface has been proposed by Molina and Rowland 1974(4). UV-B flux is not uniform 

throughout the earth’s surface but vary gradually from high to low latitude regions. Several 

investigations of the effects of UV-B on plants have been carried out in response to concern over 

decreasing global stratospheric ozone and a concomitant increase in incoming UV-B radiation 

(5-7). It has been shown that UV-B radiation has developmental and morphological effects on 
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many plants including Arabidopsis (8). Accumulation of proline and ABA in wheat exposed to 

UV-B was likely due to the synthesis of phenolic secondary metabolites (9, 10). 

 The enhanced solar radiation show significant inhibition in growth and loss in yield.  

Such changes are mainly caused by the overall loss in the photosynthetic activity. Since 

photosynthetic antennae are highly sensitive to UV-B, chloroplast integrity of the thylakoid 

membrane seems to be much more sensitive than other photosynthetic apparatus. Several 

workers have shown that the PSII of the thylakoid membrane is the primary target of UV-B 

radiation (11-16). Most of the studies focus on PS II rather than PS I as the major site of UV-B 

action. In PS II the D1 protein was assumed to be the main target of UV-B (17, 18). The enhanced 

solar UV-B radiation strongly induces photodamage to PSII complex especially D1 protein and 

water oxidation complex as a result the PSII electron transport was inhibited (19). The damaged 

D1 protein, do not usually accumulate in the thylakoid membrane. The repair cycle operated to 

replace damaged subunits within PSII. The repair of PSII involved many steps including 

degradation and removal of the D1protein synthesis de novo of the precursor of D1 protein 

assembly of the PSII complex. The degradation of D1 protein is not the only major event that 

occurs after photo damage of the D1 protein. Many investigation have demonstrated significant 

cross-linking of the D1 protein withstand damaged D1 protein cross linked with neighboring 

polypeptides namely, D2, CP43 and psbA protein under photoinhibitory conditions in 

vitro.(20,21). D1 protein prevented and may act as dissipative conducts o protect function other 

functional PSII centres (22, 23). 

In this work is a survey of the plant response to UV-B radiation revealed that the action of UV-B 

varies from plant to plant and season to season.  Generally the effect of UV-B was higher during 

monsoon season than in summer season.  The aim of the study is to investigate takes place in 

the PSII organization of black gram and cluster bean. 

MATERIAL AND METHODS 

Plant materials and growth conditions 

Certified seeds of black gram (Vigna mungo L.) and cluster bean (Cyamopsis tetragonoloba L.) 

were obtained from Agricultural College, Tamil Nadu Agriculture University.  The seeds were 

sown in the experimental plots (6m x 4 m) in the University Botanical garden.  The experiments 

were conducted during January-April 2012 and July-October 2012 in randomized complete 

block design for field black gram and cluster been.  Seedlings were grown in 3 plots (6 m x 4m).  

Each 2 main plots was divided in to 10 sub plots.  The plants were irrigated throughout with 

ground water.  One week after germination, the seedlings were thinned to promote uniform 

growth.  One set of the plants was grown under the ambient solar radiation.  The day/night 

temperature were     32±2°C /28±2°C (summer season) and 28 ± 2°C / 26 ± 2°C (monsoon 

season). The natural photoperiod was 10-13 hrs. 

UV-B radiation treatment 

Seven day old seedlings of second set were exposed to UV-B radiation source      (Wm-2) for 4 h 

daily between 10 am and 2 pm.  UV-B radiation was provided by Philips Holland TL20S/12 

(max 315 nm) sunlamps.  The lamps were suspended above and perpendicular to the row of sub 

plots.  The control plots were placed away from the irradiation.  The quantity of radiation was 

controlled by maintaining the height of lamps at a distance, 2 feet above the tops of the plants 

throughout the experimental period. 

Isolation of chloroplasts 

Type II chloroplasts were isolated from fresh leaves as described by Reeves and Hall 1973(24) 

using an assay medium consisted of 20 mM Tris-HCl, pH 7.8, 0.4 M sucrose, 5 mM MgCl2 and 10 

mM  NaCl at 4oC. 

PSII activity 

PSII mediated O2 evolution in the presence of BQ was measured using a Hansatech UK oxygen 

electrode as described by Noorudeen and Kulandaivelu 1982(25).  The reaction mixture was the 

same as followed by Lingakumar and Kulandaivelu 1996(26). 
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Isolation of PSII particles 

 PSII membrane fragments were prepared according to the modified procedure of 

Kuwabara and Murata 1979(27). 

Analysis of protein of PSII particles by SDS-PAGE 

 PS2 polypeptides were analyzed by SDS-PAGE on a slab gel of 15% acrylamide.  Samples 

were solubilized at 20oC for 5 min in 2% SDS containing 60 mM DTT and 8% sucrose at a SDS-

Chl ratio of 20:1. 

RESULTS 

Changes in the photosynthetic electron transport 

 To determining the possible effects of UV-B on photosynthesis activity was analyzed by 

using an O2 electrode PSII mediated electron transport was assayed individually. The PSII 

mediated electron transport, measured as O2 evolution, was found to be of the same magnitude 

in both ambient and enhanced UV-B condition irrespective of the crop and season (Fig. 1).   

 
Fig.1 Changes in the PSІІ mediated (H2O→BQ) electron transport activities in 

chloroplast isolated from cluster bean and black gram plants grown under 

ambient and enhanced UV-B radiation in both summer and monsoon seasons. 

The values represent an average of 5 independent measurements and are 

significant at ±5% level. 

 

The rate of O2 evolution was found to increase with the age of the seedlings till 20 days of 

treatment and declined thereafter.  This trend was noticed in all the two crops grown under 

ambient condition.  Enhanced UV-B was found to increase the PSII activity in black gram only at 

the mid period of treatment whereas cluster bean exhibited a decline in activity right from the 

10th day of treatment and such a decrease was found to be large at the later stages of treatment. 

Similar to the summer period, black gram plants under enhanced   UV-B showed higher rate of 

activity than those under ambient light where as in cluster bean enhanced UV-B had caused 

inhibition of PSII activity .such changes was high in monsoon season than in summer season . 

Effect of enhanced UV-B on the PSII polypeptides 

 To find out the specific changes in the polypeptides associated with the PSII core 

complex, thylakoid membranes were solubilized and the polypeptides composition was 

analysed in cluster bean and black gram. The polypeptides composition of ambient and 

enhanced UV-B treated seedlings was different in monsoon period at different treatment 

periods.  Accumulation of 32 kDa polypeptide was noticed in black gram both summer and 

monsoon seasons.  The presence of a 183 kDa polypeptide was observed in both the seasons at 

all stages of growth (Fig.2&3). 
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Fig. 2  SDS-PAGE analysis of PSІІ polypeptides isolated from black gram plants 

grown under ambient and enhanced UV-B radiation in monsoon season. 

Protein sample equivalent to 25µg was loaded in each well. Other details 

are as under Materials and Methods. Am= ambient control; +UV-B= 

enhanced UV-B. 

 

 

 
Fig.3 SDS-PAGE analysis of PSІІ polypeptides isolated from black gram plants 

grown under ambient and enhanced UV-B radiation in  summer season.  

 

In cluster bean, the composition and level of polypeptides was different from that of black gram 

(Figs.4& 5)  After 10 days of treatment, the level of a transitory polypeptide of 72 kDa size 

which was low under ambient condition showed large increase under enhanced UV-B radiation. 

The appearance of the 72 kDa polypeptide was evident in both the seasons.  After 20 days of 

treatment, the 183 kDa cross linked polypeptide appeared with concomitant disappearance of 

73, 23 and 21 kDa polypeptide.   
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Fig.4 SDS-PAGE analysis of PSІІ polypeptides isolated from cluster bean plants 

grown under ambient and enhanced UV-B radiation in monsoon season. 

Protein sample equivalent to 25µg was loaded in each well. Other details 

are as under Materials and Methods. Am= ambient control; +UV-B= 

enhanced UV-B. 

 
Fig.5  SDS –PAGE analysis of PSІІ  polypeptides isolated from cluster bean plants 

grown under ambient and enhanced UV-B radiation in summer season.  

 

 

The level of 183 kDa polypeptide was slightly more under UV-B enhanced radiation than under 

ambient light.  During the later stages of treatment, a loss in the level of 183 kDa polypeptide 

with concomitant increase in the level of 62, 55, 33 and 28 kDa polypeptide had occurred in 
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both the seasons in UV-B enhanced as well as ambient light grown plants.  The polypeptide 

pattern of PSII fraction of cluster bean plants grown during monsoon period showed large 

variation at different period of treatment.  These changes were comparatively less in summer 

plants. 

 To understand the possible polypeptides involved in the formation of the cross linked 

183 kDa product (Fig.6), the polypeptide was lysed by elution buffer, (0.1% SDS, 0.5M Tris-HCl, 

pH 7.9, 0.1M EDTA,5mM DTT, 0.15M NaCl) lyophilized and separated on a 15% linear SDS-PAGE 

and detected by silver staining.  

 
Fig. 6 SDS-PAGE analysis of 183 kDa PSІІ polypeptides  of  cluster bean plants grown 

under ambient radiation for 20d in monsoon season.  The 183 kDa cross-

linked protein was extracted in elution buffer and separated using a 15% 

linear gel. 

 

Separation of this revealed the involvement of 72, 55, 48, 28 and 24 KDa polypeptides.  The 

presence of 183 kDa cross linked polypeptide was also confirmed by eluting and running a SDS-

PAGE with out lysis.  This had produced only a single band of 183 KDa size. The schematic 

diagram showing the cross-linking of   PSII complex at various stages of growth of cluster bean 

plants is presented in Fig. 7. 
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Fig.7 Schematic representation of cross-linking in PSII complex at various stages of growth 

(early, mid stage and later stage) in cluster bean  Cross-linking in PSII complex  offers 

stabilization to enhanced UV-B radiation. 

 

DISCUSSION 

Photosynthesis is one of the most sensitive physiological processes. The PSII activity in both 

cluster bean and black gram increased steadily up to plant maturation and there after declined 

rapidly.  UV-B treatment decreased the PSII activity at all stages of growth in cluster bean while 

in black gram no definite change was seen. Recently Shi et al. (28) reported in Saussurea 

superba, a strong UV-B radiation had a potential negative impact in photo physiological process 

of alpine plant.  Further these changes were significantly more during monsoon periods.  When 

compared to that in summer season most the reported that PSII as the most vulnerable site for 

the action of UV-B.  Several studies have shown a similar decrease in PS2 activity (29, 30).  It 

was suggested that changes may be due to the damage caused to the oxidizing side of PSII to the 

reaction center itself (31,32,33). 

 Analysis of the PSII proteins in plants grown under ambient light showed significant 

changes at different periods of the growth in two different seasons.  Accumulation of 32 kDa 

polypeptide was noticed in black gram during monsoon season than in summer. In cluster bean, 

the composition and level of polypeptides was different from that of blackgram.  In clusterbean, 

after 10 days of growth, a transitory polypeptide of 72kDa was synthesized under enhanced UV-

B treatment. This was not observed under ambient light condition.  The appearance of the 72 

kDa was evident in both the seasons.  The formation of this new polypeptide could be due to 

cross-linking of a protein.  Protein cross-linking of PSII core polypeptide occurred with few low 

molecular weight polypeptides.  The damaged D1 polypeptide is not only degraded, but also 
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cross-linked to neighboring polypeptides.  The damaged D1 cross-linking process was studied 

extensively in vitro which was found to be physiologically significant (33,21).  Cross-linking of 

the D1 polypeptide with CP43 was first indicated by Mori and Yamamoto 1992(34), the amount 

of CP43 decreased in coomassie band following SDS/urea-PAGE after strong illumination of PSII 

membrane (34).  Western blot analysis using antibodies against both the D1 polypeptide and 

CP43 showed that the D1 polypeptide from cross-linked product with CP43 in the range of 70-

100 kDa with an aid of low molecular weight polypeptide (35). 

 In black gram 183 kDa polypeptide was observed with the season at all stages of growth 

whereas in clysterbean after 20th day treatment, the 183 kDa a cross-linked polypeptide 

appeared with disappearance of 43, 33, 23 and 21 kDa polypeptide .The level of 183 kDa 

polypeptide was slightly more under UV-B enhanced radiation than under ambient light.  The 

183 kDa appears to be a cross-linked product formed due to interaction with a few low 

molecular weight polypeptides.  The expression of such cross-linked product was very 

prominent only in the mid stage of growth subjected to high irradiation.  This could be 

considered as an adaptive mechanism to maintain the stability of the PSII core and water 

oxidizing complex both under ambient and also under UV-B enhanced radiation. 

 The cross-linking of the D1 and D2 protein, Cyt B559 and CP43 occurs in parallel with 

degradation of the D1 polypeptide during illumination of intact chloroplast thylakoids and PS2 

enriched membranes (21).  Cross-linking of the D1 and D2 polypeptides, with the α-subunit of 

Cyt b559 and with CP43 indicates that these polypeptides are located in close proximity to each 

other.  A D1 cross linked of 160 kDa product was reported by the high light illumination of 

Dunaliella salina (36). 

 The high molecular weight cross linked product (183 kDa) was eluted and it was 

separated in SDS-PAGE .Separation of this product revealed the involvement of 72, 55, 48, 28 

and 24 kDa polypeptides.  Yamamoto et al.1998 (37) observed photodamaged D1 polypeptide 

cross links with D2, the α-subunit of Cyt b559 and CP43.  Previous report of high molecular 

weight 160 kDa polypeptide also originated from the aggregation or cross-linking of damaged 

PS2 reaction center which probably occurs as unsolublised D1/D2/Cyt b559 dimers (38). Prasil 

et al. (39) suggested that the cross-linking formed by disassembly of PSII and in the absence of 

sufficient capacity in de novo biosynthesis, neighboring PS2 RC polypeptides may aggregate 

either by hydrophobic interaction or by cross-linking of constituent polypeptides.  In Cyamopsis 

during later stages of treatment, a loss in the level of 183 kDa polypeptide with a concomitant 

increase in the level of 62, 55, 33 and 28kDa polypeptide occurred in both the season in UV-B 

enhanced as well as ambient light grown plants.  The D1 polypeptide completely recovered from 

damage and restored the PS2 activity through repair mechanism. Previous studies reported that 

the damaged D1 protein degraded rapidly (40) and is replaced by a newly synthesized protein 

(41,441).  Yamamoto (21) has reported that synthesis of new polypeptides after protective 

response to overcome photo inhibition.  These observations indicate that UV-B enhanced 

radiation try to stabilize the sensitive PSII complex by cross-linking the proteins.  This process 

occur even under ambient solar radiation where the UV-B content is fairly high and UV-B 

enhanced radiation only accelerated the process plants like black gram show resistance against 

UV-B radiation as the proteins are already present in the cross-linked condition. 
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