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Abstract 

Mangroves are heterogenous group of plants which are distributed along tidal, riverine or interior saline 
wetlands of tropical and subtropical regions. High light and salinity of intertidal mangrove habits impose two 
potential limitations on the photosynthetic pathway. Physiological dryness and low stomatal conductance would 
inevitably result in excess of excitation energy. Over reduction of the photosynthetic electron transport chain 
causes the generation of reactive oxygen species (ROS). Therefore, the enhancement of enzyme activity 
involved in ROS scavenging systems may be a potent strategy to increase abiotic tolerance. An alternative 
strategy for energy sink preventing the over reduction of the photosynthetic electron transport chain and 
photoinhibition is by photorespiration. The main objective of the present study was to investigate how Avicennia 
alba respond to excess light under abiotic stresses related to carbon assimilation. The photooxidative stress 
of mangroves was revealed biochemically and cytochemically. Peroxisomes were localized in the leaf 
samples as discrete black bodies under TEM using catalase as cytochemical marker. The increased level of 
glycolate oxidase, the marker enzyme of C

2 
mechanism clearly indicates the affinity of mangroves towards 

photorespiration. The increased level 
of activity of catalase concomitant with the activity of glycolate oxidase in the leaf tissues confirmed the 
active phase of C

2 
pathway as well as the photooxidative stress encountered by mangroves. Moreover it 

revealed the affinity of Rubisco towards the competitive substrate oxygen. The high level of catalase and 
peroxidase observed in the leaf samples suggests the scavenging property of the enzyme to eliminate 
hydrogen peroxide. The possibility of hydrogen peroxide formation by dismutation of oxygen radical was also 
discussed. Assay data of photorespiratory enzymes was further supported by glycine and serine 
content. Thus the whole study revealed the stress-induced features of mangroves induced by the habitat 

that emphasizes the need for habitat dependent conservation for protecting this unique flora. 
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Introduction 

Photosynthetic response to drought and salinity 
stress is highly complex. It involves the interplay of 
limitations taking place at different sites of the cell/ leaf 
and at different time scales in relation to plant 
development. Energy production in the various cell 
compartments and energy consumption in 
endergonic processes have to be well adjusted to 
the varying conditions. In addition, dissipatory 
pathways are required to avoid any detrimental 
effects caused by over-reduction (Wang et al., 
2010). Many numbers of short and long-term 

mechanisms interact with each other in a flexible 
way, depending on intensity and the type of stress. 
Therefore, all levels of regulation are involved, 
starting from energy absorption and electron flow 
events through to post-transcriptional control. The 
simultaneous presence of strong oxidants and strong 
reductants during oxygenic photosynthesis is the basis 
for regulation. Cellular homeostasis will be 
maintained as long as the mechanisms for 
acclimation are present in sufficiently high 
capacities (Debabrata & Kumar, 2011). Here, in the 
present experiment, photorepiratory mechanism in 
Avicennia alba, a mangrove was investigated . 
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Mangrove as a unique ecological group adapted to 
tidal, basin and riverine habitats, exposed to 
different kinds of stresses viz. salinity, 
temperature, drought and nutritional limitations 
(Blokhina et al., 2003). An in depth understanding on 
the macro and micro physiological factors of the 
group with reference to the changing 
environmental conditions must be a basic 
requirement needed for implementing mangrove 
conservation programme. Since this group of 
plants has wide mechanism of stress tolerance in the 
varied habitat, a close attention is required to reveal 
their micro physiological changes. Based on the 
anoxia and hypoxia of the water-logged habitat, 
the mangroves are constrained to adopt a pathway 
for getting more oxygen for primary metabolic 
processes. In order to ascertain the physiological 
adaptations of basin mangroves an attempt has 
been made to study the major enzymes of 
photorespiration viz. glycolate oxidase and catalase, 
cytochemically and biochemically. Documentation 
of peroxisome distribution as a storehouse of 
scavenging enzyme catalase has come largely 
from electron microscopic investigations (del Rio et 
al., 2002). Depending on the scavenging property, 
there are two major types of enzymes peroxidase and 
catalase. Even though peroxisomes and 
glyoxysomes are commonly called as 
microbodies they are functionally dissimilar 
structures (Masterson & Wood, 2001). Peroxidase 
being an ubiquitous enzyme found in all major 
organelles viz; chloroplast mitochondria, cell wall and 
cytosol in apoplastic and symplastic forms, the 
functional diversity of this enzyme needs no 
further emphasis (Gonzalez et al., 2000). On the 
other hand, the recognition of the enzyme catalase 
as a cytochemical marker for distinguishing 
peroxisomes and glyoxysomes provides greater 
scope to understand the distribution, localization 
and ontogeny of these microbodies. (Shi et al., 
2001). 

Materials and Methods Plant 

materials 

The whole study was focused on Avicennia alba 
Blume. of Ayiramthengu, a mangrove patch of 
Kollam. As control, selected mesophytes such as, 
Murraya exotica, Tecoma stans, Hamelia patens, 
Quassia amara, Ixora coccinea and Bauhinia 
accuminata and typical C4 plants viz. Cynodon 
dactylon, Amaranthus spinosus, Talinum 
cuneifolium, Kyllinga monocephala, Cyperus 
rotundus and Saccharaum officinarum were also 
used for the assay study. 

Assay of glycine and serine 

Total glycine and serine content of the samples 
were estimated by modified dinitrophenyl (DNP) 
derivatization method (Varley et al., 1980). In 
brief, the methanol extract (1 g) of leaf samples or 
the reference standard (equimolar mixture of 
glutamate:glycine) was made up to 250 µl with 80 
% (v/v) methanol. Amino acids were detected 
based on the retention time established for the 
individual amino acid under defined experimental 
conditions. Linearity of the peak areas for different 
concentrations, ranging from 20 - 200 picomoles, of 
individual amino acids was determined. 
Calculation was based on the area under peak 
established for a given amino acid of known 
concentration. Further, whenever a peak from test 
sample required to be confirmed for a given amino 
acid, HPLC was repeated after spiking the amino 
acid (s) of interest to the sample. 

Isolation and assay of glycolate oxidase 

0.5 g of fresh leaf tissue was homogenized in 0.1 M 
phosphate buffer of pH 8.3. The supernatant was 
used for the assay for determining the activity of 
glycolate oxidase (Hess & Tolbert, 1967). The 
increased absorbance due to the formation of 
glyoxylate phenyl hydrazone was measured 
spectrophotometerically at 324 nm. One unit of 
enzyme activity is defined as the amount   of 
enzyme required to produce 1µ mole of glyoxylate 
from glycolate/min at pH 8.3 at 25˚C, in the presence 
of phenylhydrazine. Extraction and assay of 
catalase 

0.5 g of fresh leaf tissue was homogenized in cold 
0.05 M potassium phosphate buffer (pH 7) as per 
the method of Luck, (1965). The progression of 
the reaction was measured by the decrease in 
absorbance at 240 nm for 1 - 2 min at 30oC. A set 
of samples containing the reaction mixture without 
substrate was used as the control. One unit of 
enzyme activity is defined as the amount of enzyme 
that catalyzes the decomposition of 1µ mole of H

2
O

2 

/min at pH 7.0 at 25˚C. 

Detection of catalase under light 
microscope 

The leaf tissues of A.alba was used for the 
cytochemical preparation following the protocol of 
Gahn, (1984). 

Transmission electron microscopic (TEM) and 
Scanning electron microscopic analysis 
(SEM) 

Transmission electron microscopy (TEM) was 
adopted to localize peroxisomes in the leaf 



 
 
 

tissues of A.alba using the cytochemical marker 
catalase (Fang et al., 1987). The scanning electron 
microscopic (SEM) preparations were done by 
following the method of Salini & Mohankumar 
(2001). 

Results and Discussion 

Detection of catalase under light 
microscope 

All the incubated sections showed brownish black 
deposits (the oxidized DAB by the peroxidatic 
activity of catalase) in the vascular elements and 
mesophyll cells of the leaf tissues of A.alba 
compared to control (data not shown). For control, the 
tissues were treated with aminotriazole, the 
specific inhibitor of catalase for one hr to 
inactivate the catalase. The faint brown colour 
retained in the control section could be due to 
peroxidase activity apart from catalase action in the 
cell systems. 

Localization of peroxisomes under TEM 

Since tissue sections of all the leaf samples showed 
the presence of catalase, the cytochemical marker of 
peroxisomes under light microscopy, the leaf 
tissues of A.alba was selected for the TEM study. 
The EM presented in figs. 1A-D demonstrate the 
appearance and distribution of peroxisomes and 
other cellular organelles viz. mitochondria, 
chloroplast and vacuoles in the leaf tissues of 
A.alba. Figs. 2A-D shows the enlarged electron 
microscopic view of peroxisomes as dark bodies 
closely associated with mitochondria and 
chloroplast. The role of catalase as cytochemical 
marker for detecting peroxisomes was confirmed by 
several workers (Mullen et al., 2001; Talarczyk et 
al., 2002). The peroxidatic activity of peroxidase is 
generally optimal near the neutrality (pH 7), 
whereas the peroxidatic activity of catalase is 
greatest in alkaline pH (pH 9-10) (Vigil, 1973). 
Moreover the gluteraldehyde fixation inhibits the 
catalytic activity of catalase, while it enhances the 
peroxidatic activity of catalase (Brisson et al., 
1998). For the experiment, two controls were done 
which include: (a) by adding amino triazole to the 
incubation medium as a potent inhibitor of all 
catalase activity (b) by omitting hydrogen 
peroxide, the substrate from the medium. The 
sections did not show black deposits indicating the 
inactivation of the marker enzyme catalase, which 
in turn confirms the experimental results (Fig. 2D). 

The leaf cells with cell inclusions mitochondria, 
chloroplast, vacuole, rough endoplasmic reticulum 
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(rER) and peroxisome indicates that they were 
metabolically active (Figs. 2A-D). The early phase of 
peroxisome formation was also observed  in the 
cell system along with the rER. Previous reports 
on ontogeny of peroxisome indicated the close 
association of rER and peroxisomes and they 
suggested that peroxisomes are produced by 
vesiculation of specialized region of rER 
(Feierabend & Beevers, 1972). In the electron 
micrographs of the present study, peroxisomes 
started appearing as electron dense or fine 
granular flocculent in the ground cytoplasm. The 
irregular contour of the nascent mass revealed 
that they are devoid of a limiting membrane as 
seen in fig. 2B & C. The free ribosomal units could 
also be seen as granular electron dense 
structures distributed throughout the cytosol. The 
filamentous granular aggregation proximal to 
peroxisome could be the rER that are known to be 
the site of protein synthesis. Along with the dark 
bodies as peroxisomes, the chloroplast also showed 
black deposits. Since the chloroplasts are devoid of 
catalase, the black deposits indicate the activity of 
peroxidase localized in the lamellar region of the 
chloroplast (Figs. 2A-C). Gillham & Dodge (1986) 
studied the sub cellular distribution of ascorbate 
peroxidase in pea chloroplast and they confirmed 
the potential role of peroxidase in scavenging H

2
O

2 

from the system. The present 
cytochemical data thus confirms the presence of 
peroxidase in the chloroplast for the elimination of 
H

2
O

2 
formed in situ within the  organelle. The 

proximity of mitochondria and chloroplast along 
with the peroxisomes as a complex unit provide 
sufficient evidence for the  physiological 
involvement of the three  organelles  during C

2 

metabolism (Fig, 1D). The participation of 
mitochondria along with the peroxisomes in the 
photorespiration of spinach leaves was well 
established by Raghavendra et al., (1998). Thus the 
physiological association of the three organelles as 
observed in electron micrograph suggests the active 
phase of C

2 
mechanism in basin mangroves. 

Activity of glycolate oxidase (GO) and 
catalase (CAT) 

Developmental studies on cell organelles in leaf 
tissues of mangroves have not been reported 
before with reference to their metabolic functions. The 
occurrence of photorespiration in C

3 
plants is a 

general phenomenon established decades ago, 
but studies on the physiological variation of the 
process due to stress factors with reference to 
mangroves are still subtle and meagre (Yamazaki & 
Kamimura, 2002). In the present study, an effort 
has been made to understand the role of 
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the key enzymes of photorespiration and the end 
products formed. For the comparative study, six 
members were selected from each ecological 
group and the activity was the mean of twenty 
replicates. The position and age of the leaf were 
kept constant for the whole assay study. The leaf 
tissues of selected taxa of mangrove plants along 
with mesophytic and hydrophyte members were 
homogenized and their peroxisomal fractions 
were prepared as described previously. The 
fractions were assayed for the major enzymes of 
the C

2  
pathway, i.e., CAT  and GO.  It is  clear 

from the data that leaf samples of mangroves 
showed higher level of activity of CAT and GO 
than the members of other ecological groups viz. 
mesophytes and hydrophytes (Tables 1 & 2). The 
increased level of GO activity in mangroves 
strongly suggests the formation of high rate of 
H

2
O

2 
as a secondary product. Mean while, the 

higher level of CAT activity in the cell system of 
mangroves reveals the catalytic cleavage of H

2
O

2 
for 

the release of oxygen (Tables 1 & 2). Thus an 
unambiguous functional correlation of both the 
enzymes can be observed from the data. The 
increased level of GO and CAT in the leaf tissues 
of mangroves clearly indicates the affinity of 
ribulose biphosphate carboxylase oxygenase 
(Rubisco) towards the competitive substrate 
oxygen, which in turn confirms the photooxidative 
stress of mangroves. It further supports the fact that 
the cell system contains more O

2 
than CO

2
 

as a competitive substrate for  photorespiration. 
Since GO is exclusively involved in the synthesis 

present study, the oxygenase reaction of RuBP for 
initiating C

2 
pathway revealed a clear indication of the 

availability of more oxygen as a competitive 
substrate. Since the ROS inactivates the enzyme 
and damage important cellular components, its 
transformation becomes an inevitable process for 
the existence of plants (Arora et al., 2002). The 
active form of catalase as an enzyme scavenging 
H

2
O

2 
of cell system in mangroves tempts to 

speculate that more H
2
O

2 
may be produced by 

dismutation of the ROSs along with C
2 

mechanism. 
The reason for manifestation of photorespiration in 
leaf tissues of C

3 
plants has considerable 

difference of opinion (Kozaki & Takeba, 1996). 
Since the photorespiratory mechanism is initiated by 
oxygen, the competitive substrate for the 
bifunctional enzyme Rubisco, the possible reason 
that favours the existence of this physiological 
process may be either the increased level of 
oxygen or the lower level of CO

2 
in the cell system. 

The cytochemical data of the close association of 
three organelles of photorespiration viz. 
chloroplast, peroxisome and mitochondria in TEM 
corroborates with enzymatic data. It is well known that 
the absorption of oxygen and the liberation of CO

2 

during photosynthesis is brought through C
2 

metabolism in all C
3 

plants (Kozaki & Takeba, 1996). 
The site of transformation of phosphoglycolate to 
serine by releasing CO

2 
is localized in organelles, 

viz. chloroplast, peroxisome and mitochondria. The 
physiological activeness of photorespiratory enzyme 
GO and CAT in mangroves can be further supported by the assay data of C plants. It could 

of H O in peroxisomes, it may be the plausible 4 
2     2 be seen that the activity of CAT and GO are in a low 

reason for the release of O
2 
by the splitting of profile in the leaf tissues of C plants indicating the 

H O by catalase action. Studies on the effect of 4 
2     2 site restricted activity of Rubisco. The mesophyll 

salinity on the carboxylating activity of Rubisco in 
halophytes have reported the suppression of the 
ribulose biphosphate carboxylase under saline 
conditions (Sulpice et al., 2002). Varied salinity is 
the characteristic feature of the habitat of 
mangroves, so the tendency of oxygenase activity 
of ribulose biphosphate (RuBP) for C

2
 

pathway can be interpreted as the suppression 
of Rubisco by salt interference. Apart from the 
involvement of GO for the formation of H

2
O

2
, the 

other possible way for the synthesis of H
2
O

2 
in plant 

system is by the dismutation of reactive oxygen by 
the enzyme super oxide dismutase (SOD) ( 
Blokhina et al., 2003). It has been well established 
that both abiotic and biotic stresses are 
responsible for the generation of reactive oxygen 
species (ROS) in plants (Goel et al., 2002). In 
normal metabolic process the  photosynthetic 
electron transport system is a major source of 
active oxygen in plant tissue having potential to 
produce singlet oxygen (Krause, 1988). In the 

cells in C
4 

plants function as a biochemical pump 

transporting CO
2 
from the external atmosphere to site 

of its fixation by RuBP in bundle sheath cells, 
account for the low rate of photorespiration and 
high rate of net photosynthesis (Raghavendra et 
al., 1998). The comparison of activities of GO and 
CAT in mangroves between the taxa showed 
significance at 1% level. The mesophytes and 
hydrophytes showed a moderate level of activity for 
the two enzymes. 

Glycine and serine content 

As the major end product, glycine and serine 
content was estimated by HPLC. Tables  3  and 
4 demonstrate the glycine and serine content in 
members of mangroves, mesophytes, 
hydrophytes and C

4 
plants. The values were 

statistically analyzed and the F – ratio was 
calculated for denoting the test of significance. 
All  the  members  of  the  ecological  groups, 



 
 
 

showed higher level of glycine and serine content 
than C

4 
plants, indicating their dominance of C

3 

pathway. It is also observed that the glycine and 
serine content of mangrove exhibited a significant 
increase compared to mesophytes and hydrophytes. 
The remarkable increase noticed in the activity of 
GO and CAT and the higher content of glycine and 
serine provide strong indication of the prominence of 
C

2 
mechanism in mangroves, compared to other 

ecological groups. The enzyme assay data 
corroborates with the glycine and serine content. 
Thus the cytochemical and biochemical data 
clearly substantiates that the mangroves 
expressed a higher affinity towards the C

2 

mechanism than the C
3 

phenomenon. The data 

provides a clear indication of photo oxidative stress 
of basin mangroves. 

Scanning electron micrographic analysis of 
stomata of A.alba further supports the enzymic 
data. For the stomatal study, the leaf samples 
were collected at three periods at 8 am, 1 pm, and 
6 pm. It is interesting to note that at noon, the 
stomata are found closed as an exceptional 
phenomenon in basin mangroves (Fig.3). This 
indicates the poor gaseous exchange of plants 
during active phase of photosynthesis. Meanwhile in 
the leaf tissue collected at dawn and dusk 
stomata remain opened. It is clear from the data 
that the stomata of basin mangroves appeared 
closed at the peak time of photosynthesis i.e., at 
noon, while it remained opened in the morning 
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and evening. This fluctuation of stomata strongly 
indicates the limited level of CO

2 
entry into the cell 

system for photosynthesis for suppressing the 
carboxylase activity of Rubisco. Moreover this 
unusual stomatal nature will develop a stress for 
getting more oxygen for the oxygenase activity of 
Rubisco, since oxygen has higher diffusing ability 
through the membranes than CO

2 
(Pons & 

Welschen, 2003). In other words, O
2 

can enter 

through cell membrane system for compensating the 
CO

2 
deficit. Thus the physiological reasons for the 

triggering effect of C
2 
mechanism in mangrove plants 

can be interpreted in the following ways 
(i) high level of CAT that induce the formation of 
more oxygen by the splitting of H

2
O

2 
(ii) the salt 

concentration in the leaf tissues of mangroves 
suppresses the carboxylase activity of Rubisco 
(iii) diurnal fluctuation of stomata restricting the 
enough CO

2 
conductance to the mesophylll cells 

directly favours the entry of more oxygen to the 
cell system as a competitive substrate (iv) 
high diffusing ability of oxygen through the cell 
membrane. Previous studies on salt accumulation in 
Spinach leaves revealed the impaired action of 
RuBp carboxylase and the poor conductance of 
CO

2 
to stomatal cells (Delfine et al., 1999). Thus 

the  cytochemical,  biochemical  and analytical 
evidence presented here demonstrated the high 
efficiency of C

2 
mechanism by the interaction of 

chloroplast, peroxisome and mitochondria in basin 
mangroves. 

 

Table 1. 

Activity of Glycolate oxidase and catalase in mangroves and mesophytes 
 

Basin mangroves Glycolate Oxidase (U/mg) Catalase (U/mg) 

Excoecaria 3.9 103.1 

Bruguiera 3.5 112.9 

Acanthus 2.4 128.6 

Avicennia 4.6 132.8 

Lumnitzera 2.8 98.2 

Rhizophora 1.9 105.3 

Mean 3.18 113.48 

F- Ratio 4.402** 5.959** 
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Mesophytes 
Glycolate Oxidase Catalase 

(U/mg) (U/mg) 

Murraya 1.38 35.7 

Hamelia 1.26 43.1 

Tecoma 1.14 71.6 

Quassia 1.09 33.8 

Ixora 1.49 80.4 

Bauhinia 1.4 53.9 

Mean 1.29 53.08 

F-Ratio 0.1692 1.11 

SE 0.4049 18.4066 

CD 1.123 51.021 

 

Table 2. 

Activity of Glycolate oxidase and catalase in hydrophytes and C
4 
plants. 

 

 

Hydrophytes 
Glycolate Oxidase Catalase 

(U/mg) (U/mg) 

Limnophila 1.6 55.35 

Nymphaea 1.02 69.35 

Eichhornia 1.4 37.92 

Pistia 1.5 52.61 

Hydrilla 1.3 50.95 

Limnanthemum 2.2 38.66 

Mean 1.5 50.81 

F-Ratio 13.352** 0.3723 

 

C
4 
plants 

Glycolate Oxidase Catalase 

(U/mg) (U/mg) 

Cynodon 0.736 8.46 

Amaranthus 0.279 3.19 

Talinium 0.214 4.55 

Kyllinga 0.268 4.78 

Cyperus 0.254 8.07 

Saccharum 0.22 6.9 

Mean 0.33 5.99 

F-ratio 0.2868 0.01596 

SE 0.4049 18.407 

CD 1.123 51.021 
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Table 3. 

Glycine and Serine content (µmol/g tissue) in mangroves and mesophytes. 
 

Sl. No. Mangroves Glycine (µmol/g tissue) Serine (µmol/g tissue) 

1 Lumnitzera 167.4 36 

2 Excoecaria 155.1 40 

3 Acanthus 161.4 39 

4 Avicennia 187.1 56.4 

5 Rhizophora 153.3 45 

6 Bruguiera 160.3 50 

 Mean 164.1 44.4 

 F-ratio 9.283** 7.65** 

 

Sl. No. Mesophytes Glycine (µmol/g tissue) Serine (µmol/g tissue) 

1 Murraya 42.4 26 

2 Hamelia 31.8 23 

3 Tecoma 45.6 31 

4 Quassia 36.1 29 

5 Ixora 54.9 30 

6. Bauhinia 42.3 20 

 Mean 45.23 26.5 

 F-ratio 3.448** 1.27** 

 SE 4.721 2.09 

 CD 13.09 9.56 

 

Table 4. 

Glycine and Serine content (µmol/g tissue) in hydrophytes and C
4 
Plants. 

 

Sl. No. Hydrophytes Glycine (µmol/g tissue) Serine(µmol/g tissue) 

1 Limnophila 35.64 14 

2 Nymphaea 67.52 10 

3 Eichhornia 40.64 9 

4 Pistia 56.51 12 

5 Hydrilla 30.91 13 

6 Limnanthemum 38.18 11 

 Mean 44.90 11.5 

 F-ratio 10.51** 0.957** 
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Sl. No. C
4 
plants Glycine (µmol/g tissue) Serine (µmol/g tissue) 

1 Cynodon 9.42 1.1 

2 Amaranthus 3.48 1.6 

3 Talinium 5.36 2 

4 Kyllinga 5.2 2.5 

5 Cyperus 7.18 3.2 

6. Saccharum 4.2 1.8 

 Mean 5.81 2.03 

 F-ratio 0.2287 0.126** 

 SE 4.721 0.992 

 CD 13.09 5.98 

 

FIG. 1 A, B, C & D Transmission electron micrograph showing chloroplast 
(Cp), peroxisome and mitochondria in the leaf tissue of A.alba 

(P-peroxisomes, Np - nascent peroxisome and Mt - mitochondria) 
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FIG. 2 A, B, C & D Localization peroxisomes in the leaf tissue of A.alba under 

transmission electron micrograph. Black deposit indicate the oxidised DAB. 
D - No black deposits in control 

(CW - cell wall, P - peroxisomes, V - vacuole, rEr - rough endoplasmic reticulum and mitochondria 
(Mt) 

 
 

FIG. 3 Scanning electron micrographs displaying the abnormal fluctuation of opening 
and closing of stomata in the leaf surface of Avicennia alba 

St - Stomata,   - at noon 
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