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were harvested and metal accumulation, total chlorophyll, H
2
O

2
 generation, lipid peroxidation and 

antioxidant enzyme analysis were done. All data obtained from the study were subjected to one-way 
ANOVA test with use of statistical software of SPSS 16, and means were compared by LSD test. 

Result and discussion: Mosses are known as hyperaccumulators of metals. Treatment all metals 
resulted in accumulation of these metals in moss cells. Especially, the accumulation of both Pb and 
Ni showed major increase. The increase of Pb content in moss cells was higher as compared to Ni 
and the other metals, indicating a stronger accumulation of Pb in P. squarrosa. Pb uses channels and 
transporters of the plasma membrane that normally functions in the uptake of essential ions, which 
might be one of the most important reasons for high lead accumulation in the moss. 

The total chlorophyll content reduced in Ni, Cu and Pb treated samples relative to the control. The 
decline in total chlorophyll content can be regarded as a metal specific response that may have 
resulted in chlorophyll degradation and inhibition of photosynthesis. 

Treatment of Cu, Cr and Ni caused an increase in H
2
O

2
 content in moss cells. Particulary Cu was 

highly efficient to generation H
2
O

2
 and led to the highest lipid peroxidation in P. squarrosa cells. 

In order to repair the damage initiated by reactive oxygene species caused by heavy metals, mosses 
have evolved complex antioxidant defense system including antioxidant enzymes. Superoxide 
dismutase activity increased in Cu and Cr treated mosses. Exposure of Cu caused a major decrease in 
catalase acitivity as compared to control. While peroxidase activity showed a statistically significant 
increase in all heavy metal treatments, glutathione reductase activity was measured similar level 
with control. Enhanced ascorbate peroxidase activity was found only at Pb treated moss.

Conclusion: In present study, the short-term responses of the bryophyte P. squarrosa subjected to 
heavy metal stress were investigated. The treatment of Cu, Cr, Pb and Ni induced physiological 
alterations as evidenced by the biochemical changes, oxidative damage in this moss.
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Objectives: The role of glutathione in the antioxidant defense system provides a rationale for its 
use as a stress marker. The aim of the study is to determine the changes of glutathione levels 
with heavy metal stress in two bryophytes, Pleurochaete squarrosa (Brid.) Lind. and Timmiella 
barbuloides (Brid.) Moenk.
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Materials and methods: The bryophyte samples of Pleurochaete squarrosa and Timmiella 
barbuloides were collected from Kepez (Aydın). The samples were put into the 1 mM potassium di 
chromate (Cr), lead acetate (Pb), nickel chloride (Ni) and copper sulfate (Cu) containing solutions. 
Control groups containing distilled water were also prepared for per sample. Samples were cultured 
at 24±2°C, 16/8 hour photoperiod conditions for 48 h. At the end of this period, samples were 
harvested and glutathione determination analyses were done. Determination of glutathione was 
made according to Griffith (1980). This method is based on the measurement of yellow color 
product formed by the reaction of sulphydryl groups with DTNB (5,5’-ditiyobis-2-nitrobenzoic 
acid) known as Elman’s reagent. All data obtained from the study were subjected to one-way 
ANOVA test with use of statistical software of SPSS 16, and means were compared by LSD test.

Results and discussion: Glutathione (GSH) is responsible for maintaining the redox status of cells 
and plays an important role in antioxidant protection where it participates in both enzymatic and 
non-enzymatic reactions.

Significant increases at total glutathione levels were observed after exposure to Pb and Cr in P. 
squarrosa and Ni and Cr in T. barbuloides as compared to control. The increase in glutathione 
during the experimental period may have been due to a response to oxidative stress.

A significant decrease was observed at the amounts of reduced GSH exposure of Ni (36%), Pb 
(39%) and Cu (40%) in P. squarrosa, and a significant increase Cu (%59) treatment samples in T. 
barbuloides. 

Glutathione disulfide (GSSG) levels showed major increases in Ni, Pb and Cr treated P. squarrosa, 
and in Ni treated T. barbuloides as compared to control. The results support the view that GSH gets 
oxidized at higher rate in the presence of oxyradicals.

An increase in the GSH/GSSG ratio, as observed in tolerant species, would indicate an 
‘overcompensation’by intensified recycling of glutathione to keep it in its active, reduced form. 

Conclusion: GSH plays a key role in detoxification, having the ability to bind to heavy metals 
and other toxins through its sulfur molecules, thereby providing the means for the cell to eliminate 
toxins. In view of the stress-response concept of the glutathione system, higher concentrations of 
glutathione would confer better antioxidative protection. Studies on both mosses and liverworts, 
exposed to toxic heavy metal concentrations support the view that increased GSH synthesis has 
important function in heavy metal tolerance mechanism. According to GSH/GSSG ratios evaluated, 
P. squarrosa is more influenced by heavy metal stress due to the decreased GSH content.

Acknowledgements: This study was financially supported by Adnan Menderes University BAP 
(FEF-11011).

Key words: Bryophytes, glutathione, heavy metal, stress.


