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Abstract 

Seagrass Thalassia hemprichii is used to study lead (Pb) metal accumulation and synthesis of 
phytochelatin (PC) and glutathione (GSH) as defense mechanisms against lead toxicity. The 
plants were exposed by lead (Pb (NO3)2) metal in some concentrations (0, 5, 15 and 25 ppm) 
for some periods of time (1, 2, 3 and 4 weeks). The contents of lead (Pb), phytochelatin (PC) 
and glutathione (GSH) are analyzed in leaf and root tissue. Lead accumulation in seagrass 
depends on the greatness of metal concentration and length of exposure time where the root 
accumulates lead higher than the leaf. Glutathione is produced higher in the root during lead 
exposure, while phytochelatin is produced in week 1 and 2. Then, production of 
phytochelatin turns to higher in the leaf in week 3, although it decreases in week 4. 
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Phytochelatin and glutathione are formed at different retention time in UPLC, when 
glutathione content is formed earlier and lower than phytochelatin. The study not only reveals 
that content formation of phytochelatin (PC) and glutathione (GSH) occurs to respond Pb 
metal, but also shows that production of PC and GSH correlates significantly to Pb metal 
accumulation in the root and leaf of T. hemprichii. Therefore, in short, formation of PC and 
GSH, for sure, is a part of defense mechanisms conducted by seagrass T. hemprichii to 
protect itself against Pb metal toxicity. 
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1. Introduction 

Heavy metal becomes one of threats to living organisms since its use raises in various 
industrial activities and farmlands resulting in high level of bioaccumulation and toxicity. A 
few recent years, awareness on this matter increases about how heavy metal plays a role as a 
pollutant to environment (Baker & Walker, 1989), along with its effect to the plants (Cobbet, 
2000; Cobbet & Goldsbrought, 2002; Clemens, 2006). Lead (Pb) is one of heavy metals 
which become a dangerous metal for human and it may destruct environment (ATSDR, 1992). 
It is known that this heavy metal may become toxicity damaging respiratory system, nervous 
system and be poison to human blood. For plants, lead impacts on morphology, growth, and 
photosynthesis process (Yadav, 2010). Besides, high concentrate level of lead may hamper 
enzyme activity, water imbalance, membrane permeability changes, and may interfere 
mineral absorption (Sharma & Dubey, 2005). Further, lead may induce oxidative stress due to 
an increase of reactive oxygen species (ROS) (Reddy et al., 2005). 

Heavy metal tolerance and detoxification molecularly to plants may be conducted by a 
number of different mechanisms, for example pumping-out metal from plasma membrane, 
producing metal-fastening compound, conducting deposition metal into vacuole (Baycu, 
2002; Yadav, 2010). Examined mechanism is the best way conducted by the plants in 
executing tolerance against heavy metal, it is by synthesizing metal-fastening peptide i.e. 
phytochelatin (Ahner et al., 1997: Baycu, 2002; Gomez et al., 2009; Ross, 1994). 
Phytochelatin is cysteine-rich peptide, capable of fastening metal through SH group in 
cysteine section, in relation structurally to glutathione, also, it has common structure of 
(ƴ-Glu-Cys)n-Gly, with various n ranging from 2-11 (Grill et al., 1985), yet, in general, it 
ranges from 2-5 (Cobett, 2000) and depends on kinds, types and level of metal exposure 
(Grill et al., 1985; Rauser, 1990; Cobett & Goldsbrough, 2002).  

Phytochelatin will form complexes with metal ion if it is hit by toxic heavy metal, and 
prevent it from being mixed in cellular metabolism. Then, these complexes are stored in 
vacuole, so it would decrease adverse effect from the metal ion (Salt & Rauser, 1995). 
Production of phytochelatin may be used as biochemistry to find out metal toxicity in biota 
(Ahner et al., 1997; Wang et al., 2009; Diana et al., 2010; Morelli et al., 2009). Other than 
phytochelatin, glutathione is also important for plants. Glutathione is involved in the defense 
against reactive oxygen species (ROS) (Foyer & Noctor, 2005), heavy metal absorption 
(Cobbett & Goldsbrough, 2002) and xenobiotic detoxification (Dixon et al., 1998). 
Glutathione (GSH) is sulfur containing thioltripeptide on a formula of ƴ-Glu-Cys-Gly 
(Cobbett, 2000; Yadav, 2010). 

Lots of studies analyzing involvement of phytochelatin and glutathione in metal 
detoxification were conducted responding to cadmium (Cd) metal, while case of lead (Pb) 
metal detoxification on plants has not much conducted. Seagrass belongs to sea plants 
possessing high capacity in absorbing metal due to its direct interaction with water column 
(through the leaf) and sediment (through the root), so its leaf and root are well-ion absorbing 
section (Romero et al., 2006; Ralph et al., 2006). T. hemprichii belongs to seagrass species 
found in tidal flat, scattered all over Indonesian waters (Kiswara & Winardi, 1994) including 
Ambon Island (Tuhumury, 2008; Tupan 2012). With regards to seagrass ability in absorbing 
metal, further study is needed regarding plants' mechanisms of defense against metal toxicity, 
especially lead (Pb). The study aims to analyze lead (Pb) heavy metal accumulation in leaf 
and root tissue of sea grass T. hemprichii, and to analyze production of phytochelatin (PC) 
and glutathione (GSH) triggered by the existence of lead heavy metal as a part of 
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mechanisms of detoxification. 

2. Materials and Methods 

2.1 Lead Exposure 

Sample of T. hemprichii is taken from Inner Ambon Bay, Ambon Island, Maluku having 
south latitude of 3038’30’’ – 3039’30’’ and east longitude of 128011’30’’ – 128012’00’’. 
Utilized sample of T. hemprichii is sample having 3-4 leaves respectively in 3.0-4.5 mm in 
width and 50-80 mm in length other than healthy leaves. Sample in amount of 30 standing 
plants are taken care in 48 aquariums with 40 cm in lenght, 40 in width, and 30 cm in height 
for one week, while acclimatisation given to the sample in dark and ligth periods is 14:10 
hours. Pb(NO3)2 is used for lead exposure to the seagrass in concentration of 0, 5, 15 and 25 
ppm by three repetitions for every treatment. Observation is conducted in week 1, week 2, 
week 3 and week 4. Parameter of water quality remains constant between treatment of control 
and Pb exposure. Salinity value is ranging from 32.0-33.5 ppt, temperature 27.5 – 29.00C, pH 
7.72 – 8.12 and dissolved oxygen 5.69 – 5.88 ppm; then, it seems that this water quality 
parameter does not affect stress response at all during the research. 

2.2 Lead Accumulation 

Seagrass tissue is re-washed by sea water to cleanse sediment and other dirt before 
conducting further analysis. Cleansing by distilled water may cause premature release of 
metal and other cations (Ledent et al., 1995). Stuck organisms on its surface are also cleaned. 
Root and leaf tissue are dried up first at room temperature to obtain constant weight, then 
they are dried into the oven at 1000C for 5 hours. Next, 1 g in weight of dried and refined 
sample is heated up and dissolved in 5 ml HNO3 5M. Further, sample is strained, added by 
distilled water and then analyzed by means of atomic absorption spectrophotometry (AAS) 
type Shimadzu AA-6200 at wave length of 283,3 nm. 

2.3 Determination on the Content of Phytochelatin and Glutathione 

Extraction method to phytochelatin and glutathione is conducted by Maier et al., (2003) at 
some modifications. Two gram of every root and leaf of T. hemprichii are soaked in 10 mL 
MSA 10 mM, heated up in water bath at temperature 700C for 2 minutes and then refined in 
ice bath for 2-4 minutes. Extracted material, then, is centrifuged for 50 minutes at velocity of 
4000 rpm at 40C. Supernatant is strained and added by MSA 10 mM to reach 20 mL in 
volume. According to Lima et al., (2006), supernatant is derivatized by 62 µL NaOH 0.1 M, 
200 µL tris-buffered solution HCL 0.1 M, 63 µL EDTA, 25 µL mercaptoethanol and 50 µL 
monobromobimane (mBBr) and incubated for 40 minutes at temperature 350C in the dark 
room. Next, reaction is stopped by adding acid acetate 5% (v/v) of 1 mL. So, sample is ready 
to be calculated by means of UPLC (Ultra Performance Liquid Chromatography). To 
identify peaks of formed peptides, researcher applies applicable standard of glutathione (GSH) 
and phytochelatin (PC2).  

2.4 Data Analysis 

Data is analyzed by ANOVA multifactorial analysis (p<0.05) and Pearson correlation by 
using GenStat version 14. Data is presented as an average of three repetitions. 



Aquatic Science and Technology 
ISSN 2168-9148 

2014, Vol. 2, No. 2 

www.macrothink.org/ast 71

3. Results 

3.1 Pb Accumulation in the Root and Leaf of Thalassia hemprichii 

Seagrass T. hemprichii accumulates Pb metal unequally depending on exposure concentration 
and time and regarding to the analyzed plant tissue. Pb content in root and leaf during 
exposure increases along with the increase in the treatment concentration (Figure 1). It proves 
that leaf and root of T. hemprichii is able to absorb Pb metal from water and sediment. In the 
root, Pb accumulation incisively increases from week 1 to week 4 in all treatments, while the 
highest level occurs in treatment of week 4 in concentration of 25 ppm by 4.067±0.072 ppm. 
In leaves, increase of Pb accumulation in week 4 is not as high as previous weeks, however, 
its highest peak also occurs in week 4 in concentration treatment of 2 ppm by 1.623±0.062 
ppm. Statistically, it is found that concentration treatment of Pb and exposure time significant 
effect average of Pb content either in the leaf or root by reaching < 0.001 (α=0.05), where the 
highest accumulation occurs in concentration treatment of 25 ppm in week 4. Leaf and root 
tissue of T. hemprichii shows significant difference in accumulating Pb metal by < 0.001 
(α=0.05), where the average of Pb accumulation is greater in the root than the leaf. 

 

 
Figure 1. Average of lead (Pb) accumulation in leaf and root tissue of T. hemprichii 

 

3.2 Phytochelatin and Glutathione Content in Thalassia hemprichii 

Phytochelatin (PC) and glutathione (GSH) were formed by different content in leaf and root 
tissue of T. hemprichii depending on concentration treatment and Pb metal exposure time 
(Figure 2 and 3). Phytochelatin treatment increases along with the incrase of Pb metal 
accumulation in leaf and root for all Pb concentration treatments, and reaches its peak in the 
third week (for concentration of 5, 15, and 25 ppm), and it decreases in the fourth week, 
while in the controlled treatment, phytochelatin keep increasing up to the fourth week (Figure 
2). The highest phytochelatin content in leaf is reached in week 3 at Pb concentration 
treatment of 15 ppm by 8.571±0.246 ppm, so does the highest content in root, but, it is in 
different concentration (25 ppm) by reaching 2.358±0.251 ppm (Figure 4). 
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Glutathione content increases during Pb metal exposure from week 1 to week 4 in all Pb 
concentration treatment either in leaf or root tissue of T. hemprichii (Figure 3). It is different 
from descending-phytochelatin content in week 4. The highest glutathione content in leaf and 
root is reached in week 4 in concentration of 25 ppm with value of 2.353±0.203 ppm (leaf) 
and 2.458±0.215 ppm (root). Average glutathione content in leaf and root tissue is lower than 
phytochelatin content. Pearson correlation analysis is applied to determine if there is 
relationship between Pb accumulation in leaf and root of T. hemprichii exposed by Pb metal 
corresponding to its ability in producing phytochelatin and glutathione. Pb content in leaf 
correlates significantly to phytochelatin content by 0.4822 with p-value by < 0.001 (α=0.05), 
when glutathione is 0.7295 p-value reaches < 0.001 (α=0.05); phytochelatin content 
correlates significantly to glutathione content in leaves by 0.4403 and p-value by < 0.001 
(α=0.05). In root, Pb content correlates significantly to phytochelatin by 0.3688 with p-value 
by 0.0027 (α=0.05), when glutathione is 0.7403 p-value reaches < 0.001 (α=0.05); also, 
phytochelatin content correlates significantly to glutathione content by 0.5492 with p-value 
by < 0.001 (α=0.05). 
 

 
Figure 2. Phytochelatin content in leaf and root tissue of T. hemprichii 

 

 
Figure 3. Glutathione content in leaf and root tissue of T. hemprichii 
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4. Discussion 

4.1 Lead (Pb) Accumulation in Leaf and Root Tissue of T. hemprichii. 

Pb metal in leaf and root of T. hemprichii shows that this aquatic plant is able to accumulate 
metal from water column through the leaves and sediment through the root (Romero et al., 
2006; Ralph et al., 2006). In this study, root has a greater capacity in absorbing and 
accumulating metal than the leaves. Plant root may absorb heavy metal in form of dissolved 
ion such as nutritive substances absorbed along with the water, where the root cells, in 
general, contains higher ion concentration than surrounding medium (Lakitan, 2007), so 
water diffusion containing Pb metal may occur. Other process backing up Pb accumulation in 
the root is caused by presence of root absorbing ability in absorbing water and ion in 
sediment. It is supported by Guilizzoni (1991) that aquatic angiospermae absorbs nutritive 
substances and heavy metal especially sediment through root hair, then they are translocated 
to upper plant section since most of aquatic species possess well-developing transportation 
system where water stream may transport ion through xylem and floem either basipetally or 
acropetally Marin-Guiraoet al., (2005) also found that Pb metal concentration in seagrass root 
of Comodocea nodosa is higher than in leaf, it is also explained that leaf of C. nodosa will 
absorb Pb metal from water column when availability of Pb metal in the sediment is low. In 
this study, lead accumulation is higher when it occurs through sediment by the root since in 
the beginning, sediment has higher Pb concentration than water column (data is not 
presented), so it allows greater absorption by the root, then Pb translocation is also occurred 
basipetally from leaves to root. 

4.2 Phytochelatin and Glutathione Content in Thalassia hemprichii 

Seagrass T. hemprichii produces higher phytochelatin in the root at Pb metal exposure for the 
first two week. It is endorsed by study of Gomez et al. (2009) that an increase in 
phytochelatin concentration is the response against Pb metal accumulation in plant root of 
Salvinia minima. Some land plants exposed by cadmium (Cd) metal also shows phytochelatin 
production especially which is coming out of root tissue. It might be possible since cadmium, 
in fact, is absorbed more into the land than waters (Baycu, 2002). Absorbed metal either into 
the root or leaves will form complex metal transport which will penetrate xylem and floem 
vascular tissue and then transported to the leaves and root. One of compounds forming 
complex with metal is phytochelatin (Salt & Rauser, 1995), therefore, phytochelatin is found 
in the root and leaf which were accumulated by metal. Mendoza-Cosat et al., (2008) found 
that content of phytochelating and Cd metal is high, so does ratio of PC/Cd and GSH/Cd in 
floem tissue compared to xylem in Brassica napus plant. Then, it may be concluded that 
translocation is conducted by floem and that PC and GSH functions as Cd transporter for 
long distance from the leaves to the root.  

This study also found that in week 3 and 4, concentration of phytochelatin turns higher in 
leaves, especially for concentration treatment of 15 ppm. Mishra et al., (2006) found a 
number of PCs in vascular tissue of Bacopan monnieri plant which were exposed by Cd 
metal. Also, it is reported that high PC concentration in the leaves is caused by PC 
transportation from root through vascular tissue. The study also indicates the influence of 
xylem and floem in transporting PC when PC content is high in root, other than triggered by 
Pb content absorbed highly by root from sediment, there found the role from floem tissue 
transporting PC from leaves to root. Then, when PC turns to high in leaves, PC is not only 
absorbed from water column by the leaves, but it is also transported from the root through 
xylem. 
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Produced phytochelatin in the study has short chain, it is PC2 (homo-phytochelatin) at 
retention time of 5.68 minutes, and perhaps, PC3 occurs at retention time of 6.26 minutes 
(Figure 4). According to Grill et al., (1985), phytochelatin (PC) has common structure of 
(ƴ-Glu-Cys)n-Gly, with long chain where n varies from 2-11, while Cobbett (2000) believes 
that in genereal, n varies from 2-5. Thereby, simply put that accumulation of sea grass T 
hemprichii against the given Pb metal concentration may activate PC in short chain. Detected 
phytochelatin also has low content (ppm equals to µg/mg) compared to Pb (ppm equals to 
mg/kg). According to Alvares-Legorreta et al., 2008), other than phytochelatin, there occurs 
other involved mechanism of defense to respond metal toxicity, for example by storing the 
metal in cell wall. In this study, anatomically, it is found that a part of Pb metal is attached to 
either exodermis, endodermis cell wall, or cortex cells (data is not presented). Phytochelatin 
forms complex with metal ion in cytosol, then it is transported into vacuola (Salt & Rauser, 
1995). It is indicated that before penetrating into cytosol and vacuola, metal ion has been 
hampered in cell wall, so formation of phytochelatin is low. Wojcik et al., (2005) reports that 
capacity in attaching heavy metal to plant cell wall is a preventive effort against loss effect by 
cutting down amount of heavy metal absorbed into cytosol. Garcia-Rios et al., (2007) found 
that complex polysaccharide in cell wall of red algae Gracilaria cornea in intracellular 
manner turns to be good barrier against heavy metal accumulation.  

Not only phytochelatin (PC), but also glutathione (GSH) also plays an important role in 
process of detoxifying xenobiotic and heavy metal, and also in mechanisms of defense 
against reactive oxygen species (ROS). This glutathione action also plays a role as a pioneer 
for phytochelatin synthesis (Yadav, 2010). The study shows that glutathione (GSH) peak 
appears at retention time of 3.38 minutes before the appearance of phytochelatin (PC) peak, 
but it has a lower concentration than phytochelatin. It indicates that glutathione (GSH) plays 
a role in phytochelatin (PC) synthesis and it could probably use in restraining ROS by Pb 
metal. Other study also reports that synthesized phytochelatin after being exposed by Pb 
metal will decrease GSH content, and if production of PC is too much, it will cause GSH 
thinning and henceforth, it causes oxidative stress (Mishra et al., 2006). According to Mehra 
and Tripathi (1999) and Sharma and Shanker (2005), metal sequestration by PC and GSH is 
the best known mechanism in process of detoxifying Pb in plants. This study not only 
discovers that content formation of phytochelatin (PC) and glutathione (GSH) occurs in 
response to Pb metal, but also shows that production of PC and GSH correlates significantly 
to Pb metal accumulation either in the root and leaf of T. hemprichii. Therefore, in case of T 
hemprichii exposed by Pb metal, the study shows that formation of PC and GSH, for sure, 
belongs to part defense mechanisms of the seagrass to protect itself against Pb metal toxicity. 



Aquatic Science and Technology 
ISSN 2168-9148 

2014, Vol. 2, No. 2 

www.macrothink.org/ast 75

 

 

 
 

Figure 4. UPLC Profile of PC and GSH in Thalassiahemprichii in week 3 
Notes: A = Standard; B = leaf control; C = 15 ppm leaf; D = root control; E = 15 ppm root; GSH = Glutathione; 
PC2 = homo-phytochelatin; X = other peptide (possible PC3)  
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5. Conclusion 

Seagrass Thalassia hemprichii accumulates lead metal in all tissues, i.e. in leaves and root 
where the highest level of lead is accumulated in the root. Lead accumulation occurs in 
response to metal concentration and exposure time. Exposed lead concentration may produce 
phytochelatin and glutathione in leaf and root as mechanisms of defense againts toxicity of 
the metal. 
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