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ABSTRACT 

 
Phytochelatin (PC) Enzyme has crucial role in heavy metal detoxification and 
homeostasis in plants. This study aimed to evaluate the genetic variation of PC 
synthase related to its activity based on structural comparison. We evaluated PC 
genes and protein sequences from 6 plants namely, Brassica sp., Amaranthus 
sp., Noccaea sp., Arabidopsis sp., Nicotiana sp., and Pteris sp. All sequences 
were aligned based on CLUSTALW matrix for DN sequences and MUSCLE 
algorithm for protein sequences. Data were clustered using MEGA Software for 

similarity clustering. Selected data were further modeled using SWISSMODEL 
to evaluate the 3D-structural analysis based on homology modeling. Thus, all 
protein models were superimposed and evaluated the structure comparison based 
on RMSD data. The result showed that genetic variation of PC gene is high 
among species. But it is clustered for the same species has similar sequence. In 
addition, protein sequences also showed the high diversity among species and it 
is still clustered based on their genus. RMSD data showed that PC synthase from 
6 plant has similar structure and tend to conserved even there is genetic variation 

or amino acid modification. We concluded that structural of PC gene is more 
conserved than its sequences. It is important to keep its function among species. 
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Introduction 

Heavy metal contamination disturbs the bal-

ance of the ecosystem, affects its productivity, 

and the human health by entering the food web or 

by direct expose. Once heavy metal contaminates 

an ecosystem, it persists in the ecosystem for 

many years since it is non-biodegradable natural-

ly. Heavy metals cannot be degraded in water or 

soil but it can retain from one oxidation state to 

another. Considering the serious consequences to 

ecosystem so an ecologically sensitive method 

should be applied to the contaminated ecosystem. 

Phytoremediation, an ecologically friendly clean 

up method, is commonly used for the reclamation 

of a contaminated ecosystem without disturbing 

its fertility and biodiversity [1, 2]. 

However, some of plants who are phytore-

mediation agent utilize their defense strategies to 

ameliorate the effects of heavy metal toxicity. 

Phytoremediation agents can establish their ho-

meostasis, reduce the heavy metals toxicity, and 

absorb it. They develop some strategies constitute 

the formation of complexes with organic mole-

cules (include organic acids, malate, citrate, low 

molecular weight protein, metallothionein (MT), 

low molecular weight peptides, phytochelatins 

(PCs) and glutathione (GSH) to reduce heavy 

metal availability [3, 4]. 

PCs are heavy metal-binding peptides that 

provide an essential mechanism for root-to-shoot 

heavy metal transport. PCs are small, heavy met-

al-binding and Cys-rich polypeptides. PCs is thi-

ol-rich, metal-binding peptides that are involved 
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in Cd detoxification and accumulation [5, 6]. 

PCs1 and PCs2 genes of Morus sp. play im-

portant roles in enhancing heavy metal stress tol-

erance and heavy metal accumulation [6]. A trop-

ical legume plant, Sesbania rostrata, and Nelum-

bo nucifera also have PCs gene that is able to 

improve the accumulation Cd from contaminated 

soil and water [7, 8]. The objectives of study are 

to evaluate the genetic variation of PCs related to 

its activity based on structural comparison six 

phytoremediation agents: Brassica sp., Amaran-

thus sp., Noccaea sp., Arabidopsis sp., Nicotiana 

sp., and Pteris sp. 

 

Material and Methods 
Data Retrieval and Alignment Analysis  

DNA sequences and protein sequences were 

retrieved from Genbank NCBI 

(https://www.ncbi.nlm.nih.gov/). All sequences 

were prepared in FASTA format 

(GQ372840.1;KY007159.1;KP136426.1;AY235

426.1;EU247758.1;KX870185.2;KY656692.1;JN

592476.1;KC936270.1;AB495347.1;AY540104.

1;AB085627.1;AB085626.1;KX668898.1;KX66

8897.1;KX668896.1;AB057416.1;JN979370.1;A

Y044049.1;AY463694.1;NM_001344531.1;GU2

05821.2;JX826285.1;AF093752.1;KT203453.1;

MH700250.1;KT347093.1;AB355645.1;HM559

473.1;HM559460.1;HM559462.1;HM559461.1;

HM559459.1;HM559480.1;HM559465.1;HM55

9450.1;HM559477.1;HM559468.1;HM559467.1;

HM559469.1;HM559464.1;HM559457.1;HM55

9449.1;HM559453.1;HM559471.1;HM559455.1;

HM559456.1;HM559479.1;HM559470.1;HM55

9452.1;HM559466.1;HM559458.1;HM559475.1;

HM559472.1;AB057412.1;AY633847.1). Six 

plants were selected as a comparative study: 

Brassica sp., Amaranthus sp., Noccaea sp., Ara-

bidopsis sp., Nicotiana sp., and Pteris sp. This 

selection based on the latest data availability on 

the gene bank. Collected sequences were aligned 

using CLUSTAL W for DNA sequences and 

MUSCLE for amino acid sequence. This tech-

nique is important for data reliability. The 

aligned sequences were clustered based on its 

sequence’s identity. All results were visualized 

on MEGA software. 

 

Homology modeling for PC synthase 

Six selected sequences for each species were 

modelled based on homology modeling approach 

using SWISSMODEL SERVER 

(https://swissmodel.expasy.org/). This technique 

was used to get more reliable structure based on 

specific template. Modeling steps were done 

based on default setting and the selection based 

on quality ranking. All models were validated 

based on QMEAN for all model scores.   

 

Structure comparison of PC synthase 

Structure comparison is crucial for under-

standing the function of protein which were done 

using online server superpose v.1.0 

(http://superpose.wishartlab.com/). We evaluated 

the Global RMSD to show the structure similarity 

among species. Higher RMSD will indicate the 

structure is quite different. RMSD data will be 

clustered and evaluated manually based on its 

scores. 

 

Results and Discussion 
Genetic Variation of PC Synthase 

Genetic variation evaluation for PC synthase 

is important to evaluate for determining its func-

tion among species. We collected this gene from 

six species and explained the diversity not only 

among species but also the diversity in the same 

species. The result showed that of gene compari-

son on coding sequences (cds) were clustered 

based on its species. It indicated that diversity in 

the same species is low but the diversity among 

species is high (Figure 1a). We assumed that the 

protein will also has high diversity. Protein se-

quence alignment showed that 6 clustered based 

on species and genetic variation is quite high 

(Figure 1b). It can be evaluated based on the 

branch length and genetic distance. The longer of 

branch from specific clade, it is showed that the 

sequences difference is high. Based on this find-

ing, we report that PC genes is tend to change 

depend on the environment and its species. This 

finding is supported by a field study to Morus 

that is planted in contaminated Zn and Cd soil. 

There is a positive correlation between Zn accu-

mulation and the expression level PCs [6]. In 

their N-terminal domains, PCS proteins show 

elevated resemblance, while their C-terminal 

domains are less conserved. The PCS activity has 

been reported to be conferred by the N-terminal 

core domain, while the C-terminus guarantees 

better protein stability, higher PCS activity and a 

wider heavy metal range [9, 10, 11]. 

http://superpose.wishartlab.com/
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The efficiency of heavy metal contaminated 

cleanup by accumulator plants depends on their 

bioconcentration factor (BCF) and biomass pro-

duction [12, 13]. PCs is not the only one gene 

who has main role in the heavy metal accumula-

tor plant. Study of Arabidopsis thaliana (nonac-

cumulator) and Arabidopsis helleri (accumulator) 

show that heavy metal ATPases (HMA4) plays 

an important role in Zn binding [14]. The region 

of HMA4 between those Arabidopsis is also di-

verge substantially diverges between. In Brassica 

juncea, HMA4 was upregulated by Zn and Cd in 

the roots, stems, and leaves [15]. Another study 

about Populus trichocarpa HMA genes indicates 

that HMA1 and HMA4 are highly expressed in 

the leaves of populous. Whereas HMA5 and 

HMA8 genes are upregulated in roots when 

plants are exposed to high metal concentration 

[16]. Brassica nigra, a Cu accumulator, has many 

genes especially metal ATPases and other metal 

transporters. Those genes are several hundred-

fold upregulated in the shoots when plants are 

subjected to a higher Cu concentration [17].

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Evaluation of genetic variation of PC synthase based on DNA sequences (a) and protein  

sequences of six plants were used for clustering evaluation (b) 

 

Table 1. Model quality of PC synthase from six plant species 

No. Species QMEAN Sequence Identity Quality 

1. Amaranthus sp. (5D8C) 0.87 23.68% R 

2. Brassica sp. (5D8C) -0.87 23.68% R 

3. Thlaspi sp. (3ERV) -6.66 16% NR 

4. Nicotiana sp. (3ERV) -6.47 17.11% NR 

5. Pteris sp. (3ERV) -5.59 15.54% NR 

6. Noccaceae sp. (5D8C) -0.94 23.66% R 

R: Reliable 

NR: Not Reliable 
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(b) 

Figure 2. RMSD calculation for validated structure. Blue color indicated identical structure; red color 

indicated structural diversity (a). RMSD comparison per-residue, high peak indicated high 

differences (b) 

 

  

(a) 

  

(b) 

Figure 3. 3D structure comparison of PC synthase: (a) Pteris and (b) Nicotiana 

Structure Comparison of PC Synthase 

For comprehensive analysis, we evaluate the 

structural of PC synthase from two species. This 

structure comparison analysis will explain the 

activity of enzyme. Protein will have the same 

activity if they have similar structure. Structural 

changes will affect to its activity. 3D models of 

protein were built from SWISSMODEL and veri-

fied based on Qualitative Model Energy Analysis 

(QMEAN) score (Table 1). Among six protein 

models, there are only three models that have a 

good score of QMEAN: Amaranthus sp. 

(QMEAN: -0.87), Brassica sp., (QMEAN: -

0.87), and Noccaceae sp. (QMEAN: -0.94). 

After 3D model validation, superimposed 

analysis was done to analysis structural diversity 

(Figure 2). We found that the structure is more 

conserved than its sequences. PC synthase tend to 

maintain its function by not changing the protein 

structure (Figure 3). Even though, we clearly 

identified highly genetic variation on PC syn-

thase genes and amino acid sequences. Many ex-

periments suggest that protein structural infor-

mation is linked to the mechanism of amino acid 
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substitution, resulting in protein divergence or 

evolution. Goldman, Thorne, & Jones [18] also 

stated that there is a major interaction between 

the environment of the secondary structure and 

the mechanism of amino acid substitution. An-

other research presented an evolutionary para-

digm incorporating the secondary structure of 

proteins and the substitution of amino acids [19]. 

The secondary structures of PCS proteins 

ranged from 29 to 41 percent for α-helices, from 

6 to 14 percent for β-sheets, from 46 to 59 per-

cent for coils and from 19 to 27 percent for turns. 

While not much divergence was seen by the 

above secondary structure individuals, certain 

differences were also present. PCSs is proposed 

to play various metabolic functions in plants,  

taking into account the results from previous re-

search, as well as the findings of this work. It is 

also very fair to argue that the functional diversi-

ty of PCS proteins may be accounted for by these 

differences in secondary structures [3]. 

 

Conclusion 

We conclude that PC synthase has high ge-

netic diversity among plant species based on 

DNA and protein sequences. In addition, 3D 

structure of PC synthase is highly conserved to 

give a benefit for plant to maintain its function as 

heavy metal detoxification. 
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