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 Objectives: The overall goal of this study was to carry out a set of compara-

tive analyses of arsR gene in plasmid R773 and bacterial chromosome from 

Escherichia coli BL-21(DE3). 

Methods: PDB and NCBI databases and Chimera, Mega4, CLC main work-

bench software and 3D-jigsaw and EMBL-EBI servers were applied to per-

form this study. By using these software and servers, multiple analyses in-

cluding determination of residue composition, secondary structure and mo-

tifs, 3D structure, conserved regions, etc. were done.  

Results: The results suggest that such high sensitivity to arsenic compounds 

in ars-containing plasmid R773 may be related to ArsR protein characteris-

tics such as amino acids composition, secondary and tertiary structure, hy-

drophobicity, level of interaction with DNA.  

Conclusion: Bioinformatics studies could be applied to describe the reason 

of different sensitivities to Arsenic compounds between arsR gene and ArsR 

protein in plasmid R773 and bacterial chromosome. 
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Introduction 

rsenic is one of the  toxic metalloids 

which is widely dispersed in the envi-

ronment and occurs in two oxidation 

states, arsenate (As V) and arsenite (As III) that 

both are toxic and could  inhibit many biochemi-

cal processes in living organisms [1, 2]. Microor-

ganisms inhabiting arsenic polluted environments 

have developed kinds of detoxification systems 

[3]. The ars operons which encode arsenic re-

sistance have been found in multicopy plasmids 

in both gram negative and gram positive bacteria 

[2]. The plasmid version contains five important 

genes containing arsR, arsD, arsA,arsB and arsC 

respectively which are shown in Fig. 1 with their 

proteins functions [4, 5]. Several researches 

based on molecular techniques showed obvious 

homology between this operon and special se-

quences on chromosomal DNA from a number of 

bacterial species [4]. The chromosomal ars oper-

on from Escherichia coli has three genes (arsR, 

arsB and arsC)[5]. These results suggest that the 

chromosomal ars operon may be the evolutionary 

precursor of the plasmid-borne operon [2]. 

Moreover, the experimental studies indicated that 

ars operon from plasmid R773 is more sensitive 

to arsenic compounds compared to chromosomal 

ars operon [6]. One of the probable factors for 

this phenomenon may be arsR gene (the first cis-
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tron of ars operon) and its product, ArsR protein, 

which is a trans-acting repressor that regulates 

expression of ars operon. ArsR a member of the 

ArsR/SmtB family, acts as a homodimeric 

winged helix-turn-helix transcriptional repressor 

that its dimerization domain locates at 79-92 res-

idues [7]. This protein is specifically binds to its 

operator/promoter (O/P) DNA binding site in the 

absence of arsenic [7]. Binding of arsenic ions to 

the ArsR protein leads to derepression of target 

family. In this study we will compare arsRgene 

from plasmid R773 and Escherichia coli BL-

21(DE3) chromosome to explain reasons for dif-

ferent level of sensitivity to arsenic compounds. 

PDB and NCBI databases and Chimera, Mega4, 

CLC main workbench software and 3D-jigsaw 

and EMBL-EBI servers were applied to perform 

this study. By using these software and servers, 

multiple analyses including determination of res-

idue composition, secondary structure and mo-

tifs, 3D structure, conserved regions were done. 

 
Figure 1. ars operon genes and their functions from plasmid R773 (Silver and Ji, 1994(ref. 5)). 

Material and methods 

The arsR sequences were achieved from 

NCBI databases (http://www.ncbi.nlm.nih.gov). 

For multiple alignments we used CLC main 

workbench software. In order to phylogenic 

analyses, construction of evolutionary trees and 

computation, MEGA4 software was applied [8-

10]. Comparison of conserved domains and 3D-

structures were done via 3D-jigsaw 

(http://bmm.cancerresearchuk.org/~3djigsaw), 

EMBL-EBI (http://www.ebi.ac.uk) servers and 

Chimera software [11].  

Results 

In order to get a general conception of phylo-

genetic relations of arsR gene and ArsR protein, 

MEGA4 software was applied. The evolutionary 

trees were constructed based on nucleotide se-

quences of arsR gene and amino acid sequences 

of ArsR protein which showed the expected har-

monies (Fig. 2). Amino acid sequences of 

marked taxa in Fig. 2B were aligned using CLC 

main work bench (Fig. 3). Regions with more red 

color are more conserved. 

In the next step, the similarity of arsR gene 

and ArsR protein from plasmid R773 and E.coli 

BL21 was determined using EMBL-EBI. The re-

sults showed 69% similarity between these two 

genes and also 72.5% identity and 85.5% similar-

ity between their related proteins. 

3D-jigsaw server was applied to predict the 

three dimensional structure of the ArsR proteins. 

The predicted structures were edited by Chimera 

software. Based on these analyses, the ArsR pro-

teins have been made from 6 helixes and 2-β 

sheets (Fig. 4A, Fig. 4B).  

These two proteins were compared based on 

the volumes and some important angles and dis-

tances using Chimera software. As it can be seen 

in Fig. 4C and Fig. 4D, the measured volume of 

ArsR-R773 (13335) is less than ArsR-BL21 

(13929). The angle between Asp41, Gln42 and 

Ser43 (the amino acids of turn region in HTH 

motif) and the angle between Val33, Gln42 and 

Glu56 (the angle between two helixes of HTH 

region) were measured.  The results (Fig. 5) 

showed that unlike the former angle, which is 

110.11° in ArsR-BL21 and 100.49° in ArsR-

R773, the later angle was smaller in ArsR-

BL21(40.85° in ArsR-BL21 and 42.25° in ArsR-

R773). The measured distances which can be 

seen in Fig. 5E and Fig. 5F, are all larger in 

ArsR-R773. All the measurements are summa-

rized in Table 1. 

In the next part, we compared the arsenic 

binding sites in two proteins which are shown in 

Fig. 6A and Fig. 6B. It appears that these sites 

are more available in ArsR-R773. In Fig. 6C and 

Fig. 6D the DNA binding sites were compared. It 

seems that this region, unlike arsenic binding 

sites, is less available in ArsR-R773 than ArsR-

BL21. 

 

http://www.ncbi.nlm.nih.gov/
http://bmm.cancerresearchuk.org/~3djigsaw
../../../Documents%20and%20Settings/kosar/Local%20Settings/Temp/bioinformaticPaperDaneshpour.docx
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Figure 2. Phylogenetic tree based on nucleotide sequences of arsR genes (A) and based on amino acid sequences of ArsR proteins(B). The 

numbers shown next to the nodes indicate percent bootstrap values of the 500 replicates. Genetic distances were computed by using p-

distance model. The tree was constructed by MEGA4 software. 
 

 
Figure 3. Alignment of amino acid sequences of ArsR protein for marked taxa in Figure 3B. Alignment was done via CLC main workbench 

software. Regions having more red color are more conserved.  

 
Figure 4. Ribbon forms of three dimensional structures of ArsR-R773 (A) and ArsR-BL21 (B). The volume measurements of ArsR pro-

teins from plasmid R773(C) and E.coliBL21 (D). Structure prediction and post edition were done via 3D-jigsaw and Chimera. 
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Table 1. The volumes, angles and distances measurements of the ArsR proteins from plasmid R773 and E.coli BL21  that 

were done by using Chimera software  

 
ArsR-R773 ArsR-BL21 

measures figures measures Figures 

Volume 13335 4C 13929 4D 

Angle: 

Asp 41
1
-Gln 42

1
-Ser 43

1 
 

100.49 A˚ 5A 110.11 A˚ 5B 

Angle: 

Val 33
2
-Gln 42

1
-Glu 56

2
 

42.25 A˚ 5C 40.85 A˚ 5D 

Distance: 

Gln 42
1
-Gly 66

3 
 

23.180 A˚ 5E 22.541 A˚ 5F 

Distance: 

Gln 42
1
-Lys 67

3 
 

20.289 A˚ 5E 19.794 A˚ 5F 

Distance: 

Gln 42
1
-Arg 63

4 
 

21.241 A˚ 5E 20.823 A˚ 5F 

Distance: 

Gln 42
1
-His 70

4 
 

16.417 A˚ 5E 15.864 A˚ 5F 

1
Asp 41-Gln 42-Ser 43(Amino acids of turn region in HTH motif) 

2
Val 33, Glu 56 (The last amino acids at the ends of helixes in HTH motif) 

3
Gly 66, Lys 67 (Amino acids between two β-sheets)  

4
Arg 63, His 70 (Mddle amino acids of every β-sheets) 

 

 

Figure 5. The angles measurements between: Asp 41-Gln 42-Ser 43 for ArsR-R773 (A) and ArsR-BL21(B); between: Val 33-Gln 42-

Glu 56 for ArsR-R773(C) and ArsR-BL21(D). The distances measurements for ArsR-R773 (E) and ArsR-BL21(F). Structure prediction and 

post edition were done via 3D-jigsaw and Chimera. 

Discussion 

The evolutionary history was inferred using 

the Neighbor-Joining method. The bootstrap con-

sensus tree inferred from 500 replicates is taken 

to represent the evolutionary history of the taxa 

analyzed. Branches corresponding to partitions 

reproduced in less than 50% bootstrap replicates 

are collapsed. The percentage of replicate trees in 

which the associated taxa clustered together in 

the bootstrap test (500 replicates) is shown next 

to the branches. The trees are drawn to scale, 
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with branch lengths in the same units as those of 

the evolutionary distances used to infer the phy-

logenetic tree. All positions containing gaps and 

missing data were eliminated from the dataset 

(Complete deletion option). Phylogenetic anal-

yses were conducted in MEGA4.  

 
Figure 6.The arsenic binding residues (Cys 32, Cys 34 and Cys 37) are showed in red color in ArsR-R773 (A) and ArsR-BL21 (B). The 

green regions show the HTH motifs in ArsR-R773 (C) and ArsR-BL21 (D). Amino acid residues 38, 53 are highlighted in yellow color. 

Structure prediction and post edition were done via 3D-jigsaw and Chimera. 

In these figures, some taxa which were more 

relative to arsR gene and ArsR protein from 

plasmid R773 or which were have been favorable 

in arsoperon studies are marked and amino acid 

sequences of the marked taxa were aligned. As it 

can be seen in Fig. 3, ArsR sequences have the 

most similarity in residues from 29 to 57 which 

are shown in a yellow box. This region plays two 

important roles in ArsR activity: the three sulfur 

thiolates of the cysteine residues (cys 32, cys 34 

and cys 37) form a very specific binding site for 

trivalent metalloid (As III)[12]. Binding of arse-

nite ions to ArsR induce a conformational change 

leading to dissociation from DNA and hence 

derepression. On the other hand, this region con-

tains a conserved helix-turn-helix motif that is 

responsible for DNA binding [12,13]. 

It was shown a high level of similarity 

(85.5%)  between these two arsR, but in compar-

ative view, it can easily be observed that in helix-

turn-helix motif of arsR from plasmid R773, 

there are two methionine residues which are ab-

sent in chromosomal arsRgene from E.coli BL21. 

ArsR protein from E.coli BL21 has threonine and 

leusine instead of methionine in sites 38 and 53. 

Since ArsR is one of the proteins with winged 

helix topology, it could not be weird that differ-

ence in amino acids composition related to HTH 

motif results in different level of sensitivity ex-

pression to arsenic compounds between arsR 

genes from plasmid R773 and E.coli BL21 

through trace on conformation of protein and its 

reaction with DNA. Obviously, more practical 

analysis such as directed substitution mutations 

are necessary to prove our suggestion about the 

methionine residues role.  

In order to compare the ArsR proteins from 

plasmid R773 and E.coli BL21, some measure-

ments have been done using Chimera software 

and are shown in related figures. In view of the 

measured volumes, it could be highlighted that 

the ArsR-R773 is more condense and one of the 

angle between helixes which are involved in 

recognition and DNA binding is smaller com-

pared to ArsR-BL21. Therefore we suggest that 

its DNA binding may be looser because of una-

vailability of the necessary binding sites on DNA 

and ArsR protein. However the other measured 

angles and distances do not support this idea 

completely. Another contributing factor which 

could influence the different levels of sensitivity 

may be the availability of three mentioned cyste-

ine residues involved in arsenite ions bindings. 

As it can be seen in Fig. 6, it seems that com-

pared to same from BL21, arsenite ions can in-

teract easier with the ArsR protein from plasmid 

R773 due to space limitation, which could be the 

reason of faster response to arsenic or response to 

the lower concentrations of arsenic that are de-

fined as higher sensitivity. In addition, regarding 

to the alignments, high level of dissimilarity can 

be observed at the C-terminal of proteins. Hence 
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it is possible that the residues of this region play 

a critical role in conformational status of these 

proteins which is very important in protein-DNA 

or protein-metal reactions. 

Conclusion  

The ArsR super family is a member of helix-

turn-helix bacterial transcription regulatory pro-

teins that appear to dissociate from DNA in the 

presence of specific inducible compounds [14]. 

Overall goal of this study was to carry out a set 

of comparative analyses of arsR gene and ArsR 

protein in plasmid R773 and bacterial chromo-

some from Escherichia coli BL-21(DE3). Our 

results suggest that such high sensitivity to arse-

nic compounds in ars-containing plasmid R773 

may be due to the related ArsR protein character-

istics such as amino acids composition, second-

ary and tertiary structure, hydrophobicity, level 

of interaction with DNA etc.  
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