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Synthetic haloalkanoic acid (HA) is one of the synthetics compounds that can be found as active ingredients in 
herbicides. These compounds are known to pollute our agriculture land due to their toxicity, thus may cause serious 
environmental and health problems. Biological process such as microbial dehalogenation degrades the harmful 
compounds and prevents their migration into groundwater source. For instance, Rhizobial Dehalogenase E (DehE) 
could catalyze these HA compounds and convert them into hydroxylated compounds which are less harmful to 
the environment. In previous study, DehE was considered to degrade many HA compounds with different Km 
values. However, the binding interaction of this enzyme towards many HA substrates is still unclear. In this study, 
docking simulation has been performed to determine the affinity of active site residues of DehE towards 15 HA 
compounds. Tribromoacetic acid (TBA) was identified to be the most favourable substrate for DehE which has 
the lowest binding energy (-6.48 Kcal/mol) compared to other haloalkanoic acids. Size of halogen and hydrogen 
bond numbers are the contributing factor for dehalogenase affinity towards its substrates. Besides, it was found 
that Trp34, Phe37 and Ser188 served as binding residues and Phe37 was mostly interacted and bound with all 
of the tested HA compounds.  This findings provides an opportunity for rational design of haloacid dehalogenase 
especially to DehE.

1. INTRODUCTION

Synthetic organohalogens are being synthesized as active compounds in 
the production of pesticides and herbicides. These compounds including 
haloalkanoic acids (HA) are widely dispersed in agriculture area and 
are toxic to the environment. Consequently, these HA compounds could 
contribute to human health problems and environmental pollution.
Malaysia is among other countries in Asia Pacific that use pesticides 
extensively in agriculture. About 1.5 million hectare of lands were used 
for rubber trees cultivation and 0.6 hectares are devoted for oil palm trees 
[1]. According to Awang and his co-workers, high number of pesticides 
used in agriculture was contributed to almost 50% total number of 5,152 
cases of human poisoning in Malaysia. Further, there are certain pesticide 
compounds that contribute towards poisoning cases such as 2.6% of 
poisoning has caused by organochlorine compounds [2].
In bioremediation aspect, microbial dehalogenase enzyme has been 
discussed and proven to degrade variety of halogenated compounds [3, 
4]. All dehalogenases were classified into three groups namely hydrolytic, 
haloalcohol and cofactor-dependant [5]. The primary interest of this 
study is the haloacid dehalogenase, or specifically haloacid dehalogenase 
E (DehE) from soil Rhizobium sp. RC1.  Haloacid dehalogenase is grouped 
under hydrolytic dehalogenase which could hydrolyze haloalkanoic acids 
and converted into hydroxyl acid compound [6].
DehE from soil Rhizobium sp. RC1 could act on all isomers (D- and L-) 
of chlorinated and brominated compounds but showing no specificity 
towards any substrate [7]. Recently, the structure of DehE with 12 active 
site residues was modeled using DehI enzyme from Pseudomonas putida 
PP3 as a template [8]. Among the active site residues, only Phe37, Try34 
and Ser188 were confirmed to be as binding residues for D- and L-2-
chloropropionic acid (D- and L-2CP) [9].  To date, these three binding 
residues were only been identified with very limited substrates (only D- 
and L-2CP). Furthermore, there is a lack of information regarding molecular 
interaction between DehE and HA substrates. Thus, to understand the 
binding interaction at molecular level, molecular docking technique has 
been employed to investigate the affinity of DehE towards substrates. This 
research would provide a foundation for mutagenesis studies to design 
haloacid dehalogenase for potential application in bioremediation.

2. EXPERIMENTAL
2.1 Data Set for Molecular Docking 
Molecular structure of DehE was modeled by SWISS-MODEL program
through Expasy web-server as described earlier [8]. The 15 HA compounds 
were retrieved from PubChem project database [10]. All the ligand structures 
in PDB format (.pdb) were used as starting materials for molecular docking 
simulation.
2.2 Molecular Docking between DehE and HA compounds
In this study, docking simulations between receptor (DehE) and substrates 
(HA) were performed using AutoDock Tool software (ADT) version 4.2.6
[11].  In the initial steps of the docking simulation, polar hydrogen atom,
partial charges, Kollman charges, Gasteiger charges were added for
molecular preparation. Subsequently, molecular coordinates in PDBQT file 
were created including atomic partial charges and atom type’s information. 
Grid map type was set up in the region of active site (46 × 52 × 54) and spacing 
of 0.375 Å using AutoGrid. Thus, the location of docking was specified to the 
active site of DehE (Trp34, Ala36, Phe37, Asn114, Tyr117, Ala187, Ser188,
Asp189, Tyr265, Phe268, Ile269 and Ile271). Then, Lamarkian genetic
algorithm (LGA) was employed for 100 docking protein-substrates runs.
After docking simulation, the results of docked conformations were written 
in a log file (.dlg). All the information on clustering and interaction energies 
was reported in the form of histogram. The highest conformation cluster
with the lowest binding energy was chosen for structural analysis.
2.3 Structure Visualization of DehE Complexes
The result from docking was visualized by using PyMol software for high
quality of molecular graphics image [12]. Besides viewing, calculation of
hydrogen bond distance was also performed using this software. Apart from 
that, the schematic 2-D representation for substrate binding was generated 
and viewed using LigPlot software [13].

3. RESULTS AND DISCUSSION
3.1 Binding Energies of DehE and haloalkanoic acids (HA) complex
Based on the binding energies obtained from molecular docking simulations 
(Figure 1), the most favorable compound for DehE enzyme is Tri-bromoacetic 
acid (TBA) which has the lowest binding energy (-6.48 ± 0.00 kcal/mol).
Meanwhile, Bromoxynil compound becomes less preferable substrate for
DehE when the docking analysis resulted to the highest binding energy
level (+0.12 ± 0.01 kcal/mol). These energy values indicate that DehE has
stronger binding affinity for TBA and low preference towards Bromoxynil. 
Moreover, the result also showed decreasing affinity from tri-halogenated to 
mono-halogenated acids. It is contradicted with the previous study, which
describe a decreasing Km value for chloro and bromoacetate from mono-
halogenated to tri-halogenated acetate [7]. According to Commandeur and
his co-workers, the presence of more halogen carbons in one molecule
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causes difficulty for the enzyme to facilitate substrate degradation [14]. 
However, DehE affinity shown in this study is proportional to the number 
of halogen in the substrate. 
High energy level obtained for DehE-Bromoxynil complex might due to 
the size of Bromoxynil substrate which led to destabilization of interaction 
in the active site of DehE. The structure of Bromoxynil is categorized as 
a bulky aromatic compound with carbon-ring attached to two bromine 
atoms. The type of HA substrate has profound effect on the vulnerability 
of a compound to be dehalogenated. According to Allpress and Gowland 
(1998), aromatic compound is complicated to be metabolized due to the 
cleavage of the ring structure and it should be performed after removal of 
the halogen compound. Besides Bromoxynil, 2, 4-D is also classified under 
the same category and it was shown that the DehE enzyme had very low 
affinity towards this compound (Figure 1).
  Docking result also revealed that each of brominated compounds has lower 
binding energy than chlorinated compounds. Table 1 shows the comparison 
for binding energy between two different types of halogen compounds 
from mono- to tri-halogenated. Previously, Huyop and his colleagues have 
studied the Km value for Brominated substrates and they found that the 
values were lower compared to chlorinated substrates [7]. Besides, Allison 
et al. (1983) explained the brominated compound was the most preferable 
substrate because the time for its degradation was faster than chlorinated 
compound. According to Bronowska (2011), the increasing size of halogen 
atom was a contributing factor to the strong hydrogen bonds formation 
and high affinity of enzyme towards substrate. It is clear in our study that 
the size of halogen atom has a significant effect on the binding affinity of 
dehalogenase (Br > Cl).

3.2   Intermolecular Contacts in Substrate binding
In intermolecular analysis, several amino acids were confirmed to interact 
with each substrate in the active site through hydrogen bond formations. As 
seen in many complexes, hydrogen bonds were formed between carboxyl 
groups (COOH) of HA and hydrogen (H) atom of amino acid within the 
distance of ~1.6 Å to ~2.5 Å. This value is corroborated with the measurable 
distance of hydrogen bond which can typically be built in 3.0 Å [15].  
Referring to Figure 2, all hydrogen bonds were mostly formed by Phe37, 
Trp34 and Ser188 residues. However, for DehE-Bromoxynil, only a single 
hydrogen bond was formed between Phe37 residue and the substrate. We 
also found that the distances between Trp34 and all HAs are in shorter range 
compared to other binding residues (Phe 37 and Ser188). Thus, our result 
suggests that tryptophan is a suitable amino acid for substrate recognition 
and play important role in binding affinity. This is because Tryptophan is 
a non-polar group of amino acid and it could also interact with substrate 
through van der waals interactions [15].
     The hydrogen bonding between DehE and HA was supported by 
hydrophobic contacts as shown in Figure 3. For DehE-TBA complex, 
two hydrophobic amino acids came into contact with TBA while the rest 
involved in the formation of hydrogen bonds. In contrast, Bromoxynil 
has many hydrophobic contacts surrounding its hydrogen bond residues 
although only limited hydrogen bonds detected to hold Bromoxynil in the 
active site. Therefore, the weak interaction between DehE and Bromoxynil 
complex might be due to the low hydrogen bond number.

Figure 3 Close hydrophobic contacts in DehE active site. (a) Ala187 
and Ala36 residues that involved in the contacts for TBA substrae. (b) 
Hydrophobic contact of DehE-Bromoxynil complex. There are 13 residues 
involved in the hydrophobic interaction

 In our previous study, it was demonstrated that DehE has twelve conserved 
active site residues namely Trp34, Ala36, Phe37, Asn114, Tyr117, Ala187, 
Ser188, Asp189, Tyr265, Phe268, Ile269, and Ile271[8]. However, only a few 
residues would facilitate substrate recognition. Our previous study suggest 
that different substrates will result in varies binding residues. However, 
most substrates formed hydrogen bond with Trp34, Phe37 or Ser188. 
Interestingly, Phe37 was determined to form hydrogen bond with all tested 
haloalkanoic acids except for 3CB (Figure 2). This highlighted the role and 
function of Phe37 as important binding residue for DehE. In contrast, 3CB 
was hydrogen bonded with irregular binding residue which is Asp189. This 
amino acid along Phe37 and Trp34 have been bound with 2,4-D through 
hydrogen bond interactions. In previous study, Asp 189 was also predicted 
as catalytic residue which could activate water molecule for direct attack 
mechanism [16].

4. CONCLUSION
In this study, docking simulations were used to determine the binding
affinity for DehE towards many HA substrates. The lowest binding energy 
predicted for TBA suggests that TBA is the most preferable substrate. We
also found that the size of halogen and hydrogen bonds number may play
an important role on substrate recognition and enzyme affinity. Analysis of 
enzyme-substrates interactions from the docking complexes revealed that
the three binding residues which are Trp34, Phe37 and Ser188, crucial for
substrate attachment. Among them, Phe37 is the most important residue
due to its interaction to almost all tested substrates.
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