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Abstract 

Halogenated compounds that are polluting the environment is becoming a huge concern that demands 

an efficient solution. The rising priority in the use of microorganisms that have the potential to be the most 

environmental-friendly way to degrade and dispose of halogenated compounds is crucial in solving this 

problem. Rhizobium sp. RC1 is a Gram-negative bacterium that was isolated from soil using 2,2-

dichloropropionic acid (Dalapon) and uses it as one of its primary sources of carbon. It is known that 

Rhizobium sp. RC1 is able to biodegrade halogenated compounds but the transport process of halogenated 

compounds into the cell is mostly unknown. There is a putative haloacid transport gene that is present in 

Rhizobium sp. RC1, dehrP, and the properties of the protein from the gene, DehrP, is ambiguous. It was 

concluded from this study that DehrP is a protein that belongs in the Major Facilitator Superfamily (MFS) 

and Metabolite:H symporter (MHS) classification of proteins by analysing the sequence and identifying the 

motifs that classify DehrP as a part of this classification of proteins. It was also found that the domains 

between DehrP and MFS/MHS proteins are conserved which provides a solid relation between them.  
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1. Introduction 

Halogenated compounds are a carbon 

source that are made artificially or naturally in 

which the latter is the result of events such as 

volcanic eruptions or other geothermal 

processes (Gribble, 2003). These compounds 

are used extensively in industrial and personal 

use cases and are also used as an energy source 

for microorganisms through biodegradation. 

Halogenated compounds are common in 

everyday applications. Dalapon or 2,2-

dichloropropianic acid and haloacetates are 

usually used in herbicides and household 

cleaners respectively. Due to the heavy 

reliance of halogenated compounds in the 

modern world, the pollution that has amounted 

from this is a cause for concern due to their 

proven toxic effects towards living organisms 

and lack the ability to properly dispose of these 

compounds from their systems (Plewa, 

Kargalioglu, Vankerk, Minear, & Wagner, 

2002). Rhizobium sp. RC1 is a Gram-negative 

bacterium was found to have the ability to 

biodegrade halogenated compounds and use it 

along with glucose as a primary source of 

carbon (Huyop & Nemati, 2010). Since 

Rhizobium sp. RC1 has the ability to transport 

haloacids into the cytoplasm, it is assumed that 

a specific transport protein is responsible for 

this process. It is found that dehrP, a type of 

putative haloacid transport gene, was 

sequenced and the protein, DehrP, was 

classified as a member of the Major Facilitator 

Superfamily (MFS) class of protein that 

possess a distinct sugar motif in its domain. 

This aim for this research is to establish 

that DehrP does belong to Major Facilitator 

Superfamily (MFS) class of proteins by 

deducing the motifs and full classification of 

the protein in contrast to established MFS 

proteins by using a variety of Bioinformatics 

tools. 

2. Methods 

Retrieval and Analysis of Protein 

Sequence 

The sequence for transport protein 

gene of Rhizobium sp. RC1, dehrP, was 
retrieved from GenBank Database using the 

accession number AM260971 (Clark, Karsch-

Mizrachi, Lipman, Ostell, & Sayers, 2016) and 

the nucleotide sequence was then translated 

using ExPASy translate tool (Gasteiger, et al., 

2003) to determine its amino acid notation. 

The protein sequence was then downloaded 

from Uniprot Knowledgebase Database with 

accession number Q1M2W6 (Consortium, 

2015) and was run through various protein 
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BLAST tools in order to compare the sequence 

with other known proteins. The physical and 

chemical properties of DehrP was established 

with the use of ExPASy’s ProtParam tool 

(Gasteiger, et al., 2005). InterPro 70.0 was 

used to establish conserved domains within 

DehrP to make an initial hypothesis of the 

class of protein that DehrP is a part of (Finn, et 

al., 2016).  

MEME and MAST (MEME Suite 5.0.1) 

are then used to analyse DehrP by looking at 

the intersection of Metabolite:H symporter 

(MHS) specific motifs between DehrP and the 

other 12 MHS proteins (Bailey, et al., 2009). 

Multiple Sequence and Pairwise 

Alignments of Proteins 
Multiple Sequence Alignments (MSA) 

between DehrP and other 12 was done with the 

use of T-Coffee (Notredame, Higgins, & 

Heringa, 2000) and is visualised with the use 

of ESPript 3.0 (Robert & Gouet, 2014) and the 

same steps were then carried out with the same 

class of MFS and MHS family of proteins. 

Using Transitive Consistency Score (TCS) 

web server as further measure, we determined 

that the results are indeed reliable (Chang, Di 

Tommasso, Lefort, Gascuel, & Notredame, 

2015).  

3. Results and Discussion 

 

Figure 1. The nucleotide sequence and their corresponding amino acid notations of DehrP from Rhizobium 

sp. RC1 that was retrieved from GenBank Database (accession number: AM26097) (Clark, Karsch-Mizrachi, 

Lipman, Ostell, & Sayers, 2016) and translated using ExPASy (Gasteiger, et al., 2003). Visualisation were 

done with use of Nucleotide Amino acid Derived Visualization (NADV) (Cleveland, 2018). 
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Using the exact protein sequence from 

Figure 1, the physical and chemical traits of 

DehrP was established which is valuable in 

further understanding the protein in question. 

One of the more notable property is the 

hypothesised isoelectric point (pI) of the 

protein which is determined by the 24 

negatively charged residues and 37 positively 

charged residues that are made up by Asp + 

Glu and Arg + Lys respectively. This is 

important in determining the exact pH in 

future downstream processing of the protein 

that would be carried out to purify the protein. 

By running the protein sequence of DehrP 

through various protein BLAST tools, it is 

quickly hypothesised that DehrP indeed 

belongs in the MFS class of proteins due to the 

high sequence identity with the highest 

sequence identity of them all amounted to 

98%. This is further confirmed using InterPro 

70.0 which shows that the domains of MFS 

proteins are indeed present in DehrP (Finn, et 

al., 2016). By using MEME Suite 5.0.2, the 

locations of these motifs and further 

hypothesising the relation to MHS class of 

proteins are determined and visualised (Bailey, 

et al., 2009).  

 

Figure 2. Pairwise sequence alignment between proteins DehrP (Uniprot accession number: Q1M2W6) and 

DehP (Uniprot accession number: Q8KLT0) which are from Rhizobium sp. RC1 and Agrobacterium sp. 

NHG3 respectively (Consortium, 2015). The alignments were generated by T-Coffee (Notredame, Higgins, 

& Heringa, 2000)and visualised by ESPript v.3.0 (Robert & Gouet, 2014). 

By using T-Coffee, the specific amino 

acids that make the motifs are properly 

visualised and compared between DehrP and 

12 members of the MHS class of proteins 

(Notredame, Higgins, & Heringa, 2000). From 

the MSA that was done, it was observed that 

the motifs between DehrP and the 12 MHS 

proteins are conserved, especially near the N 

terminus and towards the middle of the 

sequences. The same step was repeated with 

DehP, a known haloacid transporter protein 

from Agrobacterium sp. NHG3 that had the 

highest sequence identity at 98% which 

indicates that DehrP is indeed a transport 

protein. The high sequence identity can be 

attributed to the fact that Rhizobium sp. and 

Agrobacterium sp. are only different due to 

mobile DNA elements such as plasmids and 

they are interchangeable by modifying these 

genes (Velazquez, et al., 2005). From Figure 2, 

it can be seen that DehrP has a high sequence 

identity to DehP and the sequences are highly 

conserved from the N terminus and towards 

the middle part of the sequence. Due to the fact 

that DehP is a known haloacid transporter 

within Agrobacterium NHG3, it can be 

hypothesised that DehrP does possess the same 

function. A thing to note is that the protein 
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sequence of DehP is longer at 558 amino acids 

compared to DehrP which is 412 amino acids 

long.  

4. Conclusion 
Bioinformatics tools have been key in 

providing a good understanding and providing 

general predictions to unknown proteins. This 

is evident in classifying DehrP as a part of the 

MFS and MHS class of proteins due to 

previous works and research done since the 

overall prediction is based on similarity 

between already known properties of other 

proteins. This conclusion is devised by 

analysing closely the motifs and amino acids 

that are conserved between DehrP and other 

proteins from the MFS and MHS family. It can 

be concluded that DehrP has a high possibility 

to be classed in the same protein family, but it 

is becoming apparent that this is not sufficient, 

and further theorisation and research is needed 

to raise confidence in our hypothesis. By 

further completing the research of DehrP, it 

could also prove to be useful in achieving 

better understanding transport proteins in 

general by contributing to the Bioinformatics 

platform. 
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