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ABSTRACT
Article Info: C R ElNL The flavin reductase DszD enzyme is a key enzyme for providing required reduction
13Jun 2019 potential in the bacterial desulfurization process. Considering the low speed of desulfurization process
14 Oct 2019 because of low catalytic power of this enzyme, it is necessary to increase the catalytic power of flavin
01pec2019 :  reductase for industrial use of this enzyme as biocatalyst.

The three-dimensional structure of the flavin reductase DszD enzyme was predicted
by a CPHmodel server and its amino acid sequence was searched in the protein data bank to identify the
homologue molecules. Based on the alignment of the amino acid sequence and the model molecules,
the key residues at the flavin mononucleotide substrate were identified. The key residue of asparagine at
position 77 was replaced with phenylalanine using the site-directed mutagenesis method.

This study with research ethics code IR.NIGEB.EC.1398.6.24 A has been approved by
research ethics committee at National Institute of Genetic Engineering and Biotechnology, Tehran, Iran.

Key words: : [T The cloning and expression of each of the wild-type and mutant genes were performed separately.
Flavin reductase DszD The catalytic power of the produced wild-type and mutant enzymes were compared. The catalytic activity
enzyme, Bacterialde- :  measurements showed that the mutant enzyme had a 2.5 fold increase in catalytic power.

sulfurization, Catalytic Replacing phenylalanine with asparagine at position 77 of flavin reductase DszD enzyme leads
power © toanincrease in enzyme catalytic power to increase the speed of bacterial desulfurization process.

testinal diseases in individuals. Various approaches are ap-
plied to reduce the sulfur content of petroleum compounds

Introduction in the petroleum refinery; chemical desulfurization is the
most frequently used method in this respect. The chemical
he combustion of petroleum compounds, desulfurization is inefficient and requires powerful thermal
due to the release of sulfur oxides, can systems, high pressure, high energy consumption, and cost-
cause numerous environmental issues, ly metal catalysts. The microbial desulfurization method
like air pollution, as well as many cardiac, has recently been developed. The microbial desulfurization
respiratory, dermatological, and gastroin- could remove sulfur in the polycyclic derivatives of petro-
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leum without breaking the carbon skeleton and reducing
fuel energy value along the 4S route. This pathway was first
introduced in the gram-negative Rhodococcus erythropolis
bacteria (Rhodococcus erythropolis IGTS8). This bacte-
rium uses sulfur in dibenzothiophene and its derivatives as
the sole nutrition source. The active desulfurization reaction
is performed in the presence of the flavin reductase DszD
enzyme. Naturally, this enzyme has low catalytic power;
therefore, it is considered as the primary limiting factor in
the desulfurization process rate in the refining industry. The
current study aimed to increase the catalytic power of the
target enzyme. Thus, the asparagine residue at position 77
was replaced with phenylaniline by targeted mutagenesis.
Eventually, the catalytic power of wild and mutated en-
zymes was compared.

Materials and Methods

The DszD enzyme amino acid sequence is accessible at
the National Center for Biotechnology Information (NCBI)
database under the code AAC38226.1. To identify ho-
mologous molecules with acceptable similarity, the target
enzyme sequence was searched in the protein database.
Among the identified homologs, those bounded to the FMN
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substrate were selected, and their alignment was performed
using the Basic Local Alignment Search Tool (BLAST).
The wild-type dszD gene was amplified by Polymerase
Chain Reaction (PCR) using forward and backward prim-
ers with cleavage sites for BamHI and EcoRI restriction
enzymes, respectively. The dszD gene was mutated at posi-
tion 77 using SOEing-PCR. The mutated wild-type gene of
600 bp length was individually cloned into the pET-23a(+)
expression vector, then transferred to E. coli BL21 (DE3)
cells. Cloning accuracy was assessed using the two restric-
tion enzymes mentioned above and sequencing. Wild and
mutated proteins were separately expressed and confirmed
by the Western blotting technique. Next, their optical ab-
sorption was measured at 340 nm during the oxidation of
NADH to NAD per time unit. Protein concentration was
determined by the Bradford method with Bovine Serum
Albumin (BSA) as the standard protocol.

Results

Searching for the amino acid sequence of the flavin reduc-
tase DszD enzyme in the protein database has introduced
homologous molecules with distinct crystallographic struc-
ture. Homologous molecules with the highest structural
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Figure 1. The alignment results of the amino acid sequence of flavin reductase DszD enzyme with homologous enzymes
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Figure 2. (A) Agarose gel: Column 1: The molecular markers of the type 1 kg base pair. Column 2: dszD PCR product lacking a 600
bp mutation. Column 3: SOEing-PCR end product with a mutation in alanine 77 and 600 bp length. B. SDS-PAGE gel: Column 1:
Protein molecular marker, Column 2: Wild-type recombinant strain, and Column 3: Recombinant mutant strain. Column 4: Strain

containing the non-recombinant plasmid; C. the Western blot results of the study samples (B) i.e. visible in columns 2 and 3 of the

flavin reductase DszD enzyme in wild and mutated types, respectively.
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similarity were selected as appropriate models for identify-
ing key positions. The alignment of the amino acid sequence
of DszD enzyme with the selected homologous molecules
revealed that the target enzyme active site includes 4 key
positions for binding to the FMN substrate; threonine 62,
serine 63, asparagine 77, and alanine 79 (Figure 1).

Wild-type dszD gene amplification was performed apply-
ing specific primers (Figure 2a, Column 1). The mutated
dszD gene was also obtained at position 77 by a mutant
primer (Figure 2a, Column 2). After the enzymatic diges-
tion of the pET-23a(+) vector and the final amplified frag-
ments, each was separately ligated to generate the recombi-
nant plasmid during the binding reaction.

The recombinant plasmids containing the wild- and mu-
tated-type genes were individually transferred to the E.coli
BL21 (DE3) expression strain. The experimental results
indicated the appropriate expression of the target cloned
genes; it had a specific band on the polyacrylamide gel with
a molecular weight of 24 kDa (Figure 2b).

Western blotting analysis supported the presence of a sig-
nificant level of expression of the wild and mutated types of
recombinant flavin reductase DszD enzyme (Figure 2c¢).
We compared the mean catalytic power of the wild-type
and mutant-type flavin reductase DszD. The obtained data
revealed that the mutant enzyme had a catalytic capacity
of 392+6 U/mg, suggesting a 2.5-fold increase in activity,
compared to the wild-type enzyme (160+4 U/mg).

Conclusion

The achieved data suggested that the target enzyme had
an appropriate potential to increase the catalytic power in
the 4S route. Thus, the targeted mutation in the flavin re-
ductase DszD enzyme and its activity in recombinant host
cells could increase the desulfurization process efficacy, us-
ing the bacterial system. It is suggested that different mu-
tant molecules capable of mutation be produced in several
key positions, and their catalytic potency be compared with
those reported.
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