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amaranth dye as a substrate. �e activity assay for each cofactor was 
performed separately in 1 ml reaction mixture contained 0.25 mM 
cofactor (NADH/ NADPH/ FADH2 /FMNH2), 0.05 mM amaranth 
dye and 50 µl of enzyme solution in 100 mM sodium phosphate bu�er 
(pH 7.4). Change in the absorbance of amaranth dye at 520 nm was 
monitored by UV-visible spectrophotometer at 37°C. 

�e e�ect of various metal ions on azoreductase activity was 
assayed with various metal ions such as MgSO4, MnSO4, FeCl3 CuSO4, 
and HgCl2 and di�erent concentration of EDTA, SDS. �e activity 
assay was performed with 2 mM of metal ions and keeping other 
components similar as described above. 

Reduction of nitro aromatics

�e reduction reaction was carried out at 37°C, in 20 ml of reaction 
mixture contained 1 mM nitro aromatic compounds, 1 mM NADH 
and 2 ml of enzyme solution (2 mg/ml) in 0.1 M sodium phosphate 
bu�er (pH 7.4). �e reaction was started with the addition of NADH 
and was monitored with constant stirring for 12 hrs. �e absorbance 
of the reaction mixture was measured at each hour by UV-visible 
spectrophotometer. Immediately, a�er 12 h, the 20 ml reaction mixture 
was diluted with 20 ml of DCM. �e dissolved organic compounds 
were recovered from DCM and separated on silica gel column 
chromatography. �e purity of the transformed products were checked 
by thin layer chromatography with hexane/ethyl acetate (4:1, v/v) 
and visualized under UV light. �e pure transformed products were 
analyzed by IR and NMR spectroscopy. 

Results and Discussion

Puri�cation of azoreductase from B. badius D1 

�e �avin-free NADH-azoreductase has been puri�ed from 
B. badius D1 by two-step procedure summarized in Table 1. �e 
puri�ed azoreductase appeared to be a single band on SDS and native-
PAGE corresponding to a molecular mass of approximately 43 kDa 
(Figure 1a). Moreover, the single peak was obtained during the size 
exclusion chromatography elution of azoreductase corresponding to 
the molecular size of 43 kDa (Figure 1b). It suggests the monomeric 
nature of azoreductase. Previously, azoreductase was reported to be 
a monomeric in nature from Pseudomonas sp., Bacillus sp. bacterial 
strains. Furthermore, the homodimer and homotetramer form 
of azoreductase was shown from Shigella dysenteriae type 1 and 
Staphylococcus aureus respectively [13,19,24,25].

Characterization of azoreductase

�e e�ect of pH, temperature on azoreductase activity and thermal 
stability is already described [13]. �e optimum activity of the puri�ed 
enzyme was observed at pH 7.4 and 60°C. �is enzyme has wide 
substrate speci�city including mono and di azo dyes. �e substrate 
speci�city was further studied with some nitro aromatic compounds.

Analysis of cofactor requirements and substrate speci�city of 
azoreductase 

Some azoreductases are �avin containing, or they require �avins 
as a cofactor for electron transfer [26,27]. �ese types of azoreductases 
are categorized as �avin dependent azoreductases. In the present study, 
thorough analysis by TLC and UV-visible spectroscopy signi�ed that 
the puri�ed enzyme does not contain �avin as a cofactor. In addition, 
the externally added reduced �avins did not enhance the azoreductase 
activity (Table 2a). It clearly demonstrates that this azoreductase is 
neither �avo-protein nor �avin dependent. �e �avin-free monomeric 

Figure 1a:�� �6�'�6�� �3�$�*�(�� �J�H�O�� �R�I�� �S�U�R�W�H�L�Q�� �V�D�P�S�O�H�V�� �G�X�U�L�Q�J�� �S�X�U�L�¿�F�D�W�L�R�Q�� �V�W�H�S�V�� 
M-protein molecular mass markers, (1) Crude extract, (2) Ammonium sulfate 
�S�U�H�F�L�S�L�W�D�W�L�R�Q�������������6�L�]�H���H�[�F�O�X�V�L�R�Q���F�K�U�R�P�D�W�R�J�U�D�S�K�\���R�I���S�X�U�L�¿�H�G���D�]�R�U�H�G�X�F�W�D�V�H��

Figure 1b:���0�R�O�H�F�X�O�D�U���P�D�V�V���H�V�W�L�P�D�W�L�R�Q���R�I���S�X�U�L�¿�H�G���D�]�R�U�H�G�X�F�W�D�V�H�����7�K�H���S�U�R�W�H�L�Q��
�P�R�O�H�F�X�O�D�U�� �P�D�V�V�� �V�W�D�Q�G�D�U�G�V�� �������D�P�\�O�D�V�H���� �������� �N�'�D���� �D�O�F�R�K�R�O�� �G�H�K�\�G�U�R�J�H�Q�D�V�H����
150 kDa, bovine serum albumin: 66 kDa, carbonic anhydrase: 29 kDa, and 
lysozyme: 14 kDa) were used. Kav is calculated for each standard marker 
protein by the formula: Kav��� �����9�H���í���9�R�������9�W���í���9�R�������7�K�H��Kav values are then 
plotted versus the log of protein molecular mass to make a standard curve. (o: 
�$�]�R�U�H�G�X�F�W�D�V�H�����”�����3�U�R�W�H�L�Q���V�W�D�Q�G�D�U�G�V����

Puriýcation step
Total 

protein 
(mg)

Total 
activity 
(Units)

Speciýc 
activity (U/

mg)

Puriýcation 
fold

 % Yield

Cell lysate 1871 929 0.49 1 100

80% (NH4)2SO4 
precipitation

743 655 0.88 1.8 71

Sephadex G-100 
size exclusion 

chromatography
27 138 5.11 10.4 15

Table 1: �3�X�U�L�¿�F�D�W�L�R�Q���V�X�P�P�D�U�\���R�I���D�]�R�U�H�G�X�F�W�D�V�H���I�U�R�P��B. badius.

Sr. No Cofactor Km (µM) Vmax (U/mg protein)

1 NADH 1.02 ± 0.07 16.5 ± 2.05

2 NADPH 6.12 ± 0.35 13.2 ± 1.2

3 FADH2 4.71 ± 0.81 10.8 ± 1.75

4 FMNH2 4.14 ± 0.76 10.3 ± 1.42

The Km and Vmax values were determined by Lineweaver-Burk plot. ± is the 
standard deviation of the mean of three independent experiments.

Table 2a: Cofactor requirement for azoreductase activity.
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