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Elucidating the nicotinic acid degradation pathway in Bacillus niacini: Investigating the catabolic function 

of a flavin monooxygenase (FMO), domain of unknown function (DUF), and hypothetical protein (HP)
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Background and Significance
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• In our environment, things such as pharmaceuticals, pesticides, and fossil fuel 

use leach pollution into our soil and groundwater by releasing organic 

molecules called N-HACs or N-heterocyclic aromatic compounds. 

What biochemical roles do FMO, DUF, and HP hold 

in the NA degradation pathway of B. niacini?
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Understanding of the B. niacini pathway 

Future Research

Research Question & Objectives 

Possible relation to the NA degradation 

pathway of A. nidulans (fungus) 

FMO and HP together catalyze the hydroxylation and ring reduction of 2,6-DHP: Evidence 

for new intermediates in the B. niacini nicotinate degradation pathway

Prediction of DUF structure and comparison to 

other protein structures in the PDB

Prediction of HP structure and comparison to 

other protein structures in the PDB

No evidence of an FMO/DUF complex and 

oligomeric status of FMO and DUF

THP may spontaneously and rapidly ring-open to 

form a carbamic acid intermediate
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• Use SEC to investigate a possible complex between DUF and FMO.

• Use AlphaFold to generate predicted 3D structures of DUF and HP.

• Use Q-TOF to view possible downstream products with combinations of 

FMO, DUF, and HP.

E 

128.0347

128.0347

128.0347

128.0347

127.0269

A

B 

C 

D 

1.8 x 105

1.9 x 105

9.0 x 103

1.7 x 105

Reaction 1: THP

Reaction 2: THP
DUF

Reaction 3:
O2

THP

Reaction 4:
O2

THP
DUF

128.0347

E

A

B

C

D

160.0246

160.0246

160.0246

160.0246

159.0168

Reaction 1: THP

Reaction 2: THP
DUF

Reaction 3:
O2

THP

Reaction 4:
O2

THP
DUF

7.0 x 104

5.0 x 104

4.0 x 103

7.5 x 104

160.0246

                                

                                                               

E 

A

112.0398

130.0504

129.0426

B

C

132.0660

4.0 x 105

8.0 x 103

5.5 x 103

131.0582

130.0504

112.0398

111.0320

129.0426

  Reaction Mixture O: DHP in aerobic buffer

A A

B

C

112.0398

130.0504

FMO/HP

111.0320

129.0426

132.0660

4.0 x 105

6.0 x 104

4.0 x 104

131.0582

130.0504

112.0398
111.0320

129.0426

                    Reaction Mixture D:  DHP
FMO/HP

1. Analyze fragmentation patterns of the ion at 

130.0504.

2. Further bioinformatic analysis of the various 

enzymes looking at possible complexes.

3. Identify the cofactor (if one is needed) DUF 

utilizes to be an active enzyme. 

Scheme 1. Nicotinic acid degradation pathways in three bacterial species. The 

degradation pathways of Eubacteriumm (top) and Pseudomonas (middle) are more defined 

compared to that within Bacillus (bottom). Specifically, the pathway intermediates formed 

following DHNA in the B. niacini NA degradation pathway are under current investigation. Solid 

arrows show steps that have been observed experimentally while dashed lines represent 

hypothesized steps. 

Figure 1. B. niacini NA operon determined by RNA sequencing. The metabolic operon that is 

used for nicotinic acid degradation in B. niacini. Displays the enzymes used in the B. niacini NA 

degradation pathway and other proteins such as transcription regulators and chaperone proteins. 

Figure from Helton (1). 

Scheme 2. Evolution of conclusions in the characterization of the FMO, DUF, and HP 

enzymes. 

Table 1. Integration values of elutes from reaction assays containing combinations of 

FMO, DUF, and HP. Integration values are in millions of count. Reaction mixtures were 

incubated at 25°C for 30 minutes without DHP and 30 minutes with. Integration values of 

elutes were collected after 3 hours. The λmax values used to collected integration values for 

each compound are shown in the second column. All samples contain NADH and DHP. 

Figure 2. Predicted 3D structure of the B. niacini DUF enzyme. Structure was generated using 

AlphaFold Deepmind’s Colab notebook (2, 3). pLDDT is a confidence score used to determine how 

confident AlphaFold is in its prediction based on residue distances. 

Table 2. Highest structural matches to the predicted DUF structure. A Z-score demonstrates 

similarities between the query structure and structures in the DALI database (4). RMSD (root-mean-

square deviation) gives the average deviation in distance between the aligned Cα atoms of two proteins. 

Figure 3. Predicted 3D structure of the B. niacini HP enzyme. Structure was generated using 

AlphaFold Deepmind’s Colab notebook (2, 3). pLDDT is a confidence score used to determine how 

confident AlphaFold is in its prediction based on residue distances.

Table 3. Highest structural matches to the predicted HP structure. A Z-score demonstrates 

similarities between the query structure and structures in the DALI database (4). RMSD (root-mean-

square deviation) gives the average deviation in distance between the aligned Cα atoms of two 

proteins. 

Figure 4. Calibration curve used to determine molecular weight of FMO and DUF. The curve was 

generated using 4 proteins of known molecular weight (Thyroglobulin, y-Globulin, Ovalbumin, 

Myoglobulin). 

Table 4. Resulting masses from SEC to determine multimer status of DUF and possibility of an 

FMO/DUF complex. 

Figure 5. EICs of THP scanning for m/z = 128.0347. (A) THP in 

anaerobic buffer. (B) THP incubated with DUF in anaerobic 

buffer. (C) THP in aerobic buffer. (D) THP incubated with DUF in 

aerobic buffer. (E) Structure of THP and the corresponding exact 

masses of it and of its [M+H]+ ion. 

Figure 7. DHP in aerobic buffer contains reduced forms 

of THP. EICs of DHP in aerobic buffer (reaction mixture O). 

(A) EIC for DHP. (B) EIC for partially reduced THP. (C) EIC 

for fully reduced THP labeled 5,6-DHPip-2O.

Figure 8. DHP with FMO and HP in aerobic buffer shows 

an increase in reduced forms of THP compared to DHP 

in aerobic buffer. (A) EIC for DHP. (B) EIC for partially 

reduced THP. (C) EIC for fully reduced THP labeled 5,6-

DHPip-2O. 

Table 5. Increased peak height corresponding to a partially 

reduced THP molecule and a fully reduced THP molecule 

(5,6-DHPip-2O). Peak heights were determined from EICs from 

the TIC based on the [M+H]+ ion for each molecule. 

Scheme 3. Hypothesized pathway from THP for the degradation of nicotinic acid in 

B. niacini. The evidence of a reduced THP intermediate suggests that HP may reduce 

and then possibly oxidize THP after its formation via FMO. DUF would then catalyze the 

ring opening of the 3-HPip-2,6-DO intermediate. This pathway is modeled after the 

degradation of nicotinic acid in A. nidulans, a eukaryotic fungus (5). 
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Figure 6. EICs of carbamic acid intermediate scanning for m/z = 

160.0246. (A) THP in anaerobic buffer. (B) THP incubated with DUF in 

anaerobic buffer. (C) THP in aerobic buffer. (D) THP incubated with 

DUF in aerobic buffer. (E) Structure of the carbamic acid intermediate 

and the corresponding exact masses of it and of its [M+H]+ ion.
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