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Abstract
Primary bile acids play a major role in digestion by assisting in the absorption of fats and oils entering the body. Once 

in the gastrointestinal tract, naturally occurring gut bacteria such as Clostridium scindens convert primary bile acids into 
secondary bile acids via a pathway encoded by the bile acid inducible operon, which includes a putative coenzyme A 
transferase enzyme, BaiK.

Pre-COVID, a recombinant approach using E. coli was chosen to characterize BaiK. First, the E. coli Tuner expression 
line was transformed using a plasmid containing the baiK gene for overexpression. Large-scale overexpression was used 
to obtain large quantities of the protein, and the resulting cell pellet was collected for purification via column 
chromatography. Protein purification strategies have been optimized. Challenges in purifying larger amounts of 
protein to yield a single peak in chromatograms were circumvented by performing both affinity and gel filtration 
chromatography on the same day to avoid aggregation. The concentrated protein will next be used in crystallization 
screenings.

Homology modelling studies were used to obtain a hypothetical BaiK structure, which can help determine function 
and characteristics. This was done using available web-based tools such as BLAST, SWISS model, EXPASY, and Xtalpred. 
These servers were used to convert the genomic sequence to a protein sequence, remove the histidine tag using 
enterokinase, and align the sequence with published structures of PDB proteins. After investigations based on sequence 
similarity, conserved areas, and proposed function, multiple proteins were selected as templates for BaiK’s homology 
model. The model was generated using SWISS model, which generated a homo dimer model consisting of a 37% 
sequence identity. The model had a favorable QMEAN score, with highly conserved areas in the active site. Verification of 
the model was achieved using the built-in functions from SWISS model.
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Crystallization Trials and Future Work
Preliminary screenings with Molecular Dimensions screening sets have not yielded a viable 
crystal for analysis, when an appropriate solvent is found concentrations will be optimized. 
Future work is focused on optimizing buffers for size exclusion chromatography and protein 

concentration for crystallization. 
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Figure 4- 3UBM was used to generate the model 
to the right. This model indicates potentially 
catalytic residues and structures in 3UBM. In red 
is the key catalytic Aspartic acid residue, in 
yellow is a potentially catalytic tyrosine residue, 
and in green is a glycine loop that is proposed to 
shield enzyme bound intermediates. By 
comparing Global Model Quality Estimation 
(GQME), Quality Model Estimation (QME), Root 
Mean Square Deviation (RMSD), percent 
similarity, and Gap values the accuracy of a 
model can be determined.
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Bile acids are converted to secondary bile acids via a multistep 7α-dehydroxylation pathway which is encoded 
by a pathway of at least eight genes, including baiK. The BaiK protein serves as a putative Coenzyme A 
transferase in the operon. This transferase operates by catalyzing the transfer of Coenzyme A, an important 
carrier molecule needed for various metabolic processes, to and from other compounds. baiK is being 
investigated because the accumulation of secondary bile acids in the gut is thought to be linked to cancers and 
other gastrointestinal tract diseases.

Figure 2- The secondary structure alignment consists of a comparison between the sequences 
of proteins similar to BaiK including 1XA3, 3UBM, and BaiK itself using 1XA3 as the secondary 
structure prediction template. This is used to predict the folding pattern at certain sequences, 
which is demonstrated by the helices and beta sheet arrows above the sequences. The blue 
boxes with red residues inside are an indicator of conserved residues, while a completely red 
box with white letters indicate absolutely conserved residues. The catalytic Asp residue is 
starred in yellow.
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Figure 7- This SDS-PAGE 
contains crude lysate, 
clarified lysate, and 10 
fractions from IMAC 
purification. The bands 
shown in the red box 
indicate the presence of 
BaiK protein at 
approximately 53 kD.

Analysis Continued

Figure 5- In this trial, IMAC 
purification was successful in 
separating BaiK from other 
elements in the clarified lysate 
using a 5 mL TALON crude fast 
flow column. The two peaks 
farthest to the right were 
collected and concentrated for 
purification via size exclusion 
chromatography. The two 
buffers used in this experiment 
included Buffer A- a lysis buffer 
(no imidazole), and Buffer B- an 
elution buffer (750 mM 
imidazole)

Figure 6- The larger peak 
from IMAC was injected for 
further purification onto a 
HiLoad16/600 Superdex200 
pg column. SEC yielded a 
sizeable peak that contained 
8 mg/mL of protein that was 
then aliquoted into 50 
microliter samples for 
crystallization experiments. 
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Figure 1- Demonstrates a Deoxycholoyl bile 
acid linked to Coenzyme A, with the thioester 
linkage highlighted in pink

Figure 3- A second alignment with two additional proteins 2G04 and 1Q7E was generated to 
identify residues that would contribute structural information. Starred in yellow are Glycine 
residues that are absolutely conserved. When the homology model in Figure 4 was generated, a 
glycine loop was also conserved. While these residues do not contribute to catalysis they 
contribute to the protein’s structure and flexibility. 
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