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The farnesoid X receptor (FXR) is a bile 
acid nuclear receptor found mostly in the 
liver and intestines. FXR is a promising 
drug target for the therapy of bile 
acid-related liver diseases4.

FXR includes three parts which can be 
modeled: a DNA binding domain (DBD), a 
ligand binding domain (LBD), and a 
connecting hinge. When activated by a 
ligand, a molecule that binds to a portion 
of the LBD, the protein undergoes a 
conformational, or shape, change which 
may cause the transcription and 
translation of specific proteins. [Figure 1; 
Figure 2)]
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Mutations in the gene that encodes the FXR protein may 
participate in various diseases and understanding how 
variations to the protein structure affect the protein’s 
motion may assist in the development of drug therapies. In 
many cases, any changes to a protein’s structure may affect 
its ability to function properly.

This study uses a 

computational 

modeling approach, 

including the use of 

accelerated 

Molecular Dynamics 

(aMD), to study the 

trajectories and 

secondary 

structures of the FXR 

with portions of the 

hinge removed. 

RMSD Graphs: Show the root-mean square deviation of the combined trajectory data.  This compares 
general fluctuation of the whole system from the reference frame. 

Figure 8 (above): RMSD comparisons across all simulated versions of the FXR protein
Figure 9 (top right): Compares the FXR protein to versions with no hinge, missing hinge 1 and missing hinge 2. 

Figure 10 (top left): Compares the FXR protein to versions with no hinge, missing hinge 3 and missing hinge 4. 

Source: 
https://ambermd.org/tutorials/basic/tutorial4b/ .

Figure 8: Accelerated Molecular Dynamics 
allows proteins to be studied by simulating 
changing, or restraining, energy barriers of the 
system. 

RESULTS

In the study published by the Okafor Lab at Penn State, 

computer simulations of  FXR showed that the LBD and the DBD had physical 

interactions only in the presence of the hinge5. Based on this, the main question for 

this study is: How does changing the hinge affect the overall protein’s trajectories and 

secondary structure? 

Figure 2: Nuclear receptor
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DSSP Graphs: Shows secondary structures present at each residue 
over the trajectories
Figure 4 (Left): DSSP secondary structure colors for the DSSP data 
Figure 5 (Above): DSSP data for Hinge GS: Primarily red shown, which 
indicates bends in the secondary structure according to figure 4; Green 
shows areas of alpha helices, bright blue shows areas of extended 
strands, which participates in a beta-ladder

Figure 6 (Above): DSSP data for Hinges 1 - 4 

both clusters

Figure 7 (Left): % Helicity by Residue # graph 
with comparative inset of the red HingeGS 
line (Hinge GS generally avoids helicity)

• Based on both of the RMSD and RMSF data, there is less stability of the protein (more 

fluctuations) when hinge residues are removed closer to the LBD than the DBD. 

• For the RMSF data, the motion of the LBD is more conserved showing much more 

variability in the DBD and hinge portions of the FXR versions. 

• When there is no hinge, there are significant fluctuations, making the molecule unstable

• DSSP shows bends as part of the secondary structure of all the hinge portions 

• Hinges 1 and 2 show more extended strands, which participate in the Beta-ladder than 

the other hinge regions

• There is a lower percent helicity in hinge 2 verses hinge regions 1, 3, and 4 

• Hinge 3 shows consistent helicity (60 - 70%) across clusters Figure 3: Sequences of amino acids in FXR; Identification of the hinge sections 
that are removed.
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