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 Top-ranked poses of cephalexin and cefadroxil produced by Glide SP docking:

Clearly from the figure, Glide failed to predict any interaction with the hinge residues, 
confirming the essential role of the aminothiazole moiety in the activity and justifying 
the inferior inhibitory profile of cephalexin and cefadroxil as compared to cefixime and 
ceftriaxone.

Fig. S1 Detailed view showing the binding modes of cephalexin (A) and cefadroxil (B) within the 
binding pocket of GSK3β. Hydrogen bonds (distance below 3.0 Å) are shown as yellow lines. 
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 Other binding modes of cefixime and ceftriaxone produced by Glide SP docking:

The stability of the binding modes depicted in figure 3 was compared with the stability 
of the poses presented in this figure through 100 ns MD simulations.

Fig. S2 Detailed view showing different binding modes of cefixime (A) and (B) and ceftriaxone 
(C) and (D) within the binding pocket of GSK3β. Hydrogen bonds (distance below 3.0 Å) are 
shown as yellow lines. 
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 RMSD plots of complexes depicted in figure S2:

RMSD measures the average change in displacement of ligand atoms for all frames with 
respect to the reference frame zero. The RMSD for frame x is: 
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Where N is the number of atoms in the atom selection; tref is the reference time, (typically 
t=0); and r´ is the position of the selected atoms in frame x after superimposing on the 
reference frame, where frame x is recorded at time tx. The procedure is repeated for every 
frame in the simulation trajectory. Clearly from the figure, RMSD values are high as 
compared to the top-ranked poses.



 Analysis of the MD simulations replica of the top-ranked cefixime and ceftriaxone 
poses conducted at a different random seed:

To further confirm the stability of the binding modes and interactions of top-ranked 
poses, the MD simulations were repeated at different random seeds. The RMSD and 
RMSF values were consistent, confirming the observed stability in comparison to the 
other binding modes.

Fig. S3 RMSD values during 100 ns MD simulations of cefixime (A) and (B) and ceftriaxone (C) and 
(D)  poses as presented in figure S2. RMSD values of protein Cα and docked poses fitting on protein 
Cα are represented in brown and green, respectively. 
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 Ligand-protein interaction fractions:

Protein interactions with cefixime and ceftriaxone were monitored throughout the 
simulation. These interactions are categorized by type and summarized, as shown in the 
plots below. Protein-ligand interactions are categorized into four types: Hydrogen 
Bonds, Hydrophobic, Ionic and Water Bridges. The stacked bar charts are normalized 
over the course of the trajectory: for example, a value of 0.7 suggests that 70% of the 

Fig. S4 Analysis of 100 ns MD simulations replica of the top-ranked poses of cefixime (A) and 
ceftriaxone (B). RMSD values of protein Cα and docked poses fitting on protein Cα are represented in 
brown and green, respectively. In the right are plotted the RMSF values broken down by atom.
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simulation time the specific interaction is maintained. Values over 1.0 are possible as 
some protein residue may make multiple contacts of the same subtype with the ligand.

 Top-ranked poses of cephalexin and cefadroxil produced by covalent docking:

Fig. S5 A schematic of detailed cefixime (A) and ceftriaxone (B) interactions with the protein 
residues. In the right are summarized and categorized the protein interactions with each compound 
throughout the simulation. The geometric criteria for protein-ligand H-bond is: distance of 2.5 Å 
between the donor and acceptor atoms (D—H···A); a donor angle of ≥120° between the donor-
hydrogen-acceptor atoms (D—H···A); and an acceptor angle of ≥90° between the hydrogen-
acceptor-bonded_atom atoms (H···A—X).
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 Analysis of the MD simulations of the covalently bound cefixime and ceftriaxone:

Fig. S6 Detailed view showing the predicted binding modes of Cephalexin (A) and cefadroxil (B) 
within the binding pocket of GSK3β upon covalent bond formation. 
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To compare the stability and interaction patterns of cefixime and ceftriaxone before and 
after covalent bond formation, an additional MD simulations study was performed. The 
results were consistent as the complexes were stable and the interactions with hinge 
residues (Val-135 and Pro-136), catalytic Lys-85 and Asp-200 in the DFG motif were 
sustained upon covalent bond formation.

Fig. S7 Analysis of additional 100 ns MD simulations of the covalently bound poses of 
cefixime (A) and ceftriaxone (B). RMSD values of protein Cα and docked poses fitting on 
protein Cα are represented in brown and green, respectively. In the right are plotted the RMSF 
values broken down by atom.
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 Ligand-protein interaction fractions of the covalently bound complexes:

Fig. S8 A schematic of detailed the covalently bound cefixime (A) and ceftriaxone (B) interactions 
with the protein residues. In the right are summarized and categorized the protein interactions with 
each compound throughout the simulation. The geometric criteria for protein-ligand H-bond is: 
distance of 2.5 Å between the donor and acceptor atoms (D—H···A); a donor angle of ≥120° 
between the donor-hydrogen-acceptor atoms (D—H···A); and an acceptor angle of ≥90° between 
the hydrogen-acceptor-bonded_atom atoms (H···A—X). The black arrow indicates the site of the 
covalent bond.
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