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INTRODUCTION

GENERAL VALIDATION

Aminoglycosides (AGs), a class of highly effective antibiotics, are historically
understood to inhibit essential bacterial functions by binding to the cell
ribosome. Our lab unexpectedly discovered an alternative binding target,
suggesting additional drug-protein interactions beyond the ribosome.

Therefore, we seek to identify any similar phenomena by surveying the
remainder of the proteome. This large-scale, unbiased surveillance is most
efficiently conducted in a virtual environment. Molecular docking software first
ranks drug-protein binding hits to prioritize candidates for further laboratory
investigation with the ultimate goal of improving patient care by developing
and broadening AG usage.

We chose six AGs to computationally dock upon structurally characterized
proteins throughout the E. coli proteome. This sub-project refines our docking
protocol with rigorous validation conditions to maximize the accuracy of the
screening.
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Left to right: 2-deoxystreptamine, neamine, gentamicin, streptomycin,
neomycin B, and lividomycin exhibit diverse physical and chemical properties to
collectively represent most AGs.

Validating a docking protocol for accuracy can save time and resources by
omitting misleading results. Biological accuracy is met when the protocol
reproduces known binding interactions and excludes false molecules from the
binding site. These positive and negative controls must be satisfied before the
protocol can reliably discover unknown docking hits.

INITIAL SCREENING

Blind docking of AGs + enantiomers
using qVina-W and DOCK®6

Pearson’s Correlation &
Principal Component
Analysis
Inspection with
ChimeraX &

MD simulations

Final hits

» The E. coli proteome is represented by 4,155 protein characterizations.
o 6,676 models are available, but only one is used to represent each protein.
o Models were obtained from the Protein DataBase and AlphaFold.

» 6 AG ligands and 6 corresponding enantiomer decoys (negative controls)
were docked to each receptor.

o Enantiomers have similar chemical properties but inverted molecular
structure.

o Negative controls ensure the protocol accounts for both structural and
chemical properties of AGs.

» Docking software (QuickVina-W) used a "blind” method:

o Each protein's binding pocket was defined not according to
experimental observations, but rather computationally predicted.

o Exhaustiveness was set to 20; CPUs were set to 8.
» Pearson’s correlation was planned for analyzing impactful variables.

» Docking hits were also to be analyzed in Principal Component Analysis
(PCA), where masses of data can be organized into target candidates.

» PCA hits were to be investigated in ChimeraX and MD simulations to ensure
regional accuracy and physical stability of docked results, eventually
yielding final hit candidates.
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To assess the baseline docking protocol for methodological precision, we used the
AG decoy results to implicitly gauge the specificity with which real AGs were
docked to proteins. A high decoy binding rate indicates potential for a more
selective protocol.

Under the initial protocol, the real AG molecules and the false AG enantiomer
decoys bind with a similar docking score.

Average Hepl Vina Scores: Real Ligands vs Enantiomer Decoys

Binding Energy (kcal/mol)
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FOCUSED VALIDATION

We assessed biological accuracy by examining Heptosyltransferase | (Hepl), a
bacterial membrane-reinforcement enzyme. Various characterizations of Hepl
were used to explore possible drug binding locations across the same protein.

> Before we rely on the docking protocol for novel binding
discoveries, it must first demonstrate an ability to re-dock
molecules to known sites.

» ADPH is a native ligand of Hepl that naturally occupies
the donor binding site.

> Displayed to the right is
a redocked ADPH analog
upon an experimentally-
defined native pose.

» This superimposition
shows the partial biological
accuracy of the redocking.

2H1H AFH Redocking RMSD by Ligand Region

-2 A redocking threshold

» Root Mean Square Deviation (RMSD) measures average distance between atoms.
> The heptose-analogous region raises overall RMSD to 2.89 A, exceeding the
2.00 A benchmark and further warranting a protocol refinement.

A redock of Hepl to all 12 ligands under the initial protocol yielded a small
binding energy range of £0.8 kcal/mol, supporting reproducibility.

Multiple characterizations of Hepl were recruited
to investigate diverse complications in the
. docking process.

Characterization 1: Both native ligands
experimentally bound to Hepl

> Hepl transfers heptose sugar from ADPH
(green) to Kdo,—Lipid A (cyan) for bacterial
membrane assembly.

» The two native ligands occupy distinct
binding pockets (magenta & orange).

» Each binding pocket should be defined
according to external verification and
screened independently.

Characterization 2: Streptomycin
bound to two crystallographic
characterizations of Hepl: an apo
(magenta) receptor & a holo
receptor with the ADPH ligand
removed (green)

» The baseline docking protocol
uses binding scores to
estimate the binding pocket
location, meaning any high-
scoring region of the protein
can be considered a pocket.

» Despite different predicted
pockets, both representations
returned near-identical scores
(-8.2 kcal/mol and -8.1
kcal/mol).

» Therefore, docking scores
alone cannot identify the

most biologically relevant site.

Characterization 3: Hepl variant with
experimentally-defined binding pocket
(left), & streptomycin incorrectly bound

between two packed crystals (below)

» Many characterizations are
obtained via protein crystallization,
forming a structure that is computationally

usable but physically affected.
» This overlap of structure caused the
incorrect docking of streptomycin into

a non-biological cleft between packed

protein complexes outside of the
experimentally-defined site (purple).

» The protocol should separate crystal-
packed proteins to prevent such
Inaccuracies.
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REFINED STRATEGY

ldentify control cases for validation.

Hepl- primary case OSBS- monomeric control PNP- multimeric control

A 4

Select assembly of complexes.
Use software such as PDBePISA and ProtCID to

Remove crystal-packing before locating the

identify monomers and multimers docking site.

A 4

Prepare receptors and ligands.

Consistently apply waters, cofactors, hydrogens, partial charges, and file conversion.

A 4

Instead of blind docking, reference native ligands,
known pockets, pocket-finding software (SiteMap).

When a protein has multiple sites (see
Hepl), define and dock each site separately.

Record the receptor and ligand state, retained substrates, grid center and dimensions,
exhaustiveness, output, and log for every run.

Compare predictions with experimental poses using overall/regional RMSD and visual inspection.

Confirm that the protocol works for multiple docking regions of Hepl, a simple monomeric OSBS,
and a complex multimeric PNP.

Improve decoy controls.

Replace the original enantiomers with property-

A 4

matched DeepCoy molecules. Compare ROC/AUC and inspect visually.

Interpret location as well as score.

Save receptor, active ligand, and decoy
poses together for easy comparison.

Determine if pose occupies a known site, allosteric
candidate, or crystal-packing complication.

Apply the validated protocol.

Screen AGs according to the new protocol and re-evaluate using general and focused validation.
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Continue the overall workflow.

Return to DOCKS®, hit ranking, PCA, visualization, MD, and eventually, in vitro experimentation.

KEY TAKEAWAYS

» Original enantiomer decoy controls were not distinguished from the real AGs.

» Blind docking based off of the docking score alone could not establish a
biologically correct drug-binding location.

» Improved controls, site-specific redocking, and biologically relevant assembly
are required before interpreting proteome-scale hits.
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