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Abstract 
___________________________________________________________________________________________________________________ 
Objective: To examine, by all-atom molecular dynamics (MD) simulation, whether the docking-
derived binding pose of ARB-373 a designed fluoro-cyano-benzyl acridone analogue of the natural 
product arborinine is retained over the accessible simulation window in the LSD1/KDM1A site and 
to obtain an exploratory implicit-solvent (MM-GBSA) estimate of the interaction energy of the 
complex. Methods: The top-ranked ARB-373 pose (AutoDock Vina 1.2.7; PDB 6TUY, FAD retained) 
was parameterised with AMBER99SB-ILDN (protein) and GAFF2/ACPYPE (ligand), solvated in 
TIP3P water and neutralised to 0.15 M NaCl. After energy minimisation and NVT/NPT equilibration, 
a 100 ps production simulation was run in GROMACS 2023 at 310 K and 1 bar (2 fs step, LINCS, PME, 
1.0–1.2 nm cut-offs). Backbone and ligand RMSD, per-residue Cα RMSF, radius of gyration, SASA, 
intermolecular hydrogen bonds and minimum protein–ligand distance were analysed. The 
interaction energy was computed by single-trajectory MM-GBSA (Generalized Born, igb=5; 100 
frames; no entropy term). Results: The simulated receptor was conformationally steady over the 
window (mean backbone RMSD 0.069 nm, plateau ≈0.09 nm; radius of gyration 1.667 ± 0.006 nm). 
Ligand RMSD tracked the backbone (≈0.07 nm) for the first ~48 ps, then rose to ≈0.22 nm and 
remained elevated, indicating that the ligand moved away from its docked pose; whether this 
reflects a genuine repositioning or a reorientation of the flexible N-benzyl group was not resolved. 
The minimum ligand–protein atom distance held at 0.206 ± 0.011 nm (≈2.1 Å), indicating continuous 
close contact but not, by itself, catalytic-pocket occupancy. Intermolecular hydrogen bonding was 
intermittent (0–1 bonds, mostly 0) and was not persistent even during the early pose-retained 
phase, so the docking-predicted Tyr761 hydrogen bond did not establish. Single-trajectory MM-
GBSA gave ΔG(bind) ≈ −18.6 ± 2.3 kcal/mol, averaged across the pre- and post-transition 
geometries. Conclusion: Over 100 ps the simulated complex did not rapidly rearrange and the 
ligand did not exit, but the ligand did not remain in its docked pose and the averaged MM-GBSA 
value corresponds to no single state. The docked pose is therefore not supported as a structural 
hypothesis. These are preliminary, feasibility-level observations; extended, replicated simulation 
with positive and negative controls is required before any binding-mode, affinity or inhibition claim. 

Keywords: LSD1; KDM1A; molecular dynamics; GROMACS; MM-GBSA; acridone; arborinine; 
binding-mode stability. 

 

INTRODUCTION 

Lysine-specific histone demethylase 1A (LSD1, also 
KDM1A) removes methyl groups from mono- and di-
methylated lysine-4 of histone H3 and was the first 
enzyme shown to make histone methylation a reversible 
mark.1 It is a flavin adenine dinucleotide (FAD) 
dependent amine oxidase whose substrate specificity is 
set by the complexes it resides in, principally the 
CoREST corepressor complex.2 Aberrant LSD1 activity 
sustains the self-renewal programme of MLL-
rearranged leukaemia stem cells3 and the enzyme is 
over-expressed across several solid and haematological 
tumours, which has driven inhibitors into clinical 
evaluation.4 

Many of the LSD1 inhibitors that have advanced to the 
clinic are irreversible, tranylcypromine-derived agents 
that form a covalent adduct with the flavin,5 although 
reversible, non-covalent agents (for example 
seclidemstat) have also entered trials. Reversible 
chemotypes that occupy the substrate channel without 
modifying the cofactor remain of interest.6 Arborinine, 
an acridone alkaloid from Glycosmis parva, is a 
candidate starting point: it is small and drug-like and 
has been reported to suppress clear-cell renal cell 
carcinoma through modulation of KDM1A/UBE2O 
signalling7 (a cellular signalling study rather than a 
direct enzyme-inhibition assay). Its planar tricyclic core 
is geometrically compatible with the aromatic channel 
adjacent to the flavin. 
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ARB-373 is a designed arborinine analogue bearing 
fluorine at C-1, a cyano group at C-3 and a benzyl group 
at N-10. In the parent docking study it was the best-
scoring member of a sixteen-compound series against 
the LSD1/CoREST structure PDB 6TUY, at −9.11 
kcal/mol, versus −7.66 kcal/mol for arborinine. A gap of 
this size (≈1.5 kcal/mol) is within the typical 
uncertainty of empirical docking scores and is not, by 
itself, strong evidence of improved affinity. 

A docking score is a single-point estimate for a single 
rigid-receptor pose and carries no information about 
whether that pose is retained at physiological 
temperature; empirical scoring functions frequently 
rank non-native poses above native ones. Molecular 
dynamics provides a partial test a solvated, 
thermostatted trajectory can reveal whether a predicted 
geometry is immediately unstable and supplies the 
configurational ensemble that end-point methods such 
as MM-GBSA require,9 although reliable binding-mode 
and affinity assessment requires far longer sampling 
than is reported here. 

OBJECTIVES 

The study had two limited objectives: (i) to observe, 
over the accessible 100 ps window, whether the 
docking-derived pose of ARB-373 is retained in the 
simulated LSD1/KDM1A system and to document any 
change in the ligand's position; and (ii) to obtain an 
exploratory single-trajectory MM-GBSA interaction 
energy for the complex. Establishing the equilibrium 
binding mode or a converged binding free energy is 
beyond a single short trajectory and is not claimed. 

MATERIALS AND METHODS 

Origin of the simulated pose 

Starting coordinates were obtained from rigid-receptor 
docking performed in a companion study and are 
summarised here only as provenance. The receptor was 
the human LSD1/CoREST crystal structure PDB 6TUY 
(2.6 Å)17, with the FAD cofactor retained because the 
isoalloxazine ring forms the floor of the catalytic pocket. 
Docking used AutoDock Vina 1.2.7.10,11 In protocol 
validation, redocking of the co-crystallised ligand NY8 
reproduced the crystallographic geometry to a heavy-
atom RMSD of 0.15 Å; this near-native pose was not the 
single top-scoring pose (−10.09 kcal/mol) but a lower-
ranked pose (−9.17 kcal/mol) lying within the energy 
window. For ARB-373, the top-scoring pose (−9.11 
kcal/mol) was used as the MD input. 

System preparation 

The simulated system comprised the LSD1 catalytic 
domain with FAD retained and ARB-373 in the docked 
pose. ARB-373 was treated as a neutral acridone, 
consistent with the amide-like character of its N-10 
nitrogen at physiological pH. Protein atoms were 
assigned AMBER99SB-ILDN parameters12; ligand 
parameters were generated with GAFF2 through 
ACPYPE.13,14 The complex was solvated with TIP3P 
water15 in a dodecahedral box (1.0 nm minimum solute–
wall distance), neutralised and brought to 0.15 M NaCl. 

Minimisation, equilibration and production 

Simulations were run in GROMACS 2023.8 After energy 
minimisation, the system was equilibrated under NVT 
then NPT before production. Production used the leap-
frog integrator at a 2 fs timestep with LINCS constraints 
on bonds to hydrogen, a Verlet scheme, particle-mesh 
Ewald electrostatics (1.2 nm real-space cut-off) and a 
van der Waals force-switch between 1.0 and 1.2 nm, 
with velocity-rescaling (310 K) and Parrinello–Rahman 
(1 bar) coupling. The production trajectory ran for 100 
ps. 

Trajectory analysis 

Periodic-boundary artefacts were removed before 
analysis. Backbone and ligand RMSD, per-residue Cα 
RMSF, radius of gyration, total SASA, intermolecular 
hydrogen-bond count and minimum protein–ligand 
distance were computed with the GROMACS tools. 
Because the production window is 100 ps, no portion 
was discarded as equilibration and all means are 
computed over the full window; given the early radius-
of-gyration drift, these means should be read as 
provisional. 

Interaction-energy estimate (MM-GBSA) 

The interaction energy was estimated by the single-
trajectory MM-GBSA approach over 100 frames, using 
the Generalized Born implicit-solvent model igb=5 at 
0.15 M salt, with no entropy term.9,16 The reported 
quantity is therefore an effective enthalpy computed 
with a GB model, suitable at best for relative ranking 
within a congeneric series under an identical protocol, 
not an absolute binding free energy. 

RESULTS 

The simulated receptor is conformationally steady 
over the window 

Protein backbone RMSD rose over the first few 
picoseconds and reached a plateau near 0.09 nm 
(peaking at ≈0.092 nm), with a mean of ≈0.069 nm 
(Figure 1A, red trace). The radius of gyration stayed at 
1.667 ± 0.006 nm after an initial rise over the first ~15–
30 ps (Figure 1C). Total SASA fluctuated between ≈89 
and 94 nm² with a modest upward drift over the second 
half of the run (Figure 1D). Per-residue Cα RMSF stayed 
between 0.035 and 0.125 nm, largest at the chain 
termini and in loop regions (Figure 1B). These metrics 
indicate that the simulated system did not undergo 
large, rapid rearrangement over the window. They do 
not establish thermodynamic stability or correct 
maintenance of the fold over biologically relevant times, 
both of which are beyond a 100 ps trajectory. 

The ligand moves away from its docked pose at 
approximately 48 ps 

Ligand RMSD did not track the backbone (Figure 1A 
orange trace). For the first ~48 ps it fluctuated around 
0.07 nm; at ~48 ps it rose to ≈0.20 nm and then held 
near 0.22 nm (0.19–0.26 nm) for the remaining ~50 ps 
without returning to its initial value. An increase of this 
magnitude (~1.5 Å) is modest and is consistent with 
either a genuine repositioning of the ligand within the 
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site or a reorientation of the flexible N-benzyl 
substituent while the acridone core remains in place. 
Distinguishing these requires core-only versus 
substituent RMSD, torsion analysis, pose clustering, 
contact maps and representative structures before and 
after the transition, none of which were performed here. 
The data therefore show that the ligand departed its 
initial pose, but do not establish a specific, distinct 
second binding mode. The ligand did not dissociate: the 
minimum distance between any ligand atom and any 
protein atom held at 0.206 ± 0.011 nm throughout 
(Figure 1F). 

The minimum-distance metric 

The reported 0.206 ± 0.011 nm is a minimum atom–
atom distance (≈2.1 Å). At this value it is shorter than a 
heavy-atom van der Waals contact (~3.4–4.0 Å) and is 
consistent with a hydrogen-involving or close polar 
contact rather than with heavy-atom packing. A 
minimum distance to any protein atom does not by itself 

establish that the ligand remained in the catalytic pocket 
a surface-bound ligand could give a similar value. 
Centre-of-mass distance to the pocket and specific 
residue-contact analysis would be needed to establish 
site occupancy and were not performed. 

Hydrogen bonding is intermittent 

The intermolecular hydrogen-bond count alternated 
between zero and one and was zero for most frames, 
including almost all of the final 10 ps (Figure 1E). It was 
not persistent even during the early (0–~45 ps) pose-
retained phase, so the Tyr761 hydrogen bond (2.7 Å) 
assigned in the docked pose was never a persistent 
feature of the simulated complex. As simulated, any 
association is dominated by shape and dispersion 
contacts rather than by directional hydrogen bonding. 

Interaction-energy estimate 

Single-trajectory MM-GBSA over 100 frames returned a 
favourable interaction energy (Table 1).

 

Table 1. Single-trajectory MM-GBSA interaction-energy summary for the simulated LSD1 (KDM1A)–ARB-373 complex. 
Values are effective enthalpies (no entropy term); the ± values are standard deviations across frames, not standard 
errors. 

Term Value (kcal/mol) 

ΔE_MM (gas-phase molecular mechanics) −28.5 ± 1.9 

ΔG_solv (GB + non-polar) +9.9 ± 0.9 

ΔG_bind (effective, MM-GBSA) −18.6 ± 2.3 

 

Because the 100 frames were drawn across the whole 
trajectory, this value averages the pre- and post-
transition geometries and corresponds to neither state 
individually. The ± is a standard deviation over strongly 
autocorrelated frames (1 ps spacing), not a standard 

error. Separate MM-GBSA estimates for the 0–48 ps and 
~52–100 ps windows, with per-residue decomposition, 
would be the appropriate exploratory analysis and were 
not performed here.

 

Table 2. Summary of trajectory metrics over the 100 ps production window. 

Metric Value Reading 

Production length 100 ps Preliminary; see Limitations 

Mean backbone RMSD 0.069 nm (plateau ≈0.09 nm) No large rapid rearrangement 

Ligand RMSD, 0–48 ps ≈0.07 nm Docked pose initially retained 

Ligand RMSD, 48–100 ps ≈0.22 nm Moved from docked pose 

Radius of gyration 1.667 ± 0.006 nm Stable over window 

SASA ≈89–94 nm², slight upward drift No large exposure change 

Cα RMSF range 0.035–0.125 nm Termini/loops most mobile 

Intermolecular H-bonds 0–1, mostly 0 No persistent H-bond 

Min. ligand–protein atom distance 0.206 ± 0.011 nm (≈2.1 Å) Close contact; not proof of pocket occupancy 

MM-GBSA ΔG_bind (effective) −18.6 ± 2.3 kcal/mol Ensemble-averaged; relative use only 
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Figure 1. Trajectory analysis of the simulated LSD1 (KDM1A)–ARB-373 complex over the 100 ps window. (A) Protein 
backbone RMSD (red) and ligand RMSD (orange); the ligand tracks the backbone until ~48 ps, then rises to a higher 
plateau near 0.22 nm. (B) Per-residue Cα RMSF (x-axis spans ~163 residues; see Limitations). (C) Radius of gyration, 
1.667 ± 0.006 nm after an initial rise. (D) Total SASA, with a slight upward drift. (E) Intermolecular hydrogen-bond 
count, 0–1 and mostly 0 throughout. (F) Minimum ligand–protein atom distance, 0.206 ± 0.011 nm. 

 

DISCUSSION 

What a 100 ps window can and cannot establish 

A 100 ps trajectory samples a narrow slice of 
configurational space. It can reveal fast events 
immediate pose instability, a ligand that exits at once or 
gross early rearrangement but it cannot characterise an 
equilibrium binding mode, sample pocket side-chain 
rearrangement or converge an end-point energy. 
Binding-mode and affinity assessment conventionally 
requires at least 100 ns and commonly hundreds of 
nanoseconds in independent replicates, which is two to 
three orders of magnitude more sampling than reported 
here. The low backbone-RMSD plateau indicates only 
that the starting structure did not rearrange rapidly on 
this timescale; it is not evidence of thermodynamic 
stability and much of the plateau value reflects initial 
relaxation rather than equilibrium behaviour. 

Interpreting the ligand movement 

The rise in ligand RMSD at ~48 ps, with an unbroken 
minimum-distance trace, shows the ligand moving from 
its docked geometry while remaining in contact. At least 
three readings are consistent with the data and cannot 
be separated at 100 ps with a single replica: a scoring-
function artefact in the initial docked pose (the 
companion study's own validation showed the top-
scoring NY8 pose, −10.09 kcal/mol, was not the 
geometry-reproducing pose, −9.17 kcal/mol); a genuine 
early relaxation into a nearby minimum; or a 
reorientation of the flexible N-benzyl substituent with 
the core essentially fixed. Deciding among these 
requires the decomposed-RMSD, clustering and torsion 
analyses noted above. What can be said is that the 
docked pose is not retained for most of the window and 
should not be advanced as a structural hypothesis. 
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The hydrogen-bonding and interaction-energy 
results 

Docking assigned ARB-373 a 2.7 Å hydrogen bond to 
Tyr761, but the trajectory shows at most one 
intermolecular hydrogen bond and none across most 
frames including the early pose-retained phase so this 
contact was never persistent as simulated. The MM-
GBSA value (ΔG_bind ≈ −18.6 ± 2.3 kcal/mol) is 
favourable in sign and unremarkable in shape, but 
carries three qualifications: it omits configurational 
entropy and is therefore an effective enthalpy that 
overestimates absolute affinity; the single-trajectory 
approximation assumes bound and free states sample 
the same conformations;9 and the frames span two 
structurally distinct geometries, so the number 
corresponds to neither alone. It is usable only for 
relative ranking within a congeneric series under an 
identical protocol. 

LIMITATIONS 

This work is a preliminary computational study and its 
claims are bounded by the following limitations, several 
of which also indicate the reporting and analysis that a 
full study should add. 

1. Simulated construct. The global metrics (radius of 
gyration 1.667 nm; total SASA ≈90 nm²) are consistent 
with a system of ~160–200 residues, matching the 
~163-residue span of the Cα RMSF axis. The exact 
simulated construct chain(s), residue range, any missing 
residues, whether the CoREST chain of 6TUY was 
included and whether the complete catalytic pocket, 
FAD environment and Tyr761 are present should be 
stated explicitly and Figure 1B regenerated with 
absolute residue numbering. The receptor-steadiness 
result applies to the system as simulated. 

2. Force-field and preparation reporting. Full 
parameterisation details should accompany the work: 
the FAD charges, atom types, topology and protonation 
state (AMBER99SB-ILDN contains no FAD parameters); 
the ARB-373 SMILES, tautomer, net charge and charge-
derivation method; and the water and ion counts and 
total atom count. 

3. Free-energy method. igb=5 selects a Generalized 
Born model, so the calculation is MM-GBSA. No Poisson–
Boltzmann calculation is reported; no entropy term was 
included (the value is an effective enthalpy); frames at 1 
ps spacing are strongly autocorrelated, so the quoted ± 
is a standard deviation and not a standard error and 
block averaging was not applied; and the estimate 
averages two structurally distinct geometries. The value 
is suitable only for relative ranking under an identical 
protocol. 

4. Timescale, replicates and controls. The 100 ps 
window is two to three orders of magnitude short of 
conventional binding-mode validation. A single 
trajectory from one set of initial velocities was run, so 
the ~48 ps event cannot be shown reproducible and 
neither arborinine nor the native ligand NY8 was 
simulated under the same protocol as a control. 

5. Equilibration and analysis specification. NVT/NPT 
durations and restraint schedules are not reported; the 
early radius-of-gyration drift suggests ongoing 
relaxation and no equilibration window was discarded. 
The RMSD fitting groups, the atom selections for ligand 
RMSD and for the minimum-distance calculation (in 
particular whether hydrogens were included), the 
hydrogen-bond distance/angle criteria and the SASA 
probe radius should also be stated. 

6. Docking provenance. The redock RMSD of the native 
ligand (reported as 0.15 Å) should be read with caution 
and confirmed and the ARB-373 starting pose was the 
top-scoring pose rather than a geometry-validated one. 

7. Structural evidence and experimental validation. 
A distinct second bound orientation is not claimed, as 
decomposed-RMSD, clustering and torsion analyses 
were not performed. A metric reported in the source as 
a secondary-structure residue count could not be 
interpreted unambiguously and was omitted. The 
computational data do not establish inhibition of LSD1 
by ARB-373; all claims are restricted to computational 
observations. 

CONCLUSION 

Within a 100 ps simulation, the modelled LSD1–ARB-
373 system did not undergo large rapid rearrangement 
and the ligand did not dissociate, but the ligand moved 
away from its docking-derived pose at ~48 ps, the 
predicted Tyr761 hydrogen bond was never persistent 
and the single-trajectory MM-GBSA value (≈−18.6 
kcal/mol, effective enthalpy) averages two distinct 
geometries and corresponds to none. The supportable 
result is therefore minimal and preliminary: the docked 
pose is not retained and should not be advanced as a 
structural hypothesis. Extending the work to at least 
100 ns in independent replicates, with arborinine and 
NY8 as controls and entropy-corrected, block-averaged 
energetics, is required before any binding-mode, affinity 
or inhibition claim. As it stands, the study is best 
regarded as a preliminary computational feasibility 
note. 

Data and Code Availability: The production parameter 
files, topologies, trajectory and analysis outputs are 
available from the corresponding author on reasonable 
request. 
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