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Different CYP3A4 substrates need different active-site shapes. No single crystal structure gives you all of them. POSTER P219

3 | Sampling beats picking one structure

1 | CYP3A4: Binding isn't catalysis 2 | So we sampled the ensemble

500

PHE220

CYP3A4 metabolizes more marketed s0f Xray Ref. GaMD best pose
drugs than any other human enzyme, so o I /.%

early substrate prediction is central to f% PHE215

clearance and drug—drug-interaction risk. /A% m' " g ﬁ}szzo J

PHE108

PC2 (20.0%)
o

Docking is the natural triage tool, but it
needs a receptor conformation, and

N
o
o
Simulation Time (ns)

|
=
o
T

PHE108

CYP3A4’s active site is gated by three gjie of N-demethylation | = tonisms B

flexible loops that sit differently across . T o | | | . . L /< ey

the 121 crystal structures [1,2]. e ‘3° ‘2° PCL (33.9%) N ? * | A

That choice matters. In erythromycin’so o. Figure 2. Conformational displacement from the shared ‘ 8

own co-crystal structure, the site CYP3A4 / starting structure (X), colored by system and shaded by }g/sHeEM - );,7%
demethylates sits 16.7 A from the heme site of 6B-hydroxylation simulation time. The induced-fit system travels furthest. HEM

iron: bound to the protein’ but much too Bl Closed-Compact @ Induced-Extended EE Open-Intermediate B Open-Wide -0O-- Population Figure 6. Erythromycin in its co-crystal Structure (Ieft) and
far away to react. 25001 e e SR - docked into the best GaMD conformation (right).

B Xray Ref. GaMD best pose
/) STR M
QQ PHE215
'... C/ PHE220

*5VCO (Open)

T
N
o

-25

Population (%)

Pocket Volume (A3)
.
o
(@]

Max Structural Gap
(Induced-fit vs Open) 1250 -
2.63 A

1000 - 1.6%,” | [©-1-°
0'
Cl Cc2 C3 ca C5 Cé6 Cc7 Cc8 co C1l0 Cl1 Cl2 C1l3

-2.0

. PHE220

Figure 3. Binding-pocket volume of each representative -
) 2 (bars) and its population in the ensemble (line). Volumes =108 -, JL/
span roughly 1,050 to 2,250 A3, PHE215 % o < a
' | - i
G-G’ loops
F-F’ loops
Figure 7. Progesterone in its co-crystal structure (left) and
B-C loops docked into the best GaMD conformation (right).
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structures. Substrates are larger than non-substrates, so atom count
alone yields an AUC of 0.70. Normalizing docking scores
Approach to ligand efficiency removes this bias. Under this control,
single-structure performance drops to 0.65, whereas the
To resolve this plasticity, we combined enhanced sampling . . . ensemble maintains an AUC of 0.72, nearly doubling the
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Conclusions

1. CYP3A4 substrate prediction is limited by receptor conformation, not by scoring function.

2. Productive geometries for different substrates live in different conformations; no single structure serves all.

3. Ensemble docking removes the structure-selection gamble: it reaches those geometries without knowing in advance which conformation holds them.

Validation and controls. Five-fold stratified cross-validation, out-of-fold predictions pooled into a single ROC; logistic regression at default scikit-learn settings, no tuning. Y-randomisation over 1,000 label permutations: null AUC 0.499 + 0.015,
maximum 0.542. Size control: Vina affinity correlates with heavy-atom count (r = —0.86); in ligand-efficiency space the ensemble reaches 0.717 against 0.650 for the apo reference (AAUC +0.068, p = 1.5 x 107%).
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