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Free Energy Perturbation (FEP)
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Assessing binding from structural perspective

1.
2.

3.
. Relative binding energies and comparison with

Initial structure (Wild-type)

Different conformations of WT protein
(molecular dynamics simulations)

Mutation energies (free energy perturbations)

experimental energies (thermodynamic cycles)

. Relative binding energies, comparison of two

drugs, (thermodynamic cycles)



1.Initial structure (Wild-type)

PDB
* Docking”?
* Alphafold3? (Nobel!!!)
* Boltz-1
 Chai-1
* RosettaT TFold-AllAtom (Nobel!!l)



2. Different conformations of WT protein
(molecular dynamics simulations)

* SASA
* Cpptraj
* Hydrogen bonds



3. Mutation energies (free energy

perturbations)
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3. Mutation energies (free energy
perturbations)
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3. Mutation energies (free energy
perturbations)
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3. Mutation energies (free energy
perturbations)

Practice time!



The thermodynamic cycle of a
single mutation and one ligand

Experimental binding energies
« Calculated by AG = —RT In(Kp)

AGy™S — AGR™h = AAGy




The thermodynamic cycle of a
single mutation and one ligand

Experimental binding energies
« Calculated by AG = —RT In(Kp)

AGy™S — AGR™h = AAGy

Computational mutation energies

« Calculated by FEP simulations

 Eight structures taken from 1000 ns long MD
simulations

* Average of 3 FEP simulations

AGHY — AGHY = AAG,

A negative AA(G indicates that the ligand-binding is more favorable after

the mutation.




- The thermodynamic cycles of a
ﬂ} —UC} single mutation and two ligands

: Bind
AGV%dell AAG, AGy-14

—

AAAG = AAGg — AAG,

j@ AGLN{M’ j@ * A negative AAAG demonstrates that L,
v v

binds to the protein more favorable after

A0AG the single mutation.

ot * AAAG IS used to confirm our
AG;, . .
j@ —»j@ computational results against the
experimental energies.
AG&@%T 44Cs TﬂGﬁi"L‘% This is the keystone of our thermodynamic
iInvestigation; we assess the ligand
ﬂ} _’Aeémw JC} preference of each mutation by using the

AAAGenergies.



The thermodynamic cycles of the single
mutations

1 2 * All energies are in kcal/mol
WT, 8225, Ga3oT, WT, 22203 Ha72a,  The binding energies lower
- S - S than -7.0 kcal/mol lead to
Nl @ o\ - @ > functional complexes
WTL1wG330TL1 WT ., mmms H372A | * The energy cost of G330T
. : : and H372A is different
, 4446 } 4446
} }

v v

84+05
WT,, sy G330T WT ., st H372AA |,

«

| o | © R

(o) o0}

2 I G330T,, G330T,
WT, === G330T, WT, == H372A, H372A,, H372A,,
DM, DM,

Guclu et al., JCIM 2021.



The thermodynamic cycles of the mutations

WT0 =222, G330T, 1w. DM0
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13.3+05 1.8+0.5
WT, sy H372A,, st DM,
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A1+0. 9+0.
WTL1 —) H372A |_1— DM L1

. AAAG, 1 AAAG,
|

v v
84+05 25+05
WTLZ — H372A LZ—DM L2

‘ 13305 ‘ 18405 ‘
WT, === H372A, ===+ DM,

e The G330T mutation is
more functional as the
prior mutation

* The mutation energies are
additive or independent of
each other

 The DM, complex is the
most favorable form in a
L, -rich environment.

WT o WTp,
G330T,, G330T,,
H372A, , H372A,,

DM, DM,

Guclu et al., JCIM 2021.



Thanks!
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