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. Why use QM/MM methods?

A Enzymes, proteins are big systems
that can not currently be handled by
pure QM methods.

A QM methods are required to model
reactivity (bond breaking, forming
etc..). These phenomena generally
take place in a limited and well
defined region of the enzyme.

A MM are efficient methods to model
molecules (conformational change,
dynamics, electrostatics etc....).

A QSite allows to study large systems in shorter time by combining
QM (Jaguar) and MM (Impact) methods.
Special techniques have been implemented to run faster and to
efficiently handle metal containing compounds (metalloproteins).
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. QM/MM: Methods and Applications.

U Methods

- QM techniques.
- How to treat interfaces in QM/MM?

U Applications

- Methane Monooxygenase: reaction
mechanism. What is the role of the protein?

- Cytochrome P450: Role of Propionates

- Accuracy of QM/MM methods.
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. OM Methods: General Considerations

U QSite relies on Jaguar and thus takes advatage of
all techniques developped for Jaguar.

- DFT (B3LYP, M05, MO06, etc ....),
HF
LMP2 only for single point calculations.

- UDFT and broken symetry approach possible.

- Pseudospectral Methods: Fast Algorithms to
compute the 2 electon integrals.

- Special algorithms to improve the initial guess
for metal containing compounds.
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. QM/MM Methods: Frozen Orbital Interface

U Modelling the interface between the QM and the
MM regions is a difficult task.

First approach: the frozen orbital method.

MM part c = QM part
/ \

Frozen Orbital
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. QM/MM Methods: Validations of the Frozen

Orbital Interface

A Relative energetics of dipeptide side chain rotamers
I Accurate QM energies computed at LMP2/cc-pVTZ (-f) level
I ~200 rotamer states for all 20 amino acids
I Average errors 0.5-1.0 kcal/mol (comparable to force field)

A Hydrogen bonded dimers

I ~200 dimers T functional groups representing amino acid
backbone, side chains

I Average deviation vs LMP2 binding energies ~0.5-1 kcal/mol

A Deprotonation tests i compared with full QM calculations
I Average error ~0.5 kcal/mol (out of ~200-400 kcal/mol)

A Systematically increase size of MM region, number of QM/MM
cuts

I Extensive tests for dioxygen binding in hemerythrin
I Average errors ~0.5-1.0 kcal/mol
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. QSite: The Hydrogen Cap (Link-Atom) Method

U Frozen orbitals are accurate but need to be
parametrized. Only available for amino acids In

proteins.

U Another Method: the Hydrogen capped (link-atom)
method.\
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Capping Hydrogen
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. QSite: The Hydrogen Cap (Link-Atom) Method

U Treatment of the electrostatic at the QM/MM
boundary for the Hydrogen cap method requires
to be adjusted:

- It can be useful to use a smooth charge
distribution on the MM atoms next to the QM
region.

- A point charge with modified parameter can also
be used on this MM atom.
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QM/MM: Applications to Study Reactivity:
Methane Monooxygennase
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. Applications: MMO reactivity.

U Multicomponent enzymatic complex that catalyses
the conversion of CH, into CH;OH.

CH, + NADH + H* + O,——>CH3OH + H,O + NAD*

V Reductase component (MMOR): e- transfer from NADH.
V MMOB: required for efficient catalysis.

V MMOH: Hydroxylase catalyses the oxydation at a carboxylate-
bridged dinuclear iron center.

A Study of the intermediates in catalytic cycle of
Methane Monooxygenase.
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Applications: MMO reactivity.

V MM part: sphere of 35A
V QM: ~ 150 atoms.

V Geometry: lacvp**.

V Single point calculation:

Lacv3p**, cc-pVTZ(-f).

V Antiferromagnetic
coupling of the diiron
center when required.
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Applications: MMO reactivity.
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Applications: MMO reactivity.

u QM/MM Model in very good agreement with experiment.

U Fe-Fe distance is in very good agreement with experiment (RMSD
0.33 A whereas a large discrepancy was observed with QM models.
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