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Enzyme Active Site Loop Revealed as Gatekeeper for Cofactor Flip by
Targeted Molecular Dynamics Simulations and FRET-kinetics
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Aldehyde dehydrogenases: NAD(P)-dependent dehydrogenases
Involved in detoxication and metabolic pathways (retinoic acid biosynthesis)

Glu-268 activates
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The strategy

Reduced nicotinamide moiety (NMNH) flipping

Impact on catalysis ?
- Kinetic approach
- Intrinsic Trp/NADH FRET probe

Driving force ?

-> ldentification of molecular factors
allowing cofactor movement

—> Targeted Molecular Dynamics
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Reduced nicotinamide moiety (NMNH) flipping is required for Glu-268
to activate the water molecule in the deacylation step
g} NADPH nicotinamide
e, moiety

Driving force? "
¢ Pathway?

_ Thioacylenzyme

. intermediate

D’ Ambrosio et al., 2006,
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No significant
change of the
protein structure

NADP* in hydride
transfer conformation

NADPH in hydrolysis
conformation

Conserved ELGG loop as a gatekeper for cofactor flipping

Grgeted Molecular
Dynamics: GAPN
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3 Hypothesis

J % Role of E?3LGG?"! loop in flip
control ?
hydride transfer :w hydrolysis
‘ =» Mutation Gly271Ala

2

RALDH2 G271A
- acylation remains non rate-limiting 15
- > allows flip to be measured "
- [x][>] of the flip rate constant __|Rate-limiting FLIP
Keiip (57) Keat (57 3:1f\/
WT 5 2 R
GZ?lA 0,03 0,01 0 50 Timg(s) 150 200

CONCLUSION

= Flip/catalytic efficiency relies on ELGG loop flexibility
= Cofactor flipping extends to all ALDH family including CoA-
dependent aldehyde dehydrogenases



