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Role of conformational dynamics
in the evolution of novel enzymatic activities
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Enzyme Conformational Dynamics

Protein structure—function relationship: [ =2 [ LD 52 ihammenre
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The importance of enzyme Conformational Dynamics
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The importance of enzyme Conformational Dynamics

Static view
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The importance of enzyme Conformational Dynamics

Dynamic view
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Enzyme Evolution towards new function

Population shift towards the Active state:

+ Mutations

>

ACTIVE

INACTIVE

ACTIVE INACTIVE

Change the conformational landscape of enzymes to progressively
stabilize pre-existing catalytically active conformational sub-

states

Tokuriki and Jackson Nat. Chem. Biol. 12, 944-950 (2016)



This Talk

Evaluation of Can we explore the enzyme major
evolved variants and minor conformational states?

A. Currin et al., Chem Soc.
Rev. 2015, 44, 1172

Active site
Distal positions

ACTIVE
INACTIVE

, Can we identify which residues are
Correlation-based fools involved in the conformational state
conversions?



Evaluation of evolved vartants: Retro-Aldolase Story
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1 Evaluation of evolved variants: Retro-Aldolase Story

Retro-Aldol:
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Directed Evolution:
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1 Evaluation of evolved variants: Retro-Aldolase Story

Retro-Aldol:
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r Evaluation of evolved variants: Retro-Aldolase Story

Retro-Aldol:
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T Evaluation of evolved variants: Distal mutations
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1 Evaluation of evolved variants: Retro-Aldolase mechanism

Retro Aldol Reaction:

H-bond
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Evaluation of evolved variants:
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1 Evaluation of evolved variants: RA95.5-8 — RA95.5-8F
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r Evaluation of evolved vartants: PCA analysis on X-ray
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T Evaluation of evolved vartants: PCA analysis on X-ray
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Evaluation of evolved variants: PCA analysis on MD data
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1 Evaluation of evolved variants:  Active and Inactive states
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1 Evaluation of evolved variants:  Active and Inactive states
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2. | Developmaent of new tools Computational Design of Enzymes
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2 Dovelopment of new tools RA95.0 — RA95.5

|dentifying residues
involved:
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2 Dovelopment of new tools RA95.5 — RA95.5-5
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2 Dovelopment of new tools

B DE mutations:
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2 Dovelopment of new tools RA95.5-8 — RA95.5-8F
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Development of new fools RA95.5-8 — RA95.5-8F
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2 Dovelopment of new tools Shortest Path Map

Smarter library of mutation points
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Romero-Rivera, A.; Garcia-Borras, M.; Osuna, S. The role of conformational dynamics in
the evolution of retro-aldolase activity, ACS Catalysis 2017, 10.1021/acscatal.7b02954



2 Dovelopment of new tools Shortest Path Map

1LBL 155 159
C

108

26 124
.—{)

Positions targeted with
23 O Directed Evolution all are

predicted by SPM on the

original scaffold (1LBL)




2 Dovelopment of new tools Shortest Path Map

Retro-Aldolases are based on 1LBL scaffold:

indole-3-glycerol phosphate synthase

30% seq. identity ‘

imidazole-glycerol phosphate synthase

Allosterically regulated enzyme

e (Bax)g barrel enzymes  Common enzyme fold v the PDB

How general is the SPM tool?



Conclusions

MD simulations are a valuable tool for:
M Assessing the catalytic efficiency of enzymes

M Predicting mutation points for enhanced activity through SPM
tool

Romero-Rivera, A.; Garcia-Borras, M.; Osuna, S. The role of conformational dynamics in
the evolution of retro-aldolase activity, ACS Catalysis 2017, 10.1021/acscatal.7b02954

Romero-Rivera, Garcia-Borras, and Osuna, Computational tools for the evaluation
of laboratory engineered biocatalysts, Chem. Commun. 2017, 53, 284.
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