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Enzym�tic Pl�stic Bre�kdown

Plastics Versatile polymeric materials

Signicant global accumulation

Enzymatic depolymerization

Enhancing the catalytic efficiency

Computational methods are essential for rational mutagenesis

UMG-SP2 

UMG-SP3 



Import�nce of HPC Access

Computational elds

Capability

Versatility

Relevant for studying complex biological macromolecules

Protein Dynamics Enzyme Catalysis

Simulations

In-depth atomistic analysis

Statistically signicant exploration of the 
conformational space

Structural and energetic catalytic data

Hybrid QM/MM MD simulations (DFT)



Dyn�mic�l Beh�viour – Substr�te Recognition 

Adapted from Angew. Chem. Int. Ed., 7, 2025 

HPC resources allowed us to simulate our systems throughout more than 50 μs

Our simulations conrmed the stability of both structural arrangements



Mut�genesis Study – Role of L3

L3 residues were targeted

Computationally

Experimentally

Simulations predicted productiveness

Adapted from Angew. Chem. Int. Ed., 7, 2025 

We speculated that a more mobile L3 would promote catalysis



V�lid�tion of Modelled Complex

Mechanistic study Validated model Lack of resolved complex structure

MD simulations conrmed the stability

Protein fold Favourable Orientation 

Constructed a QM/MM model to study the mechanism



UMG-SP2 C�t�lytic Mech�nism

�) Catalytic triad facilitates proton shuttle

2) Sernuc conducts nucleophilic attack

3) A TI is formed and then collapsed

4) Ester bond cleavages releases an 
alcohol and yields AE

5) Bond cleavage is the rate-limiting step

Adapted from Chem. Sci., �6, 2025 

�) Watcat occupies the vacant space

2) Watcat conducts the nucleophilic attack

3) AE is hydrolysed releasing

4) A highly unstable carbamic acid product 
is released

5) It is decomposed quickly into CO2

B3LYP/6-3��+G(2d,2p)-D3(BJ): ff�4SB//B3LYP/6-3�G(d)-D3(BJ):ff�4SB 



Residue Energy Re�ssessment – Mut�tion Propos�ls

MM residues inuence �49 residues were systematically removed

Single-point energy calculations

No conformational rearrangement

Electrostatic inuence roadmap

Elimination or replacement could reduce the energetic cost

Improving catalytic efficiency
Adapted from Chem. Sci., �6, 2025 



Conclusion

�) Computational approaches were fundamental for understanding conformational dynamics and the 
catalytic mechanism of UMG-SP2 and UMG-SP3

2) EuroHPC resources were a cornerstone of this work (large simulation timescales and QM-MM 
resolution of the free energy prole)

3) Relevant role of HPC-driven work in advancing protein research

4) Synergy between large-scale computational resources and enzymatic knowledge enhance our 
understanding of plastic biodegradation

Chemical Science, doi:�0.�039/d4sc06688j Angewandte Chemie International Edition, 
doi:�0.�002/anie.2024�9535

Advanced Science, doi:�0.�002/advs.2024�60�9
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Outline

From Computational Framework to 
Applications

Application of Quantum Chemical 
Simulations
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The Modelling Approach is Taken From Heterogenous Catalysis
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Application: The Case of Titanium Nitride
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UNCONVENTIONAL  
INTERMEDIATES

H*H*
The number

of potential
candidates is
reduced to 6

H2*H
2phys

STABILITY
Pourbaix Diagrams

Only Pt and Pd are  
stable in HER working  

conditions

Experiments:
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HER OER

Single-Atoms on Goldene
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Combining DFT with KMC

Co@Ag(111) Pt@Au(111)
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- Modeling of SAAs requires (at least) a few Ingredients

- SAAs are a viable way to reach new generation catalytic
system

The chemistry and reactivity of SAAs 
is not easy

Conclusion

- SAAs are a fantastic playground to interplay experiments
And theory
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