Material Sciences and
Solid-State Physics



NOVO
EBET.O nordisk

F E CIENCIAS
UNIVERSIDADE DO PORTO fonden

Transforming Computational
Power into Environmental
Solutions: HPC-driven
Research on Urethanase-
mediated Plastic
Degradation

Luis M. C. Teixeira
PhD Candidate




Enzymatic Plastic Breakdown
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Enzymatic depolymerization

Enhancing the catalytic efficiency

UMG-SP2

Computational methods are essential for rational mutagenesis
UMG-SP3



Importance of HPC Access

Capability
Computational fields —— Relevant for studying complex biological macromolecules
Versatility
Protein Dynamics Enzyme Catalysis
Simulations Structural and energetic catalytic data
In-depth atomistic analysis
Statistically significant exploration of the Hybrid QM/MM MD simulations (DFT)
conformational space




Dynamical Behaviour — Substrate Recognition

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

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

Our simulations confirmed the stability of both structural arrangements



Mutagenesis Study — Role of L3

Computationally

L3 residues were targeted Simulations predicted productiveness

Experimentally
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We speculated that a more mobile L3 would promote catalysis




Validation of Modelled Complex

Mechanistic study ——> Validated model Lack of resolved complex structure

MD simulations confirmed the stability

A
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Constructed a QM/MM model to study the mechanism



UMG-SP2 Catalytic Mechanism

Adapted from Chem. Sci., 16, 2025

1) Catalytic triad facilitates proton shuttle
2) Ser,,. conducts nucleophilic attack
3) A Tlis formed and then collapsed

4) Ester bond cleavages releases an
alcohol and yields AE

5) Bond cleavage is the rate-limiting step

1) Wat_,, occupies the vacant space
2) Wat_,, conducts the nucleophilic attack
3) AE is hydrolysed releasing

4) A highly unstable carbamic acid product
is released

5) Itis decomposed quickly into CO,

B3LYP/6-311+G(2d,2p)-D3(BJ): ff14SB//B3LYP/6-31G(d)-D3(BJ):ff14SB




Residue Energy Reassessment — Mutation Proposals

MM residues influence <> 149 residues were systematically removed

Single-point energy calculations
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Adapted from Chem. Sci., 16, 2025



Conclusion

1)

3)
4)

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

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

Relevant role of HPC-driven work in advancing protein research

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

Unveiling the enzymatic pathway of UMG-SP2 urethanase: Structural and Functional Characterization of an Amidase Targetinga  Structure-Guided Engineering of a Versatile Urethanase
insights into polyurethane degradation at the atomic Polyurethane for Sustainable Recycling Improves Its Polyurethane Depolymerization Activity
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What about the stability in electrochemical conditions? ggSSTZB i
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Single-Atom (lron-Based) Catalysts: Synthesis and Applications
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ABSTRACT: Supported single-metal atom catalysts (SACs) are constituted of isolated
active metal centers, which are heterogenized on inert supports such as graphene, porous
carbon, and metal oxides. Their thermal stability, electronic properties, and catalytic
activities can be controlled via interactions between the single-metal atom center and
neighboring heteroatoms such as nitrogen, oxygen, and sulfur. Due to the atomic dispersion
of the active catalytic centers, the amount of metal required for catalysis can be decreased,
thus offering new possibilities to control the selectivity of a given transformation as well as to
improve catalyst turnover frequencies and turnover numbers. This review aims to
comprehensively summarize the synthesis of Fe-SACs with a focus on anchoring single
atoms (SA) on carbon/graphene supports. The characterization of these advanced materials using various spectroscopic techniques
and their applications in diverse research areas are described. When applicable, mechanistic investigations conducted to understand
the specific behavior of Fe-SACs-based catalysts are highlighted, including the use of theoretical models.
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What about the stability in electrochemical conditions? 52158'53 i
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- SAAs are a viable way to reach new generation catalytic ). =
system I RN R
The chemistry and reactivity of SAAs | 2] \ N\

o is not easy @ B
oy Aﬂ—a”m Ingredients |~ ; >
\ > to Model |\»“<¢ = » 4«
L e/ SACs <05

Stability

I PR Cu cuo
gésﬂ of
k=2
LY = cu
+
o 0

pH e

- SAAs are a fantastic playground to interplay experiments
And theory
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