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│ The Approach

Our laboratory employs a multidisciplinary and
collaborative approach to studying protein folding,
misfolding, and aggregation. Our primary
objective is to develop novel therapeutics and
diagnostic tools to target these pathologies
effectively.

Design and manufacture advanced protein-
based biopharmaceuticals. Additionally, we
are committed to exploring the potential of
self-assembled functional materials for
nanotechnology and biomedical
applications.



EXAMPLE I: 
Computation



│ Computation



The environment: Aggrescan4D
Protein aggregation
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pH-dependent aggregation prediction
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EXAMPLE II: 
Amyloid structure



Cryo-EM structure determination of hnRNPDL-2 amyloid fibrils



EXAMPLE III: 
Building up BioNanomaterials



MPPs form fibrillar amyloid assemblies

NY7 QY7 SY7 GY7



Amyloid self-assembly of HY-peptides is controlled by pH



Metallized MPPs behave as ancestral enzymes: Carbonic anhydrase activity

Human carbonic anhydrase

Makam et al., Nat. Catal.  2019
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Díaz-Caballero et al., ACS Nano 2023

Cu2+ Zn2+

Metallized MPPs behave as carbonic anhydrase-active scaffolds
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Z-domain

Bridging Cells

Anti-EGFR Anti-CD3

Anti-EGFR Anti-rabbit



Capture Viruses
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Sup35-LCB1



Ring Technology

RLP-S4RLP-S1, RLP-S2 & RLP-S3

Controlled self-assembly in a Lego-like fashion

❖ Screened over 10+ RLP-S candidates

❖ Currently designing 3 additional RLP-S (from non-human pathogens)

Multivalent Multicomponent Cargo

High-density of dual cargoes in 1:1 stoichiometryOn-demand self assembly of heterooligomeric RLPs

Through rational protein design and engineering, we have modified the self-assembling properties of viral 

proteins and generated a minimal toolkit for on-demand oligomerization
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Ring Technology



Ring Technology



EXAMPLE IV: 
Therapeutics for  

Neurodegenerative Diseases



Introduction │ Parkinson’s Disease



Can we rationally design a molecule that targets these pathogenic species?

Disease 

spreading

Gain of 

toxicity
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Introduction │ -synuclein as a target in Parkinson’s Disease



Development of a targeted strategy
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Intranasal Administration
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Treatment of a Mice Model of Parkinson’s Disease

White - Null
Light Green – Null + Peptide
Red - h-asyn
Dark Green - h-asyn + Peptide
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Identification of PSM⍺3 binding sites

PSM⍺3 binding sites
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XL-MS HDX-MS

With J.M. Valpuesta With S. Radford



Nanobodies αSV and Ctrl
25

Nanobodies (1-6) 

Nanobodies

With E. Marcos

aSyn

Nb Ctrl

Nb aSV

Nb 5



AI-guided Design of an Immunotherapy for Parkinson’s disease
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Towards Immunotherapy for Parkinson’s Disease? 

ActivityConformational Specificity

-Synuclein/IgG

1000/1!!!
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Towards Immunotherapy for Parkinson’s Disease? 
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Beyond the State of the Art • Harnesses the power of the immune system

• Unique conformationally specific epitope

• Structure-guided & nanotechnology-driven vaccine

• Highly Immunogenic and safe

• Potent & selective antibody response against toxic αSyn 

Neurovax

mAb



Topics or Fields I Wish to Explore Further

We aim to deepen the rational design of protein-based therapeutics and 
self-assembling nanomaterials, with applications ranging from targeted 
immunotherapies and vaccines for neurodegenerative diseases—such as 
Parkinson’s—to novel platforms in diagnostics and biotechnology.

Ideas for Potential Korea–EU Collaboration under Horizon Europe

We see strong opportunities for joint development of advanced therapeutic 
and diagnostic solutions by combining our expertise in protein misfolding, 
structural biology, and bioengineering with Korea’s strengths in 
nanotechnology, formulation science, and translational medicine.
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