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HIGH-FIDELITY MOLECULAR MODELLING OFFERS NEW 
INSIGHTS INTO PLASTICS’ BIOLOGICAL IMPACT. 
RESEARCHERS AT THE UNIVERSITY OF DEBRECEN, WITHIN CBMED’S MICROONE PROJECT, HAVE DEVELOPED A 

NOVEL MOLECULAR MODELLING WORKFLOW TO SIMULATE HOW NANOPLASTICS INTERACT WITH HUMAN 

BIOLOGY. THEIR HIGH-FIDELITY MODELS REVEAL THAT THESE PARTICLES CAN CROSS BIOLOGICAL BARRIERS, 

SEQUESTER ANTIBODIES, AND EVEN ALTER OUR DNA’S CONFORMATION. THESE HIGH-QUALITY STRUCTURES ARE 

NOW PUBLICLY AVAILABLE TO THE WIDER COMMUNITY TO ACCELERATE RESEARCH IN THIS FIELD.    

 

– 
While the ubiquitous presence of micro- and 

nanoplastics (MNPs) in our environment and bodies is 

well-documented, uncovering their impact on human 

health remains extremely challenging. The enormous 

physical and chemical diversity of these particles and 

the difficulty to track them within tissues often stall 

standard lab-based research. Molecular modelling 

offers a promising alternative to overcome these 

challenges: By using computational methods to 

simulate atomic-scale interactions, this field of 

research provides an opportunity to predict how 

nanoplastics interact with biomolecules, thus offering 

new insights that experiments cannot reach. 

Building High-Quality Nanoplastic Models 

As the predictive power of molecular modelling is 

limited by the quality of the data behind it, it is crucial 

to ensure that the model structures used in these 

simulations accurately reflect the real-life build of the 

molecule(s) to be investigated. Within CBmed’s 

microONE project, researchers of the University of 

Debrecen, under the leadership of Prof. Oldamur 

Hollóczki, established a systematic workflow to 

generate and characterize nanoplastic model 

structures, aiming for the highest possible accuracy. 

Demonstrating the applicability of the new approach, 
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the researchers already produced high-quality 

structures for four major polymer systems – 

polyethylene (PE), polypropylene (PP), polystyrene 

(PS), and nylon 66 (N66) (Figure 1). 

 

A Glimpse into the Interactions between 

Nanoplastics and the Human Body 

Using these new high-quality models Prof. Hollóczki’s 

team successfully identified several previously 

unknown ways nanoplastics could interfere with 

biological molecules – each with potentially severe 

implications on human health:  

The surface of plastics makes a difference 

When plastic particles are exposed to the 

environment or enter the human body, a layer of 

biomolecules forms on the plastic’s surface called the 

biocorona. Using computational simulations, the 

team discovered that the ability of the plastic 

particles to cross biological membranes depends on 

the biomolecules comprising this surface layer, and 

that a composition of the biocorona, that would allow 

the particle to cross these natural barriers and spread 

throughout the body – including into the brain – is 

entirely conceivable (Kopatz et al., 2023).  

Sequestering Therapeutic Substances 

Simulations looking into the interactions between 

nanoplastics and a common antibiotic drug – 

tetracycline – revealed, that this drug can stick to the 

surface of a variety of nanoplastic particles. Due to 

this adsorption, the drug can be trapped by the plastic 

and its ability to reach its target is reduced. The 

predicted reduction in the drug’s effectiveness was 

experimentally verified using a tetracycline-based 

reported assay in mouse and human cell lines (Dick et 

al., 2024).   

Altering DNA 

In their most recent finding, the researchers showed 

that the presence of positively charged functional 

groups on PS results in the binding of the plastic 

particle onto DNA. This interaction shifts the DNA’s 

conformation from the more common B-form into the 

rarer A-form, a change that could interfere with how 

the DNA’s information is read and transcribed (Figure 

2) (Varenicja & Hollóczki, 2025). 

Impact and effects 

The introduction of this systematic workflow allows 

for more accurate and reliable nanoplastic models to 

be generated and evaluated, thus improving the 

predictive power of molecular modelling in the field 

of MNP research and providing new insights into the 

mechanisms by which nanoplastics interfere with 

biological structures and processes.  

By making these structures available to the 

community in the form of a public online repository, 

we aim at improving the standardization of such 

simulations and hope to facilitate future advances in 

the field.   

Figure 1. Ball-and-stick representation and Lewis formulae of four 
nanoplastic structures (Szabó et al. 2025).  

Figure 2. (A) A simulation showing 
positively charged PS binding to the 
major groove of the DNA. (B) 
Geometry of the DNA in the first (left) 
and last (right) frame of a molecular 
dynamics simulation with positively 
charged PS from a lateral view 
(above) and along the axis (below) 
shows a significant conformational 
change upon binding of the plastic 
(Varenicja & Hollóczki, 2025). 
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