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Interactions between cells and microparticles: 
Phagocytosis research

Kress et al., PNAS (2007)

Filopodia (membrane protrusions) act as
tentacles and pull particles towards cells



Optically trapped controlled release microparticles:
Chemotaxis research

Holographic optical traps

Chapin et al. (2006) 

Kress et al., Nature Methods (2009)

Particle releasing a chemoattractant
(fMLP)

Particles releasing F-actin inhibitor
(cytochalasin D)



CRC Microplastics

Collaborative Research Centre 1357 
Microplastics 
@ University of Bayreuth (since 2019)

Understanding the mechanisms and 
processes of biological effects, 
transport and formation:
From model to complex systems as a 
basis for new solutions



Huge multidimensional parameter space 
in microplastics research

Koelmans et al., Nature Reviews Materials, 7, 138–152 (2022)

www.doka.ch/Excel3Dscatterplot.htm
Dimensions:
• Polymer material (PS, PE, PP, PET, PVC, ...)
• Size (sub-µm- up to mm-range)
• Shapes (spheres, fibers, fragments, ...) 
• Surface properties (plain, specific functionalizations, ...)
• Model organisms / cells (fish, mussels, ... / macrophages, epithelial cells, ... )
• ... 





Can we reduce the complexity 
in microplastic research?

• Possible long-term effects due to particle integration into 
tissue: Internalization into cells relevant 

 Experiments with cells and particles < 10 µm

• Interactions between a microparticle and a cell strongly
depends on particle surface properties

Can we reach a mechanistic understanding 
of the effects of microplastics?



Microplastic incubation in environmental media

Ramsperger, et al., Science Advances 6, (2020)

Fresh water Salt waterMarine aquaria

Ultrapure water
(neg. control)

Antibody coating
(pos. control)

Micro-Raman-Spectroscopy of freshwater-incubated particles

Polystyrene

Eco-corona 
(biomolecules)



Attachment to and uptake into cells

Ramsperger, et al., Science Advances 6, (2020)

 Incubation in fresh- and saltwater (eco-corona) strongly influences attachment and uptake

internalised particlesparticles with cell interactions



Reduction of complexity?

Dimensions:
• Polymer material (PS, PE, PP, PET, PVC, ...)
• Size (sub-µm- up to mm-range)
• Shapes (spheres, fibers, fragments, ...) 
• Surface properties (plain, specific functionalizations, ...)
• Model organisms / cells (fish, mussels, ... / macrophages, epithelial cells, ... )
• & Particle history (pre-incubation > eco-corona , weathering ?, ... )
• ... 

Which surface property could help to reduce complexity?



ζ-potentials of nominally equal microplastics

Ramsperger et al., J. Hazard. Mater., 425, 127961, (2022)

Spherical 3 µm plain polystyrene microparticles 
from two different suppliers (Polysciences & Micromod)

ζ-potential: Electrical potential 
at slipping plane. 



Nominally equal microparticles from 8 suppliers

Ramsperger, Gross, Wieland et al., manuscript in revision

PY: Polysciences Inc
MM: Micromod GmbH
MP: Microparticles GmbH
KI: Kisker Biotech GmbH
ST: Spherotech Inc.
TS: ThermoFisher Scientific
TJ: Tianjin Baseline
PX: Phosphorex Inc.unpublished data



Measuring cell interactions with flow chambers

Ramsperger, Gross, Wieland et al., manuscript in revision

Nominal chamber dimensions: h = 100 µm, w = 5 mm

Digital image processing
with artificial intelligence: 
Convolutional neural network yields 96-97% 
classification precision

 Multiplexed single-cell single-particle 
experiments

unpublished data



Bound particles under shear force

Ramsperger, Gross, Wieland et al., manuscript in revision

Fhyd = 50 pN

 Particle binding depends strongly on ζ-potential

Used particles:

Plain PS particles from 8 
suppliers

& aminated particles (PY-A)
& carboxylated particles
(PY-C, MM-C)

& plain particles incubated
in fresh and salt water for
2 and 4 weeks (MM-SW2, 
MM-SW4, MM-FW2, MM-
FW4)

unpublished data



Final but not conditional internalization depends on ζ

Ramsperger, Gross, Wieland et al., manuscript in revision

 ζ-potential strongly influences cellular uptake, but it does not predict it completely! 

Conditional Final

unpublished data



Summary and Conclusions

o Parameter space in microplastics research is huge (polymer material, 
size, shape, surface properties, model organisms/cells, ... ) 

 Reduction of complexity necessary

o Long-term effect due to integration into tissue: Experiments with cells 
and particles < 10 µm important, particle surface likely very relevant

o „History“ of the particles (pre-incubation in fresh- or saltwater  eco-
corona) can strongly increase binding to cells and uptake into cells

o ζ-potential of nominally equal particles varies drastically

o ζ-potential of plain, functionalized and pre-incubated particles strongly 
influences the binding to cells and thereby the uptake into cells

 Nominally equal particles can vary strongly in their surface properties

 ζ-potential might be a key parameter for complexity reduction

unpublished
data



Thank you for your attention!


	Lost in parameter space – Can we reduce the complexity in microplastic research?
	Acknowledgements
	Interactions between cells and microparticles: Phagocytosis research
	Optically trapped controlled release microparticles:�Chemotaxis research
	CRC Microplastics
	Huge multidimensional parameter space �in microplastics research
	Slide Number 7
	Can we reduce the complexity �in microplastic research?
	Microplastic incubation in environmental media
	Attachment to and uptake into cells
	Reduction of complexity?
	z-potentials of nominally equal microplastics
	Nominally equal microparticles from 8 suppliers
	Measuring cell interactions with flow chambers
	Bound particles under shear force
	Final but not conditional internalization depends on z
	Summary and Conclusions
	Slide Number 18

