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Biointerface Engineering – connecting biology & technology

Proteins, lipids, cells and 
bacteria on biomaterials

Bioarrays, microfluics
Au NP assisted NIR Stimulation

Characterisation
Biological
Physical

Chemical 
XPS, ToF-SIMS, QCM-D, 

AFM, Ellipsometry…

4D Cell Culture Systems
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Adhesive, topographical, mechanical, and soluble cues in 2D and 3D. 

Brendon M. Baker, and Christopher S. Chen J Cell Sci 2012;125:3015-3024
© 2012. Published by The Company of Biologists Ltd





Skin is more than a monolayer of cells 



3D Skin Cultures 
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Applications 
• New models for biomaterials testing 
• Fundamental biology
• Drug and gene delivery systems 
• Studying stimulation systems  - Nanoparticle 

enhanced NIR etc



Fluidics and sensing
Perfusion systems 

Scaffold and cell system

Curating 
4D Cell Culture 

Systems 

Imaging systems

Host Responses

Functional Readouts 



Toolbox 1: Materials, Cells, and Devices
Selection of cells for:
• appropriateness (age, source, primary vs secondary) 
• reproducibility 
• scalability
• tissue structure
• functionality

• inflammation
• infection
• Signaling



Toolbox 1: Materials, Cells, and Devices

Scaffolds
• Adaptable
• Decellurised tissues
• Biological or synthetic hydrogels
• Signalling and attachment cues 
• Mechanical properties  

3D Printing 
Engineered 

Tissue



Devices requirements 
• High throughput platforms
• Aid perfusion
• Integrate with analysis
• Accommodate 3D tissues, 

enable in situ growth
• Allow integration of test 

materials etc

Toolbox 1: Materials, Cells and Devices

Wyss Institute, Harvard



Toolbox 2: Functional Reporting and Sensing

14 |

Interrogate 
• Cells
• Matrix
• Media 



• Downstream, in line biochemical monitoring 
• Cell viability and cytokine activities 
• Local pH, glucose levels, electrical properties 

Toolbox 2: Functional Reporting and Sensing - Media
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• Cell reporter systems with long lifespans, >10 days
• Translation of 2D assays into 3D in situ assays
• Spectroscopy within the 3D culture 

Toolbox 2: Functional Reporting and Sensing – Cells and Media 



Toolbox 2: Real-time Reporting – Cells and Matrix

• Electrical monitoring – cell-cell junctions, cell migration, 
proliferation… 



Toolbox 2: Real-time Imaging – Cells and Matrix

• Need depth of field 
• Non-linear optical techniques 
• Use native fluorescence
• Non-transparent systems
• Matrix reorganization 
• Cell behavior/signaling

Boppart Group - J. Biophotonics 5, No. 5–6, 437–448 (2012)



Verify, Validate…collaborate

Gold standard techniques
• Histology/immunostaining
• ELISA
• Flow cytometry



Probing Biosystems Future Science Platform 



• Dr Sally McArthur – materials engineer with biological tendencies and 
faking it until she makes it

• Dr Aleta Pupovac – immunologist, FSP project Inflammation and 
infection models in skin

• Dr Zay Yar Oo – cell biologist, focus on biomolecular systems, 2D to 3D 
translations 

• Dr Daniel Langley – physicist with specialisation in instrumentation, 
microfluidics devices and integration 

• Sorel De Leon – biosensing expert, electrical engineer 
• Charlie Wilson – neuroscientist, cell biologist with engineering 

tendencies. 

The 4D team



Collaboration is Key
• CSIRO Cell Biology Group, Veronica Glattauer, David Haylock.
• Sheila McNeil – U Sheffield
• Katharina Maniura and Markus Rottmar – Empa Switzerland, Biointerface Group
• Prof Heike Walles – Translation Centre, U Wurtzburg, Fraunhofer IGB 
• Lara Gamble – NESAC-Bio, University of Washington, Seattle
• AFOSR Biophysics Program colleagues? 



Manufacturing/Probing Biosystems FSP
Sally McArthur
Research+ Science Leader, Biomedical 
Manufacturing
t +61 0450772348
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