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CUSTOMER 
Professor Philip Lintilhac 
Research Associate Professor 
of Plant Biology, Department 
of Plant Biology, University of 
Vermont, USA (Left)

 

APPLICATION  
Encapsulating protoplasts 
in an agarose gel to 
precisely control the physical 
microenvironment of individual 
plant cells

REQUIREMENTS 
Consistently sized, spherical 
hydrogel microbeads

SOLUTION
Dolomite Microfluidics’ droplet 
system with 2-reagent, 
4-channel Reagent Droplet 
Chip and P-Pumps

RESULTS
Reliable and reproducible 
encapsulation of cells in 
spherical hydrogel beads

The significance of cell and tissue mechanics in plant development has 
long been acknowledged, but the study of plant biomechanics remains 
a challenge. Sophisticated tools are now available for the investigation 
of the genetic structure of plants and subcellular processes, but hardly 
any exist for studying plant biomechanics at the cellular level. Scientists 
have attempted to study plant structures in controlled mechanical 
environments, for example, by photoelastic modeling, but this is not 
easy, as any tissue level interference disturbs the stress mechanics of 
the system. 

The challenge

CASE STUDY 

Investigating plant cell biomechanics at the 
cellular level
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Attempts have also been made to follow stress release experiments 
using high speed video micrography, but this too is difficult to interpret. 
Researchers in the Department of Plant Biology at the University of 
Vermont have developed a novel droplet microfluidics approach to 
investigate plant cell mechanics and increase their understanding of 
plant development. Philip Lintilhac, Research Associate Professor of 
Plant Biology, talks about the work he and his colleagues have been 
doing to develop and optimize microfluidic techniques to investigate 
plant cell biomechanics.

The droplet diameter is controlled by adjusting the flow rates of 
the different phases, creating a stream of monodisperse agarose 
droplets that exit the microchip into a cooled mineral oil bath 
where they solidify.”

We are an early adopter 

of this technology in 

this sector, and are 

very pleased to have 

successfully demonstrated 

that, by using microfluidic 

encapsulation, it is possible 

to gain new crucial insight 

into plant biomechanics.”

Taking a new approach to plant cell 
biomechanics
The dawn of droplet microfluidics has opened the door to novel ways 
of manipulating individual cells, capturing them in an isotropic and 
homogenous mechanical environment where variables can be isolated 
more effectively. Once encapsulated in hydrogel beads, the cells are 
isolated from the physical influence of neighboring cells and can be 
subjected to controlled mechanical forces.

Philip: “We have tested a few biomechanical tools and developed many 
systems in my lab over the years, including attempting to manually 
produce droplet emulsions by homogenizing oil and water, but with 
limited success. We then went on to evaluate the use of a pressure-
driven atomization process to produce a stream of droplets, but found 
that this system was not a particularly reliable way to do this.”
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Philip discovered Dolomite Microfluidics’ commercially-available droplet 
system, which allowed the department to adopt a new approach for 
studying plant cell biomechanics, encapsulating living plant protoplasts 
in precisely sized, spherical hydrogel beads.1,2

Philip: “We can now generate agarose microbeads using the Dolomite 
Microfluidics droplet system with a two-reagent, four-channel glass 
junction chip. The component fluids – mineral oil plus surfactant 
(continuous phase), live protoplasts in culture medium and agarose 
(discontinuous phase) – are fed into the droplet chip. Here, the agarose 
and protoplasts meet, and are immediately cleaved into droplets at the 
intersection with the continuously flowing oil. The droplet diameter is 
controlled by adjusting the flow rates of the different phases, creating 
a stream of monodisperse agarose droplets that exit the microchip into 
a cooled mineral oil bath where they solidify. After isolation from the 
oil, the microbeads are suspended in culture medium for experimental 
studies to investigate plant cell biomechanics, for example, cytoskeletal 
changes in response to the application of controlled mechanical loads.”

The solution

The Dolomite Microfluidics’ system has shown the potential of 
this technique to support novel approaches to investigating plant 
biomechanics, generating 130 consistently sized, spherical hydrogel 
microbeads a second, and resulting in encapsulation of individual 
protoplasts with good viability, enabling the investigation of plant cell 
biomechanics at the cellular level.

Philip: “We are an early adopter of this technology in this sector, and 
are very pleased to have successfully demonstrated that, by using 
microfluidic encapsulation, it is possible to gain new crucial insight into 
plant biomechanics. We have been able to reproducibly manufacture 
the hydrogel microbeads, and encapsulate individual protoplasts with 
good viability, and are now building on this initial success, optimizing 
the process and experimenting with ways to further improve the 
application of droplet microfluidics to plant cell biology.”

The results

Size influences 
the mechanism 
of cellular uptake 
and, therefore, 
the therapeutic 
efficacy.”


