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Schedule	

Thu 4 June (Infocenter Corona, 1st floor, lecture hall 1)

10:00-11:00  Digital Microfluidics (DMF)
Prof. Aaron Wheeler

Coffee break

11:15-12:15 DMF for 3D Cell Constructs, Single-Cell Signaling
and Other  Applications
Prof. Aaron Wheeler

Lunch break

13:30-14:30 (Single) Cell Analysis on Microfluidic Devices
Prof. Petra Dittrich

Coffee break

14:45-15:45   Cell and Vesicle Analysis Using Microchambers
Prof. Petra Dittrich
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Fri 5 June (Infocenter Corona, 1st floor, lecture hall 1)

8:30-10:00 Introductions to selected microfluidics and
nanotechnology projects of the Faculty of
Pharmacy, prof. Heikki Ruskoaho, Dr. Hélder
Santos, Dr. Tiina Sikanen

Coffee break

10:30-11:30 Drop-based microfluidics for producing
materials for encapsulation and controlled
release
Prof. David E. Weitz

11:45-12:45 Drop-based microfluidics for screening and
diagnostics
Prof. David E.Weitz

Lunch break

14:00-15:00 Biophysical insights into protein aggregation
Prof. Tuomas Knowles

Coffee break

15:15-16:15 New materials through protein self-assembly
Prof. Tuomas Knowles

16:30-17:30 Panel discussion and closing remarks
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Biography	Prof.		Wheeler		

Aaron Wheeler earned his PhD in Chemistry at Stanford University in
2003.  After  a  postdoctoral  fellowship  at  UCLA,  he  joined  the  faculty  at
the University of Toronto in 2005, where in Bioanalytical Chemistry.
Wheeler’s research group develops microfluidic tools to solve problems
in chemistry, biology, and medicine. Wheeler has been recognized with
a number of honors including the W.A.E. Mcbryde Medal from the
Canadian Society for Chemistry, the Arthur F. Findeis Award from the
American Chemical Society, and the Joseph Black Award from the Royal
Society of Chemistry. Wheeler is an Associate Editor of Lab on a Chip.
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Abstract	of	Prof.		Wheeler’s	lectures	

1. Digital Microfluidics
2. DMF for 3D Cell Constructs, Single-Cell Signaling and Other

Applications

Digital microfluidics is a technique in which discrete droplets are
manipulated on an open surface. In the first talk, I will give an overview
of the technique, describing formats, forces, strengths, weaknesses, and
applications. In the second talk, I will describe recent projects that my
research group has undertaken, including the development of methods
for the manipulation and analysis of three-dimensional cell constructs,
and a technique for evaluating fast signaling events in single cells.
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Biography	Prof.	Dittrich		
											

Petra Dittrich is Associate Professor for Bioanalytics in the Department
of Biosystems Science and Engineering at the ETH Zurich. Her research
in the field of lab-on-chip-technologies focuses on the miniaturization of
high-sensitivity devices for chemical and biological analyses, and
microfluidic-aided organization of materials.
She studied chemistry at Bielefeld University (Germany) and
Universidad de Salamanca (Spain), and earned her PhD at the Max
Planck-Institute for Biophysical Chemistry (Göttingen, Germany) in 2003
in the group of Petra  Schwille. Her PhD thesis on single fluorescent
molecule spectroscopy and fluorescence correlation spectroscopy in
microfluidic channels applied for flow analysis, single particle analysis
and kinetic studies of reactions was awarded by the Westfälisch-
Lippische Universitäts-gesellschaft. After another year as postdoctoral
fellow at the MPI Göttingen, she worked with Andreas Manz at the
Institute for Analytical Sciences (Dortmund, Germany) (2004-2008),
where she developed microfluidic platforms for cell analysis and lipid
vesicle formation. From 2008-2014, she was Assistant Professor for
Bioanalytics in the Department of Chemistry and Applied Biosciences at
the ETH Zurich.
For research stays, she was at the Cornell University (2002) and the
University  of  Tokyo  (2005);  she  was  fellow  of  the  Studienstiftung  des
Deutschen Volkes, the German Exchange Organization DAAD and the
Christiane Nüsslein-Vollhard-foundation. In 2008, she received the
prestigious Starting Grant by the European Research Council (ERC).
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Abstract	of	Prof	Dittrich’s	lectures	

1. (Single) Cell analysis in microfluidic devices
2. Cell and vesicle analysis in microchambers

Microfluidics is nowadays an established technology and provides a
huge toolbox for analytical and bioanalytical methods. Microfluidic
platforms facilitate precise handling and positioning of cells, creating of
chemically defined liquid environments, and tailoring mechanical or
physical conditions. In recent years, numerous microfluidic platforms
have been developed for cell culturing, cell manipulation and single cell
analysis. The first lecture will give an overview of the current
microfluidic platforms, and discuss limitations and open challenges.

The second lecture will  focus on single cell  and vesicle analysis in small
microchambers. Single-cell analysis is an emerging research field and is
facing numerous challenges due to limitations in the available analytical
methods. The current gold standards of single-cell analysis include
cytometry and fluorescence activated cell sorting (FACS) for ultrafast
analysis of large cell populations, and conventional fluorescence
microscopy for analysis of living cells over longer periods. Recently, the
emergence of microfluidic platforms has promised novel analytical
strategies for positioning, treatment and observation of single cells.
Several studies demonstrated the potential of microdevices for the
analysis of DNA or RNA derived from single cells, e.g. in combination
with  polymerase  chain  reaction  (PCR)  to  enhance  the  sensitivity  of  the
measurements. When targeting proteins and metabolites, the analysis
gets far more difficult due to the lack of suitable amplification methods,
the large number of different compounds present, and their variations
in chemical nature and hence, the quantitative analysis of intracellular
biomolecules remained difficult. Recently, we introduced a general
method to quantify intracellular compounds down to a few zeptamoles
by combining microfluidic cell trapping and isolation with the analytical
power of immunoassays, specifically enzyme-linked immunosorbent
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assays  (ELISAs).  We use  a  two-layer  microfluidic  device  made of  PDMS
that comprises an array of up to a few hundred microchambers, each
encapsulating a volume of a few hundred picoliters. Cells are trapped
individually in microsized hurdle structures placed in the center of a
microchamber and can be repeatedly treated and washed before lysis.
We employed this device for quantifying intracellular proteins, enzymes
and other (small) molecules in healthy cells as well as cells treated with
chemical compounds. Furthermore, modifications of the platform
allows  for  analysis  of  yeast  and  bacteria  lysates  and  studies  on  cell
membrane fusion.

These microfluidic platforms proved highly useful for analysis of cell
models, i.e. giant unilamellar vesicles (GUVs), which we create in order
to elucidate processes at the membrane. We could address questions of
membrane permeability and membrane fusion. In addition, we could gain
new insights into the properties of membranes, when exposed to
mechanical forces. Together, these studies may reveal in more detail the
role  of  the  membrane in  the  cellular  response  to  chemical  stimuli  and
mechanical strains.
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Biography	Prof.		Weitz			

	
Professor David A. Weitz is a Canadian/American physicist and a
Mallinckrodt Professor of Physics and Applied Physics, and of Systems
Biology at Harvard University. Prof. Weitz received his PhD in
superconductivity from Harvard. Prof. Weitz is best known for his work
in the areas of diffusing-wave spectroscopy, microrheology,
microfluidics, rheology, fluid mechanics, interface and colloid science,
colloid chemistry, biophysics, complex fluids, soft condensed matter
physics, phase transitions, the study of glass and amorphous solids,
liquid crystals, self-assembly, surface-enhanced light scattering, and
diffusion-limited aggregation. More recently, his laboratory has
developed Force spectrum microscopy, which is capable of measuring
random  intracellular  forces.  Prof.  Weitz  has  published  more  than  78
patents, more than 900 publications with h-index of 123.

Prof. Weitz’s group studies the physics of soft condensed matter,
materials easily deformed by external stresses, electric, magnetic or
gravitational fields, and even thermal fluctuations. Prof. Weitz’s group
studies also the properties of colloidal suspensions to investigate the
behavior  of  crystals  and  glasses  as  well  as  the  properties  of  highly
disordered gels. They use confocal microscopy, scattering and rheology
to investigate both fundamental properties that are modeled using the
colloidal particles as well as more technological applications of these
systems. They also investigate other soft materials such as foams,
emulsions and gels, to study the relationship between their internal
structure and dynamics and their bulk properties, developing a
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fundamental understanding that can also impact on technological
applications. They also are developing methods to make ‘designer’
emulsions and foams on a drop-by-drop basis using a class of
microfluidic  devices  that  they  have  developed.  The  group  also
investigates the mechanical properties of biopolymer networks, both
model, reconstituted networks, and those in cells, with a goal of
understanding mechanical behavior at the level of single cells and of
tissue. They investigate the properties of reconstituted networks of
actin, microtubules and intermediate filaments, and study ‘active’
networks, where molecular motors induce active motion. These studies
provide insight into the mechanical properties of cells. They also
investigate mechanical properties of extracellular biopolymer networks,
including collagen and fibrin.
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Abstracts	of	Prof.		Weitz’	lectures	

1. Drop-based microfluidics for producing materials for
encapsulation and controlled release

 This talk will discuss the use of microfluidic devices to precisely control
the flow and mixing of fluids to make drops, and will ex-plore how these
drops can be used to create new materials that are difficult to
synthesize with any other method. These materials have great potential
for use for encapsulation and release and for drug delivery. I will
demonstrate how this can be used for new fundamental and
technological applications. I will also demonstr-ate that even though the
drops are made one by one, there are methods that their production
can be scaled up to create meaningful quantities of materials that have
practical uses.

2.  Drop-based microfluidics for screening and diagnostics

 This talk will describe the use of microfluidic technology to control and
manipulate drops whose volume is about one picoliter. These can serve
as reaction vessels for biological assays. These drops can be
manipulated with very high precision using an inert carrier oil to control
the fluidics, ensuring the samples never contact the walls of the fluidic
channels. Small quantities of other reagents can be injected with a high
degree of control. The drops can also encapsulate cells, enabling cell-
based  assays  to  be  carried  out.  Examples  of  the  application  of  these
devices to the study of fundamental biology and to biotechnology will
be described. Emphasis will be on ultrahigh throughput screening and
diagnostic applications.
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Biography	Prof.		Knowles		

Tuomas Knowles is a University Reader in Physical Chemistry at the
University of Cambridge. He obtained his Master's degree in Physics
from  the  Swiss  Federal  Institute  of  Technology  in  2004  and  his  PhD  in
biophysics from Cambridge in 2008. After a period as a St John's College
Junior  Research  Fellow,  he  joined  the  faculty  of  the  Chemistry
Department  in  Cambridge  in  2010.  His  work  explores  the  interface
between the physical and the life sciences, with a particular focus on
understanding the physical basis of protein self-assembly processes in
health  and disease.  He  is  the  recipient  of  a  number  of  prizes  including
the  2012  Royal  Society  of  Chemistry  Harrison  Meldola  Memorial  Prize
and the British Biophysical  Society Medal in 2014. In 2013, he was also
awarded the prestigious ERC Starting Grant for studying the physical
properties of heterogeneous protein complexes using
microfluidicctechnologies. Dr Knowles has coauthored over 60  peer-
reviewed  scientific articles.
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Abstract	of	Prof.		Knowles’	lectures	

1. Biophysical insights into protein aggregation
2. New materials through protein self-assembly

Dr. Knowles’ group studies the physical and chemical aspects of the
behaviour of biopolymers and other soft systems. Much of our work has
been focused on the physical aspects underlying the self-assembly of
protein molecules. Self-organisation is the driving force generating
complex matter in nature, and the process by which the machinery
providing functionality in living systems is assembled. The goal of our
research is to understand the physical and chemical factors which
control the structures and dynamics of biomolecular assemblies, and
the connections between the nanoscale characteristics of the
component molecules and the physical properties of large-scale
assemblies and their behavior on a mesoscopic to macroscopic scale.
The techniques used in our laboratory include biosensors, optical
lithography, microfluidic devices and scanning probe microscopy and
spectroscopy. We work both with natural and synthetic polymers and
our interests range from fundamental chemical physics to technological
applications in material science and molecular medicine.


