Application Brief

Dynamic live cell imaging of bacterial

biofilm communities using the
CellASIC® ONIX Microfluidic System

What do wildebeest herds, metastatic tumors, and
bacterial biofilms have in common? They are all complex
dynamic social environments that have intricate
signaling mechanisms. The challenge in studying

and manipulating such dynamic systems is in the
measurement and control of the immediate environment
coupled with constant monitoring of changes and
outcomes over extended periods of time. Even within
seemingly uniform populations that compose bacterial
biofilms, careful control and manipulation of their
microenvironment has revealed surprising fundamental
signaling mechanisms that could open up whole new
approaches to anti-bacterial therapeutics.

The most attractive approach to studying microbial
community dynamics would be in creating a model cell
culture system with a completely controllable environ-
ment that still allows extended, continuous observation.
Recent advances in live cell analysis technology have
made many such experiments possible’. The controllabil-
ity of cellular microenvironments has been significantly
improved with the introduction of biologically designed
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microfluidic chambers coupled with computer control®
One of the major technical challenges for long-term cell
analysis is being able to control the temperature, gas,
and nutrient composition of the cell environment during
the course of the experiment, without impeding optical
access to the cells. This is complicated by the proxim-

ity of microscope elements (objective lens, condenser,
stage), as well as the need for an unobstructed light path
through the sample without hindering stage or objective
movement. These challenges facing live cell analysis can
be met by using microfluidics-based cell culture, which
uses very small volumes of fluidics and culture cham-
bers, to enable dynamic changes in gas and temperature
conditions. Such a small thermal footprint allows the
user to perform precise, quick changes of temperature or
gas conditions during live cell experimentation, without
interfering with optical analysis and enabling experi-
ments that have traditionally been hard to perform.
Therefore, a microfluidic platform is a promising basis on
which to design an improved live cell incubation system
with dynamic control.
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Here we report on two recent Nature publications®* utilizing the CellASIC® ONIX Microfluidic cell culture platform
(Figure 1) for the observation and manipulation of bacterial biofilms.
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Figure 1.

CellASIC® ONIX microfluidic cell culture system. The low-profile manifold
(foreground) seals to the standard footprint microfluidic plate for viewing on any
inverted microscope. Pressure-driven perfusion, temperature and gas lines route

The culture chamber is 9 mm? in area with trap heights of 5.0, 6.0,

and 7.0 um. Nine position markers indicate unit number and relative
position. The inlet/outlet functions and minimum/maximum volumes
for each culture unit are listed below.

through the manifold to the microfluidic plate without blocking optical paths. 1-6 Inlet for solution switching
The CellASIC® ONIX Microfluidic Plate offers gaseous microenvironment control 7 Outlets to waste wells
with rapid response through aeration channels and gas-permeable materials. .

8 Inlet for cell loading

Figure 2.

Schematic of the
microfluidic device used
throughout the biofilm
experiments. Direction of
media flow is indicated by
the green arrows.

Creating a controllable biofilm environmental chamber

Bacterial biofilm communities consisting of millions of
cells can show considerable heterogeneity in nutrient
access. The UCSD researchers studying biofilm growth
reproduced that environment in a continuously observ-
able culture. They used the CellASIC® ONIX Microfluidic
Platform and a modified version of the YO4D microfluidic
plate (Merck Millipore). This plate provided unconven-
tionally large chambers, allowing the formation of large
cell colonies, yet not restricting media flow (Figure 2).
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Media flow in the microfluidic chamber was completely
controllable and driven by a pneumatic pump from the
CellASIC® ONIX Microfluidic Platform, and the pressure
from the pump was kept stable during the course of the
experiment. In most of the experiments, they used a
pump pressure of 1 psi with only one media inlet open

(there are 6 media inlets in the YO4D plate), which
corresponded to a flow speed of16 um/s in the growth
chamber. Since the microfluidic chamber could remain
continuously on the microscope stage, time-lapse
microscopy recordings of the biofilm colony growth was
recorded using phase contrast microscopy with images
taken every 10 minutes and subsequently analyzed using
image analysis software (Figure 3).

Figure 3.

Composite image of a growing bacterial biofilm community.
In the center is a microscopy image of the actual biofilm. This
image is combined with the surrounding contour lines that
show the edge of the biofilm over time. Courtesy of Giirol Siiel
Lab, UCSD.



Jintao Liu and colleagues in Girol Stel's lab used the
microfluidic culture platform to investigate an inter-
nal conflict within bacterial biofilms: cells at biofilm
periphery protect cells in the interior from external
attack but also starve them through nutrient consump-
tion (Figure 4)°. The researchers discovered that biofilms
resolved this conflict through long-range metabolic
co-dependence between biofilm periphery and interior.
This co-dependence leads to periodic halting in biofilm
growth, therefore preventing interior cells from starving
to death.

In a further study, Arthur Prindle and colleagues of the
Siiel lab demonstrated that bacterial potassium channels
enable active electrical communication and surprising
coordination with the oscillatory dynamics of the biofilm
communities*. This potassium based ion channel medi-
ated oscillatory signaling allows cells to rapidly com-
municate their metabolic state to enhance the previously
revealed long-range metabolic codependence in biofilms.
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The CellASIC® ONIX microfluidic system is specifically
designed to control cell culture parameters and create

a stable, manipulatable environment and can be used
to conduct long term study of bacterial biofilm dynam-
ics. This design has been demonstrated for numerous
bacterial species for long-term culture, fluorescence
quantification, and nutrient manipulation. Further, the
ease of use, flexibility, and accessibility of this advanced
technology platform should prove beneficial to a wide
range of bacterial cell biology applications.

Nutrient Access

Biofilms must reconcile
opposing demands for
protection from external
challenges (gradient
indicated in green) and
access to nutrients (gradient
indicated in grey).
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The power of the CellASIC® ONIX Microfluidic
System for Precision Live Cell Imaging:

® Preprogram dynamic inputs to the environment, including media, activators,
inhibitors, detection reagents, gas mixture, and temperature for completely
hands-free operation

® Software-driven flow switching with completely customizable flow rates that
can change at preset time points

® Compatible with most inverted microscopes, enabling dynamic, live-cell
microscopy experiments that cannot be done in static culture dishes

® Multiple application-specific plates enable a range of experimental designs

® Easy software setup using application-specific wizards to get you started
immediately

Explore the technology and read
detailed application papers at:
www.merckmillipore.com/CellASIC
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