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By the end of the decade, we
will have witnessed a sea
change in our understanding of
diseases because new
technologies will make it
feasible to understand the
mechanisms that govern
biochemistry at a cellular level.
Assaying multiple parameters
on single, homogeneous
samples and interpreting
results as a whole will unleash
new knowledge. Biologists will
refer to a panel of proteins,
messenger RNAs, genetic
information and, perhaps, even
metabolites, to determine the
effects of stimuli on cells. “The
ability to analyse these data
synergistically [mRNA/protein
expression, protein-protein
interaction, and genetic data] is
a gateway for understanding
cell function and ultimately,
conducting model-driven
systems biology,” according to
Leroy Hood, et al1.
While systems biology is a

new mantra for drug discovery,
scientists lack an efficient
means to multiplex both
homogeneous samples and a
multitude of assays. Today,
even single-parameter assays
require preparation of a large
number of cells. But, the

biological states among these
cells may differ, obfuscating
results because the data
represents an average from
multiple cells. A better result
would be obtained from a
homogeneous sample
composed of a single cell of
certain type. Further,
multiplexing assay types
against a single sample
imposes logistical hurdles that,
today, cannot be overcome
economically.
Fluidigm has commercialised

a new product category – the
integrated fluidic circuit (IFC) –
that is uniquely suited for
systems biology. We’ve already
developed three types of IFCs:
fluidic microprocessors, which
integrate all the steps required
to synthesise reagents for
positron emission tomography;
dynamic arrays, which have
been proven highly effective for
protein crystallisation, gene
expression, genotyping and
immunoassays; and digital
isolation chips, which are useful
for assaying genetic material of
a single cell or for assaying
single molecules of nucleic
acids. IFC sample volumes per
assay are sub nanoliter, and the
density of assays per chip is
9,216 and climbing.
Assay densities have and will

increase at an exponential pace,
creating a ‘Moore’s law for
biology’, and solving the basic
problems inhibiting systems
biology today. First, the radical
reduction of sample volumes,
even down to individual cells
and molecules, removes errors
in data imposed by in-
homogeneity inherent in large-
scale sample preparation.
Second, the integration of
sophisticated fluidic handling
enables multiple assays to be
measured from each of multiple
samples using gold-standard

chemistries. In the next five
years, the model of brute-force
automation will reach the point
of diminishing returns
experienced by computation in
the 1950s – what engineers
called the tyranny of numbers –
where the complexity of
massive robotic systems
becomes unmanageable. In its
place, Fluidigm will give
science elegant ways of
achieving a clearer, multi-
parameter understanding of
biology, at very high throughput
and at a fraction of the
operational friction.
Fluidigm’s IFCs are a radical

improvement over early
microfluidic innovators, much
as Intel’s memory chips and
microprocessors were huge
advances over ICs from early
semiconductor companies like
Fairchild and Shockley
Semiconductor (ever hear of
them?). Rather than simple,
hard-wired devices for specific
and esoteric functions, the
DRAMs and microprocessors
made by Intel, Texas
Instruments and Motorola were
sufficiently dense to be both
flexible and efficient, ultimately
becoming ubiquitous as storage
and processing tools. Early
microfluidics companies
succeeded at miniaturising
channels, but they didn’t
integrate the various elements
needed for complex fluid
manipulations. In contrast, each
of Fluidigm’s 96x96 dynamic
arrays contains nearly 30,000
valves, 18,000 inter-layer vias
and more than 50,000 channels.
The result is a single chip that
can create 9,216 discrete
biochemical assays with only
190 microliters of sample and
192 pipetting steps. 
That Fluidigm IFCs can be

used for science as demanding
as systems biology is a

harbinger of the new order in
which prowess with biology
determines who will thrive.
Companies such as Amgen and
Genentech are demonstrating
the value of their legacy, using
their adeptness with biology to
commercialise successful new
drugs. In the next five years,
IFCs will enable traditional
pharmas to achieve this same
adeptness and pursue a new
generation of drugs that are
more targeted, efficacious and
predictable. ■
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