
reengineering matrix components, rather than de novo design of such a system. Third, bacterial cells are much
more robust and require less stringent growth conditions than eukaryotic cells, allowing the use of engineered
biofilms in a wide variety of environments. Furthermore, these biofilms can use low-cost feedstocks to continu-
ally produce and assemble these nanomaterials which would be substantially cheaper than in vitro-based self-
assembly that utilizes chemically synthesized and/or purified components. Lastly, bacteria have rapid growth
times, enabling fast design and optimization cycles during engineering.
The biofilm is composed of the cells themselves and extracellular polymeric substances (herein referred to as

EPS) that they produce collectively known as the matrix. The three main biomolecules that have been identified
in biofilm EPS are polysaccharides, DNA, and proteins. All of these components contribute to the essential
functions of a biofilm matrix: structural integrity, hydration, and adhesion to surfaces. Polysaccharides
are typically the dominant component of most biofilms and provide the majority of the structure in the

Figure 1. Synthetic biology for nanomaterials fabrication through engineered biofilms.
(A) Biofilms protect bacteria by encapsulating the cells in an extracellular matrix. Biofilm formation proceeds by initial attachment (1), generation of
the extracellular matrix (2), the formation of a mature biofilm structure (3), and finally dispersal of the biofilm allowing the cells to colonize other
environments (4). (B) The extracellular matrix of bacterial biofilms are largely composed of three main biomolecular polymeric components (known
as extracellular polymeric substantces, or EPS): polysaccharides, DNA, and self-assembled protein polymers. (C) The main biofilm protein polymers
are self-assembled amyloid nanofibers that play a role in biofilm structural integrity. By engineering these amyloid proteins as chimeric proteins with
functional domains, programmable nanomaterials are possible. The functional domains can confer a wide range of artificially designed properties to
the nanofiber networks.
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1.2. Basic principles of FCS
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Figure 1.3.: Principle of FCS. a: The sample is illuminated by focusing the laser beam through an ob-
jective. The emitted photons are then spectrally filtered and detected with an avalanche photodiode. A
pinhole axially confines the detection volume. b: Fluorophores di↵using through the detection volume
give rise to a fluctuating intensity trace from which the auto-correlation curve, which measures the self
similarity of the signal, can be calculated (c). Parameters of interest are obtained by fitting a mathematical
model, the correlation function, to the experimental correlation curve.

By calculating the correlation curve, the signal at time t is compared with that at time t + ⌧ (the
product carries out this comparison), and the similarity is averaged over all times. Therefore the
auto-correlation curve measures the self similarity of the fluorescence signal with time. For short
time intervals fluorophores in the detection volume have not moved far and the intensity signal has
not changed much. This leads to a high self similarity of the intensity trace and a high value of the
auto-correlation curve for small lag times. For longer time intervals fluorophores are likely to have
di↵used out of the detection volume. The self similarity is then lowered and the auto-correlation curve
decays to zero. Therefore the decay time of the auto-correlation curve, the so called di↵usion time ⌧D,
is a measure for the di↵usion coe�cient of the fluorophores. If only a few fluorophores are present
in the detection volume, the relative fluctuations are large, the amplitude of the auto-correlation curve
is high. Therefore the amplitude is a measure for the concentrations. If we set ⌧ = 0 in eq. 1.2 and
assume the intensity to be proportional to the number of particles N in the detection volume we find

G(0) =
h�F2i
hFi2 =

h�N2i
hNi2 =

1
hNi (1.3)

because the number of particles in the detection volume follows a poisson distribution with Var(N) =
N.

In general, not only the di↵usion through the detection volume leads to fluctuations in the intensity
trace. Other sources are photophysical fluctuations, internal dynamics, the rotation of fluorophores
which leads to varying excitation probabilities, or photobleaching. Fluctuations in the excitation
power or detection geometry result in an unwanted change of the intensity and distortions of the
correlation curve.

Once the correlation curve is calculated, it is fitted with a mathematical model, i.e. the correlation
function. This fit results in estimates for the parameters of interest, e.g. the concentration C or the
di↵usion coe�cient D (fig. 1.3c).

In experiments using avalanche photo diodes, the measured signal is the photon arrival times.
There are e�cient algorithms to calculate correlation curves directly form the arrival times (see section
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