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Neuronal networks, from the smallest culture to the
entire brain, are characterized by a rich repertoire of
spontaneous rhythmic dynamics, in the form of electric
activity that propagates throughout the system. Spon-
taneous activity in the brain plays a fundamental role
in the development of synaptic connections and is cru-
cial for proper synchronization between brain areas. The
principles that govern the emergence, propagation, and
stability of spontaneous activity fronts are proving elu-
sive to the neuroscience community. In particular, the
interplay between the connectivity of a neuronal network
and its dynamics is still a fundamental paradigm.

Neuronal cultures are excellent model systems to study
fundamental questions of neuronal networks, from con-
nectivity and structure to learning, plasticity, and prop-
agation of information1,2. Here we present experiments
designed to shed light on the role of neuronal connectiv-
ity on spontaneous neuronal dynamics. We use the con-
cept of patterned neuronal cultures, where neurons and
connections are guided or constrained along predefined
circuits.

We consider one–dimensional (1D) and two–
dimensional (2D) patterns. 1D patterns are prepared
by chemically printing a circuit on a glass substrate1,3.
The circuit is typically 70 µm wide and 3 − 5 cm long.
Activity starts spontaneously at any point of the cir-
cuit and propagates with a stable velocity towards its
ends. By increasing or reducing the connectivity of the
network using different chemical agents one can extract

important information on the mechanisms that sustain
a stable propagating front3.

2D patterns are prepared by using a topographical
mold made of PDMS and manufactured using soft–
lithography. Neurons are then placed over the mold in
such a way that they grow and connect only along the val-
leys of the pattern. Patterned cultures show a repertoire
of activity that is much richer and complex than stan-
dard, non–patterned cultures. For instance, we observe
that the front advances in the form of patches of activ-
ity that propagate following complex paths, and with a
velocity that is about 100 times slower than standard cul-
tures. We also observe that activity preferentially starts
in specific areas known as ’Burst Initiation Zones’. Al-
together, patterned cultures offer an excellent and versa-
tile tool to understand the emergence and maintenance
of spontaneous activity in neuronal networks. They al-
so provide the experimental platform for our theoretical
modelling of spontaneous activity based on dynamical
systems and complex networks.
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