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Abstract—Bottom-up synthetic biology allows the construction
of cell-like systems based on the encapsulation of chemicals and
biological macromolecules inside lipid vesicles. This approach
will lead to the development of nano-bio-technologies that exploit
the signal processing capability of molecular components in the
form of artificial and programmable minimal genetic network.
We refer, in particular, to bidirectional molecular communication
between programmable “synthetic cells” and biological cells.
Here we present our recent experiments, that allowed interfacing
synthetic cells with Pseudomonas aeruginosa by means of a
quorum sensing signaling system.

I. THE BOTTOM-UP SYNTHETIC BIOLOGY SCENARIO

The first years of 2000s led to the birth of “synthetic
biology” (SB), a discipline that combines engineering and
biology and aims at designing, constructing and assembling
biological components – that generally do not exist in nature
– for accomplishing useful tasks. The so-called bottom-up
approach refers to the construction, from scratch, of cell-like
entities, called “synthetic cells”, by encapsulating chemicals
and biological macromolecules inside lipid vesicles[1].

The final goal of this research is the construction of a living
synthetic cell, in order to unveil the mechanisms of life origins
on Earth and to provide a powerful tool for being exploited
in biotechnology and nanomedicine (intelligent drug delivery
systems).

To date, synthetic cell technology relies on the combination
of liposome technology and cell-free protein synthesis [2].
Liposomes are used as microscopic containers that can be
filled with all the molecular ingredients required to synthesize
a protein in their lumen, so to mimic cellular functions. In
particular, they can produce a well-folded, and thus functional,
protein – starting from the corresponding DNA sequence.
This means that such synthetic cells become programmable
by designing a proper genetic network and by exploiting the
well-known regulation mechanisms. This approach thus paves
the way to the design and the construction of synthetic cells
for specific purposes.

II. EXPLORING MOLECULAR COMMUNICATION BETWEEN
SYNTHETIC AND BIOLOGICAL CELLS

We have devised and discussed the possibility of construct-
ing synthetic cells capable of exchanging chemical signals

Fig. 1. Chemical communication between synthetic cells and bacteria
(unidirectional synthetic-to-biological cell communication is shown). The
minimal molecular systems capable of transcription-translation (TX-TL) is
encapsulated inside lipid vesicles together with a DNA sequence, which
encodes functional proteins, such as those that synthesize, send, or perceive
a chemical signal. Released in the medium, the signal molecule reach the
biological cells by diffusion, eliciting a response. Synthetic cells can act as
sender, receiver, or sender-and-receiver units.

with natural cells or with other synthetic cells, see Fig. 1 [3].
Concept papers have depicted such a scenarios with insightful
depth [4], [5], [6] but, with the exception of a first example
[7] (not based on gene expression inside vesicles) no attempt
were reported till a few years ago.

In 2014 Mansy and collaborators designed SCs acting as
‘translators’ for E. coli, using theophylline as trigger and IPTG
as “signal molecule” [8]. The same authors recently reported a
two-way chemical communication between SCs and bacteria
[9]. Adamala and collaborators [10] demonstrated chemical
communication between two separated SCs populations, via
IPTG (or doxycycline) release in the medium. In turn, this
release was activated by a gene-expression mechanism based
on arabinose (or theophylline). A similar result is due to
Mansy and Mann groups [11], and involves two different types
of synthetic cells (liposomes and proteinosomes).

A. Models and experiments with Pseudomonas aeruginosa

We have recently contributed to this ongoing research
by reporting unidirectional communication between synthetic
cells and a pathogenic bacterium, Pseudomonas aeruginosa,
based on the quorum sensing molecule C4-HSL [12]. Our
study refers to the construction of a P. aeruginosa strain which



is deprived of its natural capacity of synthesizing a signal
molecule, so that it act as a pure receiver. The bacteria of this
strain emit light when perceive the presence of exogenous C4-
HSL in the medium. As a sender partner of the communication
channel we have designed and built a liposome-based synthetic
cell, which employs a gene expression mechanism in the
liposome lumen. The synthetic cell active element is a protein,
called RhlI, which enzymatically synthesizes a small molecule
(C4-HSL) from two simple molecular precursors. C4-HSL,
once synthesized, is capable of free diffusion through the
liposome membrane and it is therefore released in the medium.
When it reaches the bacteria, it activates a biological response
(bioluminescence, which is easily quantified).

In this way we have demonstrated the unidireactional molec-
ular communication between a synthetic sender (synthetic
cells constructed by incorporating inside vesicles the minimal
biomolecular apparatus for protein synthesis) and a biological
receiver. The synthetic cell works as the DNA gene is firstly
transcribed in messenger RNA, and the latter is translated into
a well folded enzyme (RhlI) by the ribosome machinery. The
in situ synthesized enzyme produces C4-HSL from butyryl-
CoA and S-adenosylmethionine. It should be mentioned that
the system still lacks control of C4-HSL production, because
the reactions start just by responding to temperature (when
kept in ice: OFF, when warmed at 37 degree Celsius: ON).

This system was firstly designed and simulated by numerical
modelling [13], applying a deterministic approach (i.e., the
dynamics of each process was derived by solving a sys-
tem of differential equations), and afterword realized in the
laboratory. In particular we focused on the characterization
of all steps of C4-HSL production (transcription, by RT-
PCR; translation, by radioactive labelling of synthesized RhlI;
identity of the chemical messenger, by GC-MS). Synthetic
cells were able to produce enough C4-HSL to activate the P.
aeruginosa biological response, which involved several genes.

The two communication partners cannot be co-incubated
in liquid media, because the bacteria cause synthetic cell
lysis – probably for using their constituents as nutrients. We
have tentatively explained this pattern as due to chemotactic
response of P. aeruginosa to the presence of synthetic cell
components. Rhamnolipids are probably involved in synthetic
cell lysis. The co-incubation in a gel matrix alleviates this
interaction, as demonstrated by direct observation via confocal
microscopy.

In conclusion, our study demonstrates that in addition to
E. coli, V. fischeri, V. harveyi, as already reported by [9],
also the important pathogenic bacterium P. aeruginosa can
establish chemical communication (unidirectional synthetic-
to-natural, for the moment) with synthetic cells. Moreover, we
have shown an efficient general procedure for the production
of synthetic cells for biotechnological purposes.

III. BIOTECHNOLOGICAL AND EPISTEMOLOGICAL
IMPLICATIONS

Chemical ITs will have profound effects on next generation
biotechnologies [6]. The construction of programmable syn-

thetic cells implies the direct possibility of interfacing with
the biological word, also advancing nanomedicine by means
of intelligent drug delivery systems [5]. Modeling chemical
communication is of great interest for ICT engineers, who can
devise ensembles of wetware nanomachines (chemical robots)
that function as a network.

The capacity of synthetic cells of functioning as minimal
cognitive agents is the second worth-to-mention argument that
emerges from this scenario, and promotes the concept of
“embodiment” in cognitive sciences [14].
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