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Abstract: Synthetic biology is an emerging field that is rapidly evolving and is promising many applications in
the near future. Information processing capable systems are certainly one of them, especially because we are
currently facing many problems with the existent technology upon which computer systems have based for the last
80 years. Here we present the next step towards the construction of a complex biological information processing
capable systems which will in our opinion soon be comparable to computer systems used nowadays. We present
the model of a first synchronous sequential circuits constructed with the use of gene expression based logic. With
the promising results presented in the paper physical realization of the described circuit within the living cell can
be initiated.
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1 Introduction
Structures that represent basic primitives for the con-
struction of information processing capable systems
were up until recently based on electronic compo-
nents. We are facing many problems with their contin-
uous miniaturization and requirements for faster cir-
cuit responses. Even more, we are starting to reach
the limit in the meaning of their sizes and their re-
sponse times. Therefore alternative information pro-
cessing platforms need to be found in order to satisfy
the future processing demands.

Engineered transcriptional networks as biological
circuits are certainly one of the possible alternative
processing platforms of the future [1]. Dynamics of
these circuits is based on the presence (respectively
absence) of specific DNA-binding proteins, i.e. tran-
scription factors. We can manipulate these circuits
with genetic engineering (i.e. DNA recombination
technique) to achieve their desired behaviour. Basic
biological circuits that function whether as combina-
toric logical gates [2, 3], sequential circuits [4, 5, 6]

or oscillators [7] have already been realized in living
cells. On the other hand fusion of these primitives
into a functional synchronous sequential logic circuit
has not been performed yet.

Here we present the model of synchronous bio-
logical counter that is about to be realized in the living
cell. In the remainder of this paper we describe basic
primitives used to manipulate biological systems (i.e.
gene expression based logic), we present the model
of 1-bit biological counter based on ordinary differen-
tial equations (ODEs) and its behaviour simulated in
Matlab/Simulink environment. We conclude the
article with our remarks and future directions.

2 Gene Expression Based Logic
Gene Expression Based Logic derives from the pre-
sumption that cells can be programmed by introduc-
ing synthetic DNA containing new commands that in-
struct the cell to perform a set of artificial tasks [3].
DNA strand is basically composed of regulatory re-


