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Abstract—We present the information processing capabilities 
in simple biological systems with gene expression based logic. 
Analogy with binary computer structures is made. In order to 
design such systems in silico approaches can be used. Different 
models can be established and their analysis can be made 
before in vivo realization. Here we present a sample computer 
model of such system and its analysis from information 
processing viewpoint. 
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I.  INTRODUCTION 
Information processing capabilities of simple biological 

systems, based on their DNAs, were initially presented with 
the Adleman’s experiment in which solving of NP-complete 
problems with DNA computing was demonstrated [1]. The 
progress of information processing in simple biological 
systems went further with the introduction of new field, i.e. 
synthetic biology, which is aimed towards the realization of 
novel biological systems with predefined functionalities [2]. 
In such way it is also possible to realize novel processing 
platforms in living organisms. There are many benefits for 
processing in such systems. Massive parallelism and self 
reproduction are inherent to biological systems. Moreover 
the density of data encoded on DNA strand is approximately 
106 gigabits/inch2 which is drastically higher than the density 
available in state of the art electronic storage devices (103 
gigabits/inch2). Moreover, information processing methods 
can thus be used in other fields, such as pharmacy and 
therapeutics.  

In our paper we present the basics of information 
processing with gene expression based logic. We also 
present the approach to analysis of such systems and an 
example of a simple biological memory circuit. 

II. BASIC DYNAMICS OF BIOLOGICAL SYSTEMS 

A. Gene and genome 
Basic building blocks of synthetic biology are so called 

genomes and genes. Primary function of genome is storage 
of organism’s hereditary information. It is encoded on  

 
 

Figure 1. Genome as a sequence of complementary base pairs. 
 

double DNA (sometimes also on RNA) strand. DNA 
strand is composed of sequentially bounded nucleotides, 
namely Cytosine (C) , Guanine (G), Thymine (T) and 
Adenine (A). Length of the strand is measured with the 
number of base pairs (bp). Each pair is conducted of two 
complementary elements from the set of nucleotides 
{C,G,T,A}, where each element in the pair is located on its 
own strand. Nucleotide C is complementary to nucleotide G 
and nucleotide A to nucleotide T.  Figure 1 presents an 
example of two complementary DNA strands. 

Genomes are composed of subsequences called genes 
which encode a certain property of its carrier organism. Each 
gene has a regulatory region which defines the conditions for 
its expression. This region is also called promoter region. 
Direct consequence of gene expression is synthesis of 
encoded proteins. While the main part of the gene encodes 
the synthesized protein it can also be interpreted as a 
program. 

Expression of the gene is conditioned with the presence, 
respectively absence, of specific proteins also called 
transcription factors. Presence of an enzyme called RNA 
polymerase is necessary (but not sufficient) in order to 
initiate expression. Other transcription factors can be divided 
in two groups, i.e. repressors which repress the expression 
and activators, which activate the expression. 

 
Figure 2. Genes can be divided in a regulatory region called promoter 
which defines the conditions for their expression and a program which 

defines the results of its expression. 

 
 

Figure 3. Regulation of gene expression. 
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