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Abstract: The simulation of the main molecular operations used in DNA Computing can lead the researchers to 
develop complex algorithms and methods without the need of working with real DNA strands in-vitro. The 
purpose of this paper is to present a computer program which simulates a cutting process over DNA molecules 
which is an essential operation for the DNA computation. This simulation represents a useful tool for a virtual 
laboratory which is oriented to DNA computations. The results given by the software can show the behavior of a 
DNA cutting under certain set of restrictive enzymes to carry out the operation in-vitro efficiently.  
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Introduction 

DNA Computing is an impressive computer paradigm based on the work made by Leonard M. Adleman 
[Adleman, 1994], where the first implementation of a computer based on DNA operations solved a hard 
combinatorial problem using deoxyribonucleic acid molecules. He was able to solve an NP-complete problem 
using DNA molecules and biological operations. This represented an approach to a massive parallel paradigm.  
Molecular computing consists of representing the information of the problem with organic molecules 
[J.Castellanos, 1998] and to make them react within a test tube in order to solve a problem. The fundamental 
characteristics of this type of computations are, mainly, the massive parallelism of DNA strands and the Watson-
Crick complementarity. The speed of calculation, the small consumption of energy and the big amount of 
information which DNA strands are able to store are the best advantages that DNA computing has. Nevertheless 
one of the problems is the massive calculation space needed, which limits the size of the problems.  
The nucleic acids are linear polymers in which the repetitive unit is the nucleotide. Each nucleotide is formed by a 
pentose (the ribose or the deoxyribose), a nitrogenous base (purin or pyrimidin) and a phosphoric acid. The union 
of the pentose with a base constitutes the nucleoside. The union of this last structure with the phosphoric acid 
gives us the nucleotide. The union of the nucleotides gives us the polynucleotide. The nitrogenous bases that 
form each DNA molecule are Adenine (A), Guanine (G), Cytosine (C) and Thymine (T). Those which form each 
RNA molecule are Adenine (A), Guanine (G), Cytosine (C) and Uracil (U). Double stranded molecules are formed 
by two strands twisted in a helix. The Adenine of a helix matches the Thymine of the complementary helix by 
creating two hydrogenate bridges. Also, the Guanine of a helix matches the Cytosine of the complementary three 
hydrogenate bridges. Therefore, the bases of one strand are united by hydrogenate bridges to the bases of the 
other strand, forming the base pairs AT and GC.  
It is very important to determine which biologic operations could be used for the manipulation of DNA strands. In 
order to distinguish between the common mathematical operations and the biological procedures which are 
applied on DNA strands, it is used the term bio-operations to talk about the last ones. Some of the bio-operations 
that facilitate the manipulation of DNA are the measure of DNA strands, the DNA cutting, the lengthening and 
shortening of DNA strands, the separation and fusion of DNA sequences (denaturalization and renaturalization) 
or the ordination by length or electrophoresis among others [2].  
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In this article it is explained the development of a software that simulates successfully the process of cutting over 
DNA molecules. The aim of it is to incorporate this cutting tool to a virtual laboratory in which all the operations 
explained above are implemented. This environment help us to prove how molecules would react to the 
codifications we develop in-info so that the steps needed in a real laboratory are reduce substantially. 

DNA cutting  

The DNA cutting is one of the most basic operation in computing with DNA, this is so because allow to 
manipulate the DNA strands in specific points. The data problem are represented through nucleotides sequences, 
an, at the same time, this sequences, which represent the problem atomic data, are linked in bigger sequences, 
representing data sets or lists which normally are associated to possible solutions. In order to carry out the 
manipulation, such as atomic elements extraction, elimination, combination or addition to the possible solutions,  
generally is necessary to apply the cutting operation. This cutting operation is carried out applying restriction 
enzymes, which are in charge of making the operation in a parallel massive manner [Kobayashi, 2001]. 
Enzymes are biomolecules that catalyze chemical reactions. Restriction enzymes (or restriction endonuclease), 
found in bacteria and archaea, are enzymes that cuts double-stranded or single stranded DNA at specific 
recognition nucleotide sequences known as restriction sites [Roberts, 2007]. There are three types of restriction 
enzyme. Such that are included in type I are characteristic of two different strains of E. coli. These enzymes cut at 
a site that differs, and is some distance (at least 1000 bp) away, from their recognition site. The recognition site is 
asymmetrical and is composed of two portions – one containing 3-4 nucleotides, and another containing 4-5 
nucleotides – separated by a spacer of about 6-8 nucleotides. Type II restriction enzymes [Roberts, 2005] are 
composed of only one subunit, their recognition sites are usually undivided and palindromic and 4-8 nucleotides 
in length, and they recognize and cleave DNA at the same site. Type III restriction enzymes recognize two 
separate non-palindromic sequences that are inversely oriented. They cut DNA about 20-30 base pairs after the 
recognition site. 
Type II enzymes are the most commonly available and used restriction enzymes. They are specially good in 
computing with DNA due to the atomic data are codify frequently for space reasons, with nucleotides sequences 
the shortest as possible, often smaller than the distance between the cutting point and the recognition site. 
Examples of restriction enzymes include [Roberts, 1980]: 
 

Enzyme Source Recognition Sequence Cut 

EcoRl Escherichia coli 
5'GAATTC 
3'CTTAAG 

5'---G   AATTC---3' 
3'---CTTAA   G---5' 

EcoRll Escherichia coli 
5'CCWGG 
3'GGWCC 

5'---   CCWGG---3' 
3'---GGWCC   ---5' 

Smal* Serratia marcescens 
5'CCCGGG 
3'GGGCCC 

5'---CCC GGG---3' 
3'---GGG CCC---5' 

 
The number of commercial available restriction enzymes is constantly increasing [Roberts, 2003], fact that allow 
to improve the computation algorithm, since this ones are often limited, especially due to the relatively reduce 
amount of enzymes with known cut. 
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DNA cutting simulation 

The software of simulation realized allows us establish all recognition sites of DNA strand, and how remain the 
cuts and the resultants sub chains. The simulator development has being dealt in four parts, the interface, an 
enzymes database, the cutting simulator and the obtained results viewer, this tow last are ActiveX objects, 
allowing its use in others simulators, in such a way is possible to combine this ones in a common way. The entire 
application is written in Visual BASIC 6. 
The data access is carried out through and interfaces ODBC, which allow establishing the connection with a wide 
amount of existing database and in a constant updating process. This is an especially important factor given the 
permanent emerging of new enzymes allowing, not only enriching languages, but also, in some cases, they 
contribute with the capacity of carry out operations that improve the algorithm performance. It is attached a 
database with the 280 more frequently used enzymes. 
The interface is easy and intuitive, in such a way it could be used without the need of a previous formative 
course; the X Figure shows the different simulator aspects. 
 

 
 
The simulator allow to visualize graphically the application result of an enzyme over a given chain, or, in other 
way, it is possible to generate a result report of applying every enzymes available over the strand, identifying 
which find out its recognition site. 

Example 

Bellow its is presented an example where it is detected the entire amount of enzymes which have a recognition 
site, content in the chain introduced in order to know the enzymes which could cut the chain. It is a typical 
example, showing when the anti complementary and stable languages are designed, which need to count with 
ruptur points, assuring in such a way that no one enzyme will produce a cut in an improper site. 
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As we can see in the results and reviewing the report that gives us the simulator, we found that the chain can be 
cut with five enzymes (BspLI, Csp6I, NlaIV, RsaI, TaaI). The chosen screenshot shows the cut made by TaaI 
enzyme as a checking. 

Conclusion 

The simulation model here presented allows us to carry out experiments with DNA in a simple way using only our 
computer. By using it we are able to understand the behavior of DNA molecules in a cutting process without the 
costs, the time and the space needed in a laboratory. That is why it exist the need of making these experiments 
easier by simplify the main bio-operations and bio-molecular processes over DNA molecules. It is very important 
and useful to develop this kind of software simulators so that researchers can create more complicated 
algorithms for DNA computations without the need of testing in a DNA pool every single operation.  
This software try to give a simple view of the behavior of DNA molecules when it is applied a certain cutting 
enzyme. This shows the exact cutting point and the final shape of each resulting strands, and also is able to 
recognize the entire amount of enzymes that could cut the chain. The use of this simulator can give a result of a 
cutting process of the DNA molecules introduced in a faster way than in-vitro. 
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