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Introduction
Biological computers are a kind of biosensors [1,2] which have 

emerged as an interdisciplinary field that draws together molecular bi-
ology, chemistry [3], computer science and mathematics. The highly 
predictable hybridization chemistry of DNA is the ability to completely 
control the length and content of oligonucleotides and the wealth of 
enzymes [4] available for modification of the DNA and make use of nu-
cleic acids an attractive candidate for all of these nanoscale applications 
[5]. These are mainly used for monitoring body’s activities by inducing 
therapeutic effects [6] at molecular and cellular level. Biocomputing is 
one of the new fields in research which deals with computer science and 
biology but doesn’t fit to both [7]. A ‘DNA computer’ has been used for 
the first time to find the only correct answer from over a million possi-
ble solutions to a computational problem [8]. Before one can turn living 
organisms into computational systems, Biocomputing researchers need 
a way to create and connect multiple “circuits” switches, clocks and so 
forth within a single cell. The researchers believe that the complexity 
of the structure of biological molecules could allow DNA computers 
to outperform from their electronic counterparts in future. The idea of 
DNA computing came true for the first time in 1994, when Adleman 
solved the Hamiltonian Path Problem using short DNA oligomers and 
DNA ligase [9]. In early 2000s a series of biocomputer models were 
presented by Shapiro and his colleagues who discussed molecular [10] 2 
state finite automaton, in which the restriction enzyme FokI constituted 
hardware and short DNA oligomers were software as well as input/out-
put signals. DNA molecules provided also energy for this machine.

Biological computers used to produce input; output and “software” 
are all composed of DNA, the material of genes [11], while DNA-ma-
nipulating enzymes are used as “hardware.” The newest version’s input 
apparatus is designed to assess concentrations of specific RNA mole-
cules, [12] which may be overproduced or under produced, depending 
on the type of cancer. Using pre-programmed medical [13,14] knowl-
edge, [15,16] the computer then makes its diagnosis [17,18] based on 
the detected RNA levels. In response to a cancer diagnosis, the out-
put unit of the computer can initiate the controlled release of a single-
stranded DNA molecule that is known to interfere with the cancer cell’s 
activities, causing it to self-destruct [19]. This can be a type of biosensor 
[20-22] which has the ability to detect or target specific types of cells 
[23] in human body.

Biocomputing
Humans use a variety of gadgets without realizing how the gadgets 

could be working on a pattern which is already patented and perfected 
by Mother Nature. Living organisms also carry out complex physical 
processes under the direction of digital information [24]. Computers 
and software are no exception in this contrast [25]. DNA was recog-
nized as the most important molecule of living nature. The ability to 
store billions of data is an important feature of the DNA and hence to 
biological computing. Human genome project [26] is an effort at an 
international level. It is a research directed at creating a map [27] of 
human DNA. Molecular genetics [28] is the best way to understand 
this project. Geneticists have used a technique called linkage analysis 
to determine how frequently different forms of two variable traits are 
inherited together i.e. not separated by recombination during meiosis 
[29]. While DNA can be measured in nano grams, the silicon chip [30] 
is far behind when it comes to storage capacity. A single gram of DNA 
can store as much information as 1 trillion audio CDs [31].  While we 
live in the age of computers, biological computing is slowly gaining 
prominence. CPU is replaced by DNA. The cell is now considered as a 
computational system and its program resides in DNA and its state in 
the distribution of chemical compounds and electrical charges.

The first major step in computation is to determine how state is 
to be represented physically. There are different ways to represent for 
example pebbles, by triangular marks pressed into a clay tablet. Poly-
mers [32] are molecules that consist of repeated structural units called 
monomers. Proteins [33] are linear polymers based on twenty amino 
acid monomers hence proteins are strings on a twenty letter alphabet, 
thus a n individual protein molecule can be represented as state of a 
computation [34].The second step is to develop a computational tech-
nology how to transform the state i.e. how the physical representation 
of one computational state can be used to produce a physical represen-
tation of a successive state. To accomplish this for polymer based com-
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puters one need to devise sufficiently rich set of transformations. This 
leads to biochemical polymers and biological processes. The final step 
is to develop process for iterating those state transformations which is 
very risky process.

Biocomputers
Computer is an electronic device which is used to store, manipulate, 

and communicate information, perform complex calculations [35], or 
control or regulate other devices or machines, and is capable of receiv-
ing information and of processing it in accordance with variable proce-
dural instruction. The biological computer is an implantable device that 
is mainly used for tasks like monitoring the body’s activities or inducing 
therapeutic effects [36], all at the molecular or cellular level [37-39]. Bio-
computers use systems of biologically derived molecules, such as DNA 
and proteins, to perform computational calculations involving storing, 
retrieving, and processing data. This enables the researcher to build an 
array [40] of data accordingly [41]. The development of biocomputers 
has been made possible by the expanding new science of nanobiotech-
nology. The term nanobiotechnology can be defined in multiple ways; 
in a more general sense, nanobiotechnology can be defined as any type 
of technology that uses both nano-scale materials, i.e. materials having 
characteristic dimensions of 1-100 nanometers, as well as biologically 
based materials. A more restrictive definition views nanobiotechnol-
ogy [42] more specifically as the design and engineering of proteins 
that can then be assembled into larger, functional structures [43,44]. 
The implementation of nanobiotechnology, as defined in this narrower 
sense, provides scientists with the ability to engineer biomolecular sys-
tems specifically so that they interact in a fashion that can ultimately 
result in the computational functionality of a computer.

DNA is traditionally a favorite building block for molecular compu-
tations and biocomputers [45]. DNA is a biological molecule wherein 
it serves to store more as genetic information [46] and less as an active 
participant of reaction networks [47]. DNA-based in vitro biocomputer 
systems have been mainly implemented in test tubes where well-de-
signed species have been assembled and their emergent computational 
behavior was observed. 

Creation of a Biocomputer using RNA [48,49] inside a living yeast 
cell had demonstrated program to respond to conditions within the cell 
by taking specific actions. Like the most computers, the RNA device 
operates on a simple system of Boolean logic wherein it can be pro-
grammed to respond to the commands AND, OR, NAND and NOR. By 
combining the RNA [50] components in certain ways it showed differ-
ent types of logic gates circuit elements common to any computer. For 
example, an AND gate produces an output only when its inputs detect 
the presence of both drugs, while a NOR gate produces an output only 
when neither drug is detected [51].

Protein [52,53] based biocomputer explored in the molecular com-
putation context in vitro both as enzymes and as regulatory motifs [54]. 
The systems showed complex logic integration of molecular inputs as 
well as cascades of gates. Peptides [55] were proposed as building block 
for logic gates, serving as catalytic templates for condensation of other 
peptides [56] from partial-length precursors. On a chemical-network 
level, the AND gate was implemented by using two different peptide 
templates catalyzing the same condensation. The NOR gate was imple-
mented by inhibiting an autocatalytic condensation process indepen-
dently by two other peptide inputs.

Development of in vivo [57] computational networks [58] has 
mirrored the in vitro efforts in many aspects [59]. While DNA-based 

networks have relied heavily on the primary DNA sequence [60] as 
information carrier, in vivo systems adapted existing mechanisms for 
biological regulation, in particular transcriptional [61] and post tran-
scriptional regulatory links, and generally adhered to logic circuits as 
the guiding model of computation. Most biological regulation [62] in-
teractions can be classified as either activating or inhibitory.

Mechanism
Biological computers are made inside a patient’s body. The mere 

information of the patient’s body is called a blueprint [63] along which 
lines the biological computer would be manufactured. Once the com-
puter’s genetic blueprint has been provided, the human body will start 
to build it on its own using the body’s natural biological processes [64] 
and the cells found in the body. Through boolean logic equations, we 
can easily use the biological computer to identify all types of cellular 
[65] activity and determine whether a particular activity is harmful or 
not. The cellular activities that the biological computer could detect can 
even include those of mutated genes and all other activities of the genes 
found in cells. As with conventional computers, the biological comput-
er also works with an output and an input signal. The main inputs of 
the biological computer are the body’s proteins, RNA, and other specific 
chemicals that are found in the human cytoplasm [66]. The output on 
the other hand could be detected using laboratory equipment.

Applications
The implantable biological computer is a device which could be 

used in various medical applications [67,68] where intercellular evalua-
tion and treatment [69] are needed or required. It is especially useful in 
monitoring intercellular activity including mutation [70-72] of genes. 
The main advantage of this technology over other like technologies is 
the fact that through it, a doctor can focus on or find and treat only 
damaged or diseased cells [73]. Selective cell treatment is made pos-
sible. Bio-computers made of RNA [74] strands might eventually serve 
as brains for producing biofuels from cells, for example, or to control 
“smart drugs” [75,76] that medicate only under certain conditions.

Conclusion
The future for biological computing is bright. Biological computing 

is a young field which attempts to extract computing power from the 
collective action of large numbers of biological molecules. CPU being 
replaced by biological molecules remains in the far future. Biological 
computer is a massively parallel machine where each processor con-
sists of a single biological macromolecule. A part of the system can be 
made of biological and the other using current or new hardware that 
may become available. This would give us the combined benefit of 
both systems.  Actual biological organisms provide some useful insight 
into statements of the form Biological computers can’t do. Biological 
organisms routinely convert data about the macroscopic world gath-
ered by senses in to a form that influences biology at molecular level. 
It seems like a good idea to look to real biological systems for solutions 
to particular problems.  A computational microarchitecture based on 
membrane justifies the name biological as opposed to merely molecular 
computing. 
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