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Abstract 

In this rapidly advancing era of technology, devices are being developed to provide automation for completing human tasks 
rather easily, than even a human being itself can perform it. These devices perform the task without much difficulty and at a 
relatively high speed.  One of the majorly used and most popular devices is computers.  Processing data on conventional 
computers require electrons. But scientists are developing a new biological way to store, retrieve and process data using chemical 
reactions. The scientists have named such a computer as ‘Bio-computers’. This research paper is a subject written after thorough 
study of Bio-computers. 

Keywords: Bio-computing, DNA, RNA, Transcriptors, Boolean Logic, Nano-biotechnology, self-replicating 
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1. Introduction 

Bio-computers are devices that deal with storing, retrieving and processing data by the help of chemical 
reactions. They function with systems of biologically derived molecules, like proteins and DNA. The concept of bio-
computers is made possible with the development in the field of Nano-biotechnology.  This field includes the 
technology that deals with the engineering of proteins that can later be used in more substantial structures. Nano-
biotechnology enables scientists to engineer and re-structure bio-molecular systems in such a way that they will 
interact and result in the computational functionality of a computer.  The bio-computer has stored program 
properties, and self-metaprogramming properties, with limits determinable and to be determined. Biological 
computers can be used to study and reprogram living systems and monitor environments. The bio-computers could 
be used not only to test drug reactions inside a cell, for example, but could do so over a particular time period and 
save the information for retrieval or retesting later. 
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These bio-computers will include a biological transistor uses enzymes to control the flow of specific protein, RNA 
polymerase, as it travels along a strand of DNA. Linking multiple transcriptors together creates logic gates that 
allow both information storage and logical operations. This transcriptor is the final component necessary to make the 
biological computer. By controlling the flow of RNA, the transcriptor is able to produce a kind of binary code, the 
1s and 0s that make up “Boolean logic.” That ability could help scientists test whether cells have been exposed to a 
drug and if so, how that drug was distributed among the cells. Such a system could also be used to tell whether cells 
have started or stopped dividing when exposed to particular drug.  

                                         

Figure 1: Testing DNA analysing and creating logic gates 

This means Engineers can compute inside living cells, giving them the ability to monitor what goes on around them 
or even toggle on and off cell reproduction. Transcriptions determine the flow of a specific protein or RNA 
polymerase (RNA-producing enzymes) in a strand of DNA, like electrons through a wire. 

In electrical engineering, there is a most common device called a logic-gate, another of the building blocks of a 
computer, which uses Boolean logic- a system of 1s and 0s which represent on or off, open, or closed. The 
transcriptors have their own biological version, which are called “Boolean Integrase Logic” (“BIL gates”), and these 
are the third and final component of a complete biological computer. 

The use of logic is that the possibilities for logic are as endless in a biological setting as in electronics: 

2.1 One could test whether a given cell had been exposed to any number of external stimuli — the presence of 
glucose and caffeine, for instance. BIL gates would allow you to make that determination and to store that 
information so you could easily identify those which had been exposed and which had not. 

2.2 The choice of enzymes is important. One has to be careful to select enzymes that function in bacteria, fungi, plan
ts and animals, so that bio-computers can be engineered within a variety of organisms. These bio-computers cannot 
replace silicon computers or mechanical computers, because they probably aren't going to be as fast. They're not 
going to be as raw-powerful. But they're going to work in places that the existing computers can’t work. So it's 
computing in a new space or a new place. 
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2.Working 

The biocomputing group develops mathematical methods for analyzing complex systems. The focus lies on 
molecular systems with biological function. Complementary activities include mathematically related application-
driven research with applications ranging from cellular reaction networks, and polymer mixtures, for example, to 
problems from the geo-sciences or economics.  

                                                                                                        

Figure2:Creating electrical Logic Gates 

A matter of particular interest is the inclusion of data, whether from experiment or simulation, into the modeling 
process and related questions concerning appropriate visualization. 

Evaluating Boolean logic equations inside cells, these molecular automata will detect anything from the presence of 
a mutated gene to the activity of genes within the cell. The biocomputers’ "input" is RNA, proteins, and chemicals 
found in the cytoplasm and "output" molecules indicating the presence of the signals are easily discernable with 
basic laboratory equipment. 
 
These biocomputers can translate complex cellular signatures, such as activities of multiple genes, into a readily 
observed output. They can even be programmed to automatically translate that output into a concrete action, 
meaning they could either be used to label a cell for a clinician to treat or they could trigger an action themselves. 
 

Bio-computers can work in human kidney cells in culture. Research into the system's ability to monitor and 
interact with intracellular cues such as mutations and abnormal gene levels is still in progress. 
 
A biocomputers calculations, while mathematically simple, could allow researchers to build biosensors or medicine 
delivery systems capable of singling out very specific types or groups of cells in the human body. Molecular 
automata could allow doctors to specifically target only cancerous or diseased cells via a sophisticated integration of 
intracellular disease signals, leaving healthy cells completely unaffected. 
 
In biochemical computers, various feedback loops are the characteristics to achieve functionality in computation. 
Feedback loops provide positive and negative feedback to a particular biochemical process within many forms and 
many different factors. These loop may result in either increase or decrease in the output quantity. It includes 
catalytic enzymes, reactants, products and molecules to alter any of their chemical reactivity. The presence of a 
product in a pathway serve as a signal which are interpretable with other chemical signals and used as a 
computational output based upon the starting chemical conditions of the system input. 

N
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3. Examples 
Currently, biocomputers exist with various functional capabilities that include operations of logic and 

mathematical calculations. There is a biochemical computing scheme in which protein concentrations are used as 
binary signals that ultimately serve to perform logical operations. At or above a certain concentration of a particular 
biochemical product in a biocomputer chemical pathway indicates a signal that is either a 1 or a 0, and a 
concentration below this level indicates the other, remaining signal. Using this method as computational analysis, 
biochemical computers can perform logical operations in which the appropriate binary output will occur only under 
specific, logical constraints on the initial conditions. In other words, the appropriate binary output serves as a 
logically derived conclusion from a set of initial conditions that serve as premises from which the logical conclusion 
can be made. In addition to these types of logical operations, biocomputers have also been shown to demonstrate 
other functional capabilities, such as mathematical computations. One such example composed of leech neurons at 
Georgia Tech which was capable of performing simple addition. These are just a few of the notable uses that 
biocomputers have already been engineered to perform, and the capabilities of biocomputers are becoming 
increasingly sophisticated. Because of the availability and potential economic efficiency associated with producing 
biomolecules and biocomputers, as noted above, the advancement of the technology of biocomputers is a popular, 
rapidly growing subject of research that is likely to see much progress in the future. Many examples of simple 
biocomputers have been designed, but the capabilities of these biocomputers are still largely premature in 
comparison to commercially available non-bio computers. However, there is definitely great potential in the 
capabilities that biocomputers may one day acquire. Evidence of the true potential of the computing capabilities of 
biocomputers exists in the most powerful, complex computational machine known to currently exist: the 
biocomputer that is the human brain. Certainly, there is plenty of room to improve in the realm of biocomputer 
computational ability; one may reasonably expect the science of biocomputers to advance greatly in the years to 
come. 

Biocomputers can also be constructed to perform electronic computing.  Again, like both biomechanical 
and biochemical computers, computations are performed by interpreting a specific output that is based upon an 
initial set of conditions that serve as input. In bio-electronic computers, the measured output is the nature of the 
electrical conductivity that is observed in the bio-electronic computer, which comprises specifically a functional 
computation based upon specific initial conditions which serve as input. They differ, however, in what exactly 
serves as the output signal. In biochemical computers, the presence or concentration of certain chemicals serves as 
the output signal. In biomechanical computers, however, the mechanical shape of a specific molecule or set of 
molecules under a set of initial conditions serves as the output. Biomechanical computers rely on the nature of 
specific molecules to adopt certain physical configurations under certain chemical conditions. The mechanical, 
three-dimensional structure of the product of the bio-mechanical computer is detected and interpreted appropriately 
as a calculated output. 

Bio-mechanical computers are similar to biochemical computers in such a way that they both perform a 
specific output that can be interpreted as a designed biomolecules that conduct electricity in highly specific manner 
based upon the initial conditions that serve as the input of the bio-electronic system. 

4. Conclusion 

Since every technique has certain pros and cons associated with it similarly the same thing implements for 
Bio-computers as well. 

The economic benefit of biocomputers lies in the ability of all living organisms to self-replicate and self-assemble 
into functional components. All necessary proteins are modified to serve as a biocomputer. All those proteins are 
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synthesized inside a biological cell from a single DNA molecule itself replicate many times. The characteristics of 
biological molecules make their production highly efficient and relatively inexpensive. In comparison with 
electronic computers that require manual production with machinery, biocomputers produced in large scale from 
cultures without machinery to assemble. Because of the availability and potential economic efficiency associated 
with producing biomolecules and biocomputers, the advancement of the technology of biocomputers is a popular, 
rapidly growing subject of research that is likely to see much progress in the future. The capabilities of biocomputers 
are becoming increasingly sophisticated. 

 
The capabilities of these biocomputers are still largely premature in comparison to commercially available non-bio 
computers. In the next years to come, it is sure that improvement in the area of biocomputer computational ability 
advance and biocomputer became a human brain. It will surely perform complex computational calculations and be 
more powerful. But as mentioned above, bio-computers may not be able to replace silicon computers or mechanical 
computers, because they probably aren't going to be as fast. They're not going to be as raw-powerful. But they're 
going to work in places that the existing computers we have, cannot work. 
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