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Recent highlight and reviews on integration on both, life on chip and Bioinformatics technologies are compiled in this 

paper. The determination of size, quality and concentration of key bimolecules such as DNA, RNA and Protein is one of 

the fundamental steps of life sciences research. Various new computational methods and analytical tools have been come 

into existence after generation of huge amount of biological data. Integration of Computer science, Electronics, 

Mathematics with Biology had made possible the matching length scale and analysis in the life sciences through 

miniaturization of full analytical systems into chip substrates. This further used to create tools for engineering biological 

systems at molecular and cellular levels. These technologies have been emerged as the driving force in various areas of 

modern science and technology. While Bioinformatics deals with providing insilico conditions to any biological problem, 

on the other hand nanotechnology relies on the bottom-up synthesis and self-assembly. In combination they can result: 

easy data analysis, data archiving, minimized manual intervention, increased speed of analysis, increased precision of 

data, cost reduction, less sample consumption and minimized operator exposure to hazardous material for major issues 

of life science research such as, investigation of complex gene expression dynamics and tissue or organ-level physiology 

as well as for development, diagnostics, therapy and monitoring of various life threatening diseases. 

 

Cellular- and molecular-level manipulation 

Systems with components size smaller than 100 nanometers are considered as nanosystems. The capability to 

artificially create structures in this length scale opens up new phenomena and functionalities because things 

behave differently as expected with our intuition for the human scale of meters. The basic scaling law, the 

square-cube law, indicates that surface-based phenomena become more significant than volume-based 

phenomena as the size decreases. So the life on chip has been originated as a union of interdisciplinary 

research areas. Bioinformatics is the discipline of quantitative analysis of information relating to biological 

macromolecules (DNA, RNA, and proteins) with the aid of computers. The emphasis here is on the use of 

computers because most of the tasks in genomic data analysis are highly repetitive or mathematically 

complex. This technology has several advantages over conventional methods such as easy data analysis, data 

archiving, minimized manual intervention, increased speed of analysis, increased precision of data, cost 

reduction, less sample consumption and minimized operator exposure to hazardous material.  

 

Biochip Technology  

Micro- and nanotechnologies is an important and rapidly developing research field focused on improving 

experimentation and analysis in the life sciences through miniaturization of full analytical systems into chip 

substrates. Miniaturization and integration of analytical processes on a chip can offer enormous advantages 

over existing technologies and can create a range of novel opportunities in the life sciences. The developments 

in the field have led to significant increases in analysis throughput, more than billion-fold sample volume 

reductions and increased separation efficiency. Micro-fabricated devices are finding their way to the frontend 

of medical equipment, where they are the interface between body and machine. They enable better and 

cheaper diagnostic equipment, they add ”eyes and ears” to minimally invasive instruments they allow for un-

obtrusive monitoring of body functions, they add functionality to implants, and they enable the development 

of better and personalized medicines. 

Let take examples from biology to illustrate the different size scales. Complex molecules such as proteins 

have a size ranging from few to ten of nanometers. A more complex system such as a virus is about one 

hundred nanometers in size. Living systems such as bacteria have sizes ranging from one hundred nanometers 

to one micrometers. Cells, the building block of complex organisms in plant and animal kingdoms, are several 

micrometers in size. Interestingly, these 
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size scales of biological systems match the size scale of micro- and nanosystems [1]. Since its emergence in 

the 1970s, the field has matured, gaining tremendous momentum in the last two decades. Miniaturization and 

integration of analytical processes on a chip can offer enormous advantages over existing technologies and 

can create a range of novel opportunities in the life sciences.  

 

Fig-1 (Nanosystems: scaled with living beings) 

 

Molecular-level manipulation: microractors 

These are used for the synthesis of protein with the help of DNA templates assembled using photolithography. 

The microractors were fabricated in silicon using well established etching processes. The microreactors with 

50-micron diameter represent artificial cells that are capable of metabolism, programmable protein synthesis 

and communication. The surface of the reactor is coated with double-stranded DNA using chemical 

photolithography. Reactants and products were transported by molecular diffusion across microchannels 

measuring 1 to 3 micrometers by 20 micrometers in cross section. Diffusive transport is well controlled 

through the channel length ranging from 50 to 300 micrometers. These microchannels represent the simplest 

form of a concentration gradient generator, a useful tool for biological research in microscale. Through 

the length of the microchannel, the diffusion time or the effective protein lifetime can be controlled allowing 

the detailed study of gene expression dynamics. Interconnected reactors establish the communication. 

Complex dynamics of activator and repressor is controlled through the diffusion length, resulting in a 

spatiotemporal oscillating pattern of gene expression. Besides the gene expression study, an interesting 

technical solution reported in this work is the use of magnets for bonding the glass cover slide to the silicon 

chip. A ring magnet embedded in PDMS also works as a self-sealing removable fluidic interconnects which 

suit well to low-pressure applications. 

 

Cellular-level manipulation: microfluidic cell culture  

These devices can be implemented for Cellular-level manipulation. These devices contain living cells that can 

simulate tissue-level and even organ-level physiology. Is an emerging area where micro and nanosystems will 

have a significant impact for the understanding of biological processes, the discovery and the development of 

new drugs. Similar to the concept of microreactors for gene expression discussed above, an organs-on-chips 

device provides culture chambers that are continuously perfused. These devices allow the integration of 

sensors, and provide easy access to conventional microscopy. Thus, real-time monitoring and imaging of 

biological processes are possible in this platform. Another advantage of these devices is the precise control of 

a wide range of system parameters such as mechanical strain that would allow systematic parametric study of 

physiological phenomena. Recently, basic mechanisms of a wide range of organs including liver, kidney, 

intestine, lung, and heart have been modelled and studied on the chip. By connecting compartments 

representing different organs of the body, the study of adsorption, distribution, metabolism, elimination and 

toxicity (ADMET) of drugs can be carried out in vitro, without the need of animal models. 
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Bioinformatics 

The ultimate goal of bioinformatics is to better understand a living cell and how it functions at the molecular 

level. By analyzing raw molecular sequence and structural data, bioinformatics research can generate new 

insights and provide a “global” perspective of the cell. The reason that the functions of a cell can be better 

understood by analyzing sequence data is ultimately because the flow of genetic information is dictated by the 

“central dogma” of biology in which DNA is transcribed to RNA, which is translated to proteins. Cellular 

functions are mainly performed by proteins whose capabilities are ultimately determined by their sequences. 

Therefore, solving functional problems using sequence and sometimes structural approaches has proved to be 

a fruitful endeavor. Bioinformatics consists of two subfields: the development of computational tools and 

databases and the application of these tools and databases in generating biological 

knowledge to better understand living systems. These two subfields are complementary to each other. The tool 

development includes writing software for sequence, structural, and functional analysis, as well as the 

construction and curating of biological databases. These tools are used in three areas of genomic and 

molecular biological research: molecular sequence analysis, molecular structural analysis, and molecular 

functional analysis. The analyses of biological data often generate new problems and challenges that in turn 

spur the development of new and better computational tools. 

The areas of sequence analysis include sequence alignment, sequence database searching, motif and pattern 

discovery, gene and promoter finding, reconstruction of evolutionary relationships, and genome assembly and 

comparison. Structural analyses include protein and nucleic acid structure analysis, comparison, classification, 

and prediction. The functional analyses include gene expression profiling, protein–protein interaction 

prediction, protein subcellular localization prediction, metabolic pathway reconstruction, and simulation. The 

three aspects of bioinformatics analysis are not isolated but often interact to produce integrated results. For 

example, protein structure prediction depends on sequence alignment data; clustering of gene expression 

profiles requires the use of phylogenetic tree construction methods derived in sequence analysis. Sequence-

based promoter prediction is related to functional analysis of coexpressed genes. Gene annotation involves a 

number of activities, which include distinction between coding and noncoding sequences, identification of 

translated protein sequences, and determination of the gene’s evolutionary relationship with other known 

genes; prediction of its cellular functions employs tools from all three groups of the analyses.  

 

Fig-2 (Bioinformatics: Hierarchy) 
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Molecular-level manipulation: various Biological database and tools: 

Database is a computerized archive used to store and organize data in such a way that information can be 

retrieved easily via a variety of search criteria. Based upon principle of knowledge discovery and facilitate the 

discovery of new biological insights from raw data. Based on their content, biological databases are divided 

into primary, secondary, and specialized databases. Primary databases simply archive sequence or structure 

information; secondary databases include further analysis on the sequences or structures. Specialized 

databases cater to a particular research interest. Biological databases need to be interconnected so that entries 

in one database can be cross-linked to related entries in another database.  

The various tools of bioinformatics can be used for sequence comparison, database similarity search tools, 

modeling of gene and protein, gene prediction, molecular phylogenetics domain and motif prediction and 

insilico drug design and discovery. 

 

Cellular-level manipulation:  

Genomics: Computational prediction of promoters and regulatory elements, prokaryotic genomes analysis, 

eukaryotic genomes analysis, ancient conserved regions prediction, functional classification of genes, gene 

order (synteny), global gene regulation and microarray analysis. 

Proteomics: proteome analysis,  protein structural modeling, protein classification, viewing protein structures, 

protein structure classification databases, alignment of protein structures, displaying protein structural 

alignments,  

Tracing the phylogenetic history of such uncharacterized genes, characterized genes, and gene domains and 

gene linkages in diverse organisms is one of the most interesting and challenging aspects of genome analysis. 

The most commonly used global gene expression profiling method in current genomics research is the DNA 

microarray-based approach.  
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