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PREFACE

This book, with contributions from many world leaders in the field, is equally 
appropriate for graduate or research courses in biochemistry. The book has been 
extensively class-tested and includes tutorials in biology and biochemistry to 
aid students of varying backgrounds. This exciting new book will be a must-
read for years to come for all students and researchers interested in the field of 
biological chemistry.

This volume also contains experiments related to the content of biological 
chemistry courses as well as basic/preparatory chemistry courses. These re-
search studies give students an opportunity to go beyond the lectures and words 
in the textbook to experience the scientific process from which conclusions and 
theories are drawn.

This book:
-	 Focuses on fundamental and relevant connections between chemistry 

and life.
-	 Elegantly portrays the complementary nature of chemistry and biology. 

By describing biological processes in detailed chemical terms, the au-
thors have provided a resource that provides an unparalleled look into 
the fascinating and emerging field of chemical biology.

-	 Satisfies a major need in chemistry curricula, bridging the gap between 
introductory organic chemistry and biochemistry/biology. 

-	 Delivers need-to-know information in a succinct style for today’s students.
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1.1  INTRODUCTION

The age-old practice of traditional medicine is gaining momentum today. The 
traditional and alternative medicinal practices like Ayurveda, Siddha, Unani, 
Kampo, traditional Chinese medicine, etc., have promising therapeutic values. 
They constitute the group of evidence-based medicine. Though not scientifi-
cally proven then, but the practical knowledge of our forefathers have unbeliev-
ably exceeded today’s scientific practice when the whole foundation was based 
upon personalized medicinal concept or “Prakriti” which is also mentioned in 
our ancient text as follows [3], [2]:

“Every individual is different from another
and hence should be considered as a different entity.
As many variations are there in the Universe, all are seen in Human being”.

With the advancement in biological science, the root cause of all human diseases 
is mapped to the genomic and phenotypic variations which are important to un-
derstand for personalized medicine concept. Prakriti-based medicine is based on 
three doshas, namely, vata, pitta, and kapha explaining the different conditions 
of the body.

1.2  WHAT IS ALTERNATIVE MEDICINE?

Alternative medicine which includes Ayurveda, Siddha, Unani, Kampo, tradi-
tional Chinese medicine, to name a few, is a substitute for present conventional 
medicine, namely Allopathy. They are practiced with traditional knowledge for 
healing in different parts of the world. The ancestral medicinal knowledge docu-
mented by various scholars of their era is now being used to gain knowledge for 
alternative medicinal practice.

1.2.1  PROS AND CONS

1.	 Alternative medicines are based on evidence-based practice since an-
cient times. Thus, it has a strong foundation for sustaining its practice.

2.	 They are believed to possess lesser side effects.
3.	 Alternative medicine is based on personalized medicine concept. Hence, 

drug selection and dosage quantity is based on the prakriti or tridosha of 
a person under treatment.

4.	 Alternative medicines are believed to cure some of the most menacing 
disease of present era which the present conventional medicine is unable 
to cure.
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5.	 Presently there is no standardization of herbal medicine which compro-
mises on the purity of the medicine. 

6.	 Still various practices of the tribal communities are undisclosed. Hence, 
very little is known of different traditional remedies practiced today.

7.	 Scientific research is still lagging in understanding the mechanism of 
action of the herbal formulations and its synergistic activity in the bio-
logical system.

1.3  WHAT IS BIOINFORMATICS?

Bioinformatics is an interdisciplinary area for analyzing the biological systems 
with a computational approach. The area of bioinformatics has diversified into 
many sister areas of research namely, genomics, proteomics, metabolomics, 
systems biology, pharmacogenomics, etc. More recently few new areas seem to 
emerge like ayugenomics [2], reverse pharmacogenomics [1], and pathogenom-
ics [11]. Few areas are briefly described here:

1.3.1  GENOMICS

Genomics is the study of sequence, structure, and function of genome. The com-
pletion of the human genome project held high hopes of the scientists in unde-
ciphering the genetic puzzle in humans in medical perspective. Breakthrough in 
establishing basis of individual differences with VNTRs, SNPs, EST, and other 
genomic elements gave hope toward a personalized medication approach. How-
ever, the science of human body is too complex to understand and apply these 
concepts to the whole.

1.3.2  PROTEOMICS

Proteomics is the study of structure and function of proteins. In recent times, 
there has been a boom in structure elucidation of various proteins and its mode 
of action. These structures give us better understanding of the protein behavior 
with different molecules. The identification of the active site and the active resi-
dues are the main components into probing the possible drug-target interaction.

1.3.3  TRANSCRIPTOMICS

Transcriptomics is the study of expression level of different proteins in a given 
cell population. It is also referred as expression profiling and is based on micro-
array technology. This technology is used to study the differences in the expres-



6	 Life Chemistry Research: Biological Systems

sion of different genetic elements in more than one condition such as normal vs. 
disease conditions.

1.3.4  METABOLOMICS

The study of various intermediate metabolites in cellular processes and decod-
ing the chemical fingerprints is known as metabolomics.

1.3.5  SYSTEMS BIOLOGY

Systems biology focuses on integrating the data from genomics, proteomics, 
transcriptomics, and metabolomics. It focuses on computational model building 
using the data involving metabolic networks or cell signaling networks. Net-
work building is an integral part of systems biology.

1.3.6  PHARMACOGENOMICS

Pharmacogenomics aims toward personalized medicine approach. It involves 
technology combining genomics, proteomics, metabolomics, etc., to analyze the 
individual’s genetic makeup affecting his drug response.

This integrative field is still in its infancy with respect to understanding of 
complexity of the biological entities. However, the advances made in the sister 
areas can’t be ignored.

1.4  BIOINFORMATICS AND ALTERNATIVE MEDICINE—THE 
PRESENT SCENARIO

The promises of the computational models for studying the biological systems is 
not new but the advent of the technology post the completion of the human ge-
nome project has been huge. High throughput sequencing data, microarray, and 
expression data compiled systematically in a database is a boon for the modern 
biologist for extracting the experimental knowledge and its application hence-
forth. The present-day approaches in alternative medicine are mainly focuses 
on QSAR studies, molecular modeling, docking, dynamic, and other validation 
studies. These studies are mainly focused on the application of the developed 
strategies. The prospects of bioinformatics is not only limited to the usage of 
available data and softwares but to develop more robust network models to com-
ply with the dynamicity of the biological systems. Human system is complex 
as well as variable. The earliest scientific approach was restricted to understand 
the human complexicity. Recent studies have to be extended to deal with the 
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variability in genome induced due to physiological and biological changes. The 
computational biology plays an integral role in bioinformatics in developing the 
softwares for analysis. The efficiency of the computational techniques is depen-
dent on the mathematical models implemented using programming languages 
which can deal with both complexity and variability as mentioned.

1.4.1  DATABASES, TEXT MINING METHODS, OR LITERATURE-
BASED STUDIES

The information on the traditional medicine is scattered and the present-day 
need is to gather them and present it to the researchers in a more organized 
manner. Various kind of information are available in different databases which 
minimize our searing work and allow us to effective utilize the information for 
further analysis. The traditional practices and usages that have been documented 
in different books, scriptures, and sometimes they have not been documented 
but have been in practice with the group or tribe for a long time. Such kind of 
information is highly valuable and cannot be harnessed at one place. Hence the 
research work comprising of field visit, collection of traditional information, 
and documentation in modern form (databases) is important to give other re-
searchers a peep into the data and to carry out the further pharmacognostical or 
phytochemical work. Medicinal pharmacogenomics is based in the information 
available likewise. Similarly, along with documentation, web search needs to be 
more robust and specific. Text mining approaches improves not only efficiency 
of search but also saves time. Few databases for the reference of the reader are 
mentioned below:

Databases Information References

Supernatural Available natural compounds [4]

TCM-ID Herbal ingredient, structure, function, therapeutic 
details

[22]

TCMGeneDIT Association information about TCM [5]

HIT Herbs and their protein target information Hao et al. (2011)

SWEETLEAD Approved drugs, regulated chemicals, herbal iso-
lates for CADD

[18]

INpacdb Indian plant anticancer compounds [20]

NAPROC-13 Indian medicinal plants [17]
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1.4.2  EXPRESSION STUDIES

Microarray analysis, spectroscopic methods, and other high throughput technol-
ogy have led to the increase in the pharmacological understanding of the disease 
conditions. The differential gene, protein expression can help us to identify the 
candidate gene and thus help to identify the drug target. The expression data can 
be accessed by various public database like GEO, ArrayExpress, etc.

1.4.3  TRADITIONAL CHINESE MEDICINE (TCM)

The worldwide acceptance of TCM makes it a promising source of experimental 
studies. The concept of personalized medicine is not new and it is being prac-
ticed for thousands of years. The basis of TCM practice lies in Zheng (i.e., per-
sonalized identification and classification of the symptoms and treating it indi-
vidually). Zheng describes the overall physical status of the human body based 
on the genotypic and phenotypic differences arising due to heredity, SNPs, en-
vironmental variations, and nutrition wherein the patients can classified into 
characteristic hot or cold Zheng. This has given our modern day researchers 
to probe into the effectiveness of TCM and its underlying mechanism. Various 
research papers suggest in-silico approach to solve the puzzle of TCM. The 
sequencing data, text mining resources, pharmacogenomics, microarray expres-
sion analysis, etc., all gave a reason to systematically investigate TCM further 
[19]. More recently systems biology and network pharmacology is the principle 
choice of carrying out study designs on TCM. Network pharmacology integrates 
the available chemical and metabolomic knowledge derived from experimental 
results for drug-target interaction or network studies in a computer simulated 
model mimicking the living systems. The mode of actions and the scientific 
basis behind TCM’s principle is still unclear. There is a curiosity to unveil the 
principles behind TCM life systems. Kang et al. developed novel entropy-based 
models like acquired life entropy, acquired life entropy flow, and acquired life 
entropy production using the experimental data and has drawn comparative 
lines with the current TCM principles. The computational approach is also used 
to study molecular mechanisms like miRNA and siRNA interaction, glycolysis 
targeting, histone modifications, DNA methylation [7], [8], [21]. These mecha-
nisms are particularly important to understand as they serve as the basis for the 
drug-target interaction studies. The present-day drugs are based on ‘one drug 
fits all’ theory which may not be a pharmacologically correct term for treating 
a disease. Network pharmacology is being used [13] for multicompound drug 
discovery. Diseases like cardiovascular disease, HIV, etc., that are being treated 
using TCM are being probed by computational methods into its mode of action 
[9].Various mathematical models have been suggested for network construction 
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between herbs/natural products and their targets [12], [24], [15], [14], [16], [6]. 
The concept of network pharmacology is explained in detail in various review 
articles [16, 6].

The various steps involved in bioinformatics approaches are:
1.	 Text mining for collection of literature.
2.	 Data mining of the various available resources from databases. For ex-

ample, 2D and 3D structure of compounds from chemspider, pubchem, 
etc.

3.	 Understanding the problem, finding loopholes, study design
4.	 QSAR studies
5.	 Target identification, target modeling
6.	 Network building, interpretation, visualization, pathway-enrichment 

analysis
7.	 Genome-wide association studies
8.	 Evolutionary analysis
9.	 Docking, molecular simulation

1.5  CONCLUSION

No science can justify independently its role in a biological system. Differ-
ent areas of science have to come together for sharing scientific concepts and 
knowledge. Bioinformatics plays an important role in understanding biologi-
cal mechanism and unveiling the underlying genomic entities responsible for 
causing diseases. Alternative and complementary medicine is presently gaining 
momentum. Ethnomedicine, phytochemistry, pharmacology of the plants, and 
its mechanism of action are being studied by using various molecular techniques 
and bioinformatics tools. The need of the hour is to fasten the research by using 
in-silico methods coupled with other biological techniques to scientifically vali-
date the usage of the herbal medicines. Also there is a need for the researchers to 
gain the trust of the tribal people so as to utilize their knowledge. Study designs 
should be more comprehensive to fill the void in the medical knowledge.
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