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FOREWORD

It is immense pleasure to write the forward of the book titled “Biochemistry: Fundamentals
and  Bioenergetics”  edited  by  Dr.  Meera  Yadav  and  Prof.  H.S.  Yadav,  which  is
comprehensive  and  highly  informative  for  the  students.  I  also  believe  that  teachers  and
scholars at every level and stage of their careers can enrich and strengthen their knowledge of
biological chemistry by updates and practices presented in this book. The initial interest in the
area of biological chemistry became intense as new tools and techniques of biotechnology
came  into  existence.  Biological  chemistry  is  continuously  and  steadily  progressing  at  the
laboratory  level  and  at  the  computational  level.  The  authors  and  editors  have  chosen  the
specific  topics  and  details  that  are  important  and  relevant  to  the  chemistry  behind  life
sciences.

This book discusses a wide range of topics related to the fundamental and applied aspects of
the chemistry behind life sciences. The book contains a range of topics, including the scopes
and  importance  of  biochemistry,  the  latest  physical  techniques  to  determine  structures  of
biomolecules,  detailed  classification,  structure  and  function  of  biomolecules  like
carbohydrates, lipids , amino acids, proteins, nucleic acids, enzymes, hormones as well as the
thermodynamics of life sciences and bioenergetics and metabolism of biomolecules. It also
deals  with  photosynthesis  and  respiration,  oxidative  phosphorylation,  DNA  replication,
transcription  and  translation,  and  recombinant  DNA  technology.

The book has contributions from scientists, teachers and research scholars. The editors have
done a commendable job in bringing and collecting and compiling a wide range of excellent
papers  shared by expert  researchers  .  The collection of  expertise  and knowledge has  been
shaped to provide a unique piece of work in the form of a book. I am very much confident
that the book should prove to be a very useful source of knowledge to the students, teachers,
research  scholars,  scientists,  engineers  and  doctors  in  the  disciplines  of  life  sciences,
microbiology,  biochemistry,  biotechnology  and  engineering.

I express my sincere appreciation to the editors for their contributions and I am sure that this
book will be very handy and widely used especially by the aspiring young generation students
who wish to create a niche in the field of biological chemistry.

Saket Kushwaha
Rajiv Gandhi University

India



ii

PREFACE

Based on progressive experimental achievements of biochemists and biologists, biochemical
information is updated day by day and documented in the form of a book. Biochemistry is
continuously and steadily progressing at the laboratory level to life sciences. We therefore
have  chosen  specific  topics  and  details  that  are  important  and  relevant  to  understand  the
fundamentals of biological chemistry.

This  textbook mainly aims to  fulfill  the requirement  of  undergraduates,  postgraduates  and
research  students  having  strong  chemistry  background  with  an  ambition  to  enter  into  the
biochemistry  field.  It  is  also  helpful  to  instructors  to  get  updates  related  to  the  field  of
biochemical  sciences  with  little  effort.  The  topics  are  explained,  ranging  from basics  to  a
detailed knowledge in the area of biochemistry. To enable students to grasp the key points of
chapters, keynotes have been included and a brief summary is given at the end of chapters.

We have attempted to integrate chemical concepts and details throughout the text. It includes
the scope and nature of chemical  forces,  structural  and mechanistic basis  for the action of
biomolecules, the thermodynamic basis for the folding and assembly of proteins and other
macromolecules.  Bearing  specific  functional  groups,  biomolecules  are  important
intermediates  for  the  synthesis  of  many  chiral  medicines  and  are  widely  used  in  the
preparation  of  hormones,  flavors,  fragrances,  liquid  crystals  and  chiral  auxillaries.  These
fundamental topics will help in understanding of all biological processes taking place. Our
goal is to provide pricise and detailed view on specific topics concerning biological chemistry
that will enable students to understand how the chemical features help to meet the biological
needs.

Chemical  insight  often  depends  on  a  clear  understanding  of  the  structures  of  biochemical
molecules.  We  have  taken  considerable  care  in  preparing  structures  of  stereochemically
biomolecules. These structures should make it easier for the student to develop an intuitive
feel for the shapes of molecules and comprehension of how these shapes affect reactivity i.e
structure function relationship.

This  edition  of  Biochemistry:  Fundamentals  and  Bioenergetics  offers  a  wide  selection  of
high-quality  supplements  to  assist  students  and  instructors.We  are  optimistic  to  see  the
satisfaction of students and teachers aspiring to have clear concepts and knowledge in the area
of  biological  chemistry.  The  editors  and  authors  confirms  that  this  book  content  has  no
conflict of interest.

Meera Yadav

&

Hardeo Singh Yadav
Department of Chemistry

North Eastern Regional Institute of Science And Technology (NERIST)
Nirjuli

Itanagar-791109
Arunachal Pradesh

India
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CHAPTER 1

Scope and Importance of Biological Chemistry
Nene Takio1, Meera Yadav1,* and Hardeo Singh Yadav1

1  Department  of  Chemistry,  North  Eastern  Regional  Institute  of  Science  And  Technology
(NERIST),  Nirjuli,  Itanagar-791109,  Arunachal  Pradesh,  India

Abstract: Biochemistry allows us to understand how various chemical processes in all
living  organisms  interact  and  function  to  support  life.  It  covers  a  wider  range  of
scientific disciplines, which are sub-categorised into different branches. In this unit, the
importance of biochemistry in medicine, health sectors, nutrition, and the living system
has been discussed in detail. It also helps to understand biological phenomena of the
environment  and  its  conversation,  genetic  manipulations  of  genes  via  recombinant
DNA technology and gene sequencing via human genome project. The knowledge of
biochemistry has advanced tremendously and in forthcoming years, it has a potential
role in unravelling the mystery of life processes.

Keywords: Biomarkers, Biopsy, Genome, Genotype, Transgenes, Xenobiotics.

INTRODUCTION

Biochemistry, as an interdisciplinary subject, includes a wide range of scientific
disciplines  like  life  sciences,  forensics,  chemical  sciences,  plant  sciences,  and
medicine. It focuses on the chemical processes occurring within the living system
at  the  molecular  level.  Therefore,  there  is  a  need  for  a  biochemical  approach
because biochemistry attempts to understand the chemical composition, structure,
biological functions and metabolism of biomolecules and in this process, it goes
much deeper into the problem of life than any other branch of science. The term
‘Biochemistry’  was  first  coined  in  1903  by  a  German  chemist  named  Carl
Neuberg. During the last two decades, knowledge of biochemistry has advanced
tremendously and in forthcoming years, it is predicted to have a potential role in
unraveling the mystery of the processes of life [1].

The concept of biochemistry is very old; its knowledge and understanding have
been applied for exploring and investigating components of a living system for
more  than  a  thousand  years.  Modern  biochemistry  will  help  in  a  better
understanding  of  enzymes,  molecular  biology  and  their  functions  in  the  body.

* Corresponding author Meera Yadav: Department of Chemistry, North Eastern Regional Institute of Science And
Technology (NERIST), Nirjuli, Itanagar-791109, Arunachal Pradesh, India. E-mail: drmeerayadav@rediffmail.com

Meera Yadav & Prof. Hardeo Singh Yadav (Eds.)
All rights reserved-© 2021 Bentham Science Publishers
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Cells and tissues in the human body are made up of chemical elements like H2, C,
N, O, Ca and P, which play a pivotal role in overall body functions and form a
vital part of biochemistry [2].

CENTRE OF BIOCHEMICAL REACTIONS

DNA is the core part where genetic material stores data, directs and controls all
biochemical  reactions.  It  directs  the  cell  to  release  chemicals  like  enzymes  to
perform  various  mechanical  functions  like  replication,  synthesis,  digestion,
catalysis, etc., which occur in a regulated manner. The information is contained
long  sequences  of  nucleic  acid  subunits  and  each  subunit  is  made  up  of  four
nucleotides. The sum of weak interactions between molecules affects the overall
stability of the biological structures and functions. All the biochemical reactions
follow the 2nd law of thermodynamics, stating that all systems with spontaneous
reactions run “downhill,” motion with an increase in entropy or randomness [3,
4].

BRANCHES IN BIOCHEMISTRY

Biochemistry  is  a  diverse  subject  quite  useful  in  all  other  branches  of  science.
Nowadays, it has been sub-categorised into different branches to study different
biological functions involving RNA and DNA, protein synthesis, cell membrane
and much more. Some of these have been discussed below:

Enzymology

It  is  a  study  of  properties  and  biological  functions  of  enzymes  like  enzymatic
activity,  kinetics,  enzyme-substrate  complex,  the  kinetics  of  the  reaction,
enzymatic  regulation,  and  transition  state,  etc.  They  fulfill  a  multitude  of
functions  in  living  organisms.  They  are  essential  for  signal  transmission  and
cellular  control,  usually  by  kinases  and  phosphatases.  They  also  produce
movement with ATP, which hydrolyzes myosin to induce muscle contraction as
well  as  moves  cargo  in  and  out  of  the  cell.  Other  cell  membrane  ATPases  are
active transport ion pumps [5]. Enzymes like amylases and proteases present in
the intestine participate in the digestive system and breakdown of large molecules
like starch and proteins into smaller ones.

Factors Affecting the Enzyme Activity

Clinical  enzymology  is  another  sub-branch  of  biochemistry  that  deals  with  the
studies  of  enzymes  responsible  for  prolonged  diseases  and  their  diagnosis.
Enzymes are highly specific and selective, therefore required in small quantities
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with  high  purity.The  reaction  rate  is  the  maximum when  an  enzyme gets  fully
saturated  with  substrate,  designated  as  Vmax.  The  affinity  of  an  enzyme  with
substrate influence the relationship between the reaction rate and concentration of
substrate  normally  represented  as  the  Km  (Michaelis-Menten  constant)  of  an
enzyme. For practical purposes, Km is defined as the concentration of substrate at
which the enzyme achieves its half Vmax. A high Km value represents the low
affinity  of  the  enzyme  with  a  substrate  and  to  achieve  Vmax,  a  higher
concentration  of  substrate  is  required.  The  favoured  kinetic  properties  of  these
enzymes are low Km and high Vmax for maximum efficiency at low enzyme and
substrate concentrations, as shown in Fig. (1). Thus, to avoid contamination from
incompatible materials, the enzyme source is selected with utmost care to get a
purified enzyme. Enzymes have huge potential in the therapeutic application for
treating cancer [6],  such as Asparaginase,  has proved to be efficient in treating
acute lymphocytic leukaemia. Its action relies upon the fact that tumour cells have
poor aspartate-ammonia ligase activity,which limits their potential to synthesize
the typically non-essential  amino acid L-asparagine [7].  Table 1  shows various
applications of enzymes in clinical diagnosis.

Fig. (1).  Rate of reaction vs substrate concentration.

Table 1. Uses of enzyme for diagnostic purposes.

S.No. Enzyme for diagnostic
purpose

Estimation of Method of estimation

1 Urease Urea Rapid Ureate Test(RUT)

2 Uricase Uric acid A colorimetric method

3 Glucose oxidase Glucose Glucose oxidase method
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CHAPTER 2

Structure  of  Water:  Acid-Base  and  Buffers;
Hydrogen Bonding
Nivedita Rai1, Shilpa Saikia1, Meera Yadav1,* and Hardeo Singh Yadav1

1  Department  of  Chemistry,  North  Eastern  Regional  Institute  of  Science  And  Technology
(NERIST),  Nirjuli,  Itanagar-791109,  Arunachal  Pradesh,  India

Abstract: Water, being a universal solvent, makes up to 70% of the weight of living
organisms. The amphoteric nature of water is explained by Lewis and Bronsted acid-
base theory. Hydrogen bonding is crucial in many chemical processes. It is accountable
for  having  water's  unique  solvent  capabilityand  also  for  hydrophobic  effect.  This
chapter  discusses  in  detail  the  hydrogen  bonding  between  neighbouring  water
molecules and theirrole in physical and chemical changes in the water molecule. It also
discusses  the  relationship  between  pressure  and  temperature  in  water  via  a  phase
diagram.

Keywords: Acids, Bases, Buffer, Hydrogen bonding.

INTRODUCTION

Water (H2O) is the basic need of every single living being, making up to 70% or a
greater amount of the weight of most life forms. Water comprises little polar V-
shaped  particles  with  molecular  formula  H2O.  It  is  viewed  as  the  widespread
universal  solvent  for  reasons  including  its  basic,  synthetic,  and  physical
properties.  These  properties  bring  about  numerous  extraordinary  attributes  of
water  [1].
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Meera Yadav & Prof. Hardeo Singh Yadav (Eds.)
All rights reserved-© 2021 Bentham Science Publishers

mailto:drmeerayadav@rediffmail.com


34   Biochemistry: Fundamentals and Bioenergetics Rai et al.

Water is a very small bent molecule, consisting of two hydrogen atoms connected
to a heavier oxygen atom. Water molecule possesses a neutral charge, but polarity
lies  with  the  center  of  positive  and  negative  charges  located  oppositely.  Each
hydrogen  atom  has  a  core  comprising  a  unit  positively  charged  and  proton
encircled  by  a  'cloud'  of  a  unit  negatively  charged  electron.  Oxygen  atom
similarly  has  a  core  comprising  of  eight  positively  charged  protons  and  eight
uncharged neutrons encircled by a 'cloud' of eight negatively charged electrons.

The water molecule contains ten paired electrons in five 'orbitals'; one pair of the
electron is connected with the oxygen atom, the other two pairs of electrons are
associated as 'outer' electrons on the oxygen atom and the remaining two electron
pairs form each of the two similar hydroxyl (O-H) covalent bonds.

Water molecules are polar in nature and form a hydrogen bond with other water
molecules.  The  polarity  of  water  permits  it  to  isolate  particles  of  salts  and  get
strongly  bonded  to  other  polar  substances,  for  example,  acids,  alcohols,  etc.,
consequently  dissolving  them.

Hydrogen bonding of water is responsible for its various unique properties, like
the density of its solid form (ice) is less compared to its liquid form; it generally
possesses a high boiling point of 100 °C and has a high molar heat capacity.

Water is amphoteric in nature, i.e. it has both an acidic and a basic character, and
self-ionizes  to  H+  and  OH‒  ions.  At  a  fixed  temperature,  the  product  of  the
concentrations of H+ and OH‒ ions is constant. Since water is an excellent solvent,
it  is  rarely  pure.  There  are  numerous  other  compounds  that  are  not  soluble  in
water, like oils, fats and other nonpolar substances [2].
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PHYSICAL AND CHEMICAL CHARACTERISTIC OF WATER

Water has no taste and has no odour at the standard condition of temperature and●

pressure. It is colorless when present in small quantities, however, the color of
water  and  ice  appears  to  a  very  light  blue.  Additionally,  ice  also  appears
colorless and the vaporized form of water essentially appears invisible as a gas.
It is translucent, and as daylight can enter the aquatic plants, they can survive●

within the water. UV light isrelatively less absorbed.
The shape of the water molecule is nonlinear V-shaped. The electronegativity of●

the oxygen atom of the water molecule is higher than the electronegativity of the
hydrogen atoms and hence there is a small -ve charge on the oxygen atom and
+ve charge on the hydrogen atom. Therefore water is a polar molecule having a
net  dipole  moment.  Likewise,  water  can  form  a  remarkably  large  number  of
intermolecular hydrogen bonds (four) for a particle of its size. Because of these
unique factors of water, there is a strong attractive force between the molecules
of water as a result of which water develops a very high capillary force and high
surface  tension.  With  capillary  movement,  water  goes  up against  the  force  of
gravity  through  small  capillary  tubes.  All  vascular  plants,  for  example,  trees,
depend on this property.
It  is  a  very  good  solvent  and  hence  it  is  considered  a  universal  solvent.●

Substances  thatcan  dissolve  in  water,  e.g.  sugars,  acids,  alkalis  salts  and  few
gases such as oxygen and carbon dioxide (carbonation) are called hydrophilic
which means water-loving in nature and those substances which don't dissolve
well in water (e.g. oils and fats), are called as hydrophobic which means water-
hating in nature.
All the biomolecules which are found in the cells are also soluble in water.●

For example, DNA, proteins, polysaccharides, etc.

Water  in  its  pure  form  conducts  very  low  electricity  but  conductivity  can  be●

greatly improved by dissolving a small quantity of ionic solid such as NaCl.
The boiling point of water depends upon the barometric pressure. At the top of●

Mt.  Everest,  for  example,water  boils  at  68°C,  while  at  sea  level,  it  boils  at
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CHAPTER 3

Electrostatic and Van Der Waals Forces
Nene Takio1, Dencil Basumatary1, Meera Yadav1,* and Hardeo Singh Yadav1

1  Department  of  Chemistry,  North  Eastern  Regional  Institute  of  Science  And  Technology
(NERIST),  Nirjuli,  Itanagar-791109,  Arunachal  Pradesh,  India

Abstract: Non-covalent intermolecular interactions are the fundamental forces which
defines all the shape and structural stability of the biomolecules. Hydrogen bonds hold
strands of DNA together and also responsible for determining the three-dimensional
structure  of  folded  proteins,  whereas  electrostatic  and  vander  waals  interactions  are
found  to  be  a  dominant  factor  in  determining  conformation  of  biomolecules.
Noncovalent  forces  are  individually  weak  relative  to  covalent  bonds,  but  the
cumulative  effect  of  such  interactions  in  a  protein  or  nucleic  acid  can  be  very
significant.  They  all  play  a  fundamental  role  in  fields  as  diverse  as  supramolecular
chemistry, structural biology, polymer science and nanotechnology.

Keywords: Covalent and non covalent forces, Dipole-Dipole interactions, Ionic
bonds, Thermophiles: Supramolecules, Vander waals contact distance.

INTRODUCTION

Molecular interactions, also known as non-covalent interactions, are attractive or
repulsive  forces  involving  atoms  and  molecules.  These  are  significant  for  the
determination  of  structural  biomolecules,  drug  designing,  material  science,
sensors, nanotechnology, and chemical sciences. In the biological processes, non-
covalent interactions allow protein and ribosomal RNAs folding to form globular
structures, and also help the formation of the DNA double-helical structure. These
stabilize the assembly of proteins with DNA, RNA and other proteins, and help in
the formation of phospholipids in the membrane. Hence, understanding the forces
behind  the  interactions  between  biomolecules  is  essential,  providing  a  better
perspective  on  how  a  living  system  functions.

FUNDAMENTAL FORCES IN BIOMOLECULES

Covalent bonds with high energy formation are considered to be much stronger
than  the  bonds in biomolecules, but still, they manage to hold the complex mole-
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cular  structure  with  great  ease  since all  these  small  non-covalent  forces  have a
very strong cumulative effect on bimolecular stability. A double-stranded helical
DNA with thousand base pairs held by different stacking forces is considered, as
shown in Fig. (1).

Fig. (1).  Base pair stacking in B-DNA. Short range repulsion sets a distance of 3.4 Å between base pairs.
Major  stacking  forces-  Hydrophobic  Interactions  Van  der  Waals  forces.
https://ww2.chemistry.gatech.edu/~lw26/structure/molecular_interactions/mol_int.html.

The base pair energy of the average base pair, which is about 0.5 kJ/mol, is not
very large, but the energy range of 1000 base pairs is 500 kJ/mol, which is equal
to the range of many covalent bonds.  It  also has important implications for the
mobility  of  individual  base  pairs.  These  can  be  easily  opened  when  whole
molecules  are  held  together.  These  weak  and  uncoordinated  forces  play  an
important  role  in  DNA  replication,  3-dimensional  protein  synthesis,  enzyme-
substrate complex formation, and also in molecular signals identification. Infact,
all biological compositions and processes are interdependent on covalent and non-
covalent  interactions.  Some  of  the  forces  responsible  for  the  structural
determination  of  proteins  have  been  discussed  below  (Fig.  2).

These include:

Covalent Bonds

The breakdown of protein-peptide bonding with the respective amino acids can1.
be  achieved  by  acidic  or  alkali  treatment  or  by  enzymatic  treatment.  e.g.,
Proteases.
A  disulfide  bridge  is  formed  between  cysteines  and  cystine.  (Cysteine  has2.
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another  HS-  and  -SH  that  forms  the  disulfide-SS-  bridge).  The  bridge  is
destroyed by reduction with β-mercaptoethanol and cysteine is reformed [2].

Non-Covalent Bonds

Hydrogen  bonds  –  Biological  components  like  proteins  are  made  up  of1.
hydrogen bonds thatplay an important role in stability because these are away
from water (which disrupts them). They can be broken down by overheating.
Van der  Waals  forces  –  These are  short  dipole-dipole  (δ+ & δ-)  interactions2.
between closely distances atoms. The bonds can be broken down by denaturing
agents like heat, chemicals, etc.
π-π overlap – These are delocalized in rings with π electron clouds and easily3.
break down by heat.
Electrostatic or ionic interactions and salt bridges in biomolecules.4.

These also get easily disrupted by changes in ionic strength or pH.(e.g., positive
residues include Arg, His: while negative residues include Asp, Glu, Cys). They
all differ in structure, arrangement, strength, and specificity. Also, all the bonds
behave differently in the presence of water [1].

Fig. (2).  Different forces in protein stability.

HYDROGEN BONDING

Hydrogen bonding is considered a strong bond that participates in many important
chemical processes. This is also responsible for the hydrophobic effect and unique
solvent capabilities. This bond formed is between uncharged molecules as well as
charged  ones.  The  atom  that  hydrogen  is  most  strongly  bonded  to  is  called  H
donor,  while  the other  atom is  said to be an H acceptor  with a  partial  negative
charge that attracts hydrogen. These are the strongest dipole-dipole interactions
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Abstract:  Biopolymers  perform  important  cellular  processes,  which  are  isolated,
purified and studied with the help of a wide range of biophysical, electrochemical and
molecular  biology  techniques  such  as  NMR,  X-ray  Crystallography,  Electron
Microscopy, and Electron Tomography. X-ray Crystallography helps us to establish 3D
structures of small and large molecules at atomic resolution via the X-ray diffraction
method,  whereas  NMR  determines  the  content  and  purity  of  a  sample.  Electron
microscopy obtains high-resolution images of biological and non-biological specimens
and electron tomography provides three-dimensional density maps of the pleomorphic
organism from macromolecular complexes to cells.

All these techniques, discussed in this unit, provide us a greater insight to unravel the
mystery  of  complex  organisms  and  to  understand  the  structure  and  functional
properties  of  the  biomolecules.

Keywords:  Fourier  transform,  Macromolecules,  Mosaicity,  Pleomorphism,
Synchrotons.

INTRODUCTION

Biopolymers  such  as  DNA,  RNA  and  proteins  plays  key  role  in  the  cellular
processes  like  cell  differentiation,  cell  growth,  maintenance,  repair,
recombination,  transcription,  translation,  etc.  Unlike  synthetic  polymers,
biopolymers  have  a  well-marked  structure.  These  polymers  have  a  uniformly
distributed set of molecular mass and appear as a long chain of worms or a curled
up string ball under a microscope. This type of polymer is differentiated based on
their  chemical  structure.  Biopolymers  plays  an  essential  role  in  nature  [1].
Different   types   of  biopolymers  extracted  from  biomolecules  has  been  shown
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below in Fig. (1). They are extremely useful in performing functions like storage
of  energy,  preservation  and  transmittance  of  genetic  information  and  cellular
construction.  Some  of  the  uses  of  biopolymers  has  been  mentioned  below:-

Sugar based polymers, such as polyactides, naturally degenerate in the human●

body without producing any harmful side effects. This is the reason why they
are  used  for  medical  purposes.  polyactides  are  commonly  used  as  surgical
implants.
Starch  based  biopolymers  can  be  used  for  creating  conventional  plastic  by●

extruding and injection molding.
Biopolymers based on synthetic are used to manufacture substrate mats.●

Cellulose  based  biopolymers,  such  as  cellophane,  are  used  as  a  packaging●

material.
These chemical compounds can be used to make thin wrapping films, food trays●

and pellets for sending fragile goods by shipping.

Fig. (1). Biopolymers found in nature.

Immense efforts have been made for their isolation, purification, quantification as
well as structural determination and functional characterization. Profound insights
into the structural and functional characterization of these biopolymers could help
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us  understand  the  intricate  cellular  machinery.A  wide  range  of  biochemical,
biophysical, electrochemical and molecular biology techniques have really been
beneficial  in  exploring  the  key  and  interdependent  relationships  between  the
structure and function of these biopolymers. Each instrumentation techniques has
its own advantage and disadvantage in terms of their applications, selectivity and
sensitivity.  In  this  unit  we  will  discuss  some  of  the  physical  techniques  which
provides  a  greater  insight  of  the  structure  and  functional  properties  of  the
biomolecules  [2].

BIOPOLYMER TECHNIQUES

X-ray Crystallography

It  is  a  powerful  tool  to  establish  3D  structures  of  molecules  at  the  sub-atomic
level. The method works on the principle of X-ray diffraction by the crystal. The
electron in the crystal scatters X-rays beam and the 3D structure of molecules is
established due to the interference pattern of the scattered X-rays. Unfortunately,
crystals required for diffraction are difficult to obtain, and considerable amounts
of proteins may be needed, as given below in Figs. (2 and 3). Usually, proteins are
created as recombinant material from microorganisms and mammalian cells. They
require high labour work but are considered a good approach for the detection of
even tough membrane proteins.Initially used for the identification of salt crystal
structure, this technique helped Linus Pauling to develop his theory of attractive
force  (structural  information  combined  with  quantum  mechanics  calculations).
From the data obtained from salt crystals, Linus Pauling proposed the primary and
secondary structure of protein molecules [Pauling and Corey, 1951]. Both atomic
coordinates  and  structural  helical  configurations  of  polypeptide  chains  were
detected and confirmed by X-ray crystallographic analysis. Crystals of myoglobin
and haemoglobin were first analyzed in the 1960s by Kendrew and co-workers.
Since several such materials may be obtained in crystal forms, like salts, minerals,
semiconductors, organic, inorganic and biomolecules, x-ray crystallography has
been a primary technique for scientific researches and discoveries.  In its  initial
decades of operation, the technique helped to determine the atomic size, length,
nature of chemical bonding, and variations in material’s atomic scale, particularly
minerals  and  alloys.  This  method  also  helps  in  the  identification  of  structural
arrangement and functions of biological molecules like vitamins, proteins, nucleic
acids like deoxyribonucleic acid, etc.  X-ray crystallography continues to be the
prime methodology for characterizing the atomic structure of new materials that
are rather difficult to characterize by alternative techniques [3].
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Abstract:  This  chapter  deals  with  the  introduction,  definition  and  classification  of
various  biological  molecules  like  carbohydrates,  lipids  and  bio-membranes,  amino
acids, proteins and nucleic acids. The synthesis of carbohydrates, structure and function
of  monosaccharides,  disaccharides  and  polysaccharides,  absolute  and  relative
configuration of sugar, reducing and non-reducing sugar, Fischer projection formula
and Haworth projection formula are also briefly described. A brief knowledge about
the  type  of  fatty  acids,  acid  value,  soap  value,  various  types  of  lipids,  including
phospholipids  and  sphingolipids,  is  also  included.  This  unit  also  discusses  the
properties  of  various  types  of  amino  acids,  proteins  and  nucleic  acids,  including
structures  of  nucleoside,  nucleotides,  DNA  and  RNA.

Keywords:  Carbohydrates,  Nucleic  acid,  Nucleotide,  Polypeptides,  Proteins,
Relative  and  absolute  configuration.

CARBOHYDRATES

Carbohydrates  are  biomolecules  consisting  of  carbon,  hydrogen  and  oxygen
atoms. They perform various important roles in living organisms. For example,
some polysaccharides serve as storage of energy; the monosaccharide ribose is the
backbone  of  RNA  (genetic  material)  and  is  also  an  important  component  of
coenzymes  like  ATP,  NAD,  FAD;  the  monosaccharide  deoxyribose  is  the
backbone of DNA [1]. Carbohydrates also play key roles in fertilization, immune
system, blood clotting, etc.

In the human diet, the most important carbohydrates are starch and sugars which
are found in a variety of foods, both natural and processed, for e.g. starch is avail-
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able in cereals, potatoes and even in bread, pizza, pasta, etc. (shown in Fig. 1).

Initially,  it  was  believed  that  the  term carbohydrates  refers  to  the  “hydrates  of
carbon”, having general formula Cx(H2O)y, for e.g. glucose (C6H12O6), cane-sugar
(C12H22O11), etc. But later, it was found that several carbohydrates do not follow
the  pattern  given  in  the  above  formula,  e.g.  deoxyribose  (C5H10O4),  rhamnose
(C6H12O5), glucosamine (C6H13O5N). In recent days, carbohydrates are defined as
“Polyhydroxy  aldehydes  or  polyhydroxy  ketones  or  substances  that  yield  such
compounds on hydrolysis”, known as carbohydrates [1], for e.g. glucose, fructose,
galactose, etc.

Fig. (1).  Food rich in carbohydrates [2 - 4] respectively.

Synthesis of Carbohydrates

Carbohydrates are synthesized in green plants by the process of photosynthesis.
Green  plants  contain  chlorophyll,  which  catalyses  the  conversion  of  carbon
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dioxide into sugar in the presence of water and sunlight [5]. The reaction involved
in photosynthesis can be shown as follows:

Carbohydrates  are  degraded  by  animals  using  O2,  providing  energy  for  their
survival  and  releasing  an  equivalent  amount  of  carbon  dioxide.

Function of Carbohydrates

Carbohydrates participate in a wide range of functions. Some of them are:

They are the most abundant dietary source of energy for all organisms.●

They  are  the  main  precursors  for  most  of  the  organic  compounds,  e.g.  fats,●

amino acids.
Carbohydrates,  especially  glycoproteins  and  glycolipids,  participate  in  the●

structure of cell membrane and cellular functions like cell growth, etc.
They provide energy and regulate blood glucose, sparing the use of protein for●

energy.
They act as important structural units in plants.●

Classification

Carbohydrates are also known as Saccharides (Greek: Sakkharon), which refer to
the substances which are sweet in taste [1].  The classification of carbohydrates
depends on their behaviour, and is given as follows:

Based on their Behavior Upon Hydrolysis

Monosaccharides

These are the simplest unit of carbohydrates and cannot be further hydrolysed into
other smaller fragments [1]. The general formula of monosaccharide is Cn(H2O)n,
where  n  =  3  to  7,  for  e.g.  Glucose  (C6H12O6),  Fructose  (C6H12O6),  Galactose
(C6H12O6),  Ribose  (C5H10O5),  etc.

Oligosaccharides

The  carbohydrates  which  provide  a  definite  number  (2-9)  of  molecules  of
monosaccharide  on  hydrolysis  are  called  oligosaccharides  [1].  Based  on  the
number of monosaccharide units obtained after hydrolysis, oligosaccharides can
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Abstract:  This  chapter  deals  with  the  introduction,  classification  and  biological
functions  of  vitamins.  The  deficiencies  caused  by  water-insoluble  vitamins  such  as
vitamin-A,  vitamin-D,  vitamin-E and vitamin-K and water-soluble  vitamins  such as
vitamin-C and the vitamin-B complex have been discussed in detail. The structure and
properties of various types of vitamins are also part of this subject.
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INTRODUCTION

Along with some biologically important compounds like proteins, carbohydrates
and lipids, some organic chemical compounds are known as vitamins which are
also  required  in  small  quantities  for  normal  health  and  growth  of  animal  life
(including man). These organic compounds or vitamins cannot be synthesized by
the body and hence must be obtained through diet or some other synthetic sources
(shown  in  Fig.  1).  Due  to  this  reason,  vitamins  are  called  essential  nutrients.
However,  the word vitamin excludes dietary minerals,  essential  fatty  acids  and
essential amino acids [1].

Vitamins are normally required in very small quantities by the body to complete
its functions. These perform many biochemical functions as antioxidants, for e.g.
vitamin E & C; as enzyme cofactors or their precursors, e.g. B-complex vitamins;
hormone-like, e.g. vitamin D; regulators of mineral metabolism, regulators of cell
and tissue growth and differentiation, e.g. some forms of vitamin A also facilitate
or control vital chemical reactions in the body cells. The enzyme cofactors (as a
catalyst) help enzymes in their metabolism. Here vitamins either may be tightly
bound  to  enzymes  as  part  of  a  prosthetic  group like  biotin, which is a part of
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enzymes that are involved in making fatty acids, or maybe less tightly bound to
enzyme  catalysts  such  as  coenzymes  that  carry  chemical  groups  or  electrons
between molecules, e.g. folic acid carries methyl, formyl and methylene groups in
the cell [3].  These roles of vitamins in enzyme-substrate reactions are the best-
known, although other functions are equally important. Lack of any vitamin in our
body may develop a specific deficiency.

Fig. (1). Some vitamins-rich foods [2].

Till now, many vitamins have been isolated. Initially, they are designated by some
selected letters of the alphabet (as shown in Fig. 2), but as soon as their structure
has been established, the vitamins are renamed. Each vitamin name (word vitamin
followed  by  an  alphabet)  refers  to  a  number  of  vitamers  that  show  the  same
biological  activity  due  to  similarity  in  their  structure  [4].  For  example,  retinal,
retinol  and  four  known  carotenoids  qualify  as  “vitamin  A”,  each  with  slightly
different  properties.  Here  vitamin  A is  the  “generic  descriptor”  of  the  vitamin.
Vitamers  can  be  converted  to  the  active  form  of  the  vitamin  in  the  body  and
sometimes these are even inter-convertible to one another.

Fig. (2). Vitamins [5].

HISTORY

Long before the vitamins were identified, it was recognized that certain foods are
necessary to maintain health. In ancient Egypt, night blindness (a disease caused
by the deficiency of vitamin A) was cured by feeding animal (goat, pig, etc.) liver
to a person [6]. In 1747, James Lind, the Scottish surgeon discovered that scurvy
(a deadly disease in which collagen is not properly formed, causing poor wound
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healing, bleeding gums, severe pain and death) can be prevented by using citrus
foods [6]. In 1753, Lind published his Treatise on the Scurvy,  where the use of
lemons and limes was recommended to avoid scurvy; however, it was not widely
accepted [6].

During the late 18th and early 19th centuries, a number of vitamins were isolated
and identified by scientists. Rickets in rats was cured by using lipid from fish oil
and was called “antirachitic A”. Thus, the first  vitamin ever isolated that cured
rickets was initially named “vitamin A”; however, now it is known as “vitamin
D”  [7].  In  1881,  at  the  University  of  Tartu  (now  Estonia),  Nikolai  Lunin,  a
Russian surgeon, studied the effects of scurvy. He made an artificial mixture of all
the  constituents  of  milk  (proteins,  fats,  carbohydrates  and  salts  known  at  that
time) and fed mice with this mixture while other mice were fed with milk. The
mice fed with the mixture died, and the mice fed with milk developed normally.
Therefore,  he  concluded  that  “milk  must  contain  small  quantities  of  unknown
substances  which  are  essential  for  life  along  with  the  known  ingredients”.
However, his advisor Gustav von Bunge did not accept his conclusions. In 1905, a
similar result was published in a Dutch medical journal by Cornelius Pekelharing
but  not  widely  reported  [8].  In  1890,  Christiaan  Eijkman  found  that  a  nerve
disease (polyneuritis) broke out among his laboratory chickens. The disease was
similar  to  the  polyneuritis  associated  with  the  nutritional  disorder  beriberi.  In
1897, he discovered that when the chickens were fed with unpolished rice instead
of  polished  rice,  it  helped  to  prevent  beriberi  in  chickens  [9].  In  1906-07,
Frederick  Gowland Hopkins,  a  British  biochemist,  observed that  certain  amino
acids  cannot  be  synthesized  by  the  animals  and  concluded  that  in  addition  to
proteins, carbohydrates, fats, etc., some foods contain ‘accessory factors’ that are
necessary to support growth and proper functioning of the body [6]. In 1912, he
published the same. In the same year, Casimir Funk, a polish scientist, observed
that  polyneuritis  in  pigeons  could  be  cured  by  increasing  their  diet  with  a
concentrate made from rice bran, present in the outer husk of the rice, which was
removed  during  polishing.  Thus  he  proposed  that  polyneuritis  occurred  due  to
lack of a vital factor found in rice bran in the bird’s diet. Similarly, he believed
that some human diseases like beriberi, scurvy and pellagra were also caused by
deficiencies of some vital  factors and could be cured if  the same is supplied to
them in their diet. Funk called these vital factors as “vital amines”, later shortened
to “vitamines”, as each of the factors contained an amine [10]. Later it was found
that all the vitamins do not contain nitrogen, hence all are not amines; therefore,
the final ‘e’ was dropped from ‘vitamine’ to de-emphasize the amine reference
[11].
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Abstract:  In  this  chapter,  brief  accounts  for  the  classification,  nomenclature,  and
physiochemical nature of enzymes have been discussed. This chapter also deals with
the  action  mechanism  of  an  enzyme,  enzyme  kinetics,  and  factor  affecting  enzyme
activity.  A brief  discussion  about  coenzymes,  cofactors,  and  their  role  in  biological
systems has been addressed in this chapter.

Keywords:  And  enzyme  kinetics,  Biological  catalyst,  Coenzymes,  Cofactor,
Denaturation,  Reaction  specificity.

INTRODUCTION

The  term  enzyme  was  coined  by  Kuhne  in  1878  for  the  biologically  derived
catalysts. These are protein molecules which work as a catalyst. They increase the
rate of chemical reactions in the body. Enzymes work on the substrate and convert
them into products [1]. Some important features of enzymes are as follows-

1. All enzymes are proteinous in nature, but all proteins are not enzymes.

2. They act as a catalyst to accelerate a chemical reaction.

3. They are very specific in their action.

4. Their names end in –ase, e.g., sucrase, lactase, maltase, etc.

5.  Enzymes  work  by  weakening  chemical  bonds,  which  lower  the  activation
energy.

6. Enzymes are key to life, i.e., no enzyme, no life.

7. Enzymes contain active sites.
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ENZYME STRUCTURE

Enzymes are  made up of  long chains of  amino acids that  arefolded into a  very
precise three-dimensional shape and contained an active site. An active site may
be defined as a region on the surface of an enzyme to which substrate will bind
and catalyse a biochemical reaction. There are various enzymes, and their names
predict their activity. Enzymes not only break large chemicals into smaller ones
but also build large chemicals from smaller ones along with many other chemical
tasks. For example, an enzyme found in saliva (shown in Fig. 1), amylase, breaks
down starch  molecules  into  glucose  and maltose.  Lipase  breaks  down fats  into
smaller molecules [1].

Fig. (1).  Salivary amylase, chloride ion green: calcium beige [2].

Some  chemicals  are  called  activators,  which  help  to  enhance  enzyme  activity.
Some chemicals can slow down the activity of an enzyme or even stop any further
activity of the enzyme, and such chemicals are called inhibitors. Most drugs are
such types  of  chemicals  that  either  enhance or  slow down the  activity  of  some
enzymes in the human body [1].

NOMENCLATURE AND CLASSIFICATION

Each enzyme is allocated two names. The first one is a trivial name or also called
recommended name, which is very suitable for everyday use. The second one is a
systematic name as projected by the International Union of Biochemistry (IUB).

Recommended Name

Most  commonly  used  enzyme names  end  with  the  suffix  ‘-ase’  attached  to  the
substrate, type of chemical reaction, etc. [3].

A. Based on the type of substrate as given in Table 1 [3]:
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Table 1. Enzyme with their substrate.

     Substrate Enzyme (Substrate + Suffix ‘ase’)

     Carbohydrates Carbohydrases

     Proteins Proteinases

     Lipids Lipases

     Nucleic acids Nucleases

     Maltose Maltase

     Sucrose Sucrase

     Urea Urease

     Aspartic acid Aspartase

     Fumaric acid Fumarase

B. Based on the type of reaction which they catalyzed are given in Table 2 [3]:

Table 2. Type of chemical reaction catalyzed by an enzyme.

     Reaction Enzyme

     Hydrolysis Hydrolases

     Isomerization Isomerases

     Oxidation Oxidases

     Reduction Reductase

     Dehydrogenation Dehydrogenases

     Decarboxylation Decarboxylases

C.  Based on the type of reaction catalyzed along with the type of substrate are
given in Table 3 [3]:

Table 3. Type of substrate and type of reaction catalyzed by an enzyme.

     Substrate Reaction Enzyme

     Alcohol Dehydrogenation Alcohol dehydrogenase
(removal of hydrogen from alcohol)

     Succinic acid Dehydrogenation Succinic dehydrogenase

     Glucose Oxidation Glucose oxidase

     Glycogen Synthesis Glycogen synthetase

     Phosphoglycerate Isomerization Phosphoglyceromutase
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structure, properties, and regulatory action of hormones. Various plant hormones and
their functions have been discussed in this chapter.

Keywords: Cortisol, Osteoporosis, Oxytocin, Plant hormones, Progesterone, Sex
hormones, Testosterone, Vasopressin.

INTRODUCTION

The term ‘hormone’ is derived from the Greek word ‘hormaein’, which means “to
set in motion”. Hormones are specific molecules that act as chemical messengers.
These  are  secreted  directly  into  the  blood  by  the  endocrine  glands.  These  are
carried by the circulatory system to organs and tissues of the body to exert their
functions  [1].  The  major  body  functions  include  monitoring  of  basic  needs,
hunger,  to  a  complex mechanism like reproduction [2].  The hormones secreted
into the blood come in contact with a number of cells, but only certain target cells
are influenced by these. For each specific hormone, there are specific receptors in
the  target  cells,  which  may  be  present  on  the  surface  of  the  cell  membrane  or
inside  the  cell.  As  the  hormone  binds  to  the  receptor,  some  changes  occur,
influencing  the  cellular  function.  Since  the  hormones  influence  the  target  cells
over a distance hence this type of signaling is known as endocrine signaling [3].
Hormones also influence the neighboring cells when secreted into the interstitial
fluid  surrounding  cells,  which  then  diffuse  to  nearby  target  cells.  This  type  of
signaling  is  known  as  paracrine  signaling.  Sometimes  the  hormones  cause
changes to the same cell that releases them and do not enter the other cells, known
as autocrine signaling [3].
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The  glands,  part  of  the  endocrine  system  shown  in  Fig.  (1),  that  produce
hormones are ductless; hence they are released directly into the blood. The glands
are:

Fig. (1).  A diagram of the endocrine system [4]. ( image courtesy: scioly.org).

Hypothalamus:  It  combines  the  endocrine  and  nervous  systems.  It  initiates●

endocrine  responses  when  it  receives  input  from  body  and  brain  areas.  The
hormones produced by it play a role in hunger, moods, body temperature, and
release of hormones from other glands and can also control thirst, sleep, and sex
drive [5]. Hypothalamus includes the following hormones [6]-

Corticotropin-releasing  hormone:  It  stimulates  the  anterior  pituitary  to❍

release adrenocorticotropic hormone (ACTH).
Gonadotropin-releasing  hormone:  It  stimulates  the  anterior  pituitary  to❍

release luteinizing hormone and follicle-stimulating hormone.
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Thyrotropin-releasing hormone: It stimulates the anterior pituitary to release❍

thyroid-stimulating hormone (TSH).
Growth  hormone-releasing  hormone:  It  stimulates  the  anterior  pituitary  to❍

release growth hormone (GH).
Oxytocin:  It  is  stored  in  the  posterior  pituitary.  It  induces  labour  during❍

childbirth and controls bleeding after childbirth. It also induces the release of
milk from mammary glands.
Antidiuretic  hormone  (vasopressin):  It  is  also  stored  in  the  posterior❍

pituitary. It helps the kidneys to reabsorb water.
Parathyroid:  Releases  hormones  that  balance  the  amount  of  calcium  in  the●

body [7].
Thymus: Releases hormones that produce T-cells and help in the function of the●

adaptive immune system [8].
Pancreas: It is located between the stomach and proximal portion of the small●

intestine.  It  helps  to  control  blood  sugar  levels  by  producing  hormones  like
insulin  and  glucagon.  Insulin  promotes  the  uptake  of  glucose  by  liver  and
muscle cells and converts it to glycogen, thus decreasing blood sugar levels. But
glucagon promotes the breakdown of glycogen, stored in liver and muscle cells,
and releases glucose, thus increasing blood sugar levels [9].
Thyroid: It is located in the neck and is regulated by the hypothalamus-pituitary●

axis.  Hormones  produced  by  this  gland  are  associated  with  regulating
metabolism and growth, calorie-burning, and heart rate. Hormones produced by
this gland are thyroxine (T4) and triiodothyronine (T3) [10].
Adrenal:  It  consists  of  two  glands  located  in  each  kidney.  It  consists  of  two●

parts  adrenal  cortex  and  adrenal  medulla,  each  producing  different  sets  of
hormones.

Adrenal  cortex:  It  releases  mineralocorticoids,  e.g.  aldosterone,  and❍

glucocorticoids, e.g. cortisol. Aldosterone helps to increase reabsorption by
kidneys and regulates water balance. Cortisol is released when blood sugar
levels decrease due to long-term stress. It increases the blood glucose levels
through glycogenesis by liver cells. It also aids in the metabolism of proteins,
carbohydrates, and fats [11].
Adrenal  medulla:  It  releases  epinephrine,  e.g.  adrenaline,  and❍

norepinephrine,  e.g.  noradrenaline.  These are released as a result  of  short-
term stress and cause an increase in heart rate, breathing rate, contraction of
cardiac muscle, blood glucose level and blood pressure [11].

Pituitary:  It  is  also  known  as  the  “master  control  gland”  because  it  controls●

other glands and releases hormones that trigger growth. It is present at the base
of the brain and is attached through the pituitary stalk to the hypothalamus. It
consists  of  two  distinct  regions:  the  anterior  pituitary  gland  and  the  posterior
pituitary gland [12].
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Abstract: All living organisms require energy from the surrounding and utilized by
biomolecules that mediates the flow of energy from exergonic reactions to the energy
requiring processes of life. This unit deals with the energy behind life in the form of
three  laws  of  thermodynamics.  Derived  the  mathematical  equations  for  the  laws.
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INTRODUCTION

Living  organisms  need  energy  for  various  life  processes  like  movement,
biomolecular synthesis, transportation of ions and molecules across membranes,
etc. All species gain energy from their environment and use it to carry out their
life  process.  Studying  certain  energy  transformation  phenomena  requires
awareness of thermodynamics processes. Thermodynamics gives us an analysis of
energy transformations occurring in the cell. Biological processes also obey the
law of thermodynamics. The principles of thermodynamics help us to understand
the relationship between heat, energy, and matter in the biological system. This
chapter presents several basic thermodynamics principles that give us a broader
understanding of various biological processes [1]. Sun is the ultimate source of all
forms of energy. Living organisms rely directly on sunlight like plants (Fig. 1).
Some  bacteria  live  in  extreme  conditions,  such  as  Antarctica,  also  some  blue-
green algae grow in the lakes under dense layers of ice, and these also require 
energy  in  those  remote  areas. All living organisms require energy to synthesize
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food, to reproduce and store and carry out metabolic activities for survival. The
energy of sunlight and its wavelength λ or frequency ν is interdependent, which is
shown by the relation, E = h c/ λ = h ν, where

h = Planck’s constant (6. 634 x 10-34 Js)

c =speed of light in vacuum (2.99 x 108 m/s)

Fig.  (1).   The  sun  is  the  source  of  energy  of  all  virtue  of  life.  We can  harvest  its  energy  in  the  form of
electricity by using windmills driven by air heated by the sun.

What is the Basic Concept of Thermodynamics?

In every thermodynamic analysis, a distinction between system and surrounding is
necessary. A system is the part of the universe we’re concerned with. It may be a
combination of Chemicals in a test tube, or a single cell, or a whole organism. The
surrounding environment includes everything else other than the system. These
systems are categorized into isolated, closed, and open types (as shown in Fig. 2).
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Fig. (2).  The characteristics of isolated, closed, and open systems. Isolated systems exchange neither matter
nor  energy  with  their  surroundings.  Closed  systems  may  exchange  energy,  but  not  matter,  with  their
surroundings. Open system may exchangeeither energy or matter with surrounding.

An isolated system doesn’t share matter or energy with the external environment.

A closed system doesn’t share any matter with the surroundings.

An open system has external interaction with both system and surroundings.

All living beings are usually open systems that can exchange matter and energy
with the surrounding [1].

Even when the system is  closed,  it  can still  interact  with its  surroundings.  One
such kind of interaction is called work. If the surroundings exert a force, F, on the
system and this  force  is  exerted  along a  path  of  length  l;  the  surrounding  does
work on the system:

W = Fl

If W = +ve, then it indicates work is done on the system.

If W = -ve, it indicates work is done by the system.

STATE VARIABLES

State variables that characterize the condition of a complex system are known as
state functions.

Every State variable corresponds to one of the underlying state space coordinates.
Such  variables  include  macroscopic  properties,  including  pressure,  volume,
temperature,  density,  composition,  surface  area,  etc.  For  example,  an  ideal  gas
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metabolism of carbohydrates, lipids and fats, proteins, nucleic acids and nucleotides.
The relationship between photosynthesis and cellular respiration, the structure of DNA
and the technology of recombinant DNA have been described in detail.

Keywords: Catabolism, Citric acid cycle, Glycolysis, Oxidative phosphorylation,
Photorespiration, Photosynthesis, Recombinant DNA.

INTRODUCTION

Bioenergetics  is  a  branch of  biochemistry.  A study about  the transformation of
energy in the living systems is bioenergetics.  This type of energy is created by
living  organisms.  All  living  organisms  use  energy,  but  they  use  it  in  different
ways. Consider plants and animals, the plants use energy in such a manner that
causes them to release oxygen as a byproduct, while animals require oxygen for
living. All living organism converts foods, sunlight, minerals, water, oxygen, etc.
into  beneficial  energy.  The  application  of  bioenergetics  helps  us  to  understand
how  living  cells  transform  energy  often  through  the  production,  retention  or
consumption of adenosine triphosphate (ATP). Progressions of the bioenergetics,
cellular  respiration  or  photosynthesis,  are  essential  to  most  aspects  of  cellular
breakdown; therefore to life itself [1, 2].

Metabolism is a chemical transformation occurring within the living organisms
for the  sustenance of life.  Some enzymes are produced  during the metabolism of
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cells.  These  enzyme-catalyzed  reactions  are  responsible  for  the  growth  and
replication  of living organisms as well as their response to various stimuli in their
surroundings.  The  explanation  of  digestion  is  about  all  chemical  reactions  that
occur  in  maintaining  the  living  cells  and  the  organisms.  This  type  of  chemical
reaction  keeps  our  body  alive  and  functioning  [3].  Metabolism can  be  suitably
assigned into two kinds:

a.  Catabolism  –the  energy  is  obtained  by  the  breaking  of  molecules  called
catabolism.

b.  Anabolism  –  It  is  a  constructive part  of  metabolism.  The synthesis  of  more
complex substances from smaller units in living cells is called anabolism.

Anabolism uses energy kept within the system of adenosine triphosphate (ATP) to
form larger molecules from smaller molecules. Catabolic reactions are destroying
larger molecules into smaller molecules by producing ATP and raw materials for
anabolic reactions. The production of ATP is necessary for the proper routine of
energetic functions like living cell reactions and procedures of the body that entail
energy is delivered from the exchange of ATP to ADP. This energy is used in the
transmission  of  nerve  impulses,  muscle  contraction,  active  transport  through
plasma membranes, protein synthesis and cell division. Since all digestible forms
of carbohydrates are finally converted into glucose,  it  is  significant to consider
how glucose is competent to energy supply in the form of Adenosine triphosphate
(ATP) to numerous cells and tissues.

Lipids  are  macromolecules  which  dissolve  in  a  non-polar  solvent  and  it  is  an
essential  part  of  living  organisms.  Sometimes  scientists  define  lipids  as
hydrophobic or amphipathic small molecules. Triglycerides (TGs) and cholesterol
store excess energy from the diet. These are often considered a contributing factor
in  heart  diseases  and  obesity  in  humans,  while  lipids  are  also  required  for
physiological activity. The main functions of TGs are storing energy in adipocytes
and  muscle  cells,  dietary  fat  is  a  collective  constituent  of  the  cell  membranes,
steroids, bile acids, and building blocks of the molecule. Vertebrates and humans
use their excessive fats as sources of vitality for body parts such as the heart to
function. Lipid metabolism in plants takes place in different ways as compared to
that taking place in animals. Hydrolysis is the ingestion of unsaturated fats into
the epithelial cells of the intestinal divider. In the epithelial cells, unsaturated fats
are packaged and shipped to the rest of the body [4].

Proteins  are  made  by  amino  acids  and  include  many  essential  biological
compounds  such  as  enzymes,  hormones  or  antibodies.  Each  protein  contains
2,000  amino  acids  which  are  associated  with  peptide  bonds.  Protein  is  a  very
important  material  for  the  growth  of  the  human body.  Proteins  are  excessively
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enormous to be consumed into the circulatory system, so they are separated into
amino acids and little pieces with a few amino acids before absorption. The split
of the proteins into amino acids is involved by several enzymes (As shown in Fig.
1).

Fig. (1).  Living Organisms Metabolism. (Chemistry.elmhurst.edu).

Photosynthesis  and  cellular  respiration  which  enables  us  to  live  on  earth,  are
interconnected  through  an  imperative  relationship.

Oxidative phosphorylation is the last metabolic process of cellular respiration that
takes  place  following the  breaking of  glucose  and the  citric  acid  cycle.  During
cellular  respiration,  twenty-six  out  of  thirty  ATP  units  are  produced  by  one
glucose unit from oxidative phosphorylation. Within metabolism, the replications
of DNA is a biological activity that gives two new DNA strains from one original
DNA. This process occurs in all living organisms and is the basis for biological
inheritance. Transcription is the process of making an RNA duplicate and directs
the synthesis of the protein. The translation is the process of making a sequence of
amino acids or a protein as per the information carried in the molecule of mRNA.

The genetic code describes the link between the sequence of base pairs in a gene
and the corresponding amino acid sequence. The ribosome reads the sequence of
the mRNA in groups of three bases to assemble the protein in the cell cytoplasm
[5].
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