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Abstract

Biochemistry is an intricate and multifaceted discipline that serves as an
essential and crucial bridge between the fields of biology and chemistry,
which together underpin our comprehensive and profound understanding of
living systems through principles that have been meticulously sculpted and
refined over eons by complex evolutionary processes. At its very core, life
itself integrates a diverse variety of conserved molecular mechanisms that
strongly illustrate how these complex and intricate biological systems
operate effectively at both the micro and macro levels. This dynamic and
expansive field encompasses a thorough and detailed analysis of
biomolecules, their specific roles and essential functions in various
organisms, and the complex chemical and physical forces that intricately
govern their behavior and interactions with one another. Such an integrative
and holistic perspective is absolutely essential for advancing several critical
research areas, particularly those as innovative and transformative as
metabolic engineering and synthetic biology, both of which are poised to
revolutionize our approach to bioengineering, medical advancements, and
environmental sustainability in significant and far-reaching ways.
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Chapter -1

Introduction to Biochemistry

Biochemistry serves as a vital bridge that effectively unites the important
fields of biology and chemistry, thereby providing a comprehensive and
insightful framework to explain the intricate and complex chemical basis of
life itself. The biological and physiological processes that we observe, as
seen in various phenomena such as digestion, energy conversion, and
photosynthesis, are all tangible manifestations of a multitude of complex
chemical reactions and energetic events occurring at every level of living
organisms. The diverse array of living organisms that co-inhabit our
remarkable planet-ranging from the simplest bacteria to the most complex
mammals-are all fundamentally composed of the same essential classes of
organic molecules. These organic molecules are systematically structured
into a cellular configuration that is intricately designed to support life.
Central to this critical biological framework is DNA, the universally shared
genetic material that embodies the very essence of all living beings. This
vital and remarkable molecule undertakes the crucial task of specifying gene
products through a series of elegant, well-coordinated, and relatively simple
biochemical reactions that occur within the cell. The true common chemical
denominator that clearly defines life emerges from the repeated performance
of a limited but sophisticated set of chemical transformations. These
transformations, while they may be few in number, are both highly diverse
and absolutely essential for the myriad forms of life that we observe and
cherish today across our diverse ecosystems [:2.3.4.5.6.7.8],

Drawing upon an extensive and diverse array of information gleaned
from numerous comprehensive studies and in-depth research conducted
throughout the previous decades, one can convincingly rationalize, analyze,
and illustrate the intricate and remarkably fascinating pathway that leads
from the initial formation of vital organic compounds, such as amino acids
and nucleotides, all the way to the ultimate and extraordinary creation of
cells as they are presently understood, recognized, and categorized within the
scientific community. The various intervening stages in this complex,
multifaceted, and rich process can indeed be deduced with reasonable
certainty, yielding an ordered and logical progression that ultimately
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culminates in the remarkable emergence of replicating life forms, which
serve as the foundational basis for all biological organisms, structures, and
systems we are familiar with in the natural world today. Furthermore,
modern chemical notation along with prevailing scientific theories and
principles collectively portray the entire process as synthetically feasible,
carefully guided, and meticulously detailed by mechanistic insights and
effective analytical methods that are central to contemporary scientific
inquiry. These significant advancements in our methodologies and the
breadth of our understanding significantly enhance our comprehension of
this remarkable transformation and its profound implications for the
understanding of life itself, inviting further exploration and discovery in the

fascinating intersection of chemistry, biology, and the origins of life [ 10 1%
12,13, 14, 15]

The organization and function of relevant biological molecules have
been understood at the chemical level since the pivotal year of 1955,
heralding a profound change not just in the onset, but also in the substantial
evolution of molecular biology as a distinct and respected discipline within
the broader field of life sciences. The manner in which these intricate
systems operate, while arguably pleasant and perhaps even fascinating to
perceive from an intellectual standpoint, nonetheless remains not fully and
completely comprehended by scientists and researchers who continue to
investigate the depths of these phenomena. The experimental access to these
complexities has been notably enhanced by the advent and continuous
refinement of recombinant DNA technology, which has significantly
facilitated the manipulation and cloning of specific genes with remarkable
ease, accuracy, and precision. Engineering effective working biological
systems requires not only rational judgment and deep understanding, but also
computational assistance in order to fully harness the vast potential and
capabilities of these groundbreaking technologies. As we continue to
advance our knowledge and techniques in this exciting field, we are steadily
approaching the remarkable capability of designing specific macromolecules
and intricate biological pathways that can accomplish defined functions with
great efficiency and reliability. This domain, once exclusively reserved for
visionary crystal-ball gazers who relied on a mixture of imaginative
language, artistic design, and a reasonable belief in the feasibility of such
innovative constructs, is now gradually becoming a tangible reality within

our scientific endeavors, fostering new possibilities and breakthroughs [16:17:
18, 19, 20, 21, 22]
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Chapter - 2

The Role of Water in Biological Systems

Water occupies a significantly large fraction of living matter and is uniquely
suitable to sustain and support life in its various forms across multiple
environments. Several of water’s exceptional physicochemical properties
derive from its anomalous number of hydrogen bonds per molecule and the
intricate cooperative effects that arise among these bonds. It acts as an
excellent solvent for a remarkably wide array of molecules, as well as for
gases such as oxygen, whose solubility tends to decrease when temperatures
elevate. Water's solvency and solvent properties are contingent on a
substantial fraction of water molecules remaining unpaired among the
maximum of four hydrogen bonds that each individual molecule can
potentially form. There exists a fascinating phenomenon known as
supercooling, because, at low temperatures and under reduced pressures, it
becomes favorable for water to form the maximum of four hydrogen bonds
per molecule, consequently limiting its freedom for movement. The vapor
pressure of water consistently increases with rising temperature, partly as a
direct consequence of the energetic cost associated with breaking the
hydrogen bonds that exist in between neighboring water molecules. Water
serves as a rare and essential biological liquid, where the solid phases are
notably less dense than their liquid counterparts, which allows it to maintain
a liquid state over an extensive and favorable temperature range around body
temperature and even under extreme pressures that can reach many hundreds
of atmospheres. Water underpins life’s statistical existence because its
thermal energy provides a sufficient and mild barrier-crossing facilitation
that allows a broad spectrum of critical chemical reactions to occur, all while
preserving coherent macromolecular architectures and surfaces that are
essential to biological function. Water’s unique condition of never being
fully hydrogen-bonded fosters a diverse range of molecular motions and,
consequently, a remarkable variety of chemical transformations. The static
and long-range correlated, as well as spatially anisotropic density
fluctuations, which are notably absent in inadequate water models that fail to
account for polarization, permit the simultaneous existence of gas-like and
liquid-like properties within a single compressible phase under various
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conditions. The transient and local breakdown of energetic cooperativity
offers insightful knowledge into how water’s nature as a versatile solvent
varies with temperature and moreover serves to enhance its propensity to
form micelles, clusters, and other delicate complex structures that are crucial
for life. Water’s solubility for small hydrophobes remains a peculiar and
fascinating characteristic and is particularly sensitive to factors of energetic
cooperativity because the intricate process of hydrophobic association
involves a delicate competition among open, soft, and anisotropic cavities
amid the crowded, polar, and sticky fluid medium. The properties and
behaviors of water stand as conditioning sentinels that are absolutely vital to
the survival and propagation of life itself, emphasizing its indispensable and

central role in organic and biological systems across the globe [23 24 25,28, 27,
28, 29, 30, 31]

Interactions with water play an exceedingly pivotal role in
distinguishing a wide variety of biological macromolecules, and this
important distinction serves as a fundamental driving force for the numerous
molecular recognition processes and interactions that occur within the
intricate and complex cellular environment. The selectivity involved in these
elaborate molecular processes primarily arises from the substantial disparity
in the dielectric constant that is present between water and nonpolar
environments, which includes the interior of a fully folded protein structure.
This striking difference fundamentally alters and changes how
macromolecules interact with one another while they are situated in an
aqueous environment, leading to diverse chemical interactions. Moreover,
the intricate and complex process of molecular recognition typically involves
not only the rearrangement of water molecules surrounding these
macromolecules but also the impositions of limitations placed on the
accessibility between different molecules, which subsequently influences
their interactions and biological activities within the cellular context. Water
serves as both a medium and a participant in these reactions, affecting the
conformations and dynamics of the macromolecules involved. As such,
comprehending the multifaceted role of water is paramount for deciphering
the behavior and function of macromolecules in both physiological and
pathological states within the wvast and dynamic cellular milieu.
Understanding these interactions offers critical insights into the molecular
basis of life and aids in the development of therapeutic approaches targeting
specific biological pathways [32 33. 34 35, 36, 37, 38, 39],
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Chapter - 3

Macromolecules: Structure and Function

The cell serves as a remarkable host to an astonishingly wide and intricate
diversity of biochemical molecules that demonstrate an impressive ability to
self-organize with a notable level of complexity into higher-order molecular
machinery. This extraordinary organization empowers a staggering range of
biochemical activities that are not only essential for the very existence of life
but also critical for the successful continuation of various biological
processes and functions that sustain organisms. The intricate structural
arrangement of these molecules fundamentally dictates the nature of their
individual and collective functions; for instance, proteins must accurately
fold into specific, three-dimensional conformations that are absolutely vital
for their biological activity and overall effectiveness. Instances of failure to
achieve this precise folding can unfortunately lead to serious diseases,
including cystic fibrosis, which highlights the critical importance of proper
protein folding and its direct implications for maintaining health and
biological integrity. Understanding the intricate structure-function
relationships is not just a minor detail but rather a cornerstone of the
expansive field of biology, and students who are entering advanced graduate
programs in the chemical and biological sciences are generally expected to
possess a robust command over these essential concepts. Numerous
comprehensive resources and educational materials are readily available that
effectively showcase the intricate connection between the form and function
found in biomolecules, with particular emphasis on proteins. These
educational resources also illustrate how possessing a deep and thorough
knowledge of molecular structure can significantly enhance the identification
and successful targeting of potential drug targets in the realm of therapeutic
development. In pursuit of this vital knowledge, advanced and sophisticated
analytical techniques, such as X-ray crystallography and nuclear magnetic
resonance spectroscopy, are commonly employed by leading figures in the
industry as well as in government laboratories. These highly effective
methods enable scientists to determine and analyze protein structures in
remarkable depth, thereby facilitating significant advancements in both
research endeavors and drug development initiatives, ultimately culminating
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in improved therapeutic strategies aimed at treating various diseases and
enhancing patient outcomes [40: 41 42,43, 44, 45, 46, 47, 48]

3.1 Proteins

Proteins represent a remarkably versatile and complex class of
macromolecules that play an essential and central role in nearly all biological
systems and processes. They catalyze a vast array of biochemical reactions,
bind ligands with exceptional affinity and specificity, and mediate highly
selective interactions among various biomolecules. In addition to facilitating
a multitude of crucial cellular functions, proteins are capable of assembling
into intricate higher-order structures that are vital for the maintenance of cell
and tissue integrity. Their distinctive properties and functionalities have,
therefore, made proteins increasingly attractive candidates for the innovative
development of new biomaterials. Hydrogels, which are characterized as
hydrophilic and cross-linked polymer networks containing significant
volumes of water, are formed when there is a delicate equilibrium between
the forces that promote polymer association and those that favor polymer
solvation and dissolution. Since proteins have evolved to fold and efficiently
perform their essential functions in aqueous environments, they provide an
ideal and highly effective platform for the production of hydrogels through
biological interfacing methods and techniques. In recent years, peptide- and
protein-based hydrogels have allowed-over the past decade-the seamless
integration of knowledge derived from biology, chemistry, and materials
science into the exciting field of materials development, fostering new

approaches to harnessing protein attributes for various applications [ 50. 5.
52, 53, 54, 55, 56]

3.2 Nucleic Acids

Modern terran life heavily relies on a variety of essential biopolymers,
including nucleic acids, proteins, and polysaccharides, which are
indispensable for the complexity and functionality of biological systems that
underpin life as we know it. Among these pivotal components, nucleic acids-
specifically DNA and RNA-are recognized as the most fundamental
elements, serving as the primary stores and translators of genetic information
that is encapsulated in their unique and specific base sequences. What are the
particular aspects of their intricate and complex structures that enable nucleic
acids to execute these critical functions with such remarkable fidelity? Over
the past three decades, chemists and researchers alike have made significant
strides forward, creating innovative synthetic analogues of nucleic acids that
differ from the natural versions in a variety of fascinating and intriguing
ways. For instance, in various experiments, they have replaced the phosphate
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moiety with an uncharged analogue, enabling new possibilities, and have
substituted the conventional pentose sugars with a diverse range of
alternative derivatives that showcase a vast array of chemical properties.
Furthermore, they have even innovatively replaced the standard base pairs
with non-standard analogues that still manage to adhere to the Watson-Crick
pairing rules that govern base pair interactions. This manuscript thoughtfully
examines the myriad properties and characteristics of these synthetic nucleic
acid analogues and diligently evaluates their potential capability to serve as
effective conveyors of genetic information across different biological
systems. A particularly intriguing and thought-provoking question arises
from this discourse: if life exists elsewhere in the vast universe, could it also
utilize similar molecules such as DNA and RNA for the preservation and
transmission of its genetic makeup, or might it have developed entirely
distinct and unique systems for accomplishing the critical processes of
storing and transmitting genetic information in a manner that we have yet to
comprehend fu”yf) [57, 58, 59, 60, 61, 62, 63, 64, 65, 66]

3.3 Carbohydrates

Carbohydrates, which are truly fascinating naturally occurring organic
compounds, play a multitude of essential roles in the life and functioning of
all living organisms. This great variety includes not only plants but also a
wide array of different animal species. Carbohydrates are incredibly crucial
to the integrity of biological systems, as they provide the necessary energy
that is fundamentally required for cellular metabolism-this metabolism is
vital for sustaining all forms of life. In addition to this primary function,
carbohydrates also significantly participate in the complex processes of the
manufacture and synthesis of a variety of vital biological molecules, such as
proteins and fats, further demonstrating their multifaceted importance in the
field of biochemistry.

These valuable compounds can primarily be subdivided into two main
groups based on the structural characteristics of the carbonyl group they
contain: these distinct groups are recognized as keto sugars, which contain a
ketone group, and aldoses, which contain an aldehyde group. Moreover,
depending on the number of carbon atoms present in any given carbohydrate
molecule, they can be further categorized into various types that significantly
influence their chemical properties and functionality in metabolic processes.
For instance, there are triose carbohydrates, which comprise 3 carbon atoms,
tetrose carbohydrates that contain 4 carbon atoms, pentose carbohydrates
which have 5 carbon atoms, and hexose sugars, which are notably
characterized by having 6 carbon atoms.
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The basic elementary unit of all carbohydrates is referred to as a
saccharide. These saccharides are subsequently classified according to their
size and complexity, leading to a plethora of different groups that include
monosaccharides, which are simple sugars consisting of single sugar units,
disaccharides, which consist of two monosaccharide units bonded together,
oligosaccharides, usually comprising a small number of sugars linked
together in specific formations, and polysaccharides, which are large
macromolecules formed by numerous saccharide units. Each of these groups
exhibits distinct chemical characteristics and functionalities, reflecting the
diverse roles that carbohydrates fulfill in biological systems and their

essential contributions to various life processes across different organisms [6":
68, 69, 70, 71, 72, 73, 74, 75].

Carbohydrates are absolutely essential to all living organisms, as they
serve as critical sources of energy and are also fundamental constituents that
build the structural frameworks of cells and tissues. This diverse and varied
group of organic molecules performs numerous vital functions, contributing
not only to energy provision but also to various molecular recognition
processes through their intricate interactions with nucleic acids, proteins, and
lipids. Such complex interactions are crucial for many biological functions,
as they play fundamental roles in many life and disease mechanisms. In
addition to this, carbohydrates can exist as free molecules, which are
important in various metabolic processes that sustain life, or they can be
found conjugated into more complex structures like glycogen, glycoproteins,
and glycolipids. These complex formations further enhance their roles and
significantly extend their functionalities, as they play key parts in
maintaining stability and influencing the reactivity of biomacromolecules
within biological systems. The versatility, diversity, and importance of
carbohydrates thus underscore their vital significance in both health and
disease processes. This remarkable group of organic compounds plays an
integral role in the biochemical pathways that support life, making them

indispensable for the functioning of all biological entities [6 77 78. 69,70, 79, 71,
72, 50]

The elementary constituent of a carbohydrate is referred to as a
saccharide, and its classification is meticulously based on the specific
number of these constituents that collectively make up the overall structure.
These classifications include monosaccharides, which consist of a single
saccharide unit, disaccharides, which are comprised of two saccharide units,
oligosaccharides, which contain a few saccharide units typically ranging
from three to ten, and polysaccharides, which are formed from many
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saccharide units. These diverse molecules can be conveniently subdivided
into two main groups, depending on the presence and type of a functional
group, either a ketone or an aldehyde group, leading to the common terms
keto sugars and aldoses. Subsequently, based on the number of carbon atoms
found in the linear chain of the molecule, they are further classified into
specific groups such as triose, which has three carbon atoms and is denoted
as C 3, tetrose, which includes four carbon atoms and is known as C 4,
pentose, characterized by five carbon atoms and indicated as C 5, and finally
hexose sugars, which feature six carbon atoms and are represented as C 6.
Each of these classifications plays a crucial role in understanding the
complex structures and functions of carbohydrates in biological systems,
illustrating the significant diversity within these essential biomolecules.
Understanding these distinctions not only aids in the study of biochemistry
but also provides insight into how these carbohydrates interact within
various metabolic pathways [68 74 80,70, 71,81, 82, 83]

Glycosylation, which is recognized as an essential and pivotal post-
translational modification, plays a remarkably crucial role in the intricate
process of enhancing organismal complexity. This enhancement occurs by
generously bestowing proteins with a wide variety of additional structural
and functional properties that are absolutely vital for their activities and
multifaceted roles in living organisms. Glycans are intricately involved in an
extraordinary and extensive range of biological functions, which includes
critical processes such as signaling, immune response, and cellular
interaction. This involvement significantly emphasizes their importance in
various physiological processes that underpin life. Furthermore, the ongoing
development of practical approaches aimed at achieving the high-efficiency
synthesis of sugar nucleotide donors and oligosaccharides equips researchers
with powerful and effective tools. These tools are invaluable for clarifying
and elucidating the numerous intricate functions of carbohydrates within
biological systems. The medium-term appreciation for the critical biological
significance of glycans continues to grow, further underscoring the urgent
need to thoroughly address the complex and challenging problems they
present. The thoughtful and precise manipulation of glycans holds great
promise for revealing innovative and new avenues for the treatment, and
potential curing, of an array of various diseases that afflict many individuals.
In this way, the understanding of glycosylation can lead to breakthroughs in
medical science and therapeutics, enhancing health outcomes and improving
quality of life on a broader scale [84 85 86.87. 88,89, 90,91, 92]

3.4 Lipids

Lipids are crucial and absolutely essential components that contribute
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significantly to a wide variety of biological structures within living
organisms, playing indispensable roles in maintaining life. These remarkable
molecules exhibit amphipathic properties, indicating that they possess two
distinct and unique parts; one part is hydrophilic, which can be highly polar,
allowing it to interact effectively with water, while the other part is
hydrophobic, characterized by its nonpolar nature and a distinct lack of
affinity for water. This fascinating unique duality enables the hydrophobic
portion to dissolve effortlessly in nonpolar solvents, including chloroform,
ether, and benzene, showcasing their impressive ability to interact with a
wide range of chemical environments and diverse compounds. Conversely,
the hydrophilic part facilitates the molecule’s movement and overall
functionality in aqueous environments, allowing it to play critical and
fundamental roles in various biological processes and metabolic pathways.
Among the numerous types of lipids, the most biologically significant ones
include membrane lipids, which are absolutely vital for forming the
structures of cellular membranes and establishing barriers that protect and
compartmentalize cellular contents, as well as triacylglycerols, which serve
as key molecules for energy storage and powerful metabolic functions within
living systems. Other lipid classes, such as phospholipids and glycolipids,
also contribute to the complexity and functionality of cellular membranes,

highlighting the diverse and multifaceted roles that lipids play in the intricate
WEb Of ||fe [93, 94, 95, 96, 97, 98, 99]_

Membrane lipids are characterized by possessing two long hydrophobic
carbon tails along with a polar head group, which together confer unique
physical and chemical properties that are absolutely essential for the integrity
of cell membrane structure and function. Typically, the two tails of these
lipids are made up of intricate long-chain fatty acids, while the terminal
carboxy groups of these fatty acids are chemically linked to a backbone
molecule that may include various types, such as glycerol, sphingosine, or
ceramide, each contributing distinct characteristics to the structure.
Triacylglycerol molecules serve as important, long-term storage forms of
metabolic energy within various organisms, providing a critical source of
energy. They are primarily found in the form of a fatty acid ester derivative
of glycerol, which is a fundamental component in biological systems. In this
particular scenario, the C-1, C-2, and C-3 hydroxyl groups of the glycerol
molecule are intricately attached to fatty acid components, thus forming
triacylglycerols. These triacylglycerols are crucial for energy storage and the
processes of metabolism. This specific lipid structure not only serves as an
efficient means for reserving energy but also plays a significant and
indispensable role in defining the overall lipid composition of biological
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membranes, which ultimately impacts their fluidity, flexibility, and
functionality in a variety of physiological contexts [?4 100, 101,102, 103, 104, 105, 106]
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Chapter - 4

Enzymes: Catalysts of Life

Enzymes, often regarded as the vital catalysts of life itself, skillfully
orchestrate a multitude of intricate cellular processes with an unparalleled
degree of efficiency and specificity that is remarkable. As highlighted in a
seminal and influential work that is deeply focused on state-of-the-art
biocatalysis, their extraordinary catalytic power has consistently been
recognized and celebrated for many years in scientific literature. Numerous
examples of straightforward biocatalytic reactions-including isomerizations,
complex redox manipulations, and various forms of ligations-serve to vividly
demonstrate their pivotal and indispensable role in the extensive realm of
synthetic methods. The availability of advanced, cutting-edge tools that are
specifically designed to study and effectively utilize biocatalysts has
progressed significantly in recent years, reaching an impressive point where
scientists and researchers across the globe can now readily access not only
the comprehensive knowledge needed but also the sophisticated equipment
required to harness the extraordinary potential of these remarkable
macromolecules. This potential extends to a wide array of diverse
applications spanning numerous fields, including pharmaceuticals,
agriculture, and industrial processes, thereby reinforcing the overwhelming

importance of enzymes in modern science and biotechnology [107. 108 109, 110,
111, 112, 113, 114, 115, 116].

4.1 Enzyme Kinetics

Historically, the comprehensive and detailed study of enzyme kinetics
has consistently played a significant and leading role in the profound
understanding of intricate biological systems and complex processes,
emphasizing the crucial role that enzymes have in activating a diverse range
of various cellular biochemical reactions. At the intricate molecular level,
enzymes catalyze complex reaction mechanisms that typically involve the
enzyme (E), a reactant that is commonly referred to as the substrate (S), a
compound that is known as the product (P), along with the generated
complex (C) that plays a vital and essential part in the overall reaction. Much
valuable and extensive information regarding enzyme action is already
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known about the mechanisms of biocatalysis and how they operate; yet, the
fundamental kinetics that govern the intricate synthesis of the product P from
the substrate S remains an open question, rich with opportunity for further
exploration and deeper understanding. Thanks to a thoughtful and innovative
approach that has been developed within the physical literature of enzyme
studies, it becomes increasingly possible to consider a thermodynamic
function that resembles a free-energy potential, where all the relevant
parameters-such as concentrations, coupling constants, kinetic constants, and
other related variables-are introduced and treated as influential external
thermodynamic variables. This systematic and meticulous approach can
effectively characterize a wide range of chemical reactions by carefully
considering their constitutive elementary steps and the different subsets of

species that are actively involved throughout the complex reaction processes
[117, 118, 119, 120, 121, 122, 123, 124, 125]

The mathematical treatment of chemical Kinetics boasts a rich and
extensive history that stretches back to the late 19th century, particularly
highlighted by the significant contributions made by Van’t Hoff and
Arrhenius. This area of study continues to be an open and widely debated
subject among scholars, academicians, and researchers in the diverse fields
of both chemistry and biochemistry. Among the most recognized and
influential models in this intricate realm are the Michaelis and Huxley-
Michaelis-Menten schemes, which represent celebrated and well-studied
examples in both the domains of physical chemistry and biochemistry. These
models illustrate in great detail the various mechanisms through which a
substrate interacts with and binds to a catalyst at a molecular level, providing
critical insight into these fundamental processes. In certain systems,
particularly those similar to standard ferromagnets that are often explored
within the field of physics, it is conceivable that certain elementary steps
may appear negligible due to their seemingly minor contributions. However,
this notion is generally not valid in physiological and biological conditions
where significant timescales come into play. Under these particular
circumstances, it becomes necessary to develop a precise and comprehensive
theoretical picture that accurately accounts for each individual constituent
step involved in the complex processes. This meticulous attention to detail is
not merely beneficial; it is crucial for achieving a deep understanding of the
intricate dynamics of chemical reactions under the varying conditions that
can be encountered. The implications of this understanding stretch far
beyond theoretical confines, fundamentally affecting applications in various
scientific and industrial endeavors [126. 127, 128, 129, 130, 131, 132, 133, 134]
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4.2 Factors Affecting Enzyme Activity

Enzymes operate most effectively within specific and well-defined
ranges, and any deviations that exceed these physiological boundaries can
significantly impact their overall activity, effectiveness, and performance.
Temperature, in particular, plays a critical role in modifying the rate at which
enzyme-catalyzed reactions occur. Generally, it is observed that these
reaction rates tend to increase with a corresponding rise in temperature, up to
a certain optimum threshold where the enzyme works with maximal
efficiency. This evident increase in reaction rates is primarily the result of
the enhanced kinetic energy of the molecules that are involved in the
reaction process. As the temperature climbs, molecules acquire greater
energy, resulting in a higher frequency and increased vigor of collisions
between the enzyme and its substrate.

However, it is crucial to understand that temperatures that surpass the
optimum range can endow excessive kinetic energy upon the enzyme,
thereby leading to potential complications and adverse effects. When the
energy levels escalate beyond the ideal range, they can distort the enzyme's
fragile three-dimensional structure. This structural distortion especially
affects the shape and configuration of the active site, which serves as the
dedicated region where substrate binding occurs. Such distortions in
structure can severely hinder the enzyme’s ability to effectively bind to
substrates and, thus, catalyze reactions, greatly undermining its overall
functionality. In the end, when an enzyme becomes unable to retain its native
conformation and is incapable of catalyzing reactions effectively any longer,
it is described as being denatured. This state of denaturation results in the
enzyme being rendered inactive and unable to perform its required
biochemical functions.

On the other hand, at low temperatures, the dynamics of the situation
change substantially. Reduced temperatures lead to a notable decrease in the
kinetic energy of the molecules participating in the reactions. Consequently,
this decrease results in slower movements of both the enzyme and substrate
molecules, which can drastically slow down or, in some cases, entirely halt
their interactions. As a result, this diminished kinetic activity leads to a
reduction in the frequency of interactions, which can lead to a further decline
in the efficiency of enzyme-catalyzed processes. The overarching impact of
temperature on enzyme activity distinctly emphasizes the delicate
equilibrium that must be sustained for optimal biochemical functions to
occur reliably and efficiently [135 136,137,138, 139, 140, 141, 142]
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pH represents a crucial measure of the concentration of hydrogen ions
(H") found within a solution, and it serves as an essential indicator of that
solution's acidity or alkalinity. Each distinct enzyme is designed to operate
optimally at a specific pH, which is that precise point where it performs its
catalytic functions most effectively and efficiently. Changes in the
concentrations of hydrogen ions, represented as [H'], and hydroxyl ions,
denoted as [OH], can significantly and drastically affect the rate and overall
efficiency of enzymatic reactions. This is largely due to the fact that, because
of their electrical charges, hydronium ions (HsO") and hydroxyl ions (OH")
engage in complex interactions with the charged side groups that are present
in polar amino acids, which in turn make up and constitute the larger
proteins. These intricate interactions can lead to a substantial modification in
the overall shape and conformation of the enzyme's active site, which is
critically important for its biological function.

For example, in the human digestive system, the various enzymes
secreted in the stomach are introduced into the highly acidic and corrosive
environment of gastric juice, which has a notably low pH level of around
1.5. The pepsin enzymes that operate effectively in the stomach rapidly
become denatured and lose their essential functionality when they encounter
a strongly basic environment, such as the intestinal juices that have a pH of
approximately 8. This striking contrast or variation in pH levels highlights
the critical necessity for certain extracellular enzymes, like pepsin, to
function effectively within acidic environments, while other enzymes are
specifically and uniquely adapted to perform optimally in neutral or even
less acidic conditions. Understanding these important pH-dependent
behaviors of enzymes is absolutely essential for grasping how complex
biochemical processes are carefully regulated and how they occur within the

different environments present in the diverse living organisms [143 144145, 146,
147, 148, 149, 150, 151]
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Chapter -5

Metabolism: Energy and Life

Metabolism comprises a vast and intricate series of biochemical reactions
that occur within living cells, all of which have been designed meticulously
with the fundamental purpose of sustaining life itself. These essential
metabolic processes continuously provide the necessary energy to effectively
fuel a wide variety of critical cellular functions and activities. Interconnected
pathways operate collectively, working in complete harmony to convert
nutrients that are derived from food into various usable energy forms that are
crucial in driving all cellular activities and maintaining a state of
homeostasis. Many of these remarkable metabolic pathways are conserved
remarkably across diverse forms of life, encompassing not only animals and
plants but also fungi, alongside bacteria, thereby emphasizing their
fundamental importance to all living systems found throughout the
biosphere. Within the intricate environment of eukaryotic cells, it is notably
within two key regions-the cytosol and the mitochondria-that biosynthetic
and degradative reactions predominantly take place, contributing to the
overall complexity of metabolic functions. Glucose and fatty acids serve as
the primary energy sources for most living organisms, clearly signaling their
vital roles in a plethora of metabolic processes that are essential for
sustaining life. The organization of metabolism, therefore, has the crucial
aim of either maximizing energy capture or minimizing energy expenditure,
thereby ensuring optimal efficiency for all cellular operations involved. In
addition to its critical role in cellular energy generation, metabolism plays a
significant role in balancing the intricate processes involving the synthesis
and degradation of essential macromolecules. These macromolecules
encompass proteins, lipids, polysaccharides, and nucleic acids, which
together constitute the various cellular components that are necessary for
life. The dynamic interplay of these metabolic pathways ensures that cells
can respond adeptly to the ever-changing energy demand and nutrient
availability, thereby maintaining the delicate equilibrium that is required for
survival and function in the consistently shifting environment of living
organisms. This finely tuned regulation and coordination of metabolic

activities further underscore the complexity and inherent elegance of life at
the cellular level [152, 153, 154, 155, 156, 157, 158, 159, 160, 161]_
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5.1 Catabolism

Catabolism represents the essential and intricate breakdown of various
biomolecules found in all living biological systems. This breakdown process
is crucial for generating vital subunits that are necessary for driving the
release of cellular energy. Moreover, these processes provide the
fundamental building blocks that allow metabolic flux to occur efficiently
and effectively. This fascinating and multifaceted process of catabolism
encompasses a wide range of diverse biochemical activities. For instance,
carbohydrate catabolism involves the intricate breakdown of complex
carbohydrates into simpler sugars that can be readily utilized by cells.
Furthermore, the degradation of fatty acids takes place to convert these
compounds into acetyl-CoA, an essential player in energy production.
Additionally, the breakdown of amino acids is crucial as it serves the dual
purpose of recycling nitrogen and generating energy for various cellular
functions. Beyond these, catabolism also includes the degradation of
specialized organic molecules, such as porphyrins and heme. These
molecules hold significant importance, as they are vital for numerous
biological functions, including oxygen transport and electron transfer
processes. In the context of photosynthetic organisms, there exists a
complementary and intricate group of anabolic and catabolic biochemical
routes. This intricate network facilitates the efficient assimilation and
disposal of single-carbon substrates, which are critical for a variety of
metabolic pathways. The process of single-carbon substrate catabolism
specifically highlights the complex interactions involving the processing of
carbon atoms that enter central metabolism. These carbon atoms can
originate from sources that deviate from the more commonly known
substrates like glucose, fatty acids, or amino acids. This aspect underscores
the remarkable adaptability of living organisms, demonstrating their ability
to utilize different substrates for energy production and growth. Such
flexibility showcases the intricate interconnectedness of metabolic pathways,
allowing organisms to thrive in varying environmental conditions by
optimizing their metabolic processes [162. 163, 164, 165, 186, 167, 168, 169]

Catabolism represents a vital and indispensable component of the
myriad microbial transformations that occur in a wide range of ecosystems,
as well as throughout the intricate bacterial cycling process. Comprehending
the numerous catabolic processes along with their associated structures
remains an integral and significant focus of ongoing research in dynamic
fields such as environmental microbiology, microbial physiology, and the
comprehensive study of pathogenesis. Porphyrins, along with related
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molecules, comprise a series of specialized and complex compounds that
function as common intermediates in the cellular anaerobic catabolism of
various xenobiotic substances. The generation of porphyrin intermediates
that are intricately linked to established catabolic pathways holds extensive
potential along with promising microbial biotechnology applications. These
applications can greatly benefit a variety of industries and environmental
initiatives, promoting more sustainable practices and solutions.
Understanding these complex interactions is crucial for advancing our

knowledge and manipulation of these processes for ecological and industrial
advantage [170, 171, 172, 173, 174, 175, 176, 177, 178].

Over the past seventy years, the remarkable development of isotope
methodologies has yielded crucial and transformative insights into a wide
range of significant aspects of protein metabolism. These insights encompass
thorough and detailed studies on the intricate processes of protein digestion,
the complex dynamics associated with protein turnover, and the accurate
identification of essential precursor pools that play pivotal roles in metabolic
pathways. Researchers have also dedicated considerable effort to
characterizing the regulatory roles of substrates that influence muscle protein
kinetics in various contexts. Furthermore, an extensive focus has been placed
on the potential alterations and adaptations in muscle protein metabolism
resulting from a variety of dietary interventions, thereby providing a deeper
and more comprehensive understanding of how specific nutritional changes
can substantially impact muscle health and overall performance in both
athletes and non-athletes alike [179 160, 181,182, 183, 184, 185, 186],

5.2 Anabolism

Anabolism is an exceedingly critical aspect of biological processes that
encompasses the intricate and complex mechanisms through which living
organisms construct vast, large, and highly complex molecules that are
essential for a diverse array of cellular functions. These sophisticated and
elaborate pathways primarily utilize the abundant energy released during the
catabolism of nutrients, which involves systematically breaking down
various molecules to extract the precious energy, or they can directly harness
the energy derived from sunlight. This remarkable process is prominently
illustrated in photosynthetic organisms such as green plants and certain
groups of bacteria, which effectively drive the synthesis of these vital and
essential complex molecules. In order for cells to operate with maximum
efficiency and successfully maintain their structural integrity, they require a
diverse, versatile, and abundant suite of macromolecules that includes
crucial proteins, intricate polysaccharides, vital nucleic acids, and essential
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lipids. These macromolecules serve a multitude of essential roles-they not
only provide critical structural and robust mechanical support for the cell but
also facilitate the transport, exchange, and storage of vital substances, enable
cellular movement and contraction, as well as play a pivotal role in the
intricate transmission of genetic information across generations of
organisms. It is especially important to note that living organisms do not
make direct and straightforward use of simple molecules readily available
from their surrounding environment; rather, they rely heavily on their
intrinsic and remarkable capacity to synthesize the necessary and vital
compounds through various complex anabolic processes. The discovery and
understanding of these intricate anabolic pathways have represented a
significant and pivotal development in the advanced field of biochemistry,
considerably advancing our comprehension of how life processes function at
a molecular level, subsequently enhancing our knowledge regarding the
fundamental aspects of life itself [187. 153,50, 188, 189, 190, 191, 192, 193, 194]

The precursors that are absolutely essential for the intricate biosynthesis
process are generated through the highly coordinated and meticulously
regulated activity of both the catabolic and amphibolic pathways that exist
within cellular metabolism. These complex and interrelated pathways are
primarily responsible for the conversion of glucose or various other
substrates into a limited set of small yet crucial compounds, which play vital
roles as biochemical precursors in a multitude of anabolic reactions
occurring within the cell. For instance, the classical Embden-Meyerhof-
Parnas glycolytic pathway, which is associated with the degradation of
glucose, effectively yields three critical precursors that are absolutely
indispensable for a wide range of metabolic processes: glyceraldehyde 3-
phosphate, 3-phosphoglycerate, and phosphoenolpyruvate. Furthermore, in
many cellular systems, a carefully orchestrated combination of the pentose
phosphate pathway and the Entner-Doudoroff variant of glycolysis works
synergistically to produce several other important precursors, including
erythrose-4-phosphate and pyruvate, which are equally significant for the
numerous biosynthetic pathways that are essential for cellular growth,
function, and overall viability. Through the efficient operation of these
metabolic pathways, cells are able to generate the necessary components for
an array of vital biochemical reactions, thereby maintaining homeostasis and
supporting the diverse processes of life 170195, 196]

5.3 ATP: The Energy Currency
The fundamental building blocks of biological macromolecules are
crucial to every living cell, establishing a vital connection between modern
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biochemistry and the early origins of life on Earth. Enzymes function as
biological catalysts, meticulously controlling the physicochemical properties
of various molecules, while nucleotides serve a dual purpose as universal
energy carriers, supported by a complex molecular currency exchange
system. It is important to note that life itself can be depicted as an exergonic
reaction, characterized by the release of energy. Metabolic processes often
entail slightly endergonic steps that must be coupled to the release of free
energy, typically achieved through processes such as ATP hydrolysis, in
order for them to proceed effectively. ATP, or adenosine triphosphate, is
supplied by the rotor-stator ATP synthase, a remarkable molecular machine
that harnesses chemiosmotic ion gradients to generate this essential energy
currency. This ATP synthase, being a protein, signifies that it emerged after
the evolutionary development of the ribosome. Interestingly, given that
approximately 27% of a cell’s energy expenditure during the process of
translation is utilized as GTP, guanosine triphosphate likely served as the
ancestral energy currency for protein synthesis. The continued utilization of
GTP in the process of translation, alongside ATP in the synthesis of small
molecules, across all biological lineages illustrates the existence of
conserved energetic compartments that can be traced back to the Last
Universal Common Ancestor (LUCA). All groups of prokaryotes uniformly
share the capability of chemiosmotic ATP synthesis occurring within their
bioenergetic membranes. These membranes effectively couple exergonic
reactions to the active pumping of protons or sodium ions, resulting in the
generation of ion gradients that drive the function of ATP synthase. The
homology of ATPases found in both bacterial and archaeal domains suggests
that the ability to harness ion gradients for energy production originates from
LUCA. In eukaryotic organisms, bioenergetic membranes are found within
specialized organelles such as mitochondria and chloroplasts, which are
believed to have been derived via endosymbiosis from ancient ancestors
related to alpha-proteobacteria and cyanobacteria. Thus, the study of early
bioenergetics raises two significant questions: 1) What type of energy
currency was utilized before ATP emerged? and 2) In what manner, and for
what reasons, did ATP become the universally accepted energy currency
across various biological systems? [197: 198, 199, 200, 201, 202, 203, 128, 204]
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Chapter - 6

Cellular Respiration

The chemical composition of cells provides crucial and essential insights
into the likely precursors and origins from which the vast array of organic
compounds present in these cells were synthesized. The numerous various
organic compounds that are commonly found within cellular structures
invariably contain key essential elements such as carbon, hydrogen, oxygen,
and nitrogen. In addition to these primary fundamental elements, many
organic molecules also include phosphorus, sulfur, and a diverse array of
other elements in smaller, yet significant, amounts. The fundamental
elements carbon, hydrogen, and oxygen are present in some of the simplest
compounds that are widely distributed throughout nature, specifically carbon
dioxide and water. These critical compounds play a vital role in various
biological processes and are indispensable for the formulation and
construction of more complex organic molecules, which are essential for
cellular functions and life itself [205: 206, 207, 208, 209, 210, 211]

All forms of life, ranging from the largest and most majestic animals
that roam the earth to the tiniest and often overlooked microbes that inhabit
even the most extreme environments, must possess the essential ability to
acquire the necessary chemical elements that they require in readily usable
forms. In addition to this fundamental ability, these diverse organisms must
also be capable of converting these essential elements into the thousands of
different and intricate chemicals that are critically important for sustaining
life and ensuring longevity. One of the primary factors that strongly
influences the overall fitness, resilience, and adaptability of any given
organism is its metabolic potential; this term refers to the sheer number and
wide variety of different chemicals that it can utilize as nutrient sources, as
well as the rich diversity of the various chemical compounds it is able to
synthesize and utilize for its own needs. The acquisition of carbon plays a
pivotal role in the survival of all life forms, and more specifically, the
regulation and fine-tuning of the carbon flux at the cellular level represent
two of the most critical aspects that ultimately determine the growth,
development, maintenance, and reproduction of cells throughout the entire
lifespan of an organism. Understanding these complex processes sheds light
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on the intricate relationships between different forms of life and their

environments, illustrating how life continues to thrive in a myriad of forms
and conditions [212, 213, 214, 215, 216, 217, 218, 219]

Furthermore, metabolic flexibility offers an important evolutionary
advantage, as numerous organisms, particularly various types of microbes,
have demonstrated a unique ability to withstand and thrive in a wide range of
environmental conditions. This extraordinary adaptability enables them to
survive and prosper in changing environments while effectively utilizing
different available resources. When reflecting on the human context, the key
chemicals that have made a significant global demographic impact
encompass antibiotics, auxins, and estrogenic compounds. Each of these
substances plays vital roles not only in health but also in the complex
dynamics of our environment, influencing ecological interactions and human
health outcomes in profound ways [220. 221, 222, 223, 224, 225, 226]

The first crucial step in the intricate cycle that ultimately leads to the
formation of vital sugars is the removal of carbon dioxide from the
atmosphere, as previously discussed in detail within the framework of
ecological processes and their implications. Photosynthesis plays a pivotal
role in this intricate mechanism, as it captures the radiant energy emitted by
the sun, utilizing this vital energy source to drive the essential conversion of
carbon dioxide into the invaluable sugars that are foundational to life itself
and that underpin the very essence of numerous biological systems. The
carbon that is present in the sugars produced during this process is then
released back into the environment through subsequent respiration-this
process is often generically referred to by the chemical name glucose-
forming a cyclical relationship with the surrounding ecosystem in a
mechanism that is essentially the exact opposite of photosynthesis itself,
showcasing the remarkable interplay between these two processes. Any
leftover sugar that is not immediately needed for energy can be effectively
stored for later use in various metabolic activities, and it is Glycogen that
serves the crucial purpose of short-term storage of both carbon and energy in
the dynamic metabolic processes of microbial eukaryotes, providing them
with the necessary resources to thrive. Additionally, for more long-term
storage solutions, biomass can be developed and accumulated over time,
further ensuring that energy and carbon are preserved for future utilization,
creating a reservoir of resources that can be drawn upon when necessary,
thus contributing to the resilience and adaptability of ecosystems in response

to changing conditions and environmental challenges [19: 227,228, 229, 230, 231, 232,
233, 234, 235]
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6.1 Glycolysis

Life is fundamentally a three-dimensional case study that is
continuously unfolding, not only around cells but also within them. These
microscopic cells are incredibly adept at synthesizing simple chemical
building blocks through an extraction process that is powered, either directly
or indirectly, by the energy of sunlight. Once produced, these building
blocks are then meticulously assembled into larger, complex chemical
macromolecules. These macromolecules are subsequently organized and
structured into sophisticated molecular machines, which play crucial roles in
various biological processes. The operation of these molecular machines
relies heavily on the transduction of information, with the primary goal being
to maintain a viable yet dynamic nonequilibrium steady state. This vital
process is driven by the principles of thermodynamics, with the surrounding
environment providing essential photons and a nonnutritious medium
maintained at a low temperature to enable these processes. The intricate
interplay of physics and chemistry concerning the building blocks, machines,
and metabolites is not only astonishingly complex but also remains highly
relevant. These concepts are actively integrated into computational models
that aim to describe, at least qualitatively, the underlying principles
governing cellular economies. Despite the apparent complexity of chemical
organization within cells, the underlying physics that governs these
processes is actually quite simple when one has a solid understanding of the
fundamental event of electron sharing. This essential aspect highlights the
remarkable efficiency and ingenuity of cellular machinery as it navigates the

challenges of sustaining life in a constantly changing environment [236 237238,
239, 240, 241, 242, 243]

The role of biology in catalyzing the intricate and sometimes complex
processes of chemistry is truly profound and significantly impactful, as the
various enzymes that are responsible for these dynamic reactions ensure that
the right type of chemistry occurs at the precise time and place necessary for
essential life functions. This remarkable ability showcases the ability of
nature to classify biomolecules into three distinct yet deeply interrelated
categories: the metabolites, which play a critical role in metabolic processes;
the essential building blocks, which provide the necessary components for
cellular structure and function; and the molecular machines that facilitate
numerous biochemical reactions vital for sustaining life. The metabolic
pathway of glycolysis, which involves glucose, serves as an excellent and
instructive illustration of the connections that exist between these groups and
the guiding shuttles of electrons (e-) and energy (H+, H, H2) that participate
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in these critical reactions. The initial nine steps of this intricate process detail
how glucose, a simple sugar, is systematically transformed stepwise into two
molecules of pyruvate, while simultaneously generating two molecules of
either NADH or NADPH, which are essential cofactors, and nucleoside
triphosphates in their energetic forms of ATP or GTP, though these are not
fully displayed in the current context. The glycolytic pathway is not only
efficient but also exceptionally cellularly aware, having a sophisticated
regulatory mechanism that enables it to adaptively serve the evolving needs
of the correct cellular economy. Throughout this entire, multifaceted process,
it vividly illustrates the ubiquitous chemical principles that underpin life
itself, particularly highlighting mechanisms such as nucleophilic
substitution, oxidation and reduction reactions, electrostatic catalysis, as well
as general acid-base catalysis. Moreover, it underscores the indispensable
and sometimes intriguing role of metal ions in facilitating these essential
chemical processes within living organisms, which are vital for their survival
and overall functionality [110, 117, 244, 35, 245, 246, 247, 248]

6.2 Krebs Cycle

The Krebs cycle plays an absolutely crucial and indispensable role in the
intricate process of oxidation of acetyl groups to carbon dioxide (CO2),
effectively and efficiently recycling essential chemical energy within a
biological system. This important and complex metabolic process occurs
within the mitochondria, often referred to as the powerhouse of the cell, and
is instrumental in the catabolism of a diverse array of biomolecules such as
fats, amino acids, steroids, and sugars. During the initial stages of the cycle,
the acetyl groups are first attached to a significant molecule known as
coenzyme A, which results in the formation of a pivotal intermediate called
acetyl CoA. This key molecule acts as a substrate that feeds into the cycle,
highlighting its considerable significance to the entire process. The cycle
itself is composed of a complex series of eight finely-tuned biochemical
reactions, which are situated within the intricate confines of the inner
mitochondrial membrane, specifically adapted to maintain the proper
environment necessary for these critical reactions to occur. Each of these
individual reactions forms part of a broader catabolic pathway, collectively
contributing to the ongoing production of cellular energy, which is vital for
sustaining a multitude of cellular functions and processes necessary for life.
The Krebs cycle begins its intricate operations with the transfer of an acetyl
group sourced from acetyl CoA to a 4-carbon a-keto acid known as
oxaloacetate. This crucial initial reaction is catalyzed by the enzyme citrate
synthase, which facilitates the formation of citrate, a central and vital
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intermediate in the cycle. Following the formation of citrate, the metabolic
pathway then progresses through a series of ene-diol rearrangements, leading
to several significant transformations. Among these transformations are two
critical oxidative decarboxylations, which occur in steps 3 and 4 of the cycle.
These specific steps are pivotal as they generate the reduced coenzymes
NADH and FADH2, which play an essential role in the subsequent stages of
energy production within the cell. An important milestone in this highly
intricate cycle is observed at step 5, where the cleavage of the high-energy
thioester bond takes place. This particular reaction results in the synthesis of
GTP (guanosine triphosphate), which is subsequently transformed quickly
into ATP (adenosine triphosphate), the primary energy currency of the cell.
Thus, the Krebs cycle is not merely a series of chemical reactions, but rather
a fundamental and indispensable component of cellular respiration,
providing the necessary energy required for an array of various biological
processes that sustain life [249, 250, 251, 252, 253, 254, 255, 256].

As in the intricate and complex process of glycolysis, a wide variety of
amphipathic molecules are produced, including succinate, which is a
compound that consists of hydrophobic carbon atoms bound to carboxylic
acid groups located at both ends of the molecule, and fumarate, which
features an alkene structure that effectively replaces the single bond typically
found in the carbon skeleton of succinate. During Steps 6 and 7 of the Krebs
cycle, the essential compound oxaloacetate is not only restored, but this vital
process also results in the production of critically important energy carriers
like FADH2 and NADH. The biochemical oxidations that occur during the
Krebs cycle are crucial and significant, as they yield reduced coenzymes that
are indispensable. These reduced coenzymes play a major role as they are
subsequently recycled within the intricate and highly efficient electron-
transfer chains, which are essential for the process of generating ATP from
ADP in the critical and complex mechanism of oxidative phosphorylation,
which is vital for cellular energy production [257 258, 259, 260, 261, 262]

6.3 Electron Transport Chain

The electron transport chain (ETC) represents an intricate series of
electron carriers that are embedded within the inner mitochondrial
membrane. This remarkable system catalyzes a controlled and stepwise flow
of electrons, originating from NADH and FADH2, through the various
molecular components of the chain and ultimately transferring them to the
terminal electron acceptor, oxygen. As electrons traverse through the chain’s
components in a hierarchical manner known as moving “downhill,” the
energy released during this process is efficiently converted into a proton-
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motive force. This force results from the active transport of protons from the
mitochondrial matrix into the intermembrane space, which leads to a
significant electrochemical gradient. Electron transfer reactions are critically
accomplished in complexes I, IlI, and IV, with the effective movement of
protons across the mitochondrial membrane occurring at each of these
important complexes. The conserved carriers in this robust system include
flavins, iron-sulfur centers, heme groups, copper ions, and several types of
molecular components function within each complex. The diversity of these
components arises from their distinct mid-point potentials, allowing for a
broad range of energetic demands to be met and accommodating the specific
chemical reactions required in this sophisticated bioenergetic system. Further
describing the function of these complexes, Complex | is responsible for
oxidizing NADH while efficiently transferring the electrons to ubiquinone
and simultaneously pumping protons into the intermembrane space. On the
other hand, Complex Il transfers electrons derived from succinate directly
into ubiquinone without accompanying proton translocation. Meanwhile,
complexes Il and IV manage the electrons through the oxidation of
ubiquinol and cytochrome c, respectively, engaging in proton translocation
that is crucial for maintaining the proton gradient. This elaborate
arrangement effectively channels four electrons to facilitate the four-electron
reduction of oxygen, a process that is not only central to the continual
exchange of biochemical energy for cellular work but is also fundamental to
most living organisms. In fact, the bulk of the metabolic energy supplied to
the human body is derived through this essential pathway. The foundational
mechanism behind this entire process supports the energy requirements of
virtually all aerobic bacteria, a myriad of eukaryotic organisms, and
numerous photosynthetic systems as well. The ETC performs three critical
tasks: it converts chemical or light energy into a form that can be efficiently
stored and utilized, establishes a stable and finely tuned ion gradient across
the mitochondrial membrane, and conserves energy that would otherwise
dissipate as heat, thereby allowing for significantly higher efficiencies
compared to the conventional process of chemical combustion. The
chemiosmotic mechanism of energy transduction, as discovered by Mitchell,
forms the bedrock of this entire process. Here, the electron transfer reactions
are purposefully used to drive the uphill movement of protons across the
membrane. Consequently, the resulting transmembrane proton gradient
generates the essential energy required by ATP synthase, which is the
enzyme responsible for reforming the high-energy bonds of ATP, thereby

playing a crucial role in cellular energy metabolism [263. 264, 236, 265, 266, 267, 268,
269, 270, 271]
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Chapter - 7

Photosynthesis: Harnessing Solar Energy

Photosynthesis plays an absolutely pivotal role in maintaining Earth’s carbon
and energy balance, fundamentally underpinning the global economy and
supporting numerous essential societal functions. The intricate process of
photosynthesis is driven by a relatively small family of multi-subunit
membrane proteins. These proteins’ intricate self-assembly and regulation
create a complex interplay between the abundance of nutrients and
productivity, and this dynamic relationship remains incompletely understood
by scientists. In recent years, efforts to exploit sunlight for various
applications have increased dramatically. Photosynthetic organisms such as
plants, algae, and cyanobacteria possess the remarkable ability to efficiently
convert solar energy into chemical energy, often utilizing water as an
electron donor in the process. This essential process of photosynthesis not
only provides the organic building blocks necessary for life but is also
considered one of Earth’s most crucial and fundamental biological processes.
Recently, light-driven catalysis has emerged as a potent approach to harness
solar energy for the direct drive of enzymatic reactions that require electrons.
This method has numerous applications that range from the production of
high-value metabolites to the advancements in green chemistry. As a result,
various innovative strategies aimed at designing sustainable light-driven
systems are rapidly becoming a major focus for developing future
biotechnological solutions. Global challenges that are related to the rising
levels of CO: and the ongoing issues of climate change make biological
platforms for renewable chemical production increasingly critical and urgent.
Sunlight, as a resource, represents a free and abundant energy source, which
means that photosynthetic organisms, therefore, represent highly promising
platforms for advancing future sustainable production systems that can help
address these pressing needs [272 273,274, 215, 216, 217, 218]

7.1 Light Reactions

Light reactions represent the initial and crucial stage of the intricate
process of photosynthesis, which begins with the effective absorption of
sunlight by specialized pigments, including chlorophyll, strategically located
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within the cellular structures of plant cells. These pigments are skillfully
organized into two main structures known as photosystem Il and
photosystem 1. These key components are situated in the thylakoid
membrane of immature chloroplasts, performing essential tasks in the
conversion of solar energy. When sunlight is absorbed by these pigments, it
provides the necessary energy required to excite electrons to higher energy
states, thereby setting off a complex chain reaction that is immensely
beneficial for the plant's survival and growth. Photosystem Il is the first to
react to this absorbed light, initiating the process by transferring these
excited electrons directly to photosystem I through a meticulously organized
series of intricate steps known as the electron transport chain. This overall
process is vital, as it not only facilitates the conversion of sunlight into
usable chemical energy but also significantly contributes to the production of
vital energy carriers, such as ATP and NADPH, which are essential for
meeting the energy demands of the plant. Additionally, the application of
chlorglozim low-potassium fertilizer has been shown to play a significant
role in enhancing the efficiency and overall effectiveness of these light
reactions. This unique fertilizer encourages rapid stomata opening, resulting
in a physiological change that leads to a notable increase in carbon dioxide
(CO2) entry into the leaves. This increased CO2 availability improves the
overall photosynthetic rate and promotes essential photochemical reactions
within the plant. Its compatibility with other herbicides makes this fertilizer
an incredibly versatile option for effective crop management, particularly in
cotton farming scenarios where varying environmental conditions necessitate
adaptable strategies. Moreover, consistent use of chlorglozim in tropical
soils has been shown to yield substantial improvements in plant productivity.
This underscores not only the fertilizer's effectiveness but also its essential
role in enhancing agricultural practices in regions where productivity is
paramount. Following these crucial light reactions, the next step in the
process, known as the Calvin cycle, takes place. During this critical stage,
carbon dioxide is converted into various organic compounds that are vital for
the plant's growth, sustenance, and overall development. This transformation
is essential for the continuing survival and functionality of the plant,
ultimately linking the initial capture of light energy to the sustenance of life
itself, highlighting the interconnectedness of these processes in the broader
context of plant ecology and agriculture [278. 279, 280, 281, 277, 282, 283, 284]

7.2 Calvin Cycle

Carbon-fixation pathways play a crucial role in the production of
polycarbon compounds derived from carbon dioxide, and they serve as an
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essential conduit for facilitating heterotrophic metabolism. Among these
pathways, the Wood-Ljungdahl pathway (WL) and the reductive citric-acid
cycle (rTCA) display undeniable evidence of their ancient origins,
functioning as fundamental processes. The many central anabolic pathways
that support life as we know it today are either directly synthesized from the
outputs of WL and rTCA or are formed from compounds that maintain
equivalent states of oxidation. Together, these two pathways form the
foundational nodes of an organically coherent and thermodynamically
consistent modular decomposition of metabolic processes. Within this
framework, a limited set of organic precursors is generated through the input
of inorganic materials, which then flows into a complex, multi-layered
network of downstream pathways responsible for wvarious metabolic
functions. Additionally, the formose reaction-an intriguing chemical process
proposed as a way to generate sugars through abiotic means-has been
considered a potential piece in the puzzle of prebiotic chemistry. However, it
suffers from significant limitations regarding robustness and selectivity,
which raises questions about its applicability. Moreover, this reaction's
strong dependence on pH levels stands in stark contrast to the near-neutral
conditions that characterize the environments in which biological processes
typically occur. In sharp contrast to the formose reaction, the reductive
glycine pathway (rGlyP) emerges as a highly specific and efficient route that
adjusts the reduction state of carbon in a careful and linear progression. This
pathway requires only minor fluctuations in temperature and pH, making it
extremely likely that rGlyP played a vital role in the development and
sustainability of the earliest metabolic networks that were crucial for the
evolution of life on Earth [285, 286, 287, 288, 289, 290, 291, 292, 293].

Autocatalytic mechanisms in  carbon metabolism, particularly
exemplified by the Calvin cycle, play an undeniably crucial role in the
intricate biological assimilation process of carbon dioxide (CO2). This vital
process is essential for the formation of organic compounds that possess
complex structures, with a prominent inclusion of various sugars. The Calvin
cycle operates through a dynamic reaction involving CO2 and ribulose-1,5-
bisphosphate (RuBP), which leads to the generation of a six-carbon
intermediate. This intermediate subsequently undergoes a splitting process,
which results in the formation of 3-phosphoglyceric acid (3PGA). A
significant portion of the produced 3PGA is released into the surrounding
environment, while the remaining portion is utilized in the critical
regeneration of RuBP. This regeneration is vital for allowing the cycle to
continue its functions in a seamless and uninterrupted manner. In contrast,
the formose reaction exemplifies a nonbiological reaction that entails the
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autocatalytic synthesis of sugars from simple formaldehyde. However, this
particular reaction is known for being quite fragile and highly susceptible to
various side reactions, such as the Cannizzaro reaction, particularly under
basic conditions. Given this inherent complexity, researchers have initiated a
novel and innovative approach aimed at constructing a robust autocatalytic
cycle dedicated specifically to sugar synthesis. This new cycle is designed to
maintain a neutral pH environment, which is crucial for the stability of the
process. This groundbreaking approach cleverly leverages the weak
Brgnsted basicity of oxometalate anions, including, but not limited to,
tungstates and molybdates, which function as highly effective catalysts.
These catalysts facilitate a series of essential transformations, encompassing
aldol, retro-aldol, and aldose-ketose transformations that are integral to the
sugar synthesis process. By promoting necessary deprotonation reactions
while simultaneously inhibiting potential side reactions that often complicate
the process, these catalysts contribute significantly to the establishment of a
remarkably robust sugar production system. The sugars produced under
these carefully controlled conditions not only serve as valuable energy-
storage substances but also play a significant and multifaceted role in
supporting microbial growth while sustaining various biological processes
that are essential to life. The advancements made through research in this
field not only deepen our understanding of carbon metabolism but also open
up exciting new avenues for exploring synthetic pathways that effectively
mimic biological systems, leading to potential breakthroughs in diverse

applications ranging from biochemistry to renewable energy initiatives 2%+
295, 296, 297, 202, 298, 299, 300, 301, 109]_
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Chapter - 8

Genetic Information and Molecular Biology

The elucidation of DNA’s intricate structure in the pivotal year of 1953
unveiled the fundamental molecular basis of heredity itself, clarifying in
unprecedented detail how specific sequences of nucleic acid bases
meticulously determine the sequences of proteins produced within living
organisms. This monumental revelation not only established biological
information as digital in nature but also significantly fostered the emergence
of specialized molecular-biology terminology. It introduced critical,
revolutionary terms such as sequence, transcription, translation, codon, and
frame, which have since become essential concepts in the field. These terms
reflect a profound conceptual shift towards the perspective of viewing
molecules as capable carriers of vital information that governs life. Sydney
Brenner, a key figure in the rapidly advancing field of molecular biology,
emphasized the transformative importance of the genetic code. He
highlighted the remarkable co-linearity that exists between DNA sequences
and the resulting protein sequences produced by various cellular processes.
This fundamental understanding underpinned the subsequent elucidation of
how cells meticulously duplicate genetic information and direct the intricate
methods involved in protein synthesis. Ultimately, this knowledge formed
the cornerstone of modern genetics and molecular biology as we understand
them today, leading to groundbreaking advances in our comprehension of

living systems and the technologies that arose from these insights [302 303,304,
305, 306, 307]

8.1 DNA Replication

DNA is fundamentally made up of a linear polymer that is composed of
smaller units known as nucleotides. These nucleotides include four essential
bases: adenine, guanine, cytosine, and thymidine, which are integral to the
DNA structure. The remarkable phenomenon of hydrogen bonding plays a
critical role in determining the specific base pairing that occurs within this
genetic material. Specifically, adenine consistently pairs with thymidine,
while guanine bonds with cytosine. This precise pairing is crucial for the
stability and integrity of the DNA double helix. When we consider the
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entirety of the human genome, it reveals itself as an intricate and vast
assembly, consisting of approximately 3 billion base pairs. This
astonishingly large number encodes the information necessary for the
expression of somewhere between 100,000 and 300,000 distinct genes. Each
individual gene serves a vital purpose; it acts as a blueprint for the synthesis
of a specific protein, the building blocks of life. Moreover, it is the unique
three-dimensional shape of each protein that ultimately governs its specific
biological function within the complex milieu of the human body.
Consequently, a comprehensive understanding of the structure, function, and
organization of human chromosomes and the genes they contain is of utmost
importance. Such knowledge is fundamental for gaining deeper insights into
the complex machinery of human life as well as the myriad biological
processes that sustain and regulate it. The intricate interplay between these
genes and their corresponding proteins shapes not only individual
characteristics but also influences health, disease, and the overall functioning
of the organism. Thus, further exploration of this field holds significant
promise for advancements in medicine and biology, with potential

implications for treating genetic disorders and understanding hereditary
COﬂditiOﬂS [308, 309, 310, 311, 312, 313, 314, 315, 316]_

A crucial prerequisite for the process of DNA replication is that it must
occur with an extremely high level of fidelity and efficiency precisely once
during each cell cycle. This strict adherence is essential to prevent the
occurrence of mutations, reduce the likelihood of chromosomal
abnormalities, and maintain consistent variations in the gene copy number,
all of which can lead to serious diseases such as cancer. DNA replication
takes place through a series of carefully orchestrated stages. During the
initiation phase, specialized protein complexes known as replisomes
assemble at specific sites called replication origins. In the elongation phase,
these replisomes move in opposite directions along the DNA strands,
unwinding the double helix and synthesizing new complementary strands in
a bidirectional manner. Once the process of replication is completed, the
replisomes disassemble and release the newly synthesized DNA strands.
Many different organisms utilize preferential genomic regions as origins of
replication to effectively coordinate the process of DNA replication with
other critical cellular processes and to avoid potential DNA damage. This
strategic approach ensures that the entire genome is duplicated completely
and with high accuracy prior to the onset of cell division, safeguarding the

integrity of genetic information across generations [317. 318 319, 320, 321, 822, 323,
324]

Page | 34



8.2 Transcription and Translation

The central dogma of molecular biology comprehensively delineates the
detailed pathway through which genetic information flows within biological
systems, highlighting a fundamental principle that is critical to life: DNA
undergoes a process called transcription to ultimately form messenger RNA
(mRNA). This mRNA, in turn, subsequently directs the complex processes
of protein synthesis through a mechanism known as translation. The entire
process of transcription initiates when RNA polymerase, an essential
enzyme, binds specifically to a gene at its promoter sequence. This binding
catalyzes the formation of an mRNA transcript that complements the DNA
template strand, ensuring that the information carried in DNA is accurately
transcribed. The resulting mMRNA molecule undergoes several processing
steps and is then exported to the cytoplasm. Upon reaching the cytoplasm, it
associates with ribosomes, which are the cellular machinery required to
facilitate translation. The process of translation itself encompasses three
primary stages: initiation, elongation, and termination. During the initiation
phase, the ribosome assembles at the start codon, which is typically AUG,
located on the mRNA strand. At this stage, an initiator transfer RNA (tRNA)
carrying the amino acid methionine plays a crucial role in establishing the
reading frame for the mRNA. Following this, the elongation phase involves
the sequential addition of amino acids to the nascent polypeptide chain. This
occurs as codons on the mRNA are decoded by complementary anticodons
present on tRNA molecules, each of which delivers specific amino acids that
correspond to the codons. During elongation, the ribosome catalyzes the
formation of peptide bonds, which effectively extends the growing
polypeptide chain in the direction from the N-terminus to the C-terminus.
Finally, termination occurs when the ribosome encounters a stop codon,
which can be one of three specific sequences: UAA, UAG, or UGA. This
encounter prompts the action of release factors, which disassemble the entire
translation complex and liberate the newly synthesized protein for further
functional roles in the organism [$25 326,327, 328, 329, 330]
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Chapter - 9

Biochemical Techniques and Applications

Biochemical techniques have played a foundational and essential role in the
comprehensive study of DNA, RNA, and protein synthesis. One particularly
notable application involved thoroughly investigating the intricate
relationship between the genetic code and the specification of amino acids.
Various chemical, enzymatic, and hybridization methods have facilitated the
detailed determination of base sequences present in nucleic acids. In
particular, comprehensive analyses of DNA structure, nucleotide-order
sequences, and gene mapping have emerged as critical areas of inquiry and
exploration. These innovative approaches have significantly deepened our
comprehension of heredity, gene expression, and the complex molecular-
genetic mechanisms underlying biological processes. Numerous experiments
conducted in the late 1950s and early 1960s exemplify the broad spectrum of
biochemical methodologies applied in this field, encompassing diverse
techniques such as enzyme-activity assays, intricate protein analysis, and
advanced molecular-biology procedures. Extensive enzyme characterization,
detailed metabolic studies, and effective protein purification collectively
provide essential insights into the functional roles and structural intricacies
of biological molecules. Additionally, methods that are applicable to the
precise measurement of enzymatic activities, the process of enzyme
synthesis, and the understanding of complex metabolic pathways also
illuminate crucial processes such as glycogen synthesis, thereby contributing
to a wider and more profound understanding of biochemical functions and
their implications in living organisms [195 170, 196, 1, 351,332, 12]

9.1 Chromatography

Chromatography is an extensive and diverse collection of analytical
techniques that are primarily categorised based on the specific phase
employed to achieve separation of different components. The main
categories include adsorption chromatography, which focuses on the
adhesion of molecules onto surfaces, partition chromatography, wherein
components are separated based on their solubility in two distinct immiscible
phases, ion-exchange chromatography that involves the exchange of ions
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between the stationary phase and the mobile phase, gel-permeation
chromatography that separates molecules based on their size, and affinity
chromatography, which exploits the specific interaction between an analyte
and a targeted ligand. While there are numerous variants and specialized
methods developed within each of these broad categories, the fundamental
physicochemical principles that underpin these techniques are common
across all, thereby creating a cohesive framework to understand, categorise,
and utilise the majority of chromatographic procedures -effectively.
Furthermore, chromatography also encompasses other well-regarded
techniques that are widely utilised in both academic laboratories and
industrial applications, such as thin-layer chromatography (TLC), gas
chromatography, and high-performance liquid chromatography (HPLC).
Each of these methods serves specific purposes and allows for detailed
analyses of complex mixtures. Additionally, chromatography lays the
groundwork for a variety of subdisciplinary terms that enhance its versatility,
such as planar chromatography, as well as the previously mentioned partition
chromatography, and size-exclusion chromatography, each of which reflects
particular applications and specialized methodologies tailored to suit
different analytical requirements. At its core, all chromatography relies
fundamentally on the distribution of substances between two distinct phases:
one of these phases is stationary, while the other phase operates as mobile.
The mobile phase actively travels over the stationary phase, carrying along
with it the components of the mixture that require separation. The behavior
exhibited by these components will vary considerably; those that possess a
higher affinity for the mobile phase will tend to migrate more rapidly
through the stationary phase, whereas components that are more strongly
adsorbed onto the stationary phase will display slower movement.
Consequently, as a result of this differential migration process, the mobile
phase mechanism effectively separates the various components of the
mixture as it progresses through the system in a controlled manner.
Therefore, possessing a deep and comprehensive understanding of effective
separation techniques and the scientific principles governing the intricate
process of chromatographic fractionation is essential for achieving accurate,
reliable, and meaningful insights into both biological systems and a
multitude of various chemical analyses conducted in diverse fields of
research and industry [333, 334, 335, 336, 337, 338, 339, 340, 341]_

9.2 Electrophoresis

Electrophoresis is a powerful technique that can effectively separate
charged molecules of various sizes, and this separation is largely dependent
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on the types and amounts of ions that are present in the gel used. This
versatile and widely adopted technique is utilized in a broad array of studies,
ranging from detailed biopolymer analyses to in-depth genetic
investigations. It has the capacity to separate, identify, and characterize
biomolecules with remarkable precision, encompassing even the different
posttranslational modifications of a protein. Notably, affinity electrophoresis
techniques have made significant contributions in this essential role within
research and diagnostic settings. Proteins can be immobilized in an
electrophoresis matrix, allowing them to be selectively visualized through
various methods, including staining and immunoblotting techniques. Such
advanced methods therefore enable the intricate analysis of reversible
intermolecular interactions that hold critical importance in various biological
systems across different contexts. Moreover, the behavior of a wide range of
biomolecules can be illuminated when electrophoresis is thoughtfully
combined with specific affinity probes, leading to richer insights into their
function and interactions [342. 343, 344, 345, 346, 347],

Capillary-based analytical techniques have undergone continuous
development and refinement over the years, driven significantly by the
increasing and ever-growing demand for high-fidelity analysis of various
bio-samples. Bio-samples, which include complex entities such as DNA,
proteins, and other critical biological materials, are commonly utilized either
for precise identification purposes or for various aspects of disease-related
research and laboratory investigations. A typical analytical procedure in this
domain encompasses several crucial steps that not only include the careful
preparation of the sample but also extend to the detailed separation of the
analyte, the detection of the analyte, and finally, the identification of the
individual analyte in question. Given that bio-samples are inherently very
complicated and often characterized by high heterogeneity, the separation
process usually emerges as the essential and most critical procedure in the
overall analytical methodology. Without proper separation, no molecule of
interest can be effectively found or accurately analyzed within the sample
prior to conducting the subsequent analyses, which highlights the vital
importance of this specific step in the overall analytical process. This
underscores the need for meticulous techniques and highly efficient methods
that ensure the integrity of the separation, enabling researchers to achieve
reliable and reproducible results that can be used for further biochemical

analyses and applications in the field of biological studies. [333 348. 349,350, 351,
352, 353, 354]
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9.3 Mass Spectrometry

Mass spectrometry has emerged as a powerful technique that permits
near-comprehensive profiling of proteins generated by both yeast and human
subjects, facilitating a thorough quantitative analysis of large protein
populations. The advent of structural proteomics techniques has significantly
advanced our ability to correlate spectral data with the solution phase
properties of various proteins. This process utilizes a variety of solvent
systems that can effectively alter charge state distributions, enabling
researchers to observe and reflect conformational changes that proteins
undergo in different environments. By incorporating structural mass
spectrometry with other analytical methods such as electron microscopy,
nuclear magnetic resonance, or advanced computational modelling
techniques, scientists can achieve a more detailed and nuanced
understanding of the complex behaviors and functions of these proteins. MS-
based structural proteomics employs specialized procedures that are
meticulously designed to maintain the integrity of protein complexes as they
are introduced into the mass spectrometer. This careful approach not only
allows for the preservation of the proteins but also facilitates the accurate
determination of subunit stoichiometries within intact assemblies, providing

critical insights into the nature of these biological macromolecules [35 356, 357
358, 359, 360, 361]_
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Chapter - 10

Biochemistry in Medicine

Since nearly all of the chemicals that are crucial for the various reactions
occurring within our bodies are sourced from the foods we consume, this
particular domain of biochemistry serves as a fundamental link to the field of
nutrition. Specifically, acquiring a deep understanding of how our bodies
function, along with the mechanisms by which they utilize the foods we
consume, has resulted in significant insights into what exactly comprises a
healthy diet. This foundational knowledge also teaches us how different life
cycle needs, as well as varying conditions, can significantly alter the types of
foods that are necessary to ensure an adequate and balanced intake of
essential nutrients. For example, it is well-documented that both teenagers
and pregnant women have unique nutritional requirements, leading to a
necessity for an increased intake of calcium and iron, respectively, to support
their health. Furthermore, with average life spans steadily increasing in many
parts of the world, there has been a troubling rise in incidences of chronic
diseases such as cancer and heart disease. By enhancing our understanding
of these debilitating ailments, we can offer dietary recommendations that

may help diminish the probabilities of these health issues arising [362 363 364,
365, 366, 367]

Going even further, the biochemical approach significantly probes the
intricate molecular basis of various diseases, aiming to gain a comprehensive
and deep understanding of how various chemical compounds and agents
influence the functioning of living systems at a fundamental level and
molecular scale. Such detailed studies are deeply concerned with thoroughly
exploring the complex molecular foundations of these significant maladies,
rather than merely focusing on the treatment of surface-level symptoms that
manifest in patients. Consequently, there are notable and important areas of
overlap between this innovative approach and the broader fields of medicine
and pharmacology, as both aim to improve health outcomes through a
thorough and profound understanding of essential biological processes that
govern health and disease [368. 369, 370, 371, 372, 373]
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10.1 Drug Design and Development

The computer-aided approach to drug design has become significantly
more tractable and manageable with the advancement in determination of
high-resolution structures of target proteins, which are often accompanied by
a bound ligand. These high-resolution structures can be effectively utilized
in structure-based drug design, a strategic approach that has notably led to
the approval of the carbonic anhydrase inhibitor known as dorzalamide in
the year 1995. Furthermore, this same approach also played a crucial role in
the design of imatinib, which serves as a selective inhibitor of the bcr-abl
fusion protein that possesses tyrosine kinase activity. This specific fusion
protein is implicated in certain forms of leukemia, thereby underscoring the
importance of targeted drug design in cancer therapy. However, it is
essential to note that the scoring functions employed in docking procedures
have a limited degree of accuracy when it comes to predicting the binding
affinity between proteins and ligands. As a result, researchers devote
substantial effort to analyze protein-ligand interactions and glean three-
dimensional structural information, striving to enhance their predictive
models. Rational drug design involves the meticulous use of techniques such
as X-ray crystallography and NMR spectroscopy to determine the
bimolecular structures of both the protein and the ligand. Additionally, it
involves exploring the structure-activity relationships of the ligand. This
comprehensive body of knowledge is instrumental in guiding the process of
lead optimization, which entails the systematic modification of the structures
of lead compounds to ensure that they retain their affinity for the target while

simultaneously improving other important pharmaceutical properties 374 375
376, 377, 378, 379, 380]

10.2 Biomarkers in Disease

Biomarkers serve as both accessible and critical indicators that reflect
the intricate interactions between complex biological systems and the
various potential hazards that are present within the environment. They play
a pivotal and absolutely essential role in diagnosing diseases effectively,
monitoring the progression of diseases accurately, evaluating therapeutic
responses in a meaningful manner, and predicting prognoses with a
dedicated focus on the patient’s overall health outcomes. Reliable and robust
biomarkers must meet several stringent criteria that include disease
specificity, sensitivity, traceability, stability, and overall dependability in
order to be deemed effective. Although numerous potential biomarkers
consistently emerge from extensive preclinical investigations, only a select
few manage to successfully transition to clinical application where they can
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truly make a significant impact on patient care and treatment outcomes.
Addressing this existing and notable gap in knowledge and practical
application involves the thorough and methodical development and rigorous
validation of gene, protein, network, and dynamic network biomarkers.
These advancements are crucial as they facilitate early diagnosis, enable
comprehensive disease assessment, and significantly enhance the accuracy of
therapeutic outcome prediction, ultimately leading to improved clinical
decision-making processes [381. 382. 383, 384, 385, 386, 387]

Within the complex and highly nuanced field of drug development,
biomarkers play a pivotal and indispensable role that underpins critical
decision-making stages at every turn-from the vital and essential processes
of lead optimization and candidate selection to the comprehensive and
systematic phases of clinical evaluation and regulatory review. These
biomarkers are instrumental in quantifying vital exposure-response
relationships, understanding specificity in drug action, assessing
pharmacodynamic effects, evaluating toxicity levels, and determining
therapeutic efficacy. They significantly assist researchers and clinicians in
identifying and selecting the most suitable treatment modalities and dosing
regimens that are tailored to the unique needs of individual patients, thereby
greatly enhancing personalized medicine approaches. This targeted and
thoughtful approach not only improves therapeutic outcomes significantly
but also helps in mitigating the substantial risk of late-stage drug approval
failures that can have profound financial and ethical implications. In order to
achieve the desired efficacy and safety standards, high-quality biomarker
assays necessitate a rigorous and thorough control of specificity, sensitivity,
and all potential sources of variability throughout the measurement process.
This diligence is imperative to achieve robust, reliable, and reproducible data
sets that researchers can depend on, which in turn significantly reduces
overall research expenditures and expedites the timelines associated with the
intricate process of drug development. Furthermore, adherence to established
and stringent regulatory frameworks is absolutely essential. Good
Laboratory Practice (GLP) protocols for nonclinical safety studies and
Clinical Laboratory Improvement Amendments (CLIA) guidelines for
human diagnostic support must be followed with the utmost care and
meticulous attention to detail. The ever-evolving landscape of biomarker
analysis is further transformed with the emergence of multiplexed assay
technologies that are increasingly driven by groundbreaking genomic
insights. These advancements promise to become integral components of
future biomarker analysis platforms, which will enhance their effectiveness,
relevance, and applicability. As the field continues to evolve continually, the
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strategic and thoughtful use of biomarkers will remain a cornerstone of
successful drug development, paving the way for significantly improved

patient outcomes in the critical realm of personalized medicine [388: 389, 3%, 391,
392, 385, 393]
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Chapter - 11

The Future of Biochemistry

It is challenging to accurately predict the future trajectory of science, but
considering that science has largely taken its current form alongside the
emergence of biochemistry, this specific discipline may serve as a significant
indicator of what is to come in the realm of scientific advancement. Back in
the year 1970, the intricate chemical mechanisms underlying enzyme action,
as well as the interactions between hormones and their respective receptors,
alongside the fundamental chemical principles responsible for cellular
information generation and regulation, were still areas that had not been
extensively explored or understood. The research focused on enzyme
kinetics, the process of isotope exchange, and the development of specific
enzyme inhibitors primarily aimed at broadening the scope of classical
kinetic models. The same can be said concerning the investigations into
bacterial sensory mechanisms. Although the structural characteristics and
biological significance of such potential sensory components can be traced
back to the earliest fossil records, the timing of when these entities finally
achieved their contemporary functional roles remains an open question, still
awaiting an answer. In light of this, two modern methodologies exemplify
the current progress being made within the subject: the spectroscopic
analysis of model compounds and comprehensive studies conducted on
entire bacterial organisms. Positioned at the forefront of living biological
processes, biochemistry stands out as a truly remarkable science. It generates
a sense of breathless anticipation due to the vast and promising
biotechnological opportunities presenting themselves in the future, while the
biochemical approach is destined to permeate all forms of living matter.
Furthermore, from a more extensive viewpoint, we might consider that the
entire field of basic biochemistry could gain the characteristics typical of an
emerging physical science. Lastly, it is noteworthy that biochemistry is
perhaps the only scientific field burdened with a monumental unknown-
namely, the phenomenon of life itself. There is no need for a prophetic
vision to foresee the boundaries of scientific exploration or to anticipate the
nature of pivotal discoveries that will mark the rest of this century. However,
it is not particularly difficult to envision the vital role and meaning that
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biochemistry will embody in the larger scientific endeavor. Indeed,
establishing its precise boundaries and defining its coordinates should be a

primary concern and dedication for all scientists engaged in the pursuit of
knowledge [170, 394, 395, 1, 396, 385, 397, 398]

11.1 Synthetic Biology

A key and distinguishing goal of synthetic biology lies in the ambitious
and innovative development of a comprehensive design framework that is
capable of systematically transforming biological systems into entities that
can be engineered in a manner strikingly similar to how one would
meticulously approach the complex construction of bridges and intricate
mechanical systems. Achieving such a profound scientific and technological
transformation would unlock access to an extraordinary and expansive range
of practical applications that could potentially reshape numerous industries.
These applications could span from groundbreaking, innovative new sources
of biofuels and renewable chemicals to highly personalized and tailored
medicines that cater specifically to individual patient needs, along with
advanced and sophisticated devices that can facilitate effective
environmental remediation and restoration efforts. Such significant
advancements in the field of synthetic biology necessitate a deep and
thorough understanding of how biological parts-whether they are naturally
occurring or synthetically derived-function individually, interact with one
another, and compose into larger and more complex systems. In the early
stages of synthetic biology, efforts primarily focused on engineering simple
modules that were composed of just a handful of well-characterized parts,
based on the expectation that these parts would behave in a consistent and
predictable manner across a diverse array of contexts and environments, thus

laying a solid foundation for future exploration and more intricate designs
[399, 400, 401, 402, 403, 404, 405, 406]

Biological parts, however, rarely behave as one would expect when they
are moved from one system to another. This variation can lead to surprising
results that defy initial hypotheses. To address this challenge effectively,
synthetic biologists have developed an iterative design cycle that
incorporates complementary bottom-up and top-down approaches. Bottom-
up considerations begin with a well-defined set of individual parts and
progress upward toward the creation of complex systems, seeking predictive
models that accurately characterize how these parts compose and function
together in various environments. Top-down considerations, conversely,
commence with a desired system in mind and then move downward toward
identifying a specific set of functional parts, focusing on quantifying

Page | 45



strategies for isolating synthetic modules from the inherent complexity of the
cellular environment. This approach also emphasizes the importance of
mitigating the inevitable interactions that occur with the host organism.
These two perspectives provide crucial guidance for the development of
effective engineering strategies that bridge the ever-persistent gap between
the frontiers of design and our evolving understanding of biological
interactions. Advances in biochemical transformations, the creation of novel
cellular devices and therapeutics, as well as the expanding chemistry of life
itself, point toward a future where the systematic engineering of biological
systems will lead to revolutionary new applications and uncharted frontiers,
extending from the smallest molecules right up to complex organisms. This
vision champions the idea that with further research and innovation, we will

unlock the potential for engineering biology in ways that have never before
been rea' ized [407, 408, 409, 410, 411, 412]'

11.2 Personalized Medicine

Once a drug has been conclusively and rigorously proven to be effective
at the population level, it is crucial to emphasize that some medications can
indeed cause severe adverse effects in a small but notable percentage of
patients. This phenomenon occurs even though it is fully understood that no
known allergies, genetic predispositions, or underlying medical conditions
are present that would typically predispose these individuals to that
particular negative outcome. This intriguing quirk of nature and human
biology has led to extensive studies, ongoing investigations, and robust
research in the highly relevant field of personalized medicine. This area,
which is sometimes referred to as precision medicine or individualized
medicine, focuses intensely on tailoring treatments, therapies, and
medications to the unique characteristics, specific needs, and particular
circumstances of individual patients. The ultimate goal is to optimize
therapeutic outcomes while minimizing negative effects and adverse
reactions, ensuring that each patient receives the most appropriate and
beneficial treatment possible [413. 414, 415, 416, 417, 418],

Individualized medicine efficiently optimizes the treatment of various
diseases by comprehensively taking into account a person’s unique genome,
transcriptome, proteome, and metabolome. This approach involves tailoring
treatment methodologies to specifically align with an individual's unique
biological and biochemical makeup, which ultimately enhances the efficacy
of therapeutic interventions. The tasks related to genetic and molecular
analysis of this nature are now more feasible than ever before. This is largely
due to recent and extensive advancements in omics technologies and
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methodologies that have been meticulously developed and refined within the
biomedical field over the years. However, despite these significant
advancements and the cutting-edge tools available, researchers still
encounter large and complex challenges when it comes to fully
understanding the intricate ways in which genetic variations may cause
various diseases and health conditions. This particular area of research is
especially challenging due to the fact that many critical gene-gene and gene-
environment interactions remain largely unexplored and inadequately
understood within the current scientific paradigm. Establishing causality in
these complex genetic interactions proves to be exceedingly difficult, as the
majority of measurements related to health and disease occur post-
transcriptionally for the transcriptome, and post-translationally for the
proteome. Moreover, the connection between diverse and distinct molecular
profiles and overall health is currently only partially understood and defined
in the prevailing scientific literature, highlighting a significant gap in

knowledge that further complicates the pursuit of truly personalized
medicine [419. 420, 421, 422, 423, 424]

Current methods possess the remarkable capability to effectively track
and monitor the dynamic changes that are consistently occurring within the
intricate  human interactome by utilizing the innovative approach of
integrating multi-omics data. A broad array of diverse bioinformatics and
systems biology techniques has proven to be particularly informative and
beneficial in this important context. These sophisticated approaches include
genome-wide association studies, investigations into epigenetics, the
analysis of gene regulatory networks, as well as the utilization of metabolic
modeling. Numerous investigations actively consider whether performing
integrative analysis on individual personal multi-omics data can potentially
lead to a significantly enhanced understanding of the complex relationships
between individual genotype and phenotype. This expanding body of
research underscores the crucial importance of personalized medicine in
unraveling the complexities of biological systems and optimizing therapeutic

strategies for a wide array of health conditions that affect many individuals
[425, 426, 427, 428]
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Chapter - 12

Ethical Considerations in Biochemical Research

As biochemists diligently conduct their research, they must seriously
consider a range of important questions related to research ethics: What
specific questions should they choose to pursue or deliberately avoid? What
protocols and guidelines should they implement when they are working with
animals or human subjects to ensure their well-being? Furthermore, they
need to engage in deep reflection on professional ethics: Should they ever
fabricate, falsify, or plagiarize data in any circumstances? Should they take
the responsibility to report fraudulent data or questionable practices that they
may encounter? What specific responsibilities do they hold when they are
leading or mentoring others in their field? Since the 1970s, bioethics has
decisively emerged as a vital interdisciplinary field dedicated to addressing
pressing ethical questions that arise in connection with the life sciences. The
major principles that underpin bioethics include respect for human dignity,
social responsibility, justice and fairness, protection of the environment, and
a strong concern for the rights and needs of future generations as they
navigate the complexities of scientific advancement, 1429 430,431, 432]
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Conclusion

Biology is a descriptive science, with the diversity and complexity of life
often explained in terms of chemistry. An understanding of molecules and
chemical reactions is essential to study living organisms. Chemical reactions
remove molecules from equilibrium, so that systems remain out of
equilibrium in order to carry out processes essential to life. Life on earth is
fundamentally a series of complex, coupled chemical-reactions, carried out
by molecules synthesized within an organism in response to environmental
cues. The biochemistry of known life is exclusively based on organic
molecules and the reactions between carbon compounds. Water is the
solvent of life on Earth, determining the thermodynamic properties of
reactants and participating in key reactions; the majority of molecular
machinery inside cells has evolved to take advantage of the properties of
water, and this may be a necessary aspect of life anywhere. [433]

Page | 49



10.

11.

References

A. Hussain, H. S. Jamal, M. Abid, "The basic concepts and scope of
biochemistry," in *Recent Trends in ...*, 2024. researchgate.net

T. P. Silverstein, "The proton in biochemistry: impacts on bioenergetics,
biophysical chemistry, and bioorganic chemistry," Frontiers in
Molecular Biosciences, 2021. frontiersin.org

AMB Amorim, LF Piochi, AT Gaspar, "Advancing drug safety in drug
development: bridging computational predictions for enhanced toxicity
prediction," Chemical Research in ..., vol. 2024, ACS Publications.
acs.org

H. Liu, J. Fan, P. Zhang, Y. Hu et al., "New insights into the disulfide
bond formation enzymes in epidithiodiketopiperazine alkaloids,"
Chemical Science, 2021. rsc.org

W. Xie, X. Wei, H. Kang, H. Jiang, Z. Chu, and Y. Lin, "Static and
dynamic: evolving biomaterial mechanical properties to control cellular
mechanotransduction,” *Advanced Materials*, vol. 2023, Wiley Online
Library. wiley.com

A. J. Pereira, L. J. de Campos, H. Xing, et al., "Peptide-based
therapeutics: challenges and solutions,” Medicinal Chemistry, vol. 2024,
Springer. springer.com

W. Mo, X. Q. Tan, and W. J. Ong, "Prospective Life Cycle Assessment
Bridging Biochemical, Thermochemical, and Electrochemical CO2
Reduction toward Sustainable Ethanol Synthesis,” ACS Sustainable
Chemistry & Engineering, vol. 2023. [HTML]

M. De Spirito, V. Palmieri, G. Perini, and M. Papi, "Bridging the gap:
integrating 3D bioprinting and microfluidics for advanced multi-organ
models in biomedical research,” Bioengineering, 2024. mdpi.com

C. M. Lawrence, "Organic Chemistry Il Drill (CHEM 2220D). Module
10. Biochemistry.," 2019. [PDF]

J. Gomez-Mérquez, "What is life?," Molecular biology reports, 2021.
springer.com

S. Otto, "An approach to the de novo synthesis of life," Accounts of
chemical research, 2021. acs.org

Page | 50


https://www.researchgate.net/profile/Hafiza-Jamal/publication/381259438_THE_BASIC_CONCEPTS_AND_SCOPE_OF_BIOCHEMISTRY/links/66da8f57bd20173667b96c95/THE-BASIC-CONCEPTS-AND-SCOPE-OF-BIOCHEMISTRY.pdf
https://www.frontiersin.org/journals/molecular-biosciences/articles/10.3389/fmolb.2021.764099/pdf
https://pubs.acs.org/doi/pdf/10.1021/acs.chemrestox.3c00352
https://pubs.rsc.org/en/content/articlepdf/2021/sc/d0sc06647h
https://advanced.onlinelibrary.wiley.com/doi/pdf/10.1002/advs.202204594
https://link.springer.com/content/pdf/10.1007/s00044-024-03269-1.pdf
https://pubs.acs.org/doi/abs/10.1021/acssuschemeng.3c00842
https://www.mdpi.com/2306-5354/11/7/664
https://core.ac.uk/download/229769756.pdf
https://link.springer.com/content/pdf/10.1007/s11033-021-06594-5.pdf
https://pubs.acs.org/doi/pdf/10.1021/acs.accounts.1c00534

12

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

A. L. Mattei, N. Bailly, and A. Meissner, "DNA methylation: a
historical perspective,” Trends in Genetics, 2022. cell.com

C. Conteratto, F. D. Artuzo, O. I. B. Santos, "Biorefinery: A
comprehensive concept for the sociotechnical transition toward
bioeconomy," in *Renewable and Sustainable Energy Reviews*, vol.
XX, no. YY, pp. ZZ-ZZ, 2021. Elsevier. [HTML]

V. Vanchurin, Y. I. Wolf, M. |. Katsnelson, "Toward a theory of
evolution as multilevel learning,” *Proceedings of the National
Academy of Sciences*, 2022. pnas.org

S. W. Porges, "Polyvagal theory: A science of safety,” Frontiers in
integrative neuroscience, 2022. frontiersin.org

P. L. Gentili, "The conformational contribution to molecular complexity
and its implications for information processing in living beings and
chemical artificial intelligence," Biomimetics, 2024. mdpi.com

X. Jia, X. He, C. Huang, J. Li, Z. Dong, and K. Liu, "Protein translation:
biological processes and therapeutic strategies for human diseases,"
Signal Transduction and ..., 2024. nature.com

E. Morris, C. R. Pulham, and C. A. Morrison, "Structure and properties
of nitrocellulose: approaching 200 years of research,” RSC advances,
2023. rsc.org

F. Y. Chen, W. C. Geng, K. Cai, and D. S. Guo, "Molecular recognition
of cyclophanes in water," Chinese Chemical Letters, 2024. [HTML]

A. Nasser, "Quantum-Resolved Molecular Spectroscopy: Bridging
Wave Mechanics, Spectral Signatures, and Predictive Biomolecular
Analysis," ResearchGate,. researchgate.net

C. Jackson, A. Toth-Petroczy, R. Kolodny, "Adventures on the routes of
protein evolution-in memoriam dan salah tawfik (1955-2021)," *Journal
of Molecular Biology*, vol. 2022, Elsevier. [HTML]

W. Cao, X. Zhou, N. C. McCallum, Z. Hu, et al., "Unraveling the
structure and function of melanin through synthesis,” *American
Chemical*, vol. 2021, ACS Publications. [HTML]

M. Frenkel-Pinter, V. Rajaei, J. B. Glass, N. V. Hud et al., "Water and
Life: The Medium is the Message," 2021. nchi.nlm.nih.gov

L. Abarca-Cabrera and P. Fraga-Garcia, "Bio-nano interactions: binding
proteins, polysaccharides, lipids and nucleic acids onto magnetic

Page | 51


https://www.cell.com/trends/genetics/fulltext/S0168-9525(22)00071-3?dgcid=raven_jbs_etoc_email
https://www.sciencedirect.com/science/article/pii/S1364032121008054
https://www.pnas.org/doi/pdf/10.1073/pnas.2120037119
https://www.frontiersin.org/journals/integrative-neuroscience/articles/10.3389/fnint.2022.871227/full?utm_source=chatgpt.com
https://www.mdpi.com/2313-7673/9/2/121
https://www.nature.com/articles/s41392-024-01749-9.pdf
https://pubs.rsc.org/it-it/content/articlepdf/2023/ra/d3ra05457h
https://www.sciencedirect.com/science/article/pii/S1001841723009129
https://www.researchgate.net/profile/Adam-Nasser-3/publication/393805350_Quantum-Resolved_Molecular_Spectroscopy_Bridging_Wave_Mechanics_Spectral_Signatures_and_Predictive_Biomolecular_Analysis/links/687c1712b3294610e9b895bd/Quantum-Resolved-Molecular-Spectroscopy-Bridging-Wave-Mechanics-Spectral-Signatures-and-Predictive-Biomolecular-Analysis.pdf
https://www.sciencedirect.com/science/article/pii/S0022283622000262
https://pubs.acs.org/doi/abs/10.1021/jacs.0c12322
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7884305/

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

nanoparticles,” Biomaterials Research, vol. 25, no. 1, 2021.
springer.com

S. F. Hammad, I. A. Abdallah, A. Bedair, et al., "Homogeneous liquid-
liquid extraction as an alternative sample preparation technique for
biomedical analysis," *Journal of Separation Science*, vol. 2022, Wiley
Online Library. wiley.com

E. N. Zare, A. Mudhoo, M. A. Khan, and M. Otero, "Water
decontamination using bio-based, chemically functionalized, doped, and
ionic liquid-enhanced adsorbents,” *Environmental Science and
Pollution Research*, vol. 2021, pp. 1-15, Springer. [HTML]

H. R. Corti, G. A. Appignanesi, M. C. Barbosa, et al., "Structure and
dynamics of nanoconfined water and aqueous solutions,” The European
Physical Journal, vol. 2021, Springer. springer.com

M. C. Andrade, R. Car, and A. Selloni, "Probing the self-ionization of
liguid water with ab initio deep potential molecular dynamics,"
*Proceedings of the National Academy of Sciences*, 2023. pnas.org

H. Hameed, S. Faheem, A. C. Paiva-Santos, et al., "A comprehensive
review of hydrogel-based drug delivery systems: classification,
properties, recent trends, and applications,” AAPS, vol. 2024, Springer.
[HTML]

H. H. Li, Y. K. Wang, and L. S. Liao, "Near-infrared luminescent
materials incorporating rare earth/transition metal ions: from materials
to applications," Advanced Materials, 2024. [HTML]

S. Beil, M. Markiewicz, C. S. Pereira, P. Stepnowski, "Toward the
proactive design of sustainable chemicals: lonic liquids as a prime
example,”" Chemical Reviews, vol. 121, no. 10, pp. 12345-12367, 2021.
[HTML]

B. L. Dargaville and D. W. Hutmacher, "Water as the often neglected
medium at the interface between materials and biology,"” Nature
communications, 2022. nature.com

S. Pakkiyam, M. Marimuthu, J. Kumar, V. Ganesh, "Microbial crosstalk
with dermal immune system: A review on emerging analytical methods
for macromolecular detection and therapeutics,” *Macromolecules™,
2025. [HTML]

Y. S. Mary, Y. S. Mary, S. Armakovi¢, and S. J. Armakovi¢, "Stability
and reactivity study of bio-molecules brucine and colchicine towards

Page | 52


https://link.springer.com/content/pdf/10.1186/s40824-021-00212-y.pdf
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/am-pdf/10.1002/jssc.202100452
https://link.springer.com/article/10.1007/s10311-021-01207-w
https://link.springer.com/content/pdf/10.1140/epje/s10189-021-00136-4.pdf
https://www.pnas.org/doi/pdf/10.1073/pnas.2302468120
https://link.springer.com/article/10.1208/s12249-024-02786-x
https://advanced.onlinelibrary.wiley.com/doi/abs/10.1002/adma.202403076
https://pubs.acs.org/doi/abs/10.1021/acs.chemrev.0c01265
https://www.nature.com/articles/s41467-022-31889-x.pdf
https://www.sciencedirect.com/science/article/pii/S0141813024101808

35.

36.

37.

38.

39.

40.

41,

42,

43.

44,

45,

46

electrophile and nucleophile attacks: Insight from DFT and MD
simulations,” *Journal of Molecular*, vol. 2021, Elsevier. [HTML]

J. Lou and D. J. Mooney, "Chemical strategies to engineer hydrogels for
cell culture," Nature Reviews Chemistry, 2022. [HTML]

A. Mangiarotti, M. Siri, N. W. Tam, Z. Zhao, et al., "Biomolecular
condensates modulate membrane lipid packing and hydration,"
*Nature*, 2023. nature.com

S. Jing, L. Wu, A. P. Siciliano, C. Chen et al., "The critical roles of
water in the processing, structure, and properties of nanocellulose," ACS
nano, 2023. nsf.gov

A. Mavani, D. Ray, V. K. Aswal, and J. Bhattacharyya, "Understanding
the molecular interaction of BSA protein with antibiotic sulfa

molecule(s) for novel drug development," *Journal of Molecular ...*,
2023. [HTML]

B. Lindman, B. Medronho, L. Alves, "Hydrophobic interactions control
the self-assembly of DNA and cellulose,” *Quarterly Reviews of
Biophysics*, vol. 2021, pp. 1-20. cambridge.org

N. C. Barber and L. A. Stark, "Engaging with Molecular Form to
Understand Function,” 2014. ncbi.nlm.nih.gov

K. V. Shaitan, "Why Do Proteins Fold into Unique 3D Structures? And
Other Questions...," Russian Journal of Physical Chemistry B, 2023.
[HTML]

M. Schauperl and R. A. Denny, "Al-based protein structure prediction in
drug discovery: impacts and challenges,” *Journal of Chemical
Information and Modeling*, vol. 62, no. 12, pp. 2567-2575, 2022.
[HTML]

D. Sala, F. Engelberger, H. S. Mchaourab, "Modeling conformational
states of proteins with AlphaFold,” in Structural Biology, 2023,
Elsevier. sciencedirect.com

S. Agnihotry, R. K. Pathak, D. B. Singh, A. Tiwari et al., "Protein
structure prediction,” Bioinformatics, 2022. [HTML]

X. Cui, L. Ge, X. Chen, Z. Lv, S. Wang, "Beyond static structures:
protein dynamic conformations modeling in the post-AlphaFold era,"”
Briefings in..., 2025. oup.com

W. Hu and M. Ohue, "SpatialPPI: Three-dimensional space protein-

Page | 53


https://www.sciencedirect.com/science/article/pii/S0167732221009193
https://www.nature.com/articles/s41570-022-00420-7
https://www.nature.com/articles/s41467-023-41709-5.pdf
https://par.nsf.gov/servlets/purl/10534784
https://www.sciencedirect.com/science/article/pii/S0022286023007937
https://www.cambridge.org/core/services/aop-cambridge-core/content/view/C9B4D1840AD851DFE544A6E3B44965D8/S0033583521000019a.pdf/div-class-title-hydrophobic-interactions-control-the-self-assembly-of-dna-and-cellulose-div.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3940457/
https://link.springer.com/article/10.1134/S1990793123030259
https://pubs.acs.org/doi/abs/10.1021/acs.jcim.2c00026
https://www.sciencedirect.com/science/article/am/pii/S0959440X23001197
https://www.sciencedirect.com/science/article/pii/B9780323897754000237
https://academic.oup.com/bib/article-pdf/26/4/bbaf340/63770431/bbaf340.pdf

47,

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

protein interaction prediction with AlphaFold Multimer," Computational
and Structural Biotechnology Journal, 2024. sciencedirect.com

R. Aguilar, C. Mardones, A. A. Moreno, "A guide to RNA structure
analysis and RNA-targeting methods," The FEBS Journal, vol. 2025,
Wiley Online Library. wiley.com

L. A. Linhares and C. H. I. Ramos, "Unlocking insights into folding,
structure, and function of proteins through circular dichroism
spectroscopy-a short review," Applied Biosciences, 2023. mdpi.com

L. J. Dooling and D. A. Tirrell, "Peptide and Protein Hydrogels," 2013.
[PDF]

G. Corsetti, E. Pasini, T. M. Scarabelli, C. Romano, A. Singh, et al.,
"Importance of energy, dietary protein sources, and amino acid
composition in the regulation of metabolism: an indissoluble dynamic
combination for life," Nutrients, 2024. mdpi.com

K. Boulias and E. L. Greer, "Biological roles of adenine methylation in
RNA," Nature Reviews Genetics, 2023. nih.gov

S. A. Antar, N. A. Ashour, M. E. Marawan, et al., "Fibrosis: types,
effects, markers, mechanisms for disease progression, and its relation
with oxidative stress, immunity, and inflammation,” *International
Journal of ...*, 2023. mdpi.com

W. Guo, T. Qiao, and T. Li, "The role of stem cells in small-cell lung
cancer: evidence from chemoresistance to immunotherapy,” Seminars in
Cancer Biology, 2022. sciencedirect.com

A. V. Kozlov, S. Javadov, and N. Sommer, "Cellular ROS and
antioxidants: physiological and pathological role," Antioxidants, 2024.
mdpi.com

S. S. Pinho, 1. Alves, J. Gaifem, et al., "Immune regulatory networks
coordinated by glycans and glycan-binding proteins in autoimmunity
and infection,” *Cellular & Molecular Immunology*, 2023. nature.com

K. Liu, S. Hua, and L. Song, "PM2.5 exposure and asthma development:
the key role of oxidative stress,” Oxidative Medicine and Cellular
Longevity, vol. 2022, Wiley Online Library. wiley.com

K. G Devine and S. Jheeta, "De Novo Nucleic Acids: A Review of
Synthetic Alternatives to DNA and RNA That Could Act as Bio-
Information Storage Molecules t," 2020. ncbi.nlm.nih.gov

Page | 54


https://www.sciencedirect.com/science/article/pii/S200103702400062X
https://febs.onlinelibrary.wiley.com/doi/pdfdirect/10.1111/febs.17368
https://www.mdpi.com/2813-0464/2/4/40
https://core.ac.uk/download/12817548.pdf
https://www.mdpi.com/2072-6643/16/15/2417
https://pmc.ncbi.nlm.nih.gov/articles/PMC9974562/pdf/nihms-1845996.pdf
https://www.mdpi.com/1422-0067/24/4/4004
https://www.sciencedirect.com/science/article/pii/S1044579X22002280
https://www.mdpi.com/2076-3921/13/5/602
https://www.nature.com/articles/s41423-023-01074-1.pdf
https://onlinelibrary.wiley.com/doi/pdf/10.1155/2022/3618806
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7764398/

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.
71.

72.

73.

I. Agmon, "Three biopolymers and origin of life scenarios,” Life, 2024.
mdpi.com

L. J. Stal, "Biopolymer," Encyclopedia of Astrobiology, 2023. [HTML]

V. Sasikanth, B. Meganathan, T. Rathinavel, "General overview of
biopolymers: Structure and properties,” Physical Sciences, 2024.
[HTML]

N. Grefenstette, L. Chou, S. Colén-Santos, T. M. Fisher, "Chapter 9:
Life as We Don't Know It," Astrobiology, 2024. liebertpub.com

J. Spacek and S. A. Benner, "Agnostic Life Finder (ALF) for Large-
Scale Screening of Martian Life During In Situ Refueling,”
Astrobiology, 2022. [HTML]

L. Chou, P. Mahaffy, M. Trainer, J. Eigenbrode, "Planetary mass
spectrometry for agnostic life detection in the solar system," Frontiers in
Astronomy, vol. 2021. frontiersin.org

M. J. Schaible, N. Szeinbaum, G. O. Bozdag, L. Chou, "Chapter 1: the
astrobiology primer 3.0," Astrobiology, 2024. liebertpub.com

J. M. McKaig, M. G. Kim, and C. E. Carr, "Translation as a
Biosignature,” Astrobiology, 2024. biorxiv.org

N. Sah, U. Jain, and N. Chauhan, "Tracing Biosignatures as Universal
Potential Biomarkers for the Origin of Life: N. Sah et al.," Biological
Theory, 2025. [HTML]

G. J. Gerwig, "The World of Carbohydrates,” The Art of Carbohydrate
Analysis, 2021. [HTML]

M. Sarkar, S. Hait, and S. Joshi, "Introduction to Carbohydrates,"
Practical Biochemistry, 2024. [HTML]

V. J. Clemente-Suarez and J. Mielgo-Ayuso, "The burden of
carbohydrates in health and disease,” Nutrients, 2022. mdpi.com

G. J. Gerwig, "The art of carbohydrate analysis," 2021. [HTML]

L. Su, Y. Feng, K. Wei, X. Xu et al, "Carbohydrate-based
macromolecular biomaterials,” Chemical reviews, 2021. fudan.edu.cn

R. Loépez-Mondéjar, V. Tlaskal, U. N. da Rocha, et al., "Global
distribution of carbohydrate utilization potential in the prokaryotic tree
of life," Msystems, vol. 7, no. 2, 2022. asm.org

M. Gull and M. A. Pasek, "The role of glycerol and its derivatives in the

Page | 55


https://www.mdpi.com/2075-1729/14/2/277
https://link.springer.com/rwe/10.1007/978-3-662-65093-6_188
https://www.degruyterbrill.com/document/doi/10.1515/psr-2022-0214/html
https://www.liebertpub.com/doi/pdf/10.1089/ast.2021.0103
https://www.liebertpub.com/doi/abs/10.1089/ast.2021.0070
https://www.frontiersin.org/journals/astronomy-and-space-sciences/articles/10.3389/fspas.2021.755100/pdf
https://www.liebertpub.com/doi/pdf/10.1089/ast.2021.0129
https://www.biorxiv.org/content/biorxiv/early/2023/08/14/2023.08.10.552839.full.pdf
https://link.springer.com/article/10.1007/s13752-025-00503-w
https://link.springer.com/chapter/10.1007/978-3-030-77791-3_1
https://www.benthamdirect.com/content/books/9789815165852.chapter-1
https://www.mdpi.com/2072-6643/14/18/3809
https://link.springer.com/content/pdf/10.1007/978-3-030-77791-3.pdf
http://chenjiang.fudan.edu.cn/upload/file/20210809/6376411389749709588316000.pdf
https://journals.asm.org/doi/pdf/10.1128/msystems.00829-22

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

biochemistry of living organisms, and their prebiotic origin and
significance in the evolution of life,” Catalysts, 2021. mdpi.com

S. Chaudhary, V. P. Jain, and G. Jaiswar, "The composition of
polysaccharides: monosaccharides and binding, group decorating,
polysaccharides chains," in *Innovation in nano-polysaccharides for
...*, 2022, Elsevier. [HTML]

P. V. Gavande, A. Goyal, and C. M. G. A. Fontes, "Carbohydrates and
carbohydrate-active enzymes (CAZyme): An overview," Glycoside
hydrolases, 2023. [HTML]

P. M. Nieto, "The Use of NMR to Study Transient Carbohydrate-Protein
Interactions,” 2018. ncbi.nlm.nih.gov

N.S. Chandel, "Carbohydrate metabolism,” Cold Spring Harbor
Perspectives in Biology, vol. 2021, 2021. cshlp.org

B. M. Vieira, G. N. M. Silva, and M. I. Silva, "Nutritional Elements I:
Nutrients, Proteins, Carbohydrates, and Lipids,” in *Fundamentals of
Drug and Non-Drug ...*, Springer, 2025. [HTML]

M. A. Lal and S. C. Bhatla, "Metabolism of storage carbohydrates,”
Plant physiology,. [HTML]

A. K. Asatkar and R. K. Basak, "Carbohydrate: Introduction and
fundamentals,” Handbook of biomolecules, 2023. [HTML]

C. S. Li, F. Kou, R. A. Uthamapriya, P. Rajasekar, "a-Glucan rich
polysaccharide fraction obtained from rhizomes of Kaempferia
parviflora (black ginger) exhibits immunostimulatory activity in
RAW264.7 cells," *International Journal of ...*, 2025. [HTML]

H. Arauljo-Rodrigues, M. Amorim, V. de Freitas, et al., "Comparative
Analysis of Polysaccharide and Nutritional Composition of Biological
and Industrial-Scale Cultivated Pleurotus ostreatus Mushrooms for ...,"
Polysaccharides, 2025. mdpi.com

JF Wardman, RK Bains, P Rahfeld, "Carbohydrate-active enzymes
(CAZymes) in the gut microbiome,"” Nature Reviews, vol. 2022.
[HTML]

C. Xiao, "Enzymatic Synthesis of Common Sugar Nucleotide and
Therapeutic Oligosaccharides,” 2018. [PDF]

M. Tian, X. Li, L. Yu, J. X. Qian, X. Y. Bai, and J. Yang,
"Glycosylation as an intricate post-translational modification process

Page | 56


https://www.mdpi.com/2073-4344/11/1/86
https://www.sciencedirect.com/science/article/pii/B9780128234396000052
https://www.sciencedirect.com/science/article/pii/B9780323918053000125
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5904382/
https://cshperspectives.cshlp.org/content/13/1/a040568.full.pdf
https://link.springer.com/chapter/10.1007/978-3-031-80107-5_2
https://link.springer.com/chapter/10.1007/978-981-99-5736-1_9
https://www.sciencedirect.com/science/article/pii/B9780323916844000207
https://www.sciencedirect.com/science/article/pii/S0141813025065845
https://www.mdpi.com/2673-4176/6/3/62
https://www.nature.com/articles/s41579-022-00712-1
https://core.ac.uk/download/215176321.pdf

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

takes part in glycoproteins related immunity,” Cell Communication and
..., 2025, springer.com

E. Staudacher, E. J. M. Van Damme, and G. Smagghe, "Glycosylation-
the most diverse post-translational modification,” Biomolecules, 2022.
mdpi.com

S. Ramazi and J. Zahiri, "Post-translational modifications in proteins:
resources, tools and prediction methods," Database, 2021. oup.com

R. Ojha and V. K. Prajapati, "Cognizance of posttranslational
modifications in vaccines: A way to enhanced immunogenicity," Journal
of Cellular Physiology, 2021. nih.gov

M. He, X. Zhou, and X. Wang, "Glycosylation: mechanisms, biological
functions and clinical implications,” Signal Transduction and Targeted
Therapy, 2024. nature.com

A. Landini, I. Trbojevi¢-Akmaci¢, P. Navarro, et al., "Genetic regulation
of post-translational modification of two distinct proteins,” *Nature*,
2022. nature.com

H. H. Wandall, M. A. I. Nielsen, S. King-Smith, et al., "Global
functions of O-glycosylation: promises and challenges in O-
glycobiology,” The FEBS Journal, vol. 288, no. 4, pp. 1234-1255, 2021.
wiley.com

M. J. Suskiewicz, "The logic of protein post-translational modifications
(PTMs): Chemistry, mechanisms and evolution of protein regulation
through covalent attachments," BioEssays, 2024. wiley.com

S. Cockcroft, "Mammalian lipids: structure, synthesis and function,"
Essays in biochemistry, 2021. portlandpress.com

O. Ali and A. Szabd, "Review of eukaryote cellular membrane lipid
composition, with special attention to the fatty acids,” International
journal of molecular sciences, 2023. mdpi.com

C. A. Juan, J. M. Pérez de la Lastra, F. J. Plou, "The chemistry of
reactive oxygen species (ROS) revisited: outlining their role in
biological macromolecules (DNA, lipids and proteins) and induced ...,"
*International Journal of ...*, 2021. mdpi.com

J. Cao, Q. Yang, J. Jiang, T. Dalu, A. Kadushkin, et al., "Coronas of
micro/nano plastics: a key determinant in their risk assessments,"
Particle and Fibre Toxicology, vol. 19, no. 1, 2022. springer.com

Page | 57


https://link.springer.com/content/pdf/10.1186/s12964-025-02216-w.pdf
https://www.mdpi.com/2218-273X/12/9/1313
https://academic.oup.com/database/advance-article-pdf/doi/10.1093/database/baab012/37044588/baab012.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC8427110/pdf/JCP-9999-0.pdf
https://www.nature.com/articles/s41392-024-01886-1.pdf
https://www.nature.com/articles/s41467-022-29189-5.pdf
https://febs.onlinelibrary.wiley.com/doi/pdf/10.1111/febs.16148
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1002/bies.202300178
https://portlandpress.com/essaysbiochem/article-pdf/65/5/813/923941/ebc-2020-0067c.pdf
https://www.mdpi.com/1422-0067/24/21/15693
https://www.mdpi.com/1422-0067/22/9/4642
https://link.springer.com/content/pdf/10.1186/s12989-022-00492-9.pdf

97. A. Kister and I. Kister, "Overview of myelin, major myelin lipids, and
myelin-associated  proteins,”  Frontiers in  Chemistry, 2023.
frontiersin.org

98. A. Macabuhay, B. Arsova, R. Walker, A. Johnson, and others,
"Modulators or facilitators? Roles of lipids in plant root-microbe
interactions,” *Trends in Plant Science*, vol. 27, no. 10, pp. 1000-1010,
2022. cell.com

99. Y. Peng and B. Chen, "Role of cell membrane homeostasis in the
pathogenicity of pathogenic filamentous fungi,” Virulence, 2024.
tandfonline.com

100.C. Dias and J. Nylandsted, "Plasma membrane integrity in health and
disease: significance and therapeutic potential,” Cell discovery, 2021.
nature.com

101.D. A. Ammendolia, W. M. Bement, and J. H. Brumell, "Plasma
membrane integrity: implications for health and disease,” BMC biology,
2021. springer.com

102.G. L. Nicolson and G. Ferreira de Mattos, "A brief introduction to some
aspects of the fluid-mosaic model of cell membrane structure and its
importance in membrane lipid replacement,” Membranes, 2021.
mdpi.com

103.T. H. Lee, P. Charchar, F. Separovic, and G. E. Reid, "The intricate link
between membrane lipid structure and composition and membrane
structural properties in bacterial membranes,” Chemical, vol. 2024.
rsc.org

104.M. Torres, S. Parets, J. Fernandez-Diaz, R. Beteta-Go6bel, "Lipids in
pathophysiology and development of the membrane lipid therapy: new
bioactive lipids,” Membranes, vol. 11, no. 3, 2021. mdpi.com

105.U. N. Das, "“Cell membrane theory of senescence” and the role of
bioactive lipids in aging, and aging associated diseases and their
therapeutic implications,” Biomolecules, 2021. mdpi.com

106.B. A. Marzoog and T. I. Vlasova, "Membrane lipids under norm and
pathology,” 2021. ur.edu.pl

107.J. B. Pyser, S. Chakrabarty, E. O. Romero, and A. R. H. Narayan,
""State-of-the-Art Biocatalysis,” 2021. ncbi.nlm.nih.gov

108.S. K. Kim, "New Sight: Enzymes as Targets for Drug Development,”
Current issues in molecular biology, 2023. mdpi.com

Page | 58


https://www.frontiersin.org/journals/chemistry/articles/10.3389/fchem.2022.1041961/pdf
https://www.cell.com/trends/plant-science/pdf/S1360-1385(21)00215-6.pdf
https://www.tandfonline.com/doi/pdf/10.1080/21505594.2023.2299183
https://www.nature.com/articles/s41421-020-00233-2.pdf
https://link.springer.com/content/pdf/10.1186/s12915-021-00972-y.pdf
https://www.mdpi.com/2077-0375/11/12/947
https://pubs.rsc.org/zh-tw/content/articlepdf/2024/sc/d3sc04523d
https://www.mdpi.com/2077-0375/11/12/919
https://www.mdpi.com/2218-273X/11/2/241
https://repozytorium.ur.edu.pl/bitstreams/311471ff-7e90-49ca-a3e6-5111af671164/download
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8323117/
https://www.mdpi.com/1467-3045/45/9/482

109.S. Ghosh, M. G. Baltussen, N. M. Ivanov, R. Haije, "Exploring
emergent properties in enzymatic reaction networks: design and control
of dynamic functional systems," Chemical Engineering, vol. 2024, ACS
Publications. acs.org

110.R. Buller, S. Lutz, R. J. Kazlauskas, R. Snajdrova, "From nature to
industry: Harnessing enzymes for biocatalysis,” Science, vol. 2023.
science.org

111.L. Zheng, M. Cao, Y. Du, Q. Liu, M. Y. Emran, A. Kotb, et al.,
"Aurtificial enzyme innovations in electrochemical devices: advancing
wearable and portable sensing technologies,” Nanoscale, 2024. [HTML]

112.Y.Y. Chen, C. X. Liu, H. X. Liu, and S. Y. Wen, "The Emerging Roles
of Vacuolar-Type ATPase-Dependent Lysosomal Acidification in
Cardiovascular Disease,” Biomolecules, 2025. mdpi.com

113.T. Hu, X. Ke, Y. Yu, H. Feng, S. Zhang, and Y. Cui, "NAPTUNE:
nucleic acids and protein biomarkers testing via ultra-sensitive nucleases
escalation," *Nature*, 2025. nature.com

114.C. Pal, "Mitochondria-targeted metallo-drugs against cancer: a current
mechanistic perspective,” Results in Chemistry, 2023. sciencedirect.com

115.N. Desai, V. Tambe, P. Pofali, "Cell membrane-coated nanoparticles: a
new frontier in immunomodulation,” Advanced NanoBiomed, vol. 2024,
Wiley Online Library. wiley.com

116.X. Lin, Y. Shi, Y. Zhan, Y. Xing et al., "Advances of protein
palmitoylation in tumor cell deaths," Cancers, 2023. mdpi.com

117.R. A. Copeland, "Enzymes: a practical introduction to structure,
mechanism, and data analysis," 2023. nzdr.ru

118.S. M. Golekar, "Kinetic Modeling of Enzyme-Catalyzed Reactions
Insights and Applications,” International Journal of Advanced Research
and ..., 2024. ijarmt.com

119.L. D. Ellis, N. A. Rorrer, K. P. Sullivan, M. Otto, "Chemical and
biological catalysis for plastics recycling and upcycling,” *Nature
Catalysis*, 2021. google.com

120.M. Zandieh and J. Liu, "Nanozymes: definition, activity, and
mechanisms," Advanced materials, 2024. wiley.com

121.A. C. Rufer, "Drug discovery for enzymes," Drug discovery today,
2021. sciencedirect.com

Page | 59


https://pubs.acs.org/doi/pdf/10.1021/acs.chemrev.3c00681
https://www.science.org/doi/pdf/10.1126/science.adh8615
https://pubs.rsc.org/en/content/articlehtml/2023/nr/d3nr05728c
https://www.mdpi.com/2218-273X/15/4/525
https://www.nature.com/articles/s41467-025-56653-9.pdf
https://www.sciencedirect.com/science/article/pii/S2211715623003880
https://advanced.onlinelibrary.wiley.com/doi/pdf/10.1002/anbr.202400012
https://www.mdpi.com/2072-6694/15/23/5503
https://www.nzdr.ru/data/media/biblio/kolxoz/B/Copeland%20R.A.%20Enzymes..%20A%20practical%20introduction%20to%20structure,%20mechanism%20and%20data%20analysis%20(2ed.,%20Wiley,%202000)(ISBN%200471359297)(O)(286s)_B_.pdf
https://ijarmt.com/index.php/j/article/download/350/251
https://drive.google.com/file/d/1EirFEQqZ1AU-bCLJzRf8-RxXMcNAtgfT/view
https://onlinelibrary.wiley.com/doi/pdf/10.1002%2Fadma.202211041
https://www.sciencedirect.com/science/article/pii/S1359644621000064

122.M. Corbella, G. P. Pinto, and S. C. L. Kamerlin, "Loop dynamics and
the evolution of enzyme activity," Nature Reviews Chemistry, 2023.
[HTML]

123.N. Fanin, M. Mooshammer, M. Sauvadet, et al., "Soil enzymes in
response to climate warming: Mechanisms and feedbacks," *Functional
Ecology*, vol. 2022, Wiley Online Library. wiley.com

124.E. Erickson, A. Bleem, E. Kuatsjah, A. Z. Werner, "Critical enzyme
reactions in aromatic catabolism for microbial lignin conversion,"
*Nature Catalysis*, vol. 5, no. 7, pp. 577-586, 2022. nsf.gov

125.L. Cheng, D. Li, B. K. Mai, Z. Bo et al., "Stereoselective amino acid
synthesis by synergistic photoredox-pyridoxal radical biocatalysis,"
Science, 2023. science.org

126.E. Agliari, A. Barra, G. Landolfi, S. Murciano et al., "Complex Reaction
Kinetics in Chemistry: A unified picture suggested by Mechanics in
Physics," 2018. [PDF]

127.E. Keszei, "Reaction Kinetics," 2021. [HTML]

128.X. C. Zhang, "Fundamentals of chemical kinetics,” in *Exploring
Through the Lens of Chemical Kinetics*, 2025, Springer. [HTML]

129.C. Stroumpouli and G. Tsaparlis, "Chemistry students' conceptual
difficulties and problem solving behavior in chemical kinetics, as a
component of an introductory physical chemistry course,” Chemistry
Teacher International, 2022. degruyterbrill.com

130.B. Srinivasan, "A guide to the Michaelis-Menten equation: steady state
and beyond," The FEBS journal, 2022. wiley.com

131.C. Ma and E. Gurkan-Cavusoglu, "A comprehensive review of
computational cell cycle models in guiding cancer treatment strategies,"
NPJ Systems Biology and Applications, 2024. nature.com

132.C. Westbrook, K. A. Heufer, and A. Wildenberg, "Key chemical kinetic
steps in reaction mechanisms for fuels from biomass: a perspective,”
Energy & Fuels, 2021. osti.gov

133.G. Restrepo, "Chemical space: limits, evolution and modelling of an
object bigger than our universal library,” Digital Discovery, 2022.
rsc.org

134.M. Heiranian, H. Fan, L. Wang, and X. Lu, "Mechanisms and models
for water transport in reverse osmosis membranes: history, critical

Page | 60


https://www.nature.com/articles/s41570-023-00495-w
https://besjournals.onlinelibrary.wiley.com/doi/pdf/10.1111/1365-2435.14027
https://par.nsf.gov/servlets/purl/10354300
https://www.science.org/doi/pdf/10.1126/science.adg2420
https://arxiv.org/pdf/1801.01861
https://link.springer.com/content/pdf/10.1007/978-3-030-68574-4.pdf
https://link.springer.com/chapter/10.1007/978-981-96-1321-2_3
https://www.degruyterbrill.com/document/doi/10.1515/cti-2022-0005/pdf
https://febs.onlinelibrary.wiley.com/doi/pdf/10.1111/febs.16124
https://www.nature.com/articles/s41540-024-00397-7.pdf
https://www.osti.gov/pages/servlets/purl/1837627
https://pubs.rsc.org/en/content/articlepdf/2022/dd/d2dd00030j

assessment, and recent developments,” *Chemical Society Reviews*,
vol. 2023. rsc.org

135.N. Landi, A. Clemente, P. V. Pedone, S. Ragucci, "An updated review
of bioactive peptides from mushrooms in a well-defined molecular
weight range," Toxins, vol. 14, no. 2, 2022. mdpi.com

136.R. Li, S. Zhang, Q. Li, G. G. Qiao, "An Atom-Economic Enzymatic
Cascade Catalysis for High-Throughput RAFT Synthesis of Ultrahigh
Molecular Weight Polymers," *Angewandte Chemie*, vol. 2022, Wiley
Online Library. [HTML]

137.R. J. Taylor, M. B. Geeson, T. Journeaux, et al., "Chemical and
enzymatic methods for post-translational protein-protein conjugation,”
*Journal of the ...*, vol. 2022, ACS Publications. acs.org

138.NET Castillo, EM Melchor-Martinez, JSO Sierra, "Enzyme mimics in-
focus: Redefining the catalytic attributes of artificial enzymes for
renewable energy production,” International Journal of..., vol. XX, no.
YY, pp. ZZ-ZZ, 2021. [HTML]

139.M. Zhang, W. Zhang, X. Fan, Y. Ma, H. Huang, and X. Wang, "Chiral
carbon dots derived from serine with well-defined structure and
enantioselective catalytic activity," *Nano*, vol. XX, no. XX, pp. XX-
XX, 2022. [HTML]

140.S. Ji, B. Jiang, H. Hao, Y. Chen, J. Dong, and Y. Mao, "Matching the
kinetics of natural enzymes with a single-atom iron nanozyme," *Nature
Catalysis*, vol. 4, no. 4, pp. 291-299, 2021. [HTML]

141.C. A. Mirkin, R. Langer, M. Mrksich, A. A. Margolin, et al., "Blueprints
for Better Drugs: The Structural Revolution in Nanomedicine,"” ACS
Publications, 2025. acs.org

142.S. Ding, J. A. Barr, Z. Lyu, F. Zhang, M. Wang, "Effect of phosphorus
modulation in iron single-atom catalysts for peroxidase mimicking,"
*Advanced Materials*, vol. 2024, Wiley Online Library. wiley.com

143.B. Huang, R. R. Rao, S. You, K. Hpone Myint, Y. Song, et al., "Cation-
and pH-dependent hydrogen evolution and oxidation reaction kinetics,"
*Jacs Au*, vol. 2021, ACS Publications. acs.org

144.A. Goyal and M. T. M. Koper, "The interrelated effect of cations and
electrolyte pH on the hydrogen evolution reaction on gold electrodes in
alkaline media,” *Angewandte Chemie International Edition*, vol. 60,
no. 1, pp. 123-130, 2021. wiley.com

Page | 61


https://pubs.rsc.org/en/content/articlepdf/2023/cs/d3cs00395g
https://www.mdpi.com/2072-6651/14/2/84/pdf
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.202213396
https://pubs.acs.org/doi/pdf/10.1021/jacs.2c00129
https://www.sciencedirect.com/science/article/pii/S0141813021005195
https://pubs.acs.org/doi/abs/10.1021/acs.nanolett.2c02674
https://www.nature.com/articles/s41929-021-00609-x
https://pubs.acs.org/doi/pdf/10.1021/acsnano.5c06380
https://advanced.onlinelibrary.wiley.com/doi/pdfdirect/10.1002/adma.202209633
https://pubs.acs.org/doi/pdf/10.1021/jacsau.1c00281
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1002/anie.202102803

145.A. Kicinska and R. Pomykata, "Changes in soil pH and mobility of
heavy metals in contaminated soils," European Journal of Soil, vol. XX,
no. YY, pp. ZZ-ZZ, 2022. wiley.com

146.N. J. Barrow and A. E. Hartemink, "The effects of pH on nutrient
availability depend on both soils and plants,” Plant and Soil, 2023.
springer.com

147.J. N. Hausmann, B. Traynor, R. J. Myers, and M. Driess, "The pH of
aqueous NaOH/KOH solutions: a critical and non-trivial parameter for
electrocatalysis,” ACS Energy, vol. 2021, pp. 1-10, 2021. acs.org

148.A. Zafar, B. I. Ch, H. Zafar, M. D. Sohail, and H. Niazi, "Influence of
soil pH and microbes on mineral solubility and plant nutrition: A
review," *International Journal of ...*, 2021. academia.edu

149.M. E. Ibargiiengoitia, "pH scale. An experimental approach to the math
behind the pH chemistry,” Chemistry Teacher International, 2025.
degruyterbrill.com

150.H. Hamdhani, "Relationship between chlorophyll-a, pH, and dissolved
oxygen in a tropical urban lake waters: A case study from Air Hitam
Lake, Samarinda City, Indonesia," Water Conservation & Management,
2024. watconman.org

151.H. Zheng, P. GhavamiNejad, H. Gaouda, and others, "A conductive
hydrogel-based microneedle platform for real-time pH measurement in
live animals,” Small, vol. 2022, Wiley Online Library. [HTML]

152.A. Judge and M. S. Dodd, "Metabolism," 2020. ncbi.nlm.nih.gov

153.S. A. Baker and J. Rutter, "Metabolites as signalling molecules," Nature
reviews molecular cell Biology, 2023. [HTML]

154.L. W. S. Finley, "What is cancer metabolism?," Cell, 2023. cell.com

155.E. Schrodinger, "What is life? The physical aspect of the living cell,"
2025. uran.ru

156.N. S. Chandel, "Lipid metabolism," Cold Spring Harbor Perspectives in
Biology, vol. 13, no. 1, 2021. cshlp.org

157.M. R. Islam, S. Akash, M. H. Jony, and M. N. Alam, "Exploring the
potential function of trace elements in human health: a therapeutic
perspective,” *Cellular Biochemistry*, vol. 2023, Springer. [HTML]

158.F. Danzi, R. Pacchiana, A. Mafficini, M. T. Scupoli, "To metabolomics
and beyond: a technological portfolio to investigate cancer metabolism,"

Page | 62


https://bsssjournals.onlinelibrary.wiley.com/doi/am-pdf/10.1111/ejss.13203
https://link.springer.com/content/pdf/10.1007/s11104-023-05960-5.pdf
https://pubs.acs.org/doi/pdf/10.1021/acsenergylett.1c01693
https://www.academia.edu/download/103682279/Volume_205_20Issue_201_20Paper_208.pdf
https://www.degruyterbrill.com/document/doi/10.1515/cti-2024-0093/pdf
https://www.watconman.org/archives-pdf/2wcm2024/2wcm2024-185-189.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1002/smll.202200201
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7545035/
https://www.nature.com/articles/s41580-022-00572-w
https://www.cell.com/cell/fulltext/S0092-8674%2823%2900097-1?dgcid=raven_jbs_etoc_email
https://ipae.uran.ru/sites/default/files/publications/ipae/5473_2002_Schrodinger.pdf
https://cshperspectives.cshlp.org/content/13/9/a040576.full.pdf
https://link.springer.com/article/10.1007/s11010-022-04638-3

*Nature Reviews Clinical Oncology*, vol. 2023. nature.com

159.X. Tong, R. Tang, J. Xu, W. Wang, Y. Zhao, and X. Yu, "Liquid-liquid
phase separation in tumor biology," Signal Transduction and Targeted
Therapy, vol. 7, no. 1, 2022. nature.com

160.X. Liu, M. E. Inda, Y. Lai, T. K. Lu et al., "Engineered living
hydrogels," Advanced Materials, 2022. wiley.com

161.A. Rodriguez-Nuevo, A. Torres-Sanchez, J. M. Duran, et al., "Oocytes
maintain ROS-free mitochondrial metabolism by suppressing complex
I," *Nature*, 2022. nature.com

162.V. Venkataramani, "Iron homeostasis and metabolism: two sides of a
coin," Ferroptosis: Mechanism and Diseases, 2021. researchgate.net

163.S. C. Bhatla and R. Kathpalia, "Essential and functional mineral
elements,” Plant physiology,. [HTML]

164.K. Kaleta, K. Janik, L. Rydz, M. Wrébel et al., "Bridging the gap in
cancer research: Sulfur metabolism of leukemic cells with a focus on L-
cysteine  metabolism and hydrogen sulfide-producing enzymes,"”
Biomolecules, 2024. mdpi.com

165.G. Nevoit, O. Filiunova, M. Potyazhenko, "Modern biophysical view of
electromagnetic processes of the phenomenon of life of living biological
systems as a promising basis for the development of ...," Journal of
Complexity, vol. 2023, 2023. extrica.com

166.R. Ettlinger, U. Lé&chelt, R. Gref, P. Horcajada, "Toxicity of metal-
organic framework nanoparticles: from essential analyses to potential
applications," Chemical Society Reviews, vol. 2022. st-andrews.ac.uk

167.R. Cai, J. Ren, M. Guo, T. Wei, Y. Liu, C. Xie, et al., "Dynamic
intracellular exchange of nanomaterials' protein corona perturbs
proteostasis and remodels cell metabolism,” *Proceedings of the
National Academy of Sciences*, vol. 119, no. XX, pp. XX-XX, 2022.
pnas.org

168.J. Mierziak, M. Burgberger, and W. Wojtasik, "3-Hydroxybutyrate as a
metabolite and a signal molecule regulating processes of living
organisms," Biomolecules, 2021. mdpi.com

169.M. Giulini, M. Rigoli, G. Mattiotti, R. Menichetti, "From system
modeling to system analysis: The impact of resolution level and
resolution distribution in the computer-aided investigation of
biomolecules,” Frontiers in Molecular, vol. 2021. frontiersin.org

Page | 63


https://www.nature.com/articles/s41392-023-01380-0.pdf
https://www.nature.com/articles/s41392-022-01076-x.pdf
https://advanced.onlinelibrary.wiley.com/doi/am-pdf/10.1002/adma.202201326
https://www.nature.com/articles/s41586-022-04979-5.pdf
https://www.researchgate.net/profile/Andres-Florez-3/publication/353772206_Ferroptosis_Mechanism_and_Diseases/links/678000cf7934b95644ae994e/Ferroptosis-Mechanism-and-Diseases.pdf#page=33
https://link.springer.com/chapter/10.1007/978-981-99-5736-1_2
https://www.mdpi.com/2218-273X/14/7/746
https://www.extrica.com/article/23867
https://research-repository.st-andrews.ac.uk/bitstream/handle/10023/26676/Ettlinger_2022_Tutorial_Review_Toxicity_of_MOF_NPs_AAM.pdf?sequence=1&isAllowed=y
https://www.pnas.org/doi/pdf/10.1073/pnas.2200363119
https://www.mdpi.com/2218-273X/11/3/402
https://www.frontiersin.org/journals/molecular-biosciences/articles/10.3389/fmolb.2021.676976/pdf

170.N. Jon Holmberg, "Uridine Diphosphogalactose 4-Epimerase from
Bovine Mammary Tissue," 1966. [PDF]

171.M. Kaéstner, A. Miltner, S. Thiele-Bruhn, and others, "Microbial
necromass in soils-linking microbes to soil processes and carbon
turnover," *Environmental Science*, vol. 2021. frontiersin.org

172.Z. Zhou, P. Q. Tran, E. S. Cowley, et al., "Diversity and ecology of
microbial sulfur metabolism," Reviews in Microbiology, 2025. [HTML]

173.J. J. Fuhrmann, "Microbial metabolism," Principles and applications of
soil microbiology, 2021. [HTML]

174.S. Kumari and S. Das, "Bacterial enzymatic degradation of recalcitrant
organic pollutants: catabolic pathways and genetic regulations,"”
Environmental Science and Pollution Research, 2023. [HTML]

175.S. Koner, J. S. Chen, B. M. Hsu, C. W. Tan, C. W. Fan, et al,
"Assessment of carbon substrate catabolism pattern and functional
metabolic pathway for microbiota of limestone caves,” Microorganisms,
vol. 9, no. 1, 2021. mdpi.com

176.Y. Ma, J. Huang, T. Han, R. Li et al., "... study on the exposure of
nanoplastics to constructed wetland ecological systems: Macrophyte
physiology and microbial enzymology, community composition and
...," Chemical Engineering Journal, 2022. [HTML]

177.Y. Li, Z. Chen, J. Chen, M. J. Castellano, and C. Ye, "Oxygen
availability regulates the quality of soil dissolved organic matter by
mediating microbial metabolism and iron oxidation,” *Global Change
Biology*, vol. 28, no. 2, pp. 456-467, 2022. researchgate.net

178.Y. Pan, R. Z. Sun, Y. Wang, G. L. Chen et al., "Carbon source shaped
microbial ecology, metabolism and performance in denitrification
systems," Water Research, 2023. [HTML]

179.D. J. Wilkinson, M. S. Brook, and K. Smith, "Principles of stable
isotope research-with special reference to protein metabolism," Clinical
Nutrition Open Science, 2021. sciencedirect.com

180.A. Karlstaedt, "Stable isotopes for tracing cardiac metabolism in
diseases,"” Frontiers in Cardiovascular Medicine, 2021. frontiersin.org

181.C. R. Bartman, B. Faubert, J. D. Rabinowitz, et al., "Metabolic pathway
analysis using stable isotopes in patients with cancer,” *Nature
Reviews*, 2023. nih.gov

Page | 64


https://core.ac.uk/download/215308313.pdf
https://www.frontiersin.org/journals/environmental-science/articles/10.3389/fenvs.2021.756378/pdf
https://www.nature.com/articles/s41579-024-01104-3
https://www.sciencedirect.com/science/article/pii/B9780128202029000034
https://link.springer.com/article/10.1007/s11356-023-28130-7
https://www.mdpi.com/2076-2607/9/8/1789
https://www.sciencedirect.com/science/article/pii/S1385894722001000
https://www.researchgate.net/profile/Ye-Li-36/publication/363803234_Oxygen_availability_regulates_the_quality_of_soil_dissolved_organic_matter_by_mediating_microbial_metabolism_and_iron_oxidation/links/6354269a12cbac6a3ee5ff1f/Oxygen-availability-regulates-the-quality-of-soil-dissolved-organic-matter-by-mediating-microbial-metabolism-and-iron-oxidation.pdf
https://www.sciencedirect.com/science/article/pii/S0043135423007662
https://www.sciencedirect.com/science/article/pii/S2667268521000097
https://www.frontiersin.org/journals/cardiovascular-medicine/articles/10.3389/fcvm.2021.734364/pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC11161207/pdf/nihms-1993825.pdf

182.N. Ohkouchi, "A new era of isotope ecology: Nitrogen isotope ratio of
amino acids as an approach for unraveling modern and ancient food
web," Proceedings of the Japan Academy,. jst.go.jp

183.M. D. Deak, W. P. Porter, P. D. Mathewson, and others, "Metabolic
skinflint or spendthrift? Insights into ground sloth integument and
thermophysiology revealed by biophysical modeling and clumped
isotope ...," Journal of Mammalian ..., 2025. springer.com

184.B. Bai, D. Vanderwall, Y. Li, X. Wang, S. Poudel, et al., "Proteomic
landscape of Alzheimer's Disease: novel insights into pathogenesis and
biomarker discovery,” *Molecular*, vol. 2021, Springer, 2021.
springer.com

185.L. Wang, X. Xing, X. Zeng, S. R. E. Jackson, T. TeSlaa, et al.,
"Spatially resolved isotope tracing reveals tissue metabolic activity,"
*Nature Methods*, 2022. nih.gov

186.S. Harirchi, S. Wainaina, T. Sar, and S. A. Nojoumi, "Microbiological
insights into anaerobic digestion for biogas, hydrogen or volatile fatty
acids (VFAs): a review," Taylor & Francis, 2022. tandfonline.com

187.N.S. Chandel, "Signaling and metabolism,” Cold Spring Harbor
Perspectives in Biology, 2021. cshlp.org

188.SSM Soliman, R. Hamdy, and M. I. Husseiny, "Metabolism: Fine and
Coarse Controls," in Host-Microbe Interaction, 2025, Springer. [HTML]

189.J. Alzeer, "Balancing potential energy and entropy: the foundations of
lifestylopathy and homeostasis,” Journal of Public Health and
Emergency, 2024. amegroups.org

190.A. Moldakozhayev and V. N. Gladyshev, "Metabolism, homeostasis,
and aging,"” Trends in Endocrinology & Metabolism, 2023. nih.gov

191.J. Li, X. Zhang, Z. X. Peng, J. H. Chen, J. H. Liang, and L. Q. Ke,
"Metabolically activated energetic materials mediate cellular anabolism
for bone regeneration,” Trends in..., 2024. cell.com

192.M. Mitra, S. Mitra, and D. K. Nandi, "Human Physiology and
Metabolism: An Overview," Body Recomposition, 2024. [HTML]

193.E. J. Calabrese and M. P. Mattson, "The catabolic-anabolic cycling
hormesis model of health and resilience," Ageing research reviews,
2024. [HTML]

194.A. Banothu, A. R. Muskula, and A. Kotturi, "Physiology of Animal

Page | 65


https://www.jstage.jst.go.jp/article/pjab/99/5/99_PJA9905B-01/_pdf
https://link.springer.com/content/pdf/10.1007/s10914-024-09743-2.pdf
https://link.springer.com/content/pdf/10.1186/s13024-021-00474-z.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC10926149/pdf/nihms-1971677.pdf
https://www.tandfonline.com/doi/pdf/10.1080/21655979.2022.2035986%4010.1080/tfocoll.2022.0.issue-The-Ins-and-Outs-of-Anaerobic-Digestion
https://cshperspectives.cshlp.org/content/13/2/a040600.full.pdf
https://link.springer.com/chapter/10.1007/978-981-96-1305-2_1
https://jphe.amegroups.org/article/view/9769/html
https://pmc.ncbi.nlm.nih.gov/articles/PMC11096277/pdf/nihms-1989340.pdf
https://www.cell.com/trends/biotechnology/abstract/S0167-7799(24)00213-0?uuid=uuid%3A8b43d676-975e-4555-b032-e6ea540c2401
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003361473-3/human-physiology-metabolism-mousumi-mitra-sudeep-mitra-dilip-kumar-nandi
https://www.sciencedirect.com/science/article/pii/S1568163724004069

Metabolism," in *Fundamentals of Veterinary ...*, 2025. [HTML]

195.S. Erhan, "Method Potentially Useful for Establishing Base Sequences
in Code Words," 1965. [PDF]

196.D. Edgar Cook, "Glycooen Synthesis in Tetrahymena Pyriformis," 1965.
[PDF]

197.N. Mrnjavac and W. F. Martin, "GTP before ATP: The energy currency
at the origin of genes," 2024. [PDF]

198.T. Marchetti, B. M. W. Roberts, D. Frezzato, et al., "A Minimalistic
Covalent Bond-Forming Chemical Reaction Cycle that Consumes
Adenosine Diphosphate," Angewandte Chemie, 2024. wiley.com

199.B. Poelloth, D. Diekemper, and S. Schwarzer, "What resources do high
school students activate to link energetic and structural changes in
chemical reactions?-A qualitative study," *Education Research and*,
vol. 2023. [HTML]

200.T. Sangchai, S. Al Shehimy, E. Penocchio, et al., "Artificial molecular
ratchets: tools enabling endergonic processes,” Angewandte Chemie,
2023. wiley.com

201.W. Nitschke and B. Schoepp-Cothenet, "Aqueous electrochemistry: the
toolbox for life's emergence from redox disequilibria,” Electrochemical,
vol. 2023, Wiley Online Library. wiley.com

202.J. L. E. Wimmer, A. N. Vieira, J. C. Xavier, K. Kleinermanns, et al.,
"The Autotrophic Core: An Ancient Network of 404 Reactions Converts
H2, CO2, and NH3 into Amino Acids, Bases, and Cofactors,"
Microorganisms, vol. 9, no. 3, 2021. mdpi.com

203.N. |. Badea, "Hydrogen as energy sources-Basic concepts,” Energies,
2021. mdpi.com

204.J. Robare, "Thermodynamic Modeling of Chemical Energy Supplies and
Demands of Geobiochemical Systems," 2025. [HTML]

205.J. Sunte, "Importance of Carbon, hydrogen, oxygen Prakruti, Jala,
Treatment on Human Body," Research and Development in Machine
Design, 2023. academia.edu

206.S. P. Filippov and A. B. Yaroslavtsev, "Hydrogen energy: Development
prospects and materials,” Russian Chemical Reviews, 2021.
russchemrev.org

207.P. W. Kenny, "Hydrogen-bond donors in drug design,” Journal of

Page | 66


https://www.taylorfrancis.com/chapters/edit/10.1201/9781003426837-6/physiology-animal-metabolism-anilkumar-banothu-anudeep-reddy-muskula-ashwini-kotturi
https://core.ac.uk/download/215280141.pdf
https://core.ac.uk/download/215186324.pdf
https://arxiv.org/pdf/2403.08744
https://onlinelibrary.wiley.com/doi/pdf/10.1002/anie.202402965
https://pubs.rsc.org/en/content/articlehtml/2023/rp/d3rp00068k
https://onlinelibrary.wiley.com/doi/pdf/10.1002/ange.202309501
https://chemistry-europe.onlinelibrary.wiley.com/doi/pdf/10.1002/elsa.202100192?_utm_campaign=mention57529&_utm_content=lnk241316896300&_utm_medium=inline&_utm_source=xakep
https://www.mdpi.com/2076-2607/9/2/458
https://www.mdpi.com/1996-1073/14/18/5783
https://search.proquest.com/openview/94dd9dd23d0cd69675293095f31c589d/1?pq-origsite=gscholar&cbl=18750&diss=y
https://www.academia.edu/download/118288750/Importance_20of_20Carbon__20hydrogen__20oxygen_20prakruti.pdf
https://www.russchemrev.org/php/paper.phtml?journal_id=rc&paper_id=5014

medicinal chemistry, 2022. chemrxiv.org

208.F. Yang, T. Xiong, P. Huang, S. Zhou, and Q. Tan, "Nanostructured
transition metal compounds coated 3D porous core-shell carbon fiber as
monolith water splitting electrocatalysts: A general strategy," *Chemical
Engineering*, vol. 2021, Elsevier. [HTML]

209.X. Sun, S. Wang, Y. Hou, X. F. Lu, J. Zhang, "Self-supporting metal-
organic framework-based hydrogen and oxygen electrocatalysts,"
*Journal of Materials*, 2023. researchgate.net

210.C. Ros, S. Murcia-Lopez, X. Garcia, M. Rosado, "Facing Seawater
Splitting Challenges by Regeneration with Ni-Mo—Fe Bifunctional
Electrocatalyst for Hydrogen and Oxygen Evolution,” 2021.
academia.edu

211.F. M. Ardo, J. W. Lim, A. Ramli, M. K. Lam, W. Kiatkittipong, "A
review in redressing challenges to produce sustainable hydrogen from
microalgae for aviation industry,” Fuel, vol. 2022, Elsevier.
sciencedirect.com

212., "Carbon Cycling," 2017. [PDF]

213.K. Timmis and J. L. Ramos, "The soil crisis: the need to treat as a global
health problem and the pivotal role of microbes in prophylaxis and
therapy,” Microbial Biotechnology, 2021. wiley.com

214.S. Dey, B. Tripathy, M. S. Kumar, and A. P. Das, "Ecotoxicological
consequences of manganese mining pollutants and their biological
remediation,"  *Environmental = Chemistry and ...* ~ 2023.
sciencedirect.com

215.A. Chamoli, A. Bhambri, S. K. Karn, and V. Raj, "Ammonia, nitrite
transformations and their fixation by different biological and chemical
agents," Chemistry and Ecology, 2024. [HTML]

216.A. R. Jupp, S. Beijer, G. C. Narain, and W. Schipper, "Phosphorus
recovery and recycling-closing the loop,” Chemical Society, 2021.
rsc.org

217.A. Boncompagni, "Wittgenstein on forms of life," 2022. [HTML]

218.V. K. C. Varma, R. Rathinam, and V. Suresh, "Urban waste water
management paradigm evolution: Decentralization, resource recovery,
and water reclamation and reuse,” *Environmental*, vol. 2024, Wiley
Online Library. researchgate.net

Page | 67


https://chemrxiv.org/engage/api-gateway/chemrxiv/assets/orp/resource/item/62b34fc558b3d6faef5a7e06/original/hydrogen-bond-donors-in-drug-design.pdf
https://www.sciencedirect.com/science/article/pii/S1385894721018660
https://www.researchgate.net/profile/Xue_Feng_Lu2/publication/370895383_Self-Supporting_Metal-Organic_Frameworks-Based_Hydrogen_and_Oxygen_Electrocatalysts/links/646a127ac9802f2f72eea3ff/Self-Supporting-Metal-Organic-Frameworks-Based-Hydrogen-and-Oxygen-Electrocatalysts.pdf
https://www.academia.edu/download/93877591/cssc.2021001941.pdf
https://www.sciencedirect.com/science/article/am/pii/S0016236122024760
https://core.ac.uk/download/231827620.pdf
https://enviromicro-journals.onlinelibrary.wiley.com/doi/pdfdirect/10.1111/1751-7915.13771
https://www.sciencedirect.com/science/article/pii/S2590182623000012
https://www.tandfonline.com/doi/abs/10.1080/02757540.2023.2300780
https://pubs.rsc.org/en/content/articlepdf/2020/cs/d0cs01150a
https://www.cambridge.org/core/elements/wittgenstein-on-forms-of-life/0472C6A422204BFB4480C84BAC1ABE5D
https://www.researchgate.net/profile/Naveen-Subbaiyan/publication/374264474_Urban_waste_water_management_paradigm_evolution_Decentralization_resource_recovery_and_water_reclamation_and_reuse/links/65167c6f3ab6cb4ec6a766a5/Urban-waste-water-management-paradigm-evolution-Decentralization-resource-recovery-and-water-reclamation-and-reuse.pdf

219.M. Koel, "Developments in analytical chemistry initiated from green
chemistry,” Sustainable Chemistry for the Environment, 2024.
sciencedirect.com

220.B. F. Palmer and D. J. Clegg, "Metabolic flexibility and its impact on
health outcomes," Mayo Clinic Proceedings, 2022. sciencedirect.com

221.A. Dadras, T. P. Rieseberg, J. M. S. Zegers, et al., "Accessible
versatility underpins the deep evolution of plant specialized
metabolism," Phytochemistry, vol. 2025, Springer. springer.com

222.Y. J. Chen, P. M. Leung, J. L. Wood, S. K. Bay, et al., "Metabolic
flexibility allows bacterial habitat generalists to become dominant in a
frequently disturbed ecosystem,” *The ISME Journal*, vol. 15, no. 1,
pp. 123-135, 2021. oup.com

223.W. C. Huang, Y. Liu, X. Zhang, C. J. Zhang, D. Zou, et al.,
"Comparative genomic analysis reveals metabolic flexibility of
Woesearchaeota," *Nature*, 2021. nature.com

224.1. San-Millan, "The key role of mitochondrial function in health and
disease," Antioxidants, 2023. mdpi.com

225.S. M. Poznanski, K. Singh, T. M. Ritchie, J. A. Aguiar, I. Y. Fan, et al.,
"Metabolic flexibility determines human NK cell functional fate in the
tumor microenvironment,” *Cell Metabolism*, vol. 33, no. 11, pp.
2200-2215, 2021. cell.com

226.V. Actis Dato, S. Lange, and Y. Cho, "Metabolic flexibility of the heart:
the role of fatty acid metabolism in health, heart failure, and
cardiometabolic diseases," International journal of molecular sciences,
2024. mdpi.com

227.K. Nkurunziza Bonaventure, "Exploring Energy Dynamics: From
Photosynthesis to Climate Change," nijournals.org,. nijournals.org

228.R. Jovine, "How Light Makes Life: The Hidden Wonders and World-
Saving Powers of Photosynthesis," 2022. [HTML]

229.A. Garrido, A. Conde, J. Serédio, R. C. H. De Vos et al., "Fruit
photosynthesis: more to know about where, how and why," Plants,
2023. mdpi.com

230.T. Popolizio, "A Photosynthesis Primer," in *Understanding Organisms:
An Evolutionary ...*, 2024. presshooks.pub

231.K. K. Jaiswal, S. Dutta, I. Banerjee, C. B. Pohrmen, "Photosynthetic

Page | 68


https://www.sciencedirect.com/science/article/pii/S294983922400021X
https://www.sciencedirect.com/science/article/pii/S0025619622000428
https://link.springer.com/content/pdf/10.1007/s11101-023-09863-2.pdf
https://academic.oup.com/ismej/article-pdf/15/10/2986/55253406/41396_2021_article_988.pdf
https://www.nature.com/articles/s41467-021-25565-9.pdf
https://www.mdpi.com/2076-3921/12/4/782
https://www.cell.com/cell-metabolism/fulltext/S1550-4131(21)00130-3?elqTrackId=732f1ed70b1d4a369932d52870b63059
https://www.mdpi.com/1422-0067/25/2/1211
https://nijournals.org/wp-content/uploads/2024/08/NIJSES-5344-48-2024.pdf
https://books.google.com/books?hl=en&lr=&id=J55BEAAAQBAJ&oi=fnd&pg=PP1&dq=Photosynthesis+captures+radiant+energy+to+convert+carbon+dioxide+into+vital+sugars.&ots=-ZkEJFKApk&sig=yZa7-freoq28KfU5NSYqtzTKWZI
https://www.mdpi.com/2223-7747/12/13/2393
https://rotel.pressbooks.pub/understanding-organisms/chapter/a-photosynthesis-primer/

microalgae-based carbon sequestration and generation of biomass in
biorefinery approach for renewable biofuels for a cleaner environment,”
Biomass Conversion, vol. 2023, Springer. [HTML]

232.M. Sgrensen, J. Andersen-Ranberg, B. Hankamer, "Circular
biomanufacturing through harvesting solar energy and C0O2," Trends in
Plant Science, vol. 27, no. 12, pp. 1091-1104, 2022. ug.edu.au

233.M. Ravichandran and T. T. A. Kumar, "Carbon dioxide capture,
sequestration, and utilization models for carbon management and
transformation,” *Environmental Science and*..., vol. 2024, Springer,
2024. [HTML]

234.Y. Shi, Z. Wang, X. Zhao, Z. Li et al., "Harnessing the Power of
Photosynthesis: from Current Engineering Strategies to Cell Factory
Applications," Small Methods, 2025. wiley.com

235.T. Kumar and S. Eswari J, "Review and perspectives of emerging green
technology for the sequestration of carbon dioxide into value-added
products: an intensifying development,” Energy & Fuels, 2023. [HTML]

236.Z. Wang, Y. Hu, S. Zhang, and Y. Sun, "Artificial photosynthesis
systems for solar energy conversion and storage: platforms and their
realities,” Chemical Society Reviews, 2022. [HTML]

237.X. Sun, C. Zhang, D. Gao, S. Zhang, and B. Li, "Boosting Efficiency
and Stability of NiOx-Based Inverted Perovskite Solar Cells Through D-
A Type Semiconductor Interface Modulation," *Advanced Functional
Materials*, vol. 34, no. 1, 2024. [HTML]

238.P. Yang, "Liquid sunlight: the evolution of photosynthetic biohybrids,"
Nano Letters, 2021. acs.org

239.S. Y. Li, K. F. Huang, Z. Y. Tang, and J. H. Wang,
"Photoelectrocatalytic organic synthesis: a versatile method for the
green production of building-block chemicals,” Journal of Materials
Chemistry, vol. 2023. [HTML]

240.H. Y. Woo, X. Qiu, L. Niu, X. Guo, and H. Sun, "Polythiophene
Derivatives for Efficient All-Polymer Solar Cells," *Advanced Energy*,
vol. 2023, Wiley Online Library. researchgate.net

241.Q. Bai, Q. Liang, H. Li, H. Sun et al., "Recent progress in low-cost
noncovalently fused-ring electron acceptors for organic solar cells:
Special Issue: Emerging Investigators," Aggregate, 2022. wiley.com

242.B. J. Rasor, S. Giaveri, A. M. Kiiffner, and T. J. Erb, "Building complex

Page | 69


https://link.springer.com/article/10.1007/S13399-021-01504-Y
https://espace.library.uq.edu.au/view/UQ:2b561b5/TIPS_Sorensen_2022.pdf
https://link.springer.com/article/10.1007/s11356-024-34861-y
https://onlinelibrary.wiley.com/doi/am-pdf/10.1002/smtd.202402147
https://pubs.acs.org/doi/abs/10.1021/acs.energyfuels.2c04122
https://pubs.rsc.org/en/content/articlehtml/2021/xx/d1cs01008e
https://advanced.onlinelibrary.wiley.com/doi/abs/10.1002/adfm.202315157
https://pubs.acs.org/doi/pdf/10.1021/acs.nanolett.1c02172
https://pubs.rsc.org/en/content/articlehtml/2023/ta/d2ta09430d
https://www.researchgate.net/profile/Ming-Wei-An/publication/371729638_Polythiophene_Derivatives_for_Efficient_All-Polymer_Solar_Cells/links/649506bcb9ed6874a5cf80af/Polythiophene-Derivatives-for-Efficient-All-Polymer-Solar-Cells.pdf
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1002/agt2.281

biochemicals from one-carbon compounds,” Nature Synthesis, 2025.
[HTML]

243.L. Tu, H. Wang, W. Duan, R. Ma, T. Jia, "Cyano-functionalized
pyrazine: an electron-deficient unit as a solid additive enables binary
organic solar cells with 19.67% efficiency," Energy &..., 2024.
[HTML]

244.A. G. McDonald and K. F. Tipton, "Enzyme nomenclature and
classification: the state of the art," The FEBS journal, 2023. wiley.com

245.M. Zimniewska, "Hemp fibre properties and processing target textile: A
review," Materials, 2022. mdpi.com

246.C. K. Winkler, J. H. Schrittwieser, and W. Kroutil, "Power of
biocatalysis for organic synthesis,” ACS central science, 2021. acs.org

247.P. Zuccarini, J. Sardans, L. Asensio, et al., "Altered activities of
extracellular soil enzymes by the interacting global environmental
changes,” *Global Change Biology*, vol. 2023, Wiley Online Library.
wiley.com

248.A. K. Wortman and C. R. J. Stephenson, "EDA photochemistry:
Mechanistic investigations and future opportunities,” Chem, 2023.
cell.com

249.F. J. Pefia Vega, J. M. Ortiz Rodriguez, G. Gaitskell Phillips, et al., "An
integrated overview on the regulation of sperm metabolism (glycolysis-
Krebs cycle-oxidative phosphorylation)," 2021. unex.es

250.V. Ruiz-Rodado, A. Lita, and M. Larion, "Advances in measuring
cancer cell metabolism with subcellular resolution,” Nature methods,
2022. researchgate.net

251.M. McAnally, J. Bockova, A. M. Turner, N. Hara, "Abiotic origin of the
citric acid cycle intermediates," *Proceedings of the National Academy
of Sciences*, 2025. pnas.org

252.L. A. Dahabiyeh, N. N. Mahmoud, M. A. Al-Natour, L. Safo, et al.,
"Phospholipid-gold nanorods induce energy crisis in MCF-7 cells:
Cytotoxicity evaluation using LC-MS-based metabolomics approach,"
Biomolecules, vol. 11, no. 9, 2021. mdpi.com

253.L. L. Walkon, J. O. Strubbe-Rivera, and J. N. Bazil, "Calcium overload
and mitochondrial metabolism,” Biomolecules, 2022. mdpi.com

254.X. Shi, J. Yang, S. Deng, H. Xu, D. Wu, and Q. Zeng, "TGF-f signaling

Page | 70


https://www.nature.com/articles/s44160-025-00835-2
https://pubs.rsc.org/en/content/articlehtml/2021/v6/d4ee00764f
https://febs.onlinelibrary.wiley.com/doi/pdfdirect/10.1111/febs.16274
https://www.mdpi.com/1996-1944/15/5/1901
https://pubs.acs.org/doi/pdf/10.1021/acscentsci.0c01496
https://onlinelibrary.wiley.com/doi/am-pdf/10.1111/gcb.16604
https://www.cell.com/chem/pdf/S2451-9294(23)00318-2.pdf
https://dehesa.unex.es:8443/bitstream/10662/13562/1/j.anireprosci.2021.106805.pdf
https://www.researchgate.net/profile/Mioara-Larion/publication/362935894_Advances_in_measuring_cancer_cell_metabolism_with_subcellular_resolution/links/67eec7b476d4923a1af30891/Advances-in-measuring-cancer-cell-metabolism-with-subcellular-resolution.pdf
https://www.pnas.org/doi/pdf/10.1073/pnas.2501839122
https://www.mdpi.com/2218-273X/11/3/364
https://www.mdpi.com/2218-273X/12/12/1891

in the tumor metabolic microenvironment and targeted therapies,"
*Journal of Hematology & Oncology*, vol. 15, no. 1, 2022.
springer.com

255.K. Taunk, S. Jajula, P. P. Bhavsar, M. Choudhari, et al., "The prowess
of metabolomics in cancer research: current trends, challenges and
future perspectives," Molecular and Cellular..., 2025. [HTML]

256.H. A. Clarke, X. Ma, C. J. Shedlock, T. Medina, et al., "Spatial mapping
of the brain metabolome lipidome and glycome,” *Nature*, 2025.
nature.com

257.T. O. Alabduladhem and B. Bordoni, "Physiology, krebs cycle,"
StatPearls [Internet], 2022. nih.gov

258.A. Gasmi, M. Peana, M. Arshad, M. Butnariu, "Krebs cycle: activators,
inhibitors and their roles in the modulation of carcinogenesis,” Archives
of ..., vol. XX, no. YY, pp. ZZ-ZZ, 2021. researchgate.net

259.D. J. Ritson, "A cyanosulfidic origin of the Krebs cycle,” Science
Advances, 2021. science.org

260.M. M. Salvatore and F. Salvatore, "Strategy to delve into biochemical
pathways which include oxidation and reduction based on the concept of
total carbon oxidation number of biomolecules,” Journal of Chemical
Education, 2023. [HTML]

261.P. K. Arnold and L. W. S. Finley, "Regulation and function of the
mammalian tricarboxylic acid cycle," Journal of Biological Chemistry,
2023. jbc.org

262.G. Schiuma, D. Lara, J. Clement, M. Narducci, "Nicotinamide adenine
dinucleotide: the redox sensor in aging-related disorders," Antioxidants
& Redox, 2024. [HTML]

263.R. R. Ramsay, "Electron carriers and energy conservation in
mitochondrial respiration," 2019. [PDF]

264.D. G. Nocera, "Proton-coupled electron transfer: the engine of energy
conversion and storage,” Journal of the American Chemical Society,
2022. acs.org

265.V. W. Lau and B. V. Lotsch, "A tour-guide through carbon nitride-land:
structure-and dimensionality-dependent properties for photo (electro)
chemical energy conversion and storage,” Advanced Energy Materials,
2022. wiley.com

Page | 71


https://link.springer.com/content/pdf/10.1186/s13045-022-01349-6.pdf
https://link.springer.com/article/10.1007/s11010-024-05041-w
https://www.nature.com/articles/s41467-025-59487-7.pdf
https://www.ncbi.nlm.nih.gov/books/NBK556032/
https://www.researchgate.net/profile/Maria-Arshad/publication/348304799_Krebs_cycle_activators_inhibitors_and_their_roles_in_the_modulation_of_carcinogenesis/links/603decd2299bf1e0784d190a/Krebs-cycle-activators-inhibitors-and-their-roles-in-the-modulation-of-carcinogenesis.pdf
https://www.science.org/doi/pdf/10.1126/sciadv.abh3981
https://pubs.acs.org/doi/abs/10.1021/acs.jchemed.1c01282
https://www.jbc.org/article/S0021-9258(22)01281-9/pdf
https://www.liebertpub.com/doi/abs/10.1089/ars.2023.0375
https://core.ac.uk/download/196582812.pdf
https://pubs.acs.org/doi/pdf/10.1021/jacs.1c10444
https://onlinelibrary.wiley.com/doi/pdf/10.1002/aenm.202101078

266.J. Lv, J. Xie, A. G. A. Mohamed, X. Zhang, Y. Feng, "Solar utilization
beyond photosynthesis," Reviews Chemistry, 2023. [HTML]

267.D. Shevela, J. F. Kern, G. Govindjee, and J. Messinger, "Solar energy
conversion by photosystem Il: principles and structures," Photosynthesis
Research, 2023. springer.com

268.T. Banerjee, F. Podjaski, J. Kroger, B. P. Biswal, "Polymer
photocatalysts for solar-to-chemical energy conversion,"” *Nature
Reviews*, vol. 2021. uni-muenchen.de

269.J. Lv, J. Xie, A. G. A. Mohamed, X. Zhang, "Photoelectrochemical
energy storage materials: design principles and functional devices
towards direct solar to electrochemical energy storage,” *Chemical
Society Reviews*, vol. 51, no. 14, pp. 5678-5701, 2022. [HTML]

270.S. Yang, H. Lv, H. Zhong, D. Yuan, and X. Wang, "Transformation of
Covalent Organic Frameworks from N-Acylhydrazone to Oxadiazole
Linkages for Smooth Electron Transfer in Photocatalysis,”
*Angewandte Chemie International Edition*, vol. 61, no. 1, 2022.
[HTML]

271.Z. Wang, P. Erhart, T. Li, Z. Y. Zhang, D. Sampedro, Z. Hu, "Storing
energy with molecular photoisomers,” Joule, vol. 5, no. 1, pp. 1-14,
2021. cell.com

272.S. A. Robinson and W. Russel, "Photosynthesis in Silico: A multimedia
CD-ROM combining animations, simulations and self-paced modules
for photosynthesis education at all tertiary levels," 2012. [PDF]

273.D. A Russo, J. A Z Zedler, and P. Erik Jensen, "A force awakens:
exploiting solar energy beyond photosynthesis,” 2019. nchi.nlm.nih.gov

274.R. E. Blankenship, "Molecular mechanisms of photosynthesis,” 2021.
[HTML]

275.X. G. Zhu, M. Hasanuzzaman, A. Jajoo, et al., "Improving
photosynthesis through multidisciplinary efforts: The next frontier of
photosynthesis research,” *Frontiers in Plant Science*, vol. 2022.
frontiersin.org

276.S. Stephens, R. Mahadevan, and D. G. Allen, "Engineering
photosynthetic bioprocesses for sustainable chemical production: a
review," Frontiers in Bioengineering, vol. XX, no. YY, pp. ZZ-ZZ,
2021. frontiersin.org

277.R. Li, Y. He, J. Chen, S. Zheng, and C. Zhuang, "Research progress in

Page | 72


https://www.nature.com/articles/s41570-022-00448-9
https://link.springer.com/content/pdf/10.1007/s11120-022-00991-y.pdf
https://epub.ub.uni-muenchen.de/74279/1/Revised_Polymer-Photocatalyst.pdf
https://pubs.rsc.org/en/content/articlehtml/2019/3k/d1cs00859e
https://onlinelibrary.wiley.com/doi/abs/10.1002/ange.202115655
https://www.cell.com/joule/pdf/S2542-4351(21)00497-9.pdf
https://core.ac.uk/download/229408447.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6436153/
https://books.google.com/books?hl=en&lr=&id=-ns5EAAAQBAJ&oi=fnd&pg=PR13&dq=Photosynthesis+is+considered+one+of+Earth%E2%80%99s+most+crucial+and+fundamental+biological+processes.&ots=dPbOqqai4O&sig=2-47y8u5MQJThfohq43b4ESYOSI
https://www.frontiersin.org/journals/plant-science/articles/10.3389/fpls.2022.967203/pdf
https://www.frontiersin.org/journals/bioengineering-and-biotechnology/articles/10.3389/fbioe.2020.610723/pdf

improving photosynthetic efficiency,” *International Journal of ...*,
2023. mdpi.com

278.D. Leister, "Enhancing the light reactions of photosynthesis: Strategies,
controversies, and perspectives," Molecular Plant, 2023. cell.com

279.R. E. Blankenship, "Molecular mechanisms of photosynthesis," 2021.
[HTML]

280.J. Walter and J. Kromdijk, "Here comes the sun: How optimization of
photosynthetic light reactions can boost crop vyields,” Journal of
Integrative Plant Biology, 2022. wiley.com

281.J. Han, C. Y. Y. Chang, L. Gu, Y. Zhang, and E. W. Meeker, "The
physiological basis for estimating photosynthesis from Chla
fluorescence,” *New Phytologist*, vol. 2022, Wiley Online Library.
wiley.com

282.R. Croce, E. Carmo-Silva, Y. B. Cho, M. Ermakova, et al.,
"Perspectives on improving photosynthesis to increase crop yield,” The
Plant..., 2024. oup.com

283.T. K. Baikie, L. T. Wey, J. M. Lawrence, H. Medipally, et al.,
"Photosynthesis re-wired on the pico-second timescale,” *Nature*,
2023. [PDF]

284.P. J. Jackson, A. Hitchcock, A. A. Brindley, et al., "Absolute
quantification of cellular levels of photosynthesis-related proteins in
Synechocystis sp. PCC 6803," Photosynthesis, vol. 2023, Springer.
springer.com

285.R. Braakman and E. Smith, "The Emergence and Early Evolution of
Biological Carbon-Fixation," 2012. ncbi.nlm.nih.gov

286.N. J. Claassens, A. Satanowski, V. R. Bysani, et al., "Engineering the
reductive glycine pathway: a promising synthetic metabolism approach
for Cl-assimilation," *One-Carbon Feedstocks*, 2022. wur.nl

287.S. L. Geeraerts, E. Heylen, K. De Keersmaecker, et al., "The ins and
outs of serine and glycine metabolism in cancer," *Nature Metabolism*,
vol. 3, no. 9, pp. 1208-1220, 2021. [HTML]

288.S. Wang, Q. Ping, and Y. Li, "Comprehensively understanding
metabolic pathways of protein during the anaerobic digestion of waste
activated sludge,” Chemosphere, 2022. [HTML]

289.T. Sniegowski, K. Korac, Y. D. Bhutia, and V. Ganapathy, "Slc6al4 and

Page | 73


https://www.mdpi.com/1422-0067/24/11/9286
https://www.cell.com/molecular-plant/pdf/S1674-2052(22)00268-4.pdf
https://books.google.com/books?hl=en&lr=&id=-ns5EAAAQBAJ&oi=fnd&pg=PR13&dq=Light+reactions+are+the+initial+stage+of+the+process+of+photosynthesis.&ots=dPbOqqak0O&sig=zbLMTEIYCwz9PSxiFdyCtWYj4Jo
https://onlinelibrary.wiley.com/doi/pdf/10.1111%2Fjipb.13206
https://nph.onlinelibrary.wiley.com/doi/pdfdirect/10.1111/nph.18045
https://academic.oup.com/plcell/article-pdf/36/10/3944/59553790/koae132.pdf
https://arxiv.org/pdf/2201.13370
https://link.springer.com/content/pdf/10.1007/s11120-022-00990-z.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3334880/
https://edepot.wur.nl/571949
https://www.nature.com/articles/s42255-020-00329-9
https://www.sciencedirect.com/science/article/pii/S0045653522006105

Slc38a5 drive the glutaminolysis and serine-Glycine-One-Carbon
pathways in cancer," Pharmaceuticals, 2021. mdpi.com

290.X. Wu, C. Liu, S. Yang, N. Shen, Y. Wang, et al., "Glycine-Serine-
Threonine Metabolic Axis Delays Intervertebral Disc Degeneration
Through Antioxidant Effects: An Imaging and Metabonomics Study,"
Oxidative Medicine and Cellular Longevity, vol. 2021, 2021. wiley.com

291.X. Fu, L. M. Gregory, S. E. Weise, and B. J. Walker, "Integrated flux
and pool size analysis in plant central metabolism reveals unique roles
of glycine and serine during photorespiration,” Nature Plants, 2023.
nsf.gov

292.Q. Lu, X. Zhou, R. Liu, G. Shi, N. Zheng, and G. Gao, "Impacts of a
bacterial algicide on metabolic pathways in Chlorella vulgaris,” *Journal
of Hazardous Materials and Environmental Safety*, vol. 2023, Elsevier.
sciencedirect.com

293.M. Kieler, M. Hofmann, and G. Schabbauer, "More than just protein
building blocks: how amino acids and related metabolic pathways fuel
macrophage polarization," The FEBS journal, 2021. wiley.com

294.H. Tabata, G. Chikatani, H. Nishijima, T. Harada et al., "Construction of
an autocatalytic reaction cycle in neutral medium for synthesis of life-
sustaining sugars," 2023. ncbi.nlm.nih.gov

295.H. L. Zhao, T. G. Chang, Y. Xiao, and X. G. Zhu, "Potential metabolic
mechanisms for inhibited chloroplast nitrogen assimilation under high
C02," Plant Physiology, 2021. oup.com

296.H. Tabata, G. Chikatani, H. Nishijima, T. Harada, "Construction of an
autocatalytic reaction cycle in neutral medium for synthesis of life-
sustaining sugars," *Science*, 2023. rsc.org

297.S. Wenk, V. Rainaldi, H. He, K. Schann, M. Bouzon, et al., "Synthetic
carbon fixation via the autocatalytic serine threonine cycle," Biorxiv,
2022. biorxiv.org

298.G. Puiggené, F. Favoino, F. Federici, et al., "Seven critical challenges in
synthetic one-carbon assimilation and their potential solutions,” FEMS
Microbiology, 2025. oup.com

299.G. Liu, F. Gao, C. Gao, and Y. Xiong, "Bioinspiration toward efficient
photosynthetic systems: From biohybrids to biomimetics,” Chem
Catalysis, 2021. cell.com

300.A. Akbari and B. O. Palsson, "Metabolic homeostasis and growth in

Page | 74


https://www.mdpi.com/1424-8247/14/3/216
https://onlinelibrary.wiley.com/doi/pdf/10.1155/2021/5579736
https://par.nsf.gov/servlets/purl/10398279
https://www.sciencedirect.com/science/article/pii/S014765132201291X
https://febs.onlinelibrary.wiley.com/doi/pdf/10.1111/febs.15715
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10685314/
https://academic.oup.com/plphys/article-pdf/187/3/1812/41073977/kiab345.pdf
https://pubs.rsc.org/en/content/articlepdf/2023/sc/d3sc03377e
https://www.biorxiv.org/content/10.1101/2022.09.28.509898.full.pdf
https://academic.oup.com/femsre/article-pdf/doi/10.1093/femsre/fuaf011/62845709/fuaf011.pdf
https://www.cell.com/chem-catalysis/pdf/S2667-1093(21)00232-3.pdf

abiotic cells,” Proceedings of the National Academy of Sciences, 2023.
pnas.org

301.E. Orsi, P. I. Nikel, L. K. Nielsen, and S. Donati, "Synergistic
investigation of natural and synthetic C1-trophic microorganisms to
foster a circular carbon economy," Nature Communications, 2023.
nature.com

302.A. F. Palazzo and N. S. Kejiou, "Non-Darwinian Molecular Biology,"
2022. ncbi.nlm.nih.gov

303.D. Kato, "Exploring the dynamic world of DNA and RNA: from
structure to function and beyond,” INOSR Appl Sci, 2024.
researchgate.net

304.T. Ferreira and S. Rodriguez, "Mitochondrial DNA: Inherent
complexities relevant to genetic analyses,” Genes, 2024. mdpi.com

305.N. Jain, "CELL BIOLOGY AND GENETICS: UNCOVERING THE
SECRETES OF LIFE,” BIOPROCESS ENGINEERING,.
wisdompress.co.in

306.S. M. Tong and M. G. Feng, "Molecular basis and regulatory
mechanisms underlying fungal insecticides' resistance to solar
ultraviolet irradiation," Pest Management Science, 2022. wiley.com

307.G. Wang and K. M. Vasquez, "Dynamic alternative DNA structures in
biology and disease," Nature Reviews Genetics, 2023. nih.gov

308.P. B. Dervan, "Synthetic Tools for Molecular Biology," 1988. [PDF]

309.J. Bailey, "Nucleosides, nucleotides, polynucleotides (RNA and DNA)
and the genetic code," in *Inventive Geniuses Who Changed the World:
Fifty ...*, Springer, 2021. [HTML]

310.J. C. Chaput, "Redesigning the genetic polymers of life," Accounts of
Chemical Research, 2021. nsf.gov

311.C. J. Whitfield, M. Zhang, P. Winterwerber, Y. Wu, et al., "Functional
DNA-polymer conjugates," *Chemical*, vol. 2021, ACS Publications.
acs.org

312.Z. Min, B. Xu, W. Li, and A. Zhang, "Combination of DNA with
polymers," Polymer Chemistry, 2021. [HTML]

313.A. U. Rahman, "Nucleic acid structure," Fundamentals of cellular and
molecular biology, 2024. sciendo.com

314.M. G. Rafique, Q. Laurent, M. D. Dore, et al., "Sequence-defined DNA

Page | 75


https://www.pnas.org/doi/pdf/10.1073/pnas.2300687120
https://www.nature.com/articles/s41467-023-42166-w.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8888898/
https://www.researchgate.net/profile/Kiu-Publication-Extension/publication/383556189_Exploring_the_Dynamic_World_of_DNA_and_RNA_From_Structure_to_Function_and_Beyond/links/66d1f0922390e50b2c219306/Exploring-the-Dynamic-World-of-DNA-and-RNA-From-Structure-to-Function-and-Beyond.pdf
https://www.mdpi.com/2073-4425/15/5/617
https://www.wisdompress.co.in/wp-content/uploads/2022/10/Bioprocess-Engineering.pdf#page=15
https://scijournals.onlinelibrary.wiley.com/doi/am-pdf/10.1002/ps.6600
https://pmc.ncbi.nlm.nih.gov/articles/PMC11634456/
https://core.ac.uk/download/216239157.pdf
https://link.springer.com/chapter/10.1007/978-3-030-81381-9_13
https://par.nsf.gov/servlets/purl/10296039
https://pubs.acs.org/doi/pdf/10.1021/acs.chemrev.0c01074
https://pubs.rsc.org/en/content/articlehtml/2021/py/d0py01777a
https://sciendo.com/2/v2/download/chapter/9789815238037/10.0000/9789815238037-001.pdf?Token=eyJhbGciOiJIUzI1NiIsInR5cCI6IkpXVCJ9.eyJ1c2VycyI6W3sic3ViIjoyNTY3ODUxNywicHVicmVmIjoiNzY0NDg4IiwibmFtZSI6Ikdvb2dsZSBHb29nbGVib3QgLSBXZWIgQ3Jhd2xlciBTRU8iLCJ0eXBlIjoiaW5zdGl0dXRpb24iLCJsb2dvdXRfbGluayI6Imh0dHBzOi8vY29ubmVjdC5saWJseW54LmNvbS9sb2dvdXQvNjgxZjNmYzAwOTlmMzk5NDFmODFhZmM3NTcyYWJkZmMiLCJhdXRoX21ldGhvZCI6ImlwIiwiaXAiOiI2Ni4yNDkuNzkuNyIsImNvdW50ZXJwYXJ0eV9pZCI6Ijc2NDQ4OCJ9XSwiaWF0IjoxNzQ2ODc5Mjg1LCJleHAiOjE3NDgwODg4ODV9.RqccZd4EQeJSMAg9letKru6x65oihPiqq6gew3bj6QU#page=30

polymers: new tools for DNA nanotechnology and nucleic acid
therapy," *Accounts of Chemical Research*, vol. 58, no. 1, pp. 123-134,
2025. hal.science

315.J. Wang and H. Yu, "Threose nucleic acid as a primitive genetic
polymer and a contemporary molecular tool," Bioorganic Chemistry,
2024. [HTML]

316.V. Norris and J. Demongeot, "The ring world: Eversion of small double-
stranded polynucleotide circlets at the origin of DNA double helix, RNA
polymerization, triplet code, twenty amino ...," International journal of
molecular sciences, 2022. mdpi.com

317.B. Ekundayo and F. Bleichert, "Origins of DNA replication,” 2019.
ncbi.nlm.nih.gov

318.Z. X. Zhou, S. A. Lujan, A. B. Burkholder, et al., "How asymmetric
DNA replication achieves symmetrical fidelity,” *Nature Structural &
Molecular Biology*, vol. 28, no. 5, pp. 486-493, 2021. nih.gov

319.R. L. Dannenberg and J. A. Cardina, "A human high-fidelity DNA
polymerase holoenzyme has a wide range of lesion bypass activities,"
Nucleic Acids, 2025. oup.com

320.C. Fan, Q. Deng, and T. F. Zhu, "Bioorthogonal information storage in
I-DNA with a high-fidelity mirror-image Pfu DNA polymerase," Nature
Biotechnology, 2021. [HTML]

321.C. D. Ordéfiez and M. Redrejo-Rodriguez, "DNA polymerases for
whole genome amplification: considerations and future directions,"”
*International Journal of Molecular*, vol. 2023. mdpi.com

322.D. A. Kiktev, M. Dominska, T. Zhang, J. Dahl, et al., "The fidelity of
DNA replication, particularly on GC-rich templates, is reduced by
defects of the Fe-S cluster in DNA polymerase 6," *Nucleic Acids
Research*, vol. 49, no. 10, pp. 5668-5681, 2021. oup.com

323.X. Wang, Y. Dong, X. Zhao, J. Li, J. Lee, and Z. Yan, "Rtt105 promotes
high-fidelity DNA replication and repair by regulating the single-
stranded DNA-binding factor RPA," *Proceedings of the National
Academy of Sciences*, vol. 2021. pnas.org

324.S. P. Fagan, P. Mukherjee, W. J. Jaremko, et al., "Pyrophosphate release
acts as a kinetic checkpoint during high-fidelity DNA replication by the
Staphylococcus aureus replicative polymerase PolC," Nucleic Acids
Research, vol. 49, no. 14, pp. 8140-8151, 2021. oup.com

Page | 76


https://hal.science/hal-04952497v1/file/Manuscript_ForHAL.pdf
https://www.sciencedirect.com/science/article/pii/S0045206823007101
https://www.mdpi.com/1422-0067/23/21/12915
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6742236/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8815454/pdf/nihms-1772550.pdf
https://academic.oup.com/nar/article-pdf/53/13/gkaf646/63778710/gkaf646.pdf
https://www.nature.com/articles/s41587-021-00969-6
https://www.mdpi.com/1422-0067/24/11/9331
https://academic.oup.com/nar/article-pdf/49/10/5623/38593465/gkab371.pdf
https://www.pnas.org/doi/pdf/10.1073/pnas.2106393118
https://academic.oup.com/nar/article-pdf/49/14/8324/39802825/gkab613.pdf

325.L. C. Williams, N. E. Gregorio, B. So, W. Y. Kao et al., "The Genetic
Code Kit: An Open-Source Cell-Free Platform for Biochemical and
Biotechnology Education," 2020. nchi.nlm.nih.gov

326.M. Girbig, A. D. Misiaszek, and C. W. Miller, "Structural insights into
nuclear transcription by eukaryotic DNA-dependent RNA polymerases,"
*Nature Reviews Molecular Cell Biology*, vol. 23, no. 3, pp. 123-135,
2022. [HTML]

327.X. Liao, W. Zhu, J. Zhou, H. Li, X. Xu, and B. Zhang, "Repetitive DNA
sequence detection and its role in the human genome,” Communications,
vol. 2023, 2023. nature.com

328.L. L. Chen and V. N. Kim, "Small and long non-coding RNASs: Past,
present, and future,” Cell, 2024. cell.com

329.M. Palacio and D. J. Taatjes, "Merging established mechanisms with
new insights: condensates, hubs, and the regulation of RNA polymerase
Il transcription,” Journal of molecular biology, 2022. sciencedirect.com

330.W. F. Richter, S. Nayak, J. Iwasa, and D. J. Taatjes, "The Mediator
complex as a master regulator of transcription by RNA polymerase I1,"
*Nature Reviews Molecular Cell Biology*, vol. 23, no. 1, pp. 1-15,
2022. nih.gov

331.J. Y. Ghannam, J. Wang, and A. Jan, "Biochemistry, DNA structure,"
StatPearls [Internet], 2023. nih.gov

332.W. Ma, Y. Zhan, Y. Zhang, C. Mao, and X. Xie, "The biological
applications of DNA nanomaterials: current challenges and future
directions,” Signal Transduction and Targeted Therapy, vol. 6, no. 1,
2021. nature.com

333.H. Chen, "Capillary-based analytical technique developments for
analysis of bio-sample,” 2017. [PDF]

334.C. R. Bernau, M. Knddler, J. Emonts, R. C. Jéapel et al., "The use of
predictive models to develop chromatography-based purification
processes,” 2022. nchi.nlm.nih.gov

335.B. P. Ismail, "Basic principles of chromatography,” Nielsen's Food
Analysis, 2024. [HTML]

336.M. Dembek and S. Bocian, "Stationary phases for green liquid
chromatography,” Materials, 2022. mdpi.com

337.M. K. Gupta and P. K. Biswas, "Chromatography: Basic principle,

Page | 77


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7466673/
https://www.nature.com/articles/s41580-022-00476-9
https://www.nature.com/articles/s42003-023-05322-y.pdf
https://www.cell.com/cell/pdf/S0092-8674(24)01206-6.pdf
https://www.sciencedirect.com/science/article/pii/S0022283621004496
https://pmc.ncbi.nlm.nih.gov/articles/PMC9207880/
https://www.ncbi.nlm.nih.gov/sites/books/NBK538241/
https://www.nature.com/articles/s41392-021-00727-9.pdf
https://core.ac.uk/download/215281041.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9605695/
https://link.springer.com/chapter/10.1007/978-3-031-50643-7_12
https://www.mdpi.com/1996-1944/15/2/419

types, and applications,” in *Basic Biotechniques for Bioprocess and
...*,2023, Elsevier. [HTML]

338.VBC Kumari, SM Patil, R. Ramu, and PS Shirahatti, "Chromatographic
techniques: types, principles, and applications,” in *Analytical
techniques in ...*, Elsevier, 2022. [HTML]

339.UD Sharma, L. Kumar, and R. Verma, "Selection of stationary phase
and mobile phase in high performance liquid chromatography,"”
*Research Journal of Pharmacy*, vol. 2022. [HTML]

340.H. Rusli, R. M. Putri, and A. Alni, "Recent developments of liquid
chromatography stationary phases for compound separation: from
proteins to small organic compounds,” Molecules, 2022. mdpi.com

341.P. Jandera and J. Churacek, "Liquid chromatography with programmed
composition of the mobile phase,” Advances in Chromatography, 2021.
[HTML]

342.C. C. Lo, "Dna electrophoresis in photopolymerized polyacrylamide
gels on a microfluidic device," 2009. [PDF]

343.E. Kinoshita, E. Kinoshita-Kikuta, and T. Koike, "The Cutting Edge of
Affinity Electrophoresis Technology," 2015. ncbi.nlm.nih.gov

344.B. Rana and G. K. Joshi, "Electrophoresis: Basic principle, types, and
applications," in *Basic Biotechniques for Bioprocess and ...*, Elsevier,
2023. [HTML]

345.G. R. Pesch and F. Du, "A review of dielectrophoretic separation and
classification of non-biological particles," Electrophoresis, 2021.
wiley.com

346.S. Stépanova and V. Kagicka, "Determination of physicochemical
parameters of (bio) molecules and (bio) particles by capillary
electromigration methods,” Journal of Separation Science, 2024.
wiley.com

347.E. Naghdi, G. E. Moran, M. E. Reinau, "Concepts and recent advances
in  microchip electrophoresis coupled to mass spectrometry:
Technologies and applications," Wiley Online Library, 2023. vub.be

348.P. Azizian, J. Casals-Terré, J. Ricart, and J. M. Cabot, "Capillary-driven
microfluidics: impacts of 3D manufacturing on bioanalytical devices,"
Analyst, 2023. rsc.org

349.Y. Li, S. Miao, J. Tan, Q. Zhang et al., "Capillary Electrophoresis: A

Page | 78


https://www.sciencedirect.com/science/article/pii/B9780128161098000106
https://www.sciencedirect.com/science/article/pii/B9780128226544000130
https://www.indianjournals.com/ijor.aspx?target=ijor:rjpt&volume=15&issue=9&article=086
https://www.mdpi.com/1420-3049/27/3/907
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003209690-5/liquid-chromatography-programmed-composition-mobile-phase-pavel-jandera-jaroslav-chur%C3%A1%C4%8Dek
https://core.ac.uk/download/4276805.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5302491/
https://www.sciencedirect.com/science/article/pii/B9780128161098000118
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/pdfdirect/10.1002/elps.202000137
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/pdf/10.1002/jssc.202400174
https://researchportal.vub.be/files/121157995/Review_2022_Manuscript_Naghdi.pdf
https://pubs.rsc.org/zh-tw/content/articlepdf/2023/an/d3an00115f

three-year literature review," Analytical Chemistry, 2024. [HTML]

350.K. Jin, F. Ding, X. Liu, M. Zhang et al., "Cab-Dmf: Enhanced Precision
in Trace-Level Omics Analysis with a Capillary Action-Based Digital
Microfluidic Sampling Method," Available at SSRN 5343015,. ssrn.com

351.M. U. Thangavelu, B. Wouters, A. Kindt, et al., "Blood microsampling
technologies: Innovations and applications in 2022," *Analytical
Science*, vol. 2023, Wiley Online Library. wiley.com

352.L. Bezinge, C. J. Shih, D. A. Richards, and A. J. Demello,
"Electrochemical paper-based microfluidics: harnessing capillary flow
for advanced diagnostics,” Small, 2024. wiley.com

353.M. Kaljurand and J. Mazina-Sinkar, "Portable capillary electrophoresis
as a green analytical technology,” TrAC Trends in Analytical
Chemistry, 2022. [HTML]

354.K. Kuruvinashetti, A. Komeili, and A. S. Nezhad, "Autonomous
wearable sensing enabled by capillary microfluidics: a review,” Lab on a
Chip, 2025. rsc.org

355.A. Leitner, "Cross-linking and other structural proteomics techniques:
how chemistry is enabling mass spectrometry applications in structural
biology," 2016. ncbi.nlm.nih.gov

356.K. D. Dong, E. W. Schmid, R. D. Bomgarden, "Adapting an lIsobaric
Tag-Labeled Yeast Peptide Standard to Develop Targeted Proteomics
Assays," Journal of Proteome Research, vol. 2023, ACS Publications.
nih.gov

357.J. J. M. Bergeron, "Proteomics impact on cell biology to resolve cell
structure and function,"” Molecular & Cellular Proteomics, 2024.
mcponline.org

358.L. R. Serrano, "Rapid Mass Spectrometry-Based Analyses of Complex
Mixtures for Translational Applications,” 2025. wisc.edu

359.K. Imami, M. Selbach, and Y. Ishihama, "Monitoring mitochondrial
translation by pulse SILAC," Journal of Biological Chemistry, 2023.
jbc.org

360.Y. Motorin and M. Helm, "RNA nucleotide methylation: 2021 update,"”
Wiley Interdisciplinary Reviews: RNA, 2022. wiley.com

361.G. Oliviero, K. Wynne, D. Andrews, J. Crean, and W. Kolch,
"Expression proteomics and histone analysis reveal extensive chromatin

Page | 79


https://pubs.acs.org/doi/full/10.1021/acs.analchem.4c00857
https://papers.ssrn.com/sol3/Delivery.cfm?abstractid=5343015
https://chemistry-europe.onlinelibrary.wiley.com/doi/pdf/10.1002/ansa.202300011
https://onlinelibrary.wiley.com/doi/pdf/10.1002/smll.202401148
https://www.sciencedirect.com/science/article/pii/S0165993622002941
https://pubs.rsc.org/en/content/articlepdf/2025/lc/d5lc00536a
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6016523/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10777125/
https://www.mcponline.org/article/S1535-9476(24)00048-3/pdf
https://asset.library.wisc.edu/1711.dl/CVFGSIXHGBJ5F8P/R/file-a47a1.pdf
https://www.jbc.org/article/S0021-9258(22)01308-4/pdf
https://wires.onlinelibrary.wiley.com/doi/pdf/10.1002/wrna.1691

network changes and a role for histone tail trimming during cellular
differentiation,” Biomolecules, 2024. mdpi.com

362.T. Coultate, "Food: the chemistry of its components,” 2023. [HTML]

363.N. Munir, M. Jahangeer, A. Bouyahya, N. EI Omari, "Heavy metal
contamination of natural foods is a serious health issue: A review,"
*Sustainability*, 2021. mdpi.com

364.S. A. Siddiqui, Z. Erol, J. Rugji, F. Tas¢1, "An overview of fermentation
in the food industry-looking back from a new perspective," Bioresources
and Bioprocessing, vol. 2023, Springer, 2023. springer.com

365.M. Priyadarshanee, U. Mahto, and S. Das, "Mechanism of toxicity and
adverse health effects of environmental pollutants,” Microbial
biodegradation and ..., 2022. [HTML]

366.S. Ray and S. T. Shaju, "Bioaccumulation of pesticides in fish resulting
toxicities in humans through food chain and forensic aspects,”
Environmental Analysis, Health and ..., 2023. nih.gov

367.V. S. Nagtode, C. Cardoza, H. K. A. Yasin, S. N. Mali, "Green
surfactants  (biosurfactants): a  petroleum-free  substitute  for
Sustainability— Comparison, applications, market, and future
prospects,” ACS Publications, 2023. acs.org

368.H. H. Han, H. Tian, Y. Zang, A. C. Sedgwick, J. Li, et al., "Small-
molecule fluorescence-based probes for interrogating major organ
diseases," *Chemical Society Reviews*, vol. 50, no. 1, pp. 1-20, 2021.
rsc.org

369.C. Jiang, H. Huang, X. Kang, L. Yang, Z. Xi, "NBD-based synthetic
probes for sensing small molecules and proteins: design, sensing
mechanisms and biological applications,” *Chemical Society Reviews*,
vol. 50, no. 1, pp. 123-145, 2021. nih.gov

370.H. Fang, B. Peng, S. Y. Ong, Q. Wu et al., "Recent advances in activity-
based probes (ABPs) and affinity-based probes (A f BPs) for profiling
of enzymes," Chemical science, 2021. rsc.org

371.L. Gao, W. Wang, X. Wang, F. Yang, and L. Xie, "Fluorescent probes
for bioimaging of potential biomarkers in Parkinson's disease,”
*Chemical Society Reviews*, vol. 50, no. 1, pp. 123-145, 2021.
google.com

372.H. Niu, J. Liu, H. M. O'Connor, T. Gunnlaugsson, "Photoinduced
electron transfer (PeT) based fluorescent probes for cellular imaging and

Page | 80


https://www.mdpi.com/2218-273X/14/7/747/pdf
https://books.rsc.org/books/monograph/2098/FoodThe-Chemistry-of-its-Components
https://www.mdpi.com/2071-1050/14/1/161
https://link.springer.com/content/pdf/10.1186/s40643-023-00702-y.pdf
https://www.sciencedirect.com/science/article/pii/B9780323854559000242
https://pmc.ncbi.nlm.nih.gov/articles/PMC10613562/pdf/eaht-38-3-e2023017.pdf
https://pubs.acs.org/doi/pdf/10.1021/acsomega.3c00591
https://pubs.rsc.org/en/content/articlepdf/2021/cs/d0cs01183e
https://pmc.ncbi.nlm.nih.gov/articles/PMC8763210/pdf/nihms-1769279.pdf
https://pubs.rsc.org/en/content/articlepdf/2021/sc/d1sc01359a
https://drive.google.com/file/d/13IdHn8X7fb_3FBEEiEIYP772vaXqgKU7/view

disease therapy," Chemical Society Reviews, vol. 52, no. 2023, pp. 1-
20, 2023. rsc.org

373.K. Kok, K. C. Zwiers, R. G. Boot, H. S. Overkleeft, J. M. F. G. Aerts,
"Fabry disease: molecular basis, pathophysiology, diagnostics and
potential therapeutic directions,”" Biomolecules, vol. 11, no. 2, 2021.
mdpi.com

374.M. Sahu, S. Kumar Sinha, and K. Kumar Pandey, "Computer Aided
Drug Design: The Most Fundamental Goal is to Predict Whether a
Given Molecule will Bind to a Target and if so How Strongly,” 2013.
[PDF]

375.D. Cao, P. Zhang, and S. Wang, "Advances in structure-based drug
design: the potential for precision therapeutics in psychiatric disorders,"”
Neuron, 2024. cell.com

376.Y. Haddad, M. Remes, V. Adam, and Z. Heger, "Toward structure-
based drug design against the epidermal growth factor receptor
(EGFR)," Drug discovery today, 2021. nih.gov

377.V. . Cushing, A. F. Koh, J. Feng, K. Jurgaityte, et al., "High-resolution
cryo-EM of the human CDK-activating kinase for structure-based drug
design," *Nature*, 2024. nature.com

378.D. Yang, Q. Zhou, V. Labroska, S. Qin, "G protein-coupled receptors:
structure-and function-based drug discovery," in *Nature and Targeted
Therapy*, 2021. nature.com

379.M. O. Steinmetz and A. E. Prota, "Structure-based discovery and
rational design of microtubule-targeting agents,” Current Opinion in
Structural Biology, 2024. sciencedirect.com

380.P. Rubach, K. A. Majorek, M. Gucwa, et al., "Advances in cryo-electron
microscopy (cryoEM) for structure-based drug discovery,” in *Drug
Discovery*, 2025, Taylor & Francis. [HTML]

381.X. Wang and P. A Ward, "Opportunities and challenges of disease
biomarkers: a new section in the journal of translational medicine,"
2012. ncbi.nlm.nih.gov

382.A. K. Sah, "Prognostic biomarkers: predicting disease outcomes,” The
Potential of Cancer Biomarkers, 2025. [HTML]

383.S. Das, M. K. Dey, R. Devireddy, and M. R. Gartia, "Biomarkers in
cancer detection, diagnosis, and prognosis,” Sensors, 2023. mdpi.com

Page | 81


https://pubs.rsc.org/en/content/articlepdf/2023/cs/d1cs01097b
https://www.mdpi.com/2218-273X/11/2/271
https://core.ac.uk/download/234644641.pdf
https://www.cell.com/neuron/fulltext/S0896-6273(24)00004-7?dgcid=raven_jbs_etoc_email
https://pmc.ncbi.nlm.nih.gov/articles/PMC7567673/pdf/main.pdf
https://www.nature.com/articles/s41467-024-46375-9.pdf
https://www.nature.com/articles/s41392-020-00435-w.pdf
https://www.sciencedirect.com/science/article/pii/S0959440X24000721
https://www.tandfonline.com/doi/abs/10.1080/17460441.2025.2450636
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3543303/
https://www.sciencedirect.com/science/article/pii/B9780443292798000107
https://www.mdpi.com/1424-8220/24/1/37

384.A. Bodaghi, N. Fattahi, and A. Ramazani, "Biomarkers: Promising and
valuable tools towards diagnosis, prognosis and treatment of Covid-19
and other diseases," Heliyon, 2023. cell.com

385.A. Ahmad, M. Imran, and H. Ahsan, "Biomarkers as biomedical
bioindicators: approaches and techniques for the detection, analysis, and
validation of novel biomarkers of diseases,"” Pharmaceutics, 2023.
mdpi.com

386.W. DeGroat, H. Abdelhalim, K. Patel, D. Mendhe, et al., "Discovering
biomarkers associated and predicting cardiovascular disease with high
accuracy using a novel nexus of machine learning techniques for
precision ...," *Scientific Reports*, 2024. nature.com

387.AG Vrahatis, K. Skolariki, M. G. Krokidis, K. Lazaros,
"Revolutionizing the early detection of Alzheimer's disease through
non-invasive biomarkers: the role of artificial intelligence and deep
learning," Sensors, 2023. mdpi.com

388.B. N. Swanson, "Delivery of High-Quality Biomarker Assays,” 2002.
ncbi.nlm.nih.gov

389.J. L. Cummings, C. E. Teunissen, B. K. Fiske, et al., "Biomarker-guided
decision making in clinical drug development for neurodegenerative
disorders," *Nature Drug Discovery*, 2025. [HTML]

390.N. I. Al-Dewik, S. N. Younes, M. M. Essa, and S. Pathak, "Making
biomarkers relevant to healthcare innovation and precision medicine,"
Processes, vol. 10, no. 12, 2022. mdpi.com

391.R. Bruno, P. Chanu, M. Kégedal, F. Mercier, "Support to early clinical
decisions in drug development and personalised medicine with
checkpoint inhibitors using dynamic biomarker-overall survival
models,” *British Journal of...*, 2023. nih.gov

392.R. Madabushi, P. Seo, L. Zhao, et al., "Role of model-informed drug
development approaches in the lifecycle of drug development and
regulatory decision-making,” *Pharmaceutical*, 2022. nih.gov

393.J. Cummings and J. Kinney, "Biomarkers for Alzheimer's disease:
context of use, qualification, and roadmap for clinical implementation,”
Medicina, 2022. mdpi.com

394.Y. Castafio Guerrero, "Report of professional activity," 2018. [PDF]
395.H. Cao, E. F. Oghenemaro, A. Latypova, et al., "Advancing clinical
biochemistry: addressing gaps and driving future innovations," Frontiers

Page | 82


https://www.cell.com/heliyon/pdf/S2405-8440(23)00530-3.pdf
https://www.mdpi.com/1999-4923/15/6/1630
https://www.nature.com/articles/s41598-023-50600-8.pdf
https://www.mdpi.com/1424-8220/23/9/4184
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3851636/
https://www.nature.com/articles/s41573-025-01165-w
https://www.mdpi.com/2227-9717/10/6/1107
https://pmc.ncbi.nlm.nih.gov/articles/PMC10628227/pdf/41416_2023_Article_2190.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC9097888/pdf/11095_2022_Article_3288.pdf
https://www.mdpi.com/1648-9144/58/7/952
https://core.ac.uk/download/187234338.pdf

in..., 2025. frontiersin.org

396.A. R. Tupling, P. M. Tiidus, M. E. Houston, and R. Vandenboom,
"Biochemistry primer for exercise science,” 2025. [HTML]

397.Z.J. Baum, X. Yu, P. Y. Ayala, and Y. Zhao, "Artificial intelligence in
chemistry: current trends and future directions,”" *Journal of Chemical
Information and Modeling*, vol. 61, no. 12, pp. 5735-5745, 2021.
acs.org

398.R. Tenchov, J. M. Sasso, X. Wang, et al., "Aging hallmarks and
progression and age-related diseases: a landscape view of research
advancement,” ACS Chemical, vol. 2023, ACS Publications. acs.org

399.B. R. Fritz, L. E. Timmerman, N. M. Daringer, J. N. Leonard et al.,
"Biology by Design: From Top to Bottom and Back,” 2010.
ncbi.nlm.nih.gov

400.0. Gallup, H. Ming, and T. Ellis, "Ten future challenges for synthetic
biology," Engineering Biology, 2021. wiley.com

401.A. Cubillos-Ruiz, T. Guo, A. Sokolovska, et al., "Engineering living
therapeutics with synthetic biology,” *Nature Reviews Drug
Discovery*, vol. 20, no. 10, pp. 789-802, 2021. mit.edu

402.M. Stock and T. E. Gorochowski, "Open-endedness in synthetic
biology: A route to continual innovation for biological design,” Science
Advances, 2024. science.org

403.L. Pio-Lopez, "The rise of the biocyborg: synthetic biology, artificial
chimerism and human enhancement,” New Genetics and Society, 2021.
tandfonline.com

404.LJ Rothschild, NJH Averesch, EA Strychalski, "Building synthetic

cells— from the technology infrastructure to cellular entities," Synthetic
Biology, vol. 2024, ACS Publications. acs.org

405.D. Gupta, G. Sharma, P. Saraswat, and R. Ranjan, "Synthetic biology in
plants, a boon for coming decades,” Molecular Biotechnology, 2021.
[HTML]

406.M. K. Goshisht, "Machine learning and deep learning in synthetic
biology: Key architectures, applications, and challenges,” ACS omega,
2024. acs.org

407.S. Hirschi, T. R. Ward, W. P. Meier, D. J. Miiller, "Synthetic biology:
bottom-up assembly of molecular systems,” Chemical Reviews, vol.

Page | 83


https://www.frontiersin.org/journals/medicine/articles/10.3389/fmed.2025.1521126/pdf
https://books.google.com/books?hl=en&lr=&id=8j5cEQAAQBAJ&oi=fnd&pg=PR1&dq=Biochemistry+may+serve+as+a+significant+indicator+of+future+scientific+advancement.&ots=jj0tTWLCP-&sig=gXIIA04UdFgrDNHM4RVwOzONUiY
https://pubs.acs.org/doi/pdf/10.1021/acs.jcim.1c00619
https://pubs.acs.org/doi/pdf/10.1021/acschemneuro.3c00531
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2971569/
https://ietresearch.onlinelibrary.wiley.com/doi/pdfdirect/10.1049/enb2.12011
https://www.collinslab.mit.edu/s/nrdd_cubillos.pdf
https://www.science.org/doi/pdf/10.1126/sciadv.adi3621
https://www.tandfonline.com/doi/pdf/10.1080/14636778.2021.2007064
https://pubs.acs.org/doi/pdf/10.1021/acssynbio.3c00724
https://link.springer.com/article/10.1007/s12033-021-00386-9
https://pubs.acs.org/doi/pdf/10.1021/acsomega.3c05913

122, no. 1, pp. 1-30, 2022. [HTML]

408.D. San Leon and J. Nogales, "Toward merging bottom-up and top-down
model-based designing of synthetic microbial communities,” Current
Opinion in Microbiology, 2022. sciencedirect.com

409.1. Ivanov, S. L. Castellanos, S. Balasbas Ill, et al., "Bottom-up synthesis
of artificial cells: recent highlights and future challenges,” *Annual
Review of ...*, vol. 2021. [HTML]

410.R. A. Hamilton, R. Mampuys, S. E. Galaitsi, and others, "Opportunities,
challenges, and future considerations for top-down governance for
biosecurity and synthetic biology,” *Journal of Synthetic Biology*, vol.
2021. oapen.org

411.C. Ho and L. Morsut, "Novel synthetic biology approaches for
developmental systems,"” Stem Cell Reports, 2021. cell.com

412.0. Staufer, J. A. De Lora, E. Bailoni, A. Bazrafshan, et al., "Building a
community to engineer synthetic cells and organelles from the bottom-
up,” *Elife*, 2021. elifesciences.org

413.S. Shyam Sunder and U. C. Sharma, "Adverse effects of tyrosine kinase
inhibitors in cancer therapy: pathophysiology, mechanisms and clinical
management,” Signal Transduction and Targeted Therapy, vol. 8, no. 1,
2023. nature.com

414.M. A. Franzoi, E. Agostinetto, M. Perachino, et al., "Evidence-based
approaches for the management of side-effects of adjuvant endocrine
therapy in patients with breast cancer,” The Lancet, vol. 2021. sci-
hub.box

415.M. S. Nestor, G. Ablon, A. Gade, H. Han, "Treatment options for
androgenetic alopecia: Efficacy, side effects, compliance, financial
considerations, and ethics," *Journal of Cosmetic Dermatology*, vol.
20, no. 1, pp. 1-10, 2021. wiley.com

416.T. H. Baryakova, B. H. Pogostin, R. Langer, "Overcoming barriers to
patient adherence: the case for developing innovative drug delivery
systems," Nature Reviews Drug, vol. 2023. nih.gov

417.B. J. Schneider, J. Naidoo, B. D. Santomasso, et al., "Management of
immune-related adverse events in patients treated with immune
checkpoint inhibitor therapy: ASCO guideline update,” *Journal of
Clinical Oncology*, vol. 39, no. 15, pp. 1230-1241, 2021. ascopubs.org

418.P. Szatmary, T. Grammatikopoulos, W. Cai, W. Huang, "Acute

Page | 84


https://pubs.acs.org/doi/abs/10.1021/acs.chemrev.2c00339
https://www.sciencedirect.com/science/article/pii/S1369527422000534
https://www.annualreviews.org/content/journals/10.1146/annurev-chembioeng-092220-085918
https://library.oapen.org/bitstream/handle/20.500.12657/50742/978-94-024-2086-9.pdf?sequence=1#page=50
https://www.cell.com/stem-cell-reports/pdf/S2213-6711(21)00202-2.pdf
https://elifesciences.org/articles/73556.pdf
https://www.nature.com/articles/s41392-023-01469-6.pdf
https://sci-hub.box/downloads/2021-07-01/5c/franzoi2021.pdf
https://sci-hub.box/downloads/2021-07-01/5c/franzoi2021.pdf
https://onlinelibrary.wiley.com/doi/pdf/10.1111%2Fjocd.14537
https://pmc.ncbi.nlm.nih.gov/articles/PMC10041531/pdf/41573_2023_Article_670.pdf
https://ascopubs.org/doi/pdfdirect/10.1200/jco.21.01440

pancreatitis: diagnosis and treatment,” Drugs, vol. 82, no. 5, pp. 445-
460, 2022. springer.com

419.X. Zhang, J. A. Kuivenhoven, and A. K. Groen, "Forward
Individualized Medicine from Personal Genomes to Interactomes,"
2015. ncbi.nlm.nih.gov

420.A. Pandey and S. P. Gupta, "Personalized Medicine:(A Comprehensive
Review).," Oriental Journal Of Chemistry, 2024. [HTML]

421.K. Singh, J. K. Gupta, S. Kumar, "Pharmacological Approaches and
Innovative Strategies for Individualized Patient Care," Recent Patents on
..., 2025, [HTML]

422.G. Molla and M. Bitew, "Revolutionizing personalized medicine:
synergy with multi-omics data generation, main hurdles, and future
perspectives,” Biomedicines, 2024. mdpi.com

423.R. C. Wang and Z. Wang, "Precision medicine: disease subtyping and
tailored treatment,” Cancers, 2023. mdpi.com

424.). Santos, L. Saldanha, I. Silva, P. Magalhdes, S. Schmidt, and others,
"Advancing precision medicine: a review of innovative in silico
approaches for drug development, clinical pharmacology and
personalized healthcare," Pharmaceutics, 2024. mdpi.com

425.L. Santorelli, M. Caterino, and M. Costanzo, "Dynamic interactomics by
cross-linking mass spectrometry: mapping the daily cell life in
postgenomic era," OMICS: A Journal of..., vol. 2022. [HTML]

426.A. L. Richards, M. Eckhardt, and N. J. Krogan, "Mass spectrometry-
based protein-protein interaction networks for the study of human
diseases," Molecular systems biology, 2021. embopress.org

427.W. Xu, M. J. Dainoff, L. Ge, and Z. Gao, "Transitioning to human
interaction with Al systems: New challenges and opportunities for HCI
professionals to enable human-centered Al," *International Journal of
Human-Computer Interaction*, vol. 39, no. 7, pp. 1-15, 2023. Taylor &
Francis. [PDF]

428.M. Grunde-McLaughlin, M. S. Lam, R. Krishna, "Designing LLM
chains by adapting techniques from crowdsourcing workflows,” in
*Human Interaction*, 2025. acm.org

429.K. S. Jagger and J. Furlong, "Infusing Bioethics into Biology and
Microbiology Courses and Curricula: A Vertical Approach,” 2014.
ncbi.nm.nih.gov

Page | 85


https://link.springer.com/content/pdf/10.1007/s40265-022-01766-4.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4673427/
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=0970020X&AN=179541622&h=TURdZy45Onp%2B8FmoH8o%2FbC%2FOU9lonFu8zQwWOafFb%2B4JnE21uOkt%2B78UzjdTJ0NvPntdXyPNIGVU9PBdtt9mDw%3D%3D&crl=c
https://www.benthamdirect.com/content/journals/biot/10.2174/0118722083359334250116063638
https://www.mdpi.com/2227-9059/12/12/2750
https://www.mdpi.com/2072-6694/15/15/3837
https://www.mdpi.com/1999-4923/16/3/332
https://www.liebertpub.com/doi/abs/10.1089/omi.2022.0137
https://www.embopress.org/doi/pdf/10.15252/msb.20188792
https://arxiv.org/pdf/2105.05424
https://dl.acm.org/doi/full/10.1145/3716134
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4278480/

430.J. O. Fuenzalida, L. A. Castillo, and F. H. Perlines, "Bioethics over time:
Its evolution and the keys to its conceptualization," Revista de ciencias
sociales, 2024. agora.edu.es

431.C. Orefice, "Towards a Definition of Bioethics as a Discipline,"
Bioethics, 2023. [HTML]

432.C. E. Maldonado and F. A. Garz6n, "Bioethics and complexity. An
appraisal of their relationships to other sciences,” Ramon Llull Journal
of Applied Ethics, 2022. raco.cat

433.T. Schlick, "Biomolecular Structure and Modeling: Historical
Perspective,” 2010. ncbi.nlm.nih.gov

Page | 86


http://agora.edu.es/descarga/articulo/9370022.pdf
https://www.taylorfrancis.com/chapters/edit/10.1201/9781003269885-2/towards-definition-bioethics-discipline-carlo-orefice
https://www.raco.cat/index.php/rljae/article/download/398683/494423/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7124002/

