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INTRODUCTION TO BIOMOLECULES

Biomolecules are organic molecules that are essential for the structure and
function of living organisms. These molecules are the fundamental
building blocks of life and participate in virtually all biological processes.

Biomolecules are characterized by their ability to interact with other



molecules through various chemical bonds and forces, enabling the

complex chemistry of life.

The study of biomolecules is crucial for understanding how living systems
maintain their structure, carry out metabolic processes, store and transmit
genetic information, and respond to environmental changes. These
molecules exhibit remarkable diversity in their structure and function, yet
they all share common chemical principles that govern their behavior in

biological systems.

Biomolecules are primarily composed of carbon, hydrogen, oxygen,
nitrogen, phosphorus, and sulfur atoms. The unique properties of carbon,
particularly its ability to form stable covalent bonds with other carbon
atoms and various heteroatoms, make it the backbone of all biomolecules.
This versatility allows for the formation of complex three-dimensional

structures that are essential for biological function.

CLASSIFICATION OF BIOMOLECULES [}

Biomolecules can be classified into several major categories based on their

chemical structure and biological function:

Major Categories of Biomolecules

< CARBOHYDRATES Carbohydrates are polyhydroxy aldehydes or
ketones, or compounds that yield such substances upon hydrolysis. They
serve as primary sources of energy and structural components in living
organisms. Carbohydrates are classified based on their complexity and the

number of sugar units they contain.



< LIPIDS Lipids are a diverse group of biomolecules that are largely
hydrophobic or amphipathic in nature. They serve multiple functions
including energy storage, membrane formation, and signaling. Lipids are
characterized by their solubility in nonpolar solvents and relative

insolubility in water.

< PROTEINS Proteins are complex biomolecules composed of amino acid
residues linked by peptide bonds. They exhibit the greatest structural and
functional diversity among all biomolecules, serving as enzymes, structural

components, transport molecules, and regulatory factors.

< NUCLEIC ACIDS Nucleic acids are polymers of nucleotides that store
and transmit genetic information. They are responsible for heredity and

play crucial roles in protein synthesis and cellular regulation.

Classification Based on Molecular Size

Size
Category Examples
Range
Small Molecules < 1000 Da | Glucose, amino acids, fatty acids
Proteins, nucleic acids,
Macromolecules > 1000 Da
polysaccharides
Supramolecular ) Ribosomes, membranes,
Variable
Complexes chromosomes




CHEMICAL NATURE AND BIOLOGICAL ROLE OF
CARBOHYDRATES &

Chemical Structure and Classification

Carbohydrates have the general molecular formula (CH,0),, though some
may deviate from this formula. They contain multiple hydroxyl groups and
either an aldehyde or ketone functional group. The presence of multiple

chiral centers in carbohydrates gives rise to numerous stereoisomers.

v Monosaccharides Monosaccharides are the simplest carbohydrates that
cannot be hydrolyzed into smaller carbohydrate units. They are classified
based on the number of carbon atoms and the type of carbonyl group
present. Common monosaccharides include glucose, fructose, and

galactose.

v Disaccharides Disaccharides are formed by the condensation of two
monosaccharide units through a glycosidic bond. The bond formation
involves the elimination of a water molecule between the anomeric carbon

of one sugar and a hydroxyl group of another.

v Oligosaccharides Oligosaccharides contain 3-10 monosaccharide units
linked by glycosidic bonds. They often serve as recognition signals on cell

surfaces and play important roles in cell-cell communication.

v Polysaccharides Polysaccharides are high molecular weight polymers
containing hundreds to thousands of monosaccharide units. They serve

primarily as energy storage molecules or structural components.



Biological Roles of Carbohydrates

| Energy Source and Storage Carbohydrates serve as the primary
source of energy for most organisms. Glucose is the preferred fuel for
brain cells and red blood cells. Excess glucose is stored as glycogen in

animals and starch in plants, providing readily available energy reserves.

_* Structural Functions Many carbohydrates provide structural support
to cells and organisms. Cellulose forms the primary structural component
of plant cell walls, while chitin provides structural support in fungal cell

walls and arthropod exoskeletons.

@, Recognition and Signaling Oligosaccharides and glycoproteins on
cell surfaces serve as recognition markers for cell-cell interactions, immune
responses, and developmental processes. These carbohydrate structures

are crucial for proper cellular communication.

» Osmotic Regulation Carbohydrates contribute to maintaining proper
osmotic balance in cells and tissues. The concentration of sugars affects
water movement across cell membranes and helps maintain cellular

integrity.

CHEMICAL NATURE AND BIOLOGICAL ROLE OF LIPIDS

Chemical Structure and Properties

Lipids are characterized by their hydrophobic or amphipathic nature,
containing both hydrophobic and hydrophilic regions. The hydrophobic
portions typically consist of long hydrocarbon chains or steroid ring



systems, while hydrophilic portions may contain polar functional groups

such as phosphate, carboxyl, or amino groups.

v Fatty Acids Fatty acids are carboxylic acids with long hydrocarbon
chains, typically containing 12-20 carbon atoms. They can be saturated (no
double bonds) or unsaturated (containing one or more double bonds). The
degree of saturation affects the physical properties and biological

functions of lipids.

v Triacylglycerols (Triglycerides) Triacylglycerols are esters formed
between glycerol and three fatty acids. They are the most abundant lipids
in the body and serve as the primary form of stored energy in adipose

tissue.

v Phospholipids Phospholipids contain a phosphate group attached to a
diacylglycerol backbone. They are amphipathic molecules that form the
basic structure of biological membranes through their ability to form

bilayers in aqueous environments.

v Steroids Steroids are lipids characterized by a four-ring steroid nucleus.
They include cholesterol, steroid hormones, and bile acids. Despite their

structural similarity, steroids exhibit diverse biological functions.

Biological Roles of Lipids

 Energy Storage Lipids serve as the most concentrated form of energy
storage in the body. Triacylglycerols provide more than twice the energy
per gram compared to carbohydrates or proteins, making them highly

efficient energy storage molecules.



= Membrane Structure Phospholipids and cholesterol are essential
components of biological membranes. They form lipid bilayers that define
cellular compartments and regulate the passage of molecules across

membrane barriers.

¥ Signaling Molecules Many lipids function as signaling molecules,
including steroid hormones, prostaglandins, and other lipid mediators.
These molecules regulate various physiological processes including

metabolism, inflammation, and reproduction.

¢ Insulation and Protection Lipids provide thermal insulation and
mechanical protection for organs and tissues. Subcutaneous fat serves as

insulation, while visceral fat protects internal organs from physical damage.

V Lipid Type Primary Function Location
Triacylglycerols Energy storage Adipose tissue
Phospholipids Membrane structure All cell membranes
Cholesterol Membrane fluidity Cell membranes
Steroid hormones Signaling Various tissues

CHEMICAL NATURE AND BIOLOGICAL ROLE OF
NUCLEIC ACIDS

Chemical Structure and Components

Nucleic acids are polynucleotides composed of nucleotide monomers.
Each nucleotide consists of three components: a nitrogenous base, a

pentose sugar, and a phosphate group. The phosphate groups form the




backbone of the nucleic acid through phosphodiester bonds with the

sugar molecules.

v Nitrogenous Bases The nitrogenous bases are classified into two
categories: purines (adenine and guanine) and pyrimidines (cytosine,
thymine, and uracil). These bases are responsible for the information-
carrying capacity of nucleic acids through their specific base-pairing

properties.

v Pentose Sugars DNA contains 2'-deoxyribose, while RNA contains
ribose. The presence or absence of the hydroxyl group at the 2' position

significantly affects the stability and function of the nucleic acid.

v Phosphate Groups Phosphate groups link the sugar molecules through
3',5'-phosphodiester bonds, creating a strong backbone that maintains the

structural integrity of nucleic acids.

Types of Nucleic Acids

.3 Deoxyribonucleic Acid (DNA) DNA is the primary repository of
genetic information in most organisms. It exists as a double-stranded helix
with complementary base pairing between adenine-thymine and guanine-
cytosine. DNA is highly stable and serves as the permanent storage of

genetic instructions.

= Ribonucleic Acid (RNA) RNA is typically single-stranded and plays
diverse roles in gene expression and regulation. Different types of RNA
include messenger RNA (mRNA), transfer RNA (tRNA), ribosomal RNA
(rRNA), and various regulatory RNAs.

Biological Roles of Nucleic Acids



B Genetic Information Storage DNA stores genetic information in the
sequence of its nucleotide bases. This information is organized into genes
that encode proteins and regulatory elements that control gene

expression.

= Information Transfer RNA mediates the transfer of genetic
information from DNA to proteins through the processes of transcription
and translation. mRNA carries genetic information from the nucleus to

ribosomes, where proteins are synthesized.

© Catalytic Functions Some RNA molecules, called ribozymes, possess
catalytic activity and can catalyze biochemical reactions. The ribosome
itself is a ribozyme that catalyzes peptide bond formation during protein

synthesis.

¢5 Regulatory Functions Various types of RNA molecules regulate gene
expression at transcriptional, post-transcriptional, and translational levels.
These include microRNAs, long non-coding RNAs, and small interfering
RNAs.

CHEMICAL NATURE AND BIOLOGICAL ROLE OF AMINO
ACIDS AND PROTEINS .

Chemical Structure of Amino Acids

Amino acids are the basic building blocks of proteins. Each amino acid
contains a central carbon atom (a-carbon) bonded to four different
groups: an amino group (-NHy), a carboxyl group (-COOH), a hydrogen
atom, and a variable side chain (R group) that determines the unique

properties of each amino acid.



v Classification Based on Side Chain Properties

Amino acids can be classified according to the chemical properties of their

side chains:
¢ Nonpolar, hydrophobic amino acids: These amino acids have
hydrocarbon side chains and tend to avoid water

¢ Polar, uncharged amino acids: These contain side chains with

functional groups that can form hydrogen bonds

¢ Positively charged amino acids: These have side chains that are

protonated at physiological pH
¢ Negatively charged amino acids: These have side chains that are
deprotonated at physiological pH

Vv Essential and Non-essential Amino Acids

Amino acids are also classified based on the body's ability to synthesize
them:

e Essential amino acids must be obtained from dietary sources

e Non-essential amino acids can be synthesized by the body

e Semi-essential amino acids may become essential under certain
physiological conditions
Protein Structure and Organization

Proteins exhibit multiple levels of structural organization that determine

their biological function:



% Primary Structure The primary structure refers to the linear sequence
of amino acids in a protein chain, connected by peptide bonds. This
sequence determines all higher levels of protein structure and ultimately

the protein's function.

® Secondary Structure Secondary structure involves the local folding
patterns of the protein backbone, stabilized by hydrogen bonds between
backbone atoms. Common secondary structures include a-helices and -

sheets.

©. Tertiary Structure Tertiary structure represents the overall three-
dimensional arrangement of a single protein chain. It is stabilized by
various interactions including hydrogen bonds, electrostatic interactions,
van der Waals forces, and disulfide bonds.

+ ' Quaternary Structure Quaternary structure refers to the arrangement

of multiple protein chains (subunits) in a multi-subunit protein complex.

Biological Roles of Proteins

# Enzymatic Functions Enzymes are proteins that catalyze biochemical
reactions by lowering activation energy. They are highly specific for their

substrates and can increase reaction rates by factors of 10° to 10" or more.

_* Structural Functions Many proteins provide structural support to cells
and tissues. Collagen is the most abundant protein in mammals and
provides strength to connective tissues, while keratin forms protective

structures like hair and nails.

44 Transport Functions Transport proteins facilitate the movement of

molecules across biological membranes or through body fluids.



Hemoglobin transports oxygen in blood, while various membrane proteins

transport ions and nutrients across cell membranes.

{ Defense Functions Antibodies (immunoglobulins) are proteins that
recognize and neutralize foreign substances in the immune system. Other

defense proteins include complement proteins and antimicrobial peptides.

1l Regulatory Functions Many hormones are proteins that regulate
physiological processes. Insulin regulates glucose metabolism, while

growth hormone controls growth and development.

Protein

Examples Location/Role
Function

_ Digestive system, cellular
Enzymatic Pepsin, catalase
metabolism

Structural Collagen, keratin Connective tissue, skin and hair
Transport Hemoglobin, albumin Blood circulation
Defense Antibodies, lysozyme Immune system

Insulin, growth
Regulatory Endocrine system

hormone

BIOENERGETICS 4

Introduction to Bioenergetics

Bioenergetics is the study of energy transformations in biological systems.
It deals with how living organisms capture, store, and utilize energy to

maintain their structure and carry out biological processes. The principles



of thermodynamics govern all energy transformations in biological

systems.

Living organisms are open systems that continuously exchange energy and
matter with their environment. They maintain their highly ordered state by
constantly consuming energy and releasing entropy to their surroundings.
This continuous flow of energy is essential for maintaining the complex

organization characteristic of life.

The ultimate source of energy for most biological systems is solar energy,
which is captured by photosynthetic organisms and converted into
chemical energy stored in organic molecules. This energy is then
transferred through food chains and utilized by various organisms for their

metabolic processes.

Thermodynamic Principles in Biology

Biological systems obey the laws of thermodynamics, which govern all

energy transformations:

v First Law of Thermodynamics Energy cannot be created or destroyed,
only converted from one form to another. In biological systems, chemical
energy is converted to mechanical work, heat, or other forms of chemical

energy.

v Second Law of Thermodynamics The entropy of an isolated system
always increases over time. Living organisms maintain their low entropy
state by continuously consuming energy and releasing entropy to their

environment.

CONCEPT OF FREE ENERGY



Definition and Significance

Free energy (Gibbs free energy, G) is the portion of a system's energy that
is available to do useful work at constant temperature and pressure. It
determines whether a reaction will proceed spontaneously and how much

work can be extracted from the process.
The change in free energy (AG) for a process determines its spontaneity:

e If AG < 0, the process is spontaneous (favorable)
e If AG > 0, the process is non-spontaneous (unfavorable)

e |f AG =0, the system is at equilibrium

Standard Free Energy Change

The standard free energy change (AG°®) is the free energy change under
standard conditions (1 M concentration, 1 atm pressure, 25°C). For
biological systems, biochemical standard conditions are often used (pH
7.0), denoted as AG®".

The relationship between standard free energy change and equilibrium
constant is:
AG®' = -RT In Keq

Where:

e Ris the gas constant
e Tis the absolute temperature

e Keq is the equilibrium constant

Factors Affecting Free Energy



Several factors influence the free energy change of biological processes:

“e Temperature Higher temperatures generally favor processes with
positive entropy changes, while lower temperatures favor processes with

negative enthalpy changes.

0 Concentration The actual free energy change depends on the
concentrations of reactants and products according to the equation: AG =
AG®' + RT In([products]/[reactants])

pH and lonic Strength Changes in pH and ionic strength can
significantly affect the free energy of reactions, especially those involving

charged species.

ENDERGONIC AND EXERGONIC REACTIONS [}

Exergonic Reactions

Exergonic reactions are those that release free energy (AG < 0). These
reactions occur spontaneously and can be used to drive other processes or
perform work. Most catabolic reactions are exergonic, involving the

breakdown of complex molecules to release stored energy.
Characteristics of Exergonic Reactions:

e Release energy to the surroundings

e Have negative AG values

e Occur spontaneously under appropriate conditions

e Often involve bond breaking in energy-rich molecules

e Can be coupled to drive endergonic processes



) Examples in Metabolism The oxidation of glucose during cellular
respiration is highly exergonic, releasing energy that is captured in the
form of ATP. The hydrolysis of ATP itself is exergonic and provides energy

for numerous cellular processes.

Endergonic Reactions

Endergonic reactions require an input of free energy (AG > 0). These
reactions are non-spontaneous and must be driven by coupling them to
exergonic reactions. Most anabolic reactions are endergonic, involving the

synthesis of complex molecules from simpler precursors.
Characteristics of Endergonic Reactions:

e Require energy input from surroundings

Have positive AG values

Do not occur spontaneously

Often involve bond formation in complex molecules

Must be coupled to exergonic reactions to proceed

. Energy Coupling Living organisms overcome the thermodynamic
barrier of endergonic reactions through energy coupling. This involves
linking an endergonic reaction to an exergonic reaction such that the

overall process has a negative AG.

The most common form of energy coupling in biological systems involves
ATP. The exergonic hydrolysis of ATP (AG®' = -30.5 kJ/mol) is coupled to
endergonic processes, making the overall reaction thermodynamically

favorable.



RELATIONSHIP BETWEEN FREE ENERGY, ENTHALPY
AND ENTROPY ;!

The Gibbs Free Energy Equation

The relationship between free energy (G), enthalpy (H), and entropy (S) is
described by the Gibbs free energy equation:

G=H-TS
Where:

e G is the Gibbs free energy

e His the enthalpy

e Tis the absolute temperature
e Sis the entropy

For a process, the change in free energy is:
AG = AH - TAS

Enthalpy (H)

Enthalpy represents the total heat content of a system. In biological
systems, enthalpy changes primarily reflect the breaking and formation of

chemical bonds.
v Bond Enthalpies

e Breaking bonds requires energy input (positive AH)

e Forming bonds releases energy (negative AH)



¢ The net enthalpy change depends on the balance between bonds
broken and formed

v Biological Significance Many biological processes involve significant
enthalpy changes. For example, the combustion of glucose releases a large
amount of heat (AH®' = -2840 kJ/mol), which must be carefully managed

by cells to prevent damage.

Entropy (S)

Entropy is a measure of the disorder or randomness in a system. The
second law of thermodynamics states that the entropy of an isolated

system always increases.

v Molecular Interpretation At the molecular level, entropy reflects the
number of possible arrangements or states available to a system. Higher

entropy corresponds to greater disorder and more possible configurations.

v Biological Context Living organisms maintain low entropy states by
continuously consuming energy. However, the total entropy of the
universe (organism + surroundings) always increases as required by the

second law of thermodynamics.

Temperature Dependence

The relative importance of enthalpy and entropy contributions to free

energy depends on temperature:

Low Temperature At low temperatures, the TAS term is small, and AG

~ AH. Enthalpy changes dominate the thermodynamic favorability.



) High Temperature At high temperatures, the TAS term becomes more
significant, and entropy changes play a larger role in determining reaction

spontaneity.

“e Physiological Temperature At body temperature (37°C or 310 K),
both enthalpy and entropy contributions are significant for most biological

jprocesses.

REDOX POTENTIAL 4

Definition and Principles

Redox potential (reduction potential) is a measure of the tendency of a
chemical species to acquire electrons and be reduced. It is measured in
volts and provides quantitative information about the driving force for

electron transfer reactions.

In biological systems, redox potential determines the direction and extent
of electron transfer reactions, which are fundamental to energy
metabolism. The redox potential is related to the free energy change of the
reaction through the equation:

AG®' = -nFAE®
Where;

e nis the number of electrons transferred
e Fis Faraday's constant (96,485 C/mol)

e AE® is the standard redox potential difference



Standard Redox Potentials

Standard redox potentials are measured relative to the standard hydrogen
electrode, which is assigned a potential of 0.00 V. Biological redox

potentials are often measured at pH 7.0 and denoted as E°'.
v Electron Donors and Acceptors

e Species with more negative redox potentials are better electron

donors (reducing agents)

e Species with more positive redox potentials are better electron

acceptors (oxidizing agents)

e Electrons flow spontaneously from donors to acceptors

Biological Redox Systems

Respiratory Chain The respiratory chain in mitochondria consists of a
series of electron carriers with progressively more positive redox potentials.

This creates a thermodynamic gradient that drives ATP synthesis.

@ Photosynthesis In photosynthesis, light energy is used to create
strong reducing agents with very negative redox potentials, enabling the

reduction of CO, to organic compounds.

{ Antioxidant Systems Biological antioxidants have relatively negative
redox potentials, allowing them to donate electrons to neutralize harmful
oxidizing species.

Nernst Equation

The Nernst equation describes how redox potential varies with



concentration:
E = E° + (RT/nF) In([oxidized]/[reduced])

This equation shows that the actual redox potential depends on the

concentrations of the oxidized and reduced forms of the redox couple.

ENERGY RICH COMPOUNDS &

Definition and Characteristics

Energy-rich compounds are molecules that release a large amount of free
energy upon hydrolysis of specific bonds. These compounds serve as
energy currency in biological systems, storing and transferring energy for

various cellular processes.

The term "high-energy bond" is somewhat misleading, as it refers not to
the bond strength but to the large negative free energy change associated
with bond hydrolysis. These compounds have high group transfer
potentials, meaning they can readily transfer their phosphate, acetyl, or

other groups to acceptor molecules.

Criteria for Energy-Rich Compounds

v Large Negative AG of Hydrolysis Energy-rich compounds typically
have AG® values more negative than -25 kJ/mol for the hydrolysis of their

energy-rich bonds.

v Kinetic Stability Despite their thermodynamic instability, energy-rich
compounds must be kinetically stable enough to exist in cells for

reasonable periods without spontaneous hydrolysis.



v Metabolic Accessibility These compounds must be readily accessible to
the enzymes that utilize them, allowing for efficient energy transfer in

metabolic pathways.

CLASSIFICATION OF ENERGY RICH COMPOUNDS |~

Phosphoryl Group Transfer Compounds

 Nucleoside Triphosphates Nucleoside triphosphates, particularly ATP,
are the most important energy-rich compounds in biology. They contain
two phosphoanhydride bonds that release large amounts of energy upon
hydrolysis.

<’ Phosphocreatine Phosphocreatine serves as a rapid energy reserve in
muscle cells, with a higher phosphoryl transfer potential than ATP. It can

quickly regenerate ATP during periods of high energy demand.

O Phosphoenolpyruvate Phosphoenolpyruvate has the highest
phosphoryl transfer potential among common biological compounds,

playing a crucial role in glycolysis and gluconeogenesis.

Acyl Group Transfer Compounds

= Acetyl-CoA Acetyl coenzyme A is the primary acyl group transfer
compound, carrying activated acetyl groups for various biosynthetic and

catabolic processes.

2] Other Acyl-CoA Compounds Various acyl-CoA derivatives serve as
activated forms of fatty acids and other carboxylic acids for metabolic

processes.

Phosphoryl Transfer Potential Scale



r Compound AG°’ (kJ/mol) Function
Phosphoenolpyruvate -61.9 Glycolytic intermediate
Phosphocreatine -43.1 Energy storage in muscle
ATP -30.5 Universal energy currency
Glucose-6-phosphate -13.8 Metabolic intermediate

BIOLOGICAL SIGNIFICANCE OF ATP AND CYCLIC AMP

Adenosine Triphosphate (ATP)

iit Structure and Properties ATP consists of adenine, ribose, and three
phosphate groups. The two terminal phosphate groups are linked by
phosphoanhydride bonds that are responsible for ATP's high energy

content.

@ Universal Energy Currency ATP serves as the universal energy
currency in biological systems. It provides energy for:

e Mechanical work (muscle contraction)

e Chemical work (biosynthetic reactions)

e Transport work (active transport across membranes)

e Osmotic work (maintaining ion gradients)
2] ATP-ADP Cycle The ATP-ADP cycle is fundamental to cellular energy
metabolism. ATP is hydrolyzed to ADP + Pi to release energy, and ADP is

phosphorylated back to ATP using energy from catabolic reactions.



"2 Steady-State Concentrations Cells maintain relatively high ATP/ADP
ratios (typically 3-10:1) to ensure adequate energy availability for cellular
processes. The total adenine nucleotide pool (ATP + ADP + AMP) remains

relatively constant.

Energy Charge Concept

The energy charge is a measure of the energy status of a cell, defined as:
Energy Charge = ([ATP] + 0.5[ADP])/([ATP] + [ADP] + [AMP))

Energy charge values range from O (all AMP) to 1 (all ATP). Most healthy

cells maintain energy charges between 0.8-0.95.

Cyclic Adenosine Monophosphate (cAMP)

% Structure and Formation Cyclic AMP is formed from ATP by the
enzyme adenylyl cyclase, which creates a cyclic phosphodiester bond

between the 3" and 5' positions of the ribose sugar.

¥ Second Messenger Function cAMP serves as a second messenger in
many hormone signaling pathways. When hormones bind to certain

receptors, they activate adenylyl cyclase, leading to increased cAMP levels.
:i Regulatory Mechanisms cAMP levels are controlled by:

e Adenylyl cyclase (synthesis)
e Phosphodiesterases (degradation)
e Various regulatory proteins and cofactors

O Metabolic Effects CAMP activates protein kinase A (PKA), which

phosphorylates numerous target proteins involved in:



Glycogen metabolism

Fatty acid metabolism

Gluconeogenesis

Gene transcription

Integration of ATP and cAMP Functions

% Metabolic Coordination ATP and cAMP work together to coordinate
cellular metabolism. While ATP provides energy for biosynthetic processes,

cAMP signals the need to mobilize stored nutrients for ATP production.

1] Energy Homeostasis The interplay between ATP levels and cAMP
signaling helps maintain energy homeostasis by:

e Promoting energy production when ATP is low
¢ Inhibiting energy consumption when resources are limited

e Coordinating the activities of different metabolic pathways

@ Therapeutic Targets Both ATP synthesis pathways and cAMP signaling
are important therapeutic targets for treating metabolic disorders,
cardiovascular diseases, and other conditions involving energy metabolism

dysfunction.



