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' Introduction to Energy-Rich Compounds

In biological systems, energy-rich compounds (or high-

i energy compounds) are molecules that store chemical
energy in specific covalent bonds. They release a
substantial amount of free energy upon hydrolytic
cleavage. Conventionally, a compound is classified as
"energy-rich" if its standard free energy of hydrolysis

m‘ (AG®') is equal to or more negative than -30.5 kJ/mol (-7.3

kcal/mol).
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This is the baseline threshold
established by the hydrolysis of
Adenosine Triphosphate (ATP) to
Adenosine Diphosphate (ADP).
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' The Chemical Basis of "High-Energy" Bonds

The term "high-energy bond" (often represented by the
wu squiggle symbol, (~) does not mean the bond itself
contains a lot of physical energy. Instead, it signifies that
the products of hydrolysis are significantly more stable
than the reactants. This vast stability difference drives the
reaction forward, releasing free energy due to three

'mr primary factors:
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€ Resonance Stabilization: The free phosphate groups or
| products released have more resonance structures
than when they were bonded.
@ Electrostatic Repulsion: High-energy molecules often
| contain adjacent negative charges (e.g., the phosphate
groups in ATP). Hydrolysis separates these charges,
reducing intramolecular stress.
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@ Solvation Energy: The products of hydrolysis bind

more effectively to water molecules, stabilizing
them further.
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Adenosine Triphosphate (ATP)

Structure: Consists of an adenine ring, a ribose sugar, and
three phosphate groups linked in series (a,p,y). The ao-
phosphate is linked to ribose via a phosphoester bond,
whereas the g andy phosphates are linked via
phosphoanhydride bonds.

Standard Free Energy (AG®'): -30.5 kJ/mol (-7.3 kcal/mol) for
hydrolysis to ADP + P..
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Biochemical Role: Acts as the universal "energy currency"
of the cell. It bridges the gap between exergonic
(energy-releasing) pathways like glycolysis and
endergonic (energy-consuming) processes like active
transport, muscle contraction, and macromolecular

synthesis.




'Uridine Triphosphate (UTP)

Structure: Identical to ATP, except the adenine base is
replaced by the pyrimidine base uracil.

Standard Free Energy (AG®): = -30.5kJ/mol.

Biochemical Role: Specifically drives carbohydrate
metabolism. UTP reacts with glucose-1-phosphate to form
UDP-glucose, the essential precursor required for glycogen
synthesis in animals and sucrose synthesis in plants.




‘Guanosine Triphosphate (GTP)

Structure: Contains the purine base guanine attached to ribose and
three phosphate groups.

Standard Free Energy (AG®'): = -30.5kJ/mol.

Biochemical Role: Serves as the primary energy source for protein
synthesis (translation) during elongation and translocation phases. It
also functions directly in the citric acid cycle (substrate-level

phosphorylation) and acts as a molecular switch in cell signaling via G-
proteins.
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C'reatine Phosphate (CP / Phosr’)hocreatine)"‘ T
Structure: Formed by the phosphorylation of the amino
acid-like compound creatine at its guanidino group,
creating a phosphoguanidine bond.

Standard Free Energy (AG®'): -43.1 kJ/mol (-10.3kcal/mol).
Notice that its energy release is higher than ATP.
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Biochemical Role: Functions as a phosphagen (energy
reservoir) in skeletal muscle and brain tissue. Because cells
cannot store large amounts of ATP, CP rapidly donates its
phosphate group to ADP via the enzyme creatine kinase to
regenerate ATP during the initial seconds of intense muscle

contraction.




“High-Energy Electron Carriers (Coenzymes)

Unlike ATP or CP, coenzymes like NAD and FAD do not usually
release energy through simple phosphate hydrolysis. Instead,
they store reducing power (high-energy electrons) obtained
from the breakdown of nutrients. This reducing power is later
converted into ATP through the electron transport chain

(ETC).




'Nicotinamide Adenine Dinucleotide
(NAD+/NADH)

Structure: Composed of two nucleotides joined by their
phosphate groups. One nucleotide contains an adenine
base, and the other contains a nicotinamide ring (derived
from Vitamin B, niacin).

Biochemical Role: Functions mainly in catabolic reactions
(degradation). During glycolysis and the citric acid cycle,
NAD™ accepts
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a hydride ion H-, which consists of 2 electrons and 1 proton)
to become reduced to

NADH*+ 2e + 2H* - NADH + H*
Energy Yield: When one molecule of \(\text{NADH}) is
oxidized by the mitochondrial respiratory chain, it yields
approximately 2.5 molecules of ATP.




Flavin Adenine Dinucleotide (FAD/FADH;) ™

Structure: Contains an adenine nucleotide bound to a ribitol
chain linked to an isoalloxazine ring (derived from Vitamin B,,
riboflavin).
Biochemical Role: Serves as a prosthetic group tightly bound
to flavoproteins (e.g., succinate dehydrogenase in the citric
acid cycle). FAD accepts two discrete hydrogen atoms (2
protons and 2 electrons) sequentially.

FAD + 2e + 2H* — FADH,
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Energy Yield: Because FADH, enters the electron transport

chain at Complex Il (bypassing Complex 1), it possesses lower
potential energy and vyields approximately 1.5 molecules of

ATP upon oxidation.




