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Why energy is critical in cell survival?

Numerous biological processes are dependent on ATP

Ion channels Anabolism

Protein synthesis: enzymes, 

skeletal fibers, etc.

Lipid synthesis: membranes,        

fat stores, etc.

Hormones: insulin, estrogen, 

etc.

.

.

.

Muscle 
contraction

Heart, Skeletal muscles, 

Smooth muscles, etc.



Key Questions

How the energy is generated?

What is the energy in biological systems and 

how does it work?



Biological energy ATP

ATP

ATP : Adenosine-Tri-Phospate

ADP : Adenosine-Di-Phospate

AMP : Adenosine-Mono-Phospate



Biological energy ATP



Complex molecules have higher energy level

Bond energy

Energy required to maintain chemical 

bond



How ATP is used as 

biological energy?



Spontaneous and non-spontaneous reactions

Spontaneous reaction

Chemical reaction which decrease energy level of products

Non-spontaneous reaction

Chemical reaction which increase energy level of products

Non-Spontaneous reactions Spontaneous reactions



Most of biological reactions are non-spontaneous

A + B   →   C + D 

+ Energy

Protein synthesis

DNA synthesis

Hormone synthesis

.

.

.

Physical activities

Non-Spontaneous reactions Biological reactions



Spontaneous biological reactions

A + B + ATP   →   C + D + ADP + Pi

+ Pi

ATP hydrolysis makes biological reaction spontaneous 

Combination of two reactions through mediator



Spontaneous biological reactions

ATP hydrolysis makes biological reaction spontaneous 

Combination of two reactions through mediator



Biological energy ATP

Enzyme (or protein) combine ATP hydrolysis and non-spontaneous reaction  

Combination of two reactions by enzyme (or protein)



Enzyme reactions (synthesis)



Enzyme reactions (synthesis)



Enzyme reactions (degradation)



Most of biological reactions need activation energy

Why spontaneous reaction require energy?



Enzyme reactions (degradation)

Activation energy

minimum energy required to 

cause a reaction to occur



Movement (physical reaction)



Organization of Skeletal Muscle



Organization of Skeletal Muscle

Muscle cell

Muscle contraction



Organization of Skeletal Muscle



Movement (physical reaction)



Movement (physical reaction)



Movement (physical reaction)

Power stroke

ATP hydrolysis changes structure 

of cross-bridge (protein)

Muscle contraction 

Shortening of sarcomere  => 

shortening of muscle length



Substrate activation



Use of ATP as energy

Enzyme Protein
Substrate 

activation



Universal biological energy ATP

ATP CTP

GTP UTP



How ATP is generated?



Energy conversion



Energy conversion

O2

+

+CO2

Energy



Energy conversion

Carbohydrates

Lipid (fat)

Protein



Carbohydrates



Carbohydrates in food



Carbohydrates

Glucose

C6H12O6



Lipid (Fat)

Fatty acids

CRHR*COOH



Energy metabolism

mitochondria



ATP Production from Glucose



Glucose metabolism for ATP generation

Glycolysis



Energy conversion



Glycolysis



Glycolysis



Glycolysis



Glycolysis



Glycolysis



Glycolysis



Glycolysis

Glucose  →  2Pyruvate + energy

2ADP + Pi  →  2ATP 

  2NAD+  →  2NADH



Glycolysis
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