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How Enzymes Lower the
Energy Barrier

Understanding the thermodynamic mechanisms of biological catalysts.
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Substrate (S)

The stable starting
chemical that enters
the reaction.

Product (P)

The converted, final
chemical state after the
reaction completes.

Energy Status

If P is at a lower energy level than S, the reaction is spontaneous
(exothermic). If higher, it requires energy input (endothermic).
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Enzyme (E)

Transient Phenomenon

The Enzyme-Substrate (ES) complex is an obligatory, temporary, and highly
reactive state essential for catalysis. The substrate must physically dock into
the enzyme's active site pocket.
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Transition State

While trapped in the ES complex, the
substrate is twisted into an “altered
structural state.” Here, old chemical
bonds are actively breaking and new ones

are making.

Do Not Confuse

The transition state is NOT a stable intermediate.

It is highly unstable and exists only fleetingly at
the absolute peak of the energy curve.
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A
Activation Energy (Ea) Transition State b

The mandatory energy ‘tax’
required for a reaction to
proceed. It is the exact
difference in average energy
content between the stable
Substrate and the highly
unstable Transition State.

: Ea
: Barrier



Without Enzyme With Enzyme e
(Carbonic Anhydrase)
High barrier. Lowered barrier.
Very slow reaction rate. Extremely fast reaction rate.

~600,000 molecules of
H2C03 formed per second
(10 million times faster).

~200 molecules of H2CO3
formed per hour.

By guiding the substrate through a different, lower-energy transition state,

enzymes make transformations incredibly fast and energetically viable.




Transition state

Activation energy
without enzyme

Activation energy
with enzyme

Potential Energy

Substrate (S)
Product (P)

Progress of reaction
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Enzymes unlock the speed of life by
removing energetic roadblocks.

e Enzymes do not change the starting Substrate or the ending
Product; they simply provide an easier energetic path.

e By forming a transient Enzyme-Substrate (ES) complex,
catalysts alter the transition state, drastically lowering the
Activation Energy required to break and make bonds.
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