The Catalytic Cycle Explained

The step-by-step mechanics of biological transformation.

E+S@ES->EP->E+P

ENZYME EFFICIENCY DATA

To understand the power of this cycle:
without enzymes, the hydration of
CO2 yields ~200 molecules an hour.
With the enzyme carbonic anhydrase,
the rate explodes to € 600,000
molecules per second.

Enzymes are molecular catalysts. They bind substrates, lower activation energy, and release

new products—remaining structurally unchanged and ready to repeat the cycle infinitely.
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Approaching
the Active Site

[ E+ S ]

Substrate (S)

Step 1: Diffusion & Alignment

The cycle begins when a specific substrate
diffuses toward the enzyme. Because
protein chains fold upon themselves into
complex 3D structures, they create highly
specialized pockets or crevices. One such Active Site
pocket is the active site. (Crevice)



The Transient
ES Complex

[ ES ]

The substrate lands in the active site,
resulting in the obligatory formation of the
Enzyme-Substrate (ES) complex. This
physical union is the absolute prerequisite
for catalysis to occur.

Do not confuse the ES complex with a
stable chemical compound. It is a
transient, short-lived transition state.

The molecule is now at its highest, most
unstable energy level.
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Let's Test Them Now.
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The Induced Fit o)

[ ES (Transition) ]

Binding is not a static event. The physical
presence of the substrate induces the
enzyme to alter its tertiary shape. The
protein conforms, fitting even more
tightly around the substrate molecule.

Crucial Distinction: Unlike a rigid “lock and
key” model, the enzyme is a dynamic machine.
This tight clamping actively strains the
substrate’s bonds, forcing it into a highly
reactive transition state.
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Catalysis In Action
E + S ES [=>]

Activation Energy Overcome

Held in extremely close proximity
and strained by the induced fit, the
active site's unique chemical

environment goes to work.
The enzyme drastically

lowers the activation energy
barrier. Existing chemical bonds
within the substrate are broken, or
new bonds are rapidly formed.




The Intermediate EP Complex A

[ EP ]

Altered Product (P)
Structure
The chemical transformation is

complete, but the newly formed

molecule is still seated firmly
Product (P)

within the active site.

For a brief fraction of a second,
we have an Enzyme-Product (EP)
complex.




Release & Reset
[ E+ P ]

Step 4: Dissocilation

The enzyme releases the final
products of the reaction into the
surrounding cellular environment.
Crucially, because the enzyme
acts strictly as a catalyst, its

own three-dimensional structure
remains completely unchanged
and undamaged by the reaction.




The Continuous Catalytic Motor A

[ +SRES>EP>E 4P ]

The free enzyme is immediately
ready to bind to another molecule
of the substrate. This loop runs
continuously, converting substrates
to products at astonishing speeds
to drive all metabolic pathways.

Synthesis:E + S2ES>EP > E + P
IS not a one-time equation. It is a rapid,

endlessly repeating mechanical cycle that
powers the entirety of living metabolism.
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