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Enzymes …. 

Amazing topic!

Let’s get 

started!!

Life depends upon the ___________________ 

that occur within the cell.  

Living organisms undergo thousands of 
chemical reactions as part of their life 

processes.

chemical reactions

These reactions are 

important to the:

growth, development, 

and the very survival 

of a cell. 

The reactions of a cell involve both the ____________ of molecules, and 
the ____________________ of molecules.  
The role of enzymes is to greatly enhance the ____________ of these 
reactions.

building
breaking down

SPEED!!



A chemical reaction is a process that:

changes one set of molecules into a new set of 

substances.  

A chemical reaction occurs when chemical bonds 

between atoms are ________ or ________, resulting in the 

production of _____________________________.

broken formed
one or more new substances

Reactants:  The elements or compounds that 

enter into a chemical reaction. 

Products:  The elements or 

compounds produced 

by a chemical reaction.



Chemical reactions always involve changes in 

the _________________ that join atoms together in 

compounds.
chemical bonds

Examples:

1.   CO2 +   H2O   → H2CO3

2.   2H2O2 → 2H2O   +   O2

reactants

reactant

product

products

Bonds are first broken.

Atoms are then 

rearranged to form 

new substances.



Whenever chemical 

bonds form or are 

broken, energy will be 

______________________.

The forming and 

breaking of  bonds 

involves changes in 

energy.

released or absorbed

Some chemical reactions 

_______ energy.  

Other chemical reactions 

________ energy. release

absorb



Living organisms carry out a great variety of chemical 

reactions.  Many of these reactions release energy, while 

many others absorb energy.  

Regardless of whether 

energy is released or 

absorbed by the reaction, 

starting the chemical 

reaction:

requires an initial investment 

in energy.

In order for the reaction’s _________ 

to form, existing _________________ 

in the reactants must first be 

________.  This will require ________.

products

chemical bonds

broken energy



Activation Energy

1.  The energy needed by the reactants 

in order to start a reaction.  

2. It is the initial investment of 

energy for starting a reaction.

3.  It is the energy required to 

break bonds in the reactant 

molecules.



Energy-Absorbing Reactions

reactants

products

Activation

energy
2. The bonds of the 

__________ molecules 

will have to be broken. 

New bonds will be 

formed during the 

formation of the 

__________. 

reactant

products

This reaction requires more 

energy than it gives off.

1. The reactants have 

less energy than the 

products.  



Energy-Absorbing Reactions

reactants

products

Activation

energy

The 

activation 

energy is…

…..the amount of energy that the reactants will 

have to absorb in order to break the bonds 

holding the atoms together. 



CO2

and H20

Glucose

Activation
energy

4.  An example of an energy absorbing reaction in 

living cells is the process of _______________.photosynthesis

The reactants are 

______________.

These reactants have ____ 

energy than the product, 

which is _________.  

The energy that is 
absorbed by the 

reactants is stored in 
the bonds forming the 

glucose molecules. 

CO2 and H20

less

glucose



Energy-Releasing Reactions

Reactants

Activation 

Energy

Products

2.  An energy 

investment will 

still be required in 

order to break 

the bonds in the 

reactants.   

This reaction gives off more 

energy than it requires.

1. The reactants 

have more 

energy than the 

products.  



Energy-Releasing Reactions

Reactants

Activation 

Energy

Products

The activation 

energy is the 

amount of 

energy that 

must be….

……absorbed by the reactants in order to break 

the bonds holding the atoms together.



Glucose 
and O2

Activation 
Energy

CO2

and H20

4.  An example of an energy releasing reaction in 

living cells is the process of ___________.respiration

The reactants are:

glucose and oxygen. 

It will require a small 

___________ of energy 

(activation energy) in order 

to break the bonds of 

glucose.

However, once the reaction 

begins, more energy will be 

released than was required to 

start the reaction.

investment



This activation energy is 

usually in the form of _____ 

that the reactant 

molecules absorb from the 

_____________.

The bonds of the reactants break only when 

the molecules have:

absorbed enough energy to become 

unstable.

heat

surroundings

Activation energy is the amount of energy 

needed to push the reactants over an 

energy barrier or "hill" so that the 

"downhill" part of the reaction can begin.



Many of the chemical reactions 

of a cell proceed too ______ to 

be of use to the cell. 
slowly

The activation energy required for 

these reactions is simply too ______.

The cell must have a way to make 

these reactions occur ______ and at 

lower ______________. 

high

faster

temperatures

How is this done???
ENZYMES!!



What are 
enzymes?

1. A catalyst is:

a substance that will make a 

chemical reaction take place more 

rapidly and at a lower temperature.

2. Enzymes are ________ that act as 

____________________.

3.  Enzymes are essential for the 

functioning of any cell.

proteins

biological catalysts

A. Enzymes are:

organic molecules that act as catalysts.



Enzymes _______ up the chemical 

_________ that take place inside _____.

speed
reactions cells

Many of the reactions inside 

cells take place:

too slowly to be of any use to 

the cell.  

Lower the activation 

energy for a 

chemical reaction.



Lowering the activation energy 

makes the reaction take place 

much ______ and at a:

lower temperature.
faster

Without enzymes, cells would soon ____.  

The chemical reactions required in living cells 

would take place too…..

…..slowly to keep the cell functioning.

Example: Sucrose will spontaneously break 

down into _____________________, but it will 

take ______ to do so.  If a small amount of the 

enzyme _________ is added to the solution, all 

of the sucrose will be broken down within 

_________.

glucose and fructose

years
sucrase

seconds

die



Enzymes are so _________ for their substrate that they can 

only catalyze _______________________.  In the above 

example, sucrase speeds up the breakdown of sucrose, 

and it can do no other job.

specific
one chemical reaction

Because enzymes are so 
specific, their name is usually 
derived from:
….the reaction they catalyze.  
What does the enzyme 
lactase do? 
It speeds up the breakdown 
of the disaccharide sugar, 
lactose, into the individual 
sugars, galactose and 
glucose. 



Comparison of Enzymes and Catalysts

Enzymes Catalysts

1. Enzymes are proteins.

2. Enzymes are specific for 

just one reaction.

3. Each enzyme has an 

optimum temperature 

at which it functions 

best.

4. Enzymes require water 

to function.

5. Enzymes are not 

consumed or used up 

during the reaction.

1. Catalysts are not proteins.

2. Catalysts will speed up 

many different reactions.  

They are not specific.

3. Catalysts are not affected 

by temperature.  They 

generally work at any 

temperature.

4. Catalysts do not require 

water.

5. Catalysts are not 

consumed or used up 

during the reaction.



How Enzymes Work

This is a simple equation illustrating how an enzyme works:

Enzyme Substrate Enzyme-

Substrate

Complex

Enzyme New

Products

Substrate:  

The reactants of an enzyme-catalyzed reaction. 

The enzyme will speed up the conversion of the 

substrate to new and different products.



How Enzymes Work

This is a simple equation illustrating how an enzyme works:

Enzyme Substrate Enzyme-

Substrate

Complex

Enzyme New

Products

Enzymes have:

a pocket or groove into 

which the substrate(s) 

must fit.  

The pocket or 

indentation is called 

the:

active site. 

Active site



How Enzymes Work
This is a simple equation illustrating how an enzyme works:

Enzyme Substrate Enzyme-

Substrate

Complex

Enzyme New

Products

For the enzyme to speed up the reaction, there 
must be a _______________________ between the 
enzyme and its _____________ molecule.  
The fit is so precise that the active site and 
substrates are often compared to a 
“________________”.

complimentary fit
substrate

lock and key



How Enzymes Work
This is a simple equation illustrating how an enzyme works:

Enzyme Substrate Enzyme-
Substrate

Complex

Enzyme New

Products

Intermolecular forces bind the enzyme and substrate 

together to form the ____________________________.   

They remain bound together until the reaction reaches 

completion.
During the enzyme-substrate complex, the bonds:

of the reactants are broken and new substances are formed.

enzyme-substrate complex



How Enzymes Work

This is a simple equation illustrating how an enzyme works:

Enzyme Substrate Enzyme-

Substrate

Complex

Enzyme New

Products

At the end of the reaction, the ______________ 

are released.

The enzyme is free to start the process again.  

new products



Diagram of an enzyme-catalyzed reaction. 

A: Enzyme

B: Active Site

C: Substrate Molecules

D: The substrate molecules 

fit into the active site of 

the enzyme.

E: Enzyme-Substrate 

Complex

F: Bonds in the reactants are broken and new bonds are formed to 

create new and different products.

G: The new products are released from the active site.  The enzyme 
is available and can be used again.



Diagram of an enzyme-catalyzed reaction. 

The joining together 

of the enzyme and 

the substrate causes 

a slight change in the 

enzyme’s _______.  shape

This shape change allows the enzyme to conform to the shape 

of the substrate and probably weakens some chemical bonds 

in the substrate, which is one way that enzymes reduce 

activation energy.



Let’s summarize the facts about enzymes:

1. Enzymes are ________ that speed 

up the ___________________ of the 

cell.  

An enzyme may accelerate a 

reaction by making it happen 

10,000,000,000 times faster!  

This means that a reaction that 

would take 1,500 years to 

complete without the enzyme 

can be completed in just 5 

seconds with the enzyme.

proteins
chemical reactions



Let’s summarize the facts about enzymes:

2. Enzymes do not…

…cause reactions to happen.  

They simply speed up the 

reactions that ______________.

3.  Enzymes make reactions take 

place ______ and at 

____________________.

already occur

faster

lower temperatures



Let’s summarize the facts about enzymes:

4.  Without enzymes the 

reactions of the cell 

would proceed 

_________ that the cell 

would ____.

5.  Enzymes are very 

_________.  They can only 

carry out ________, but 

they do that one job 

extremely well.

so slowly

die

specific

one job



Let’s summarize the facts about enzymes:

6.  Enzymes are never _________ in the 

reaction.  They can be used 

______________ again.

used up

over and over

7.  2000 enzymes are now known.  

Each is responsible for a 

specific chemical reaction



Let’s summarize the facts about enzymes:

8.  The shape of the enzyme is so _________ that 

only one shaped __________ can fit.

specific
substrate

9.  A specific enzyme is 

required for each reaction 

in a cell.

10. Enzymes catalyze …

…both the forward and 

the reverse of the same 

reaction.



Anything that changes 

the _______ of the 

enzyme will affect:

the ability of the enzyme 

to function. 

shape

One factor that 

affects enzyme 

functioning is 

______________. temperature

Every enzyme has 

an optimum 

temperature at 

which it will 

function the best. 



For most enzymes, the optimum 

temperature is ________ Celsius.35 - 40°

If the temperature exceeds the optimum, 

the enzyme may become ___________.  

The bonds that determine the shape of 

the enzyme are altered, changing: 

the shape of the enzyme.

denatured



A ____________ enzyme has lost its particular 

shape.  

It no longer has a __________________ to its 

__________.  

When an enzyme is denatured, it cannot 

_______________________ in the chemical 

reaction.

Enzyme

Sub-

strate
Sub-

strate

Denatured enzyme

Excessive

heat

denatured

complimentary fit
substrate

function or participate

Functioning enzyme

Enzyme



Another factor that affects 

enzyme activity is ____.  

Every enzyme has an optimum 

pH at which it functions the 

best.  

A pH value outside of this 

range can cause the enzyme 

to denature.

pH

As you might expect, most enzymes function best in 

a pH range of ______.  Exceptions to this are the 

enzymes found in the _________.  These enzymes 

function best at a pH level of around ______.   At a 

neutral pH, these enzymes would be denatured.

6 to 8

stomach

2 to 3
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