
Unit 3: A Level Biology

The importance of ATP

Recap from Unit 1:
ATP is a nucleotide described as the 
universal energy currency.
• ATP provides energy in all cells for all 

reactions.
• ATP releases energy in small, usable 

amounts. 
• ATP is easily hydrolysed, removing the 

terminal phosphate group to release 
energy, forming ADP. 

This section focuses on how that 3 
phosphate group is reattached with a 
high energy bond. This process is called 
phosphorylation, converting ADP back 
into ATP.
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ATP Synthetase
ADP is converted to ATP by an enzyme 
ATP synthetase.

• ATP synthetase spans a membrane. 
• The potential energy required to drive 

the enzyme to phosphorylate ADP 
comes from the flow of protons down 
an electrochemical gradient from 
one side of the membrane to the 
other.

• This is chemiosmosis.
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Creating an electrochemical gradient - the electron transport chain
Hydrogen atoms are delivered to the chain.
The high energy electrons power a proton pump to pump the H+ ions through to the other 
side of the membrane.
Electron carrier molecules shuttle these electrons to the next proton pump in the chain. 
This results in a build up of protons on one side of the membrane that can only diffuse 
back through the membrane through ATP synthetase.
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Mitochondria- oxidative phosphorylation

3. The proton pumps on the inner 
mitochondrial membrane are powered 
by high energy electrons from the 
hydrogen and pump protons into 
the intermembrane space where an 
electrochemical gradient is formed.

1. Hydrogen atoms are picked up here 
in the matrix and taken to the electron 
transport chain.

2. The inner mitochondrial membrane 
is the location of the electron transport 
chain.

4. The stalked particles are the ATP 
synthetase complexes. Protons flow 
from the intermembrane space 
through these back into the matrix 
by chemiosmosis. Here they combine 
with the electrons from the chain and 
oxygen, forming water.

The outer mitochondrial membrane.

rd



Unit 3: A Level Biology

The importance of ATP

Chloroplast - Photophosphorylation

2. The thylakoid space is where 
the protons build up, forming an 
electrochemical gradient.

4. Protons re-enter the stroma and 
combine with the electrons and NADP 
to form NADPH which will be used in the 
Calvin cycle.

3. The stalked particles are ATP 
synthetase and protons flow from inside 
the thylakoid back out into the stroma 
through this enzyme phosphorylating 
ADP to ATP.

1. The thylakoid membrane is the site 
of the electron transport chain in the 
mitochondria. Electrons are excited 
by photons of light and passed along 
an electron transport chain, powering 
proton pumps to pump protons across 
the membrane into the thylakoid space.

Process in phosphorylation
Energy source

Site of electron transport chain
Number of proton pumps
Direction of flow of protons 
through ATP synthetase
Final electron acceptor

Mitochondria
Breakdown of glucose in 
respiration
Inner mitochondrial membrane
3
From inter-membrane space 
into matrix
Oxygen and H+

Chloroplast
Photons of light

Thylakoid membrane
1
From thylakoid space into 
stroma
NADP and H+

Comparison – Generally, the phosphorylation process in both mitochondria and chloroplasts is the same with an electron 
transport chain providing the energy for the creation of an electrochemical gradient that drives ATP synthetase to create ATP due 
to chemiosmosis. However, there are some differences.


