
Supervisor’s Feedback 

Supervisors and examiners are generally in favour of sub-headings as long as the section 
that follows truly focuses on each heading. Headings should enhance, not detract from 
the argument. You might use the topic sentence as the heading or you might prefer the style 
adopted in newspapers, which use one key word. This writer uses assertive headings, which 
should help them to remain focused on the title, although the essay as a whole is not as 
concise as it could be. Whenever you read around your subject, take some time to look at 
how professionals use headings. 

Headings as used by the writer: 

Free energy released from chemiosmosis can be coupled in cotransport 

These membrane potentials as they are termed can exist across any membranes with the 
ability to pump ions against their gradients. One proton related use of these gradients is in 
secondary active transport. Unlike primary active transport, secondary active transport does 
not directly require the energy released from the hydrolysis or ATP to power transportation 
across the membrane. Instead the energy for this process is the free energy, as mentioned 
above, released when the ion moves down its electrochemical gradient. This is then coupled 
with the movement of another solute against its gradient and across the membrane. The 
movement of this solute maybe in the same direction as the passive movement of the ion 
(symporter) and in the opposite direction (antiporter), but either way the mechanism is still 
very similar. 

The mechanism of secondary active cotransport of protons is seen in Escherichia Coli cells 
taking up lactose and other sugars. The bacteria from a H+ gradient across the membrane 
using ATP from the oxidation of various fuels to power the pumping of protons. The 
cotransporter protein involved is called lactose permease, it has a structure as such that 
between the two main regions of the protein there is an opening into which lactose can fit. 
This binding pocket faces the outside of the cell. Proteins diffuse from the extracellular fluid 
down their electrochemical gradients into the permease binding site where they bind to a 
carboxyl group. The proton is followed by lactose which also binds causing a conformational 
change releasing the lactose to the other side of the cell along with the proton. As both the 
ion and the cotransported substance are moving in the same direction the lactose permease 
enzyme can be described as a symporter. 

 

Proton gradients can be used to alter pH 

A simpler use of proton gradients is in the formation of microenvironments with the cell that 
have differing internal and external pHs. As pH is directly related to H+ concentration 
controlling the number of protons either side of a membrane allows pH to be altered. An 
example of this use of proton gradients is in the intracellular lysosomes. Here a special type 
of proton pump known as a V-ATPase uses ATP to translocate protons into the endosome 
thus increasing the H+ concentration. As a result the pH is lowered to about pH5 in contrast 
to the cytosolic pH of about 7. This low internal pH is required by the lysosomal enzymes in 
order to function, and without it, as seen when a lysosome ruptures, the enzymes cannot 
function. 



 

Bacteria can use reverse ATP synthesis to pump protons 

In bacteria proton gradients are at times formed by running ATP synthetic enzymes in the 
reverse direction. ATP synthase is a transmembrane protein that couples the energy 
released by the movement of protons down their gradients with the formation of ATP from 
ADP and P. This flow of protons is known as the proton motive force and is used to drive 
thermodynamically unfavourable actions such as the formation of ATP. 

When driven in reverse, the hydrolysis of ATP can provide energy to pump H+ ions. Though 
this process seems a contradictory use of ATP, it is used in important processes such as 
flagellar rotations, providing movement and delivering nutrients to the cell. The rotation of the 
flagellum is brought about when proteins flow down there electrochemical gradients and 
through a rotary ATPase protein at the base. The energy from the chemiosmosi, as the 
movement is termed, causes the base of the protein to rotate and thus turns the flagellum. 

Fermenting bacteria often use this reversal of ATP synthase method to create their proton 
gradients because they have no access to oxygen and therefore have none of the 
adaptations for H+ gradient formation seen in aerobic cells such as complex electron 
transport chains. 

In some prokaryotes such as cyano bacteria, their H+ gradients are created by 
photophosphorylation whereby light is used to power proton pumping in an electron transport 
chain similar to that seen in photosynthesis. 


