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6.6: Covalent Modification
Reversible inhibitors are extremely important in regulating enzyme activity. They can turn enzymes on or off, acting as activators
or inhibitors, respectively. In addition, enzymes can be regulated via covalent modification or post-translational modification.
That means that, after the enzyme has been assembled in the cell, its structure can be modified further by adding special groups to
specific locations. In the case of regulation, these groups are added reversibly. Even though the group is added covalently -- it is
bonded to the protein -- a reaction path exists for the removal of the group again.

There are three examples of these modifications that we will look at here. In each case, the behaviour of the protein is modified
because of changes in the intermolecular attractions within the protein (or between the protein and another molecule).

Phosphorylation is a very common modification. In phosphorylation, a phosphate group is attached to an amino acid side chain.
The most commonly phosphorylated side chain is a serine. Tyrosine is often phosphorylated, too. Those sites are preferred because
of the strong P-O bond formed during the reaction.

Phosphorylation is typically carried out under the control of another enzyme called a kinase. That's right, one enzyme will bind
another, tying a phosphate group onto it before releasing it again. A phosphate group can be removed again via another enzyme
called a phosphatase. The fact that these modifications are carried out by specific enzymes helps to explain their specificity. A
particular kinase may bind to its target protein in a well-defined position, phosphorylating it only at that position (although some
kinases may be less selective).

Of course, the key result of phosphorylation is that a neutral serine is suddenly masked by an anionic phosphate group. That
negative charge alters intermlecular attractions quite starkly, because suddenly attractive and repulsive forces pop up where there
were none before.

Acetylation is also quite common. Acetylation is the addition of an acetyl or ethanoyl group; usually, the group is added to a lysine.
The forward reaction is driven by the strong amide bond that results.

Acetylation is carried out by an acetylase or an acyltransferase. Like phosphatases, these are enzymes that bind their target
proteins in order to modify their structures. Because lysines are normally positively charged at biological pH, acetylation results in
the sudden disappearance of charged species because the are masked with neutral acyl groups. Intermolecular attractions can be
dramatically affected as a result.

Prenylation is the addition of a hydrocarbon side chain, most often to a cysteine side chain. Sulfur is a particularly good
nucleophile for carbon chains of this sort, enhancing selectivity for cysteine. As in the other cases, however, the reaction is carried
out under the control of an enzyme (a geranyltrasnferase, for example, or a farnesyltransferase), and so other side chains might be
targeted, instead.
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Those enzyme types highlight two common groups that are added in these cases: the geranyl group and the related farnesyl group.
These groups are structurally related, and are both in the terpenoid family of natural products. Terpenes are based on five-carbon
building blocks, which you can easily trace out in the geranyl and farnesyl structures.

Changes in intermolecular attractions are more subtle in these cases, because prenylation is not accompanied by a full change in the
charge of a side chain as it was in the other cases. Instead, addition of this group enhances the hydrophobicity of that part of the
protein. A hydrophobic group is one that is completely incapable of interacting with water molecules, lacking ions, dipoles, or
hydrogen bonding sites. As a result, it tends to get displaced or pushed out of the way by surrounding water molecules. That
"pushing away" by water has the net effect of piling hydrophobic groups together.

What we tend to get, then, is hydrophobic groups sticking to each other, even though their attraction for each other (London forces)
is actually pretty weak. Of course, because London forces are relatively weak, the amount of London forces, or the relative area of
a molecule that can interact with another via London forces, becomes very important. Geranyl and farnesyl groups are moderately
long, and so they exert significant amounts of London forces. As a result, two prenylated parts of a protein might stick together, or
one newly prenylated part might huddle together with some hydrophobic side chains, such as valines, leucines, and isoleucines.
Also, prenylation sometimes causes a protein that was formerly more water-soluble to migrate over to the cell membrane, where it
could interact with the lipid bilayer. So, prenylation, despite causing seemingly modest changes in intermolecular attractions, can
elicit dramatic changes in behaviour in the protein.

Show the products of the following modifications.

 Exercise 6.6.1
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Indicate whether attraction between the strands would increase or decrease after modification.

 Exercise 6.6.2
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In the following drawings, the object's interaction with one of the surfaces will change upon modification. This change in
interaction will result in a net shift of the object to the left or to the right. The shift may result because of attractive or repulsive
forces. Indicate the direction of shift in each case.

 Exercise 6.6.3
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In the following drawings, the active site is closed. Show how the regulator will bind, causing the active site to open, and also
show how the substrate will bind.

 Exercise 6.6.4
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The following drawings depict an allosteric site that will be modified on the left and a binding site on the right. Imagine the
middle bar is a see-saw that can tilt left or right. In each case, decide whether the modification will lead to tighter or to looser
binding of the substrate.

 Exercise 6.6.5

https://libretexts.org/
https://creativecommons.org/licenses/by-nc/3.0/
https://chem.libretexts.org/@go/page/189958?pdf


6.6.14 https://chem.libretexts.org/@go/page/189958

https://libretexts.org/
https://creativecommons.org/licenses/by-nc/3.0/
https://chem.libretexts.org/@go/page/189958?pdf


6.6.15 https://chem.libretexts.org/@go/page/189958

https://libretexts.org/
https://creativecommons.org/licenses/by-nc/3.0/
https://chem.libretexts.org/@go/page/189958?pdf


6.6.16 https://chem.libretexts.org/@go/page/189958

 
Answer

https://libretexts.org/
https://creativecommons.org/licenses/by-nc/3.0/
https://chem.libretexts.org/@go/page/189958?pdf


6.6.17 https://chem.libretexts.org/@go/page/189958

This page titled 6.6: Covalent Modification is shared under a CC BY-NC 3.0 license and was authored, remixed, and/or curated by Chris Schaller
via source content that was edited to the style and standards of the LibreTexts platform.

https://libretexts.org/
https://creativecommons.org/licenses/by-nc/3.0/
https://chem.libretexts.org/@go/page/189958?pdf
https://chem.libretexts.org/Bookshelves/General_Chemistry/Book%3A_Structure_and_Reactivity_in_Organic_Biological_and_Inorganic_Chemistry_(Schaller)/III%3A_Reactivity_in_Organic_Biological_and_Inorganic_Chemistry_1/06%3A_Enzyme_Catalysis/6.06%3A_Covalent_Modification
https://creativecommons.org/licenses/by-nc/3.0
https://www.csbsju.edu/chemistry/faculty/chris-schaller
https://employees.csbsju.edu/cschaller/practical.htm

