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7.8: Protein misfolding and denaturation

Understand misfolding of proteins and the medical problems associated with it.
Understand the denaturation of proteins and what causes the denaturation.

Protein misfolding and associated diseases 
Newly synthesized proteins fold in a specific way, i.e., into secondary, tertiary, and quaternary structures, to be able to perform their
function, as illustrated in Figure . Some proteins can fold in only one way, but others can fold in multiple ways. There are
proteins in the cell, called chaperones, that help newly formed proteins to fold in the way needed for their function.

Figure : Illustration of the protein folding process. Chymotrypsin inhibitor 2 from pdb file 1LW6. (Copyright; DrKjaergaard,
Public domain, via Wikimedia Commons)

Sometimes normal proteins misfold and become pathological. Often, these proteins are in soluble  helix forms that re-assembles
into -pleated sheet forms that are sticky and aggregate into plaques or amyloid structures, as illustrated in Figure , with the
example of plaque formation in Alzheimer's affected brain.

Figure : Illustration of plaque formation when -amyloid changes confirmation from -helix to -pleated sheets that
aggregate to form the plaque (left) and abnormal levels of -amyloid proteins aggregated to form plaques (shown in brown color)
that collect between neurons. (Copyright; Left: National Institute on Aging, Public domain, via Wikimedia Commons, Right: NIH
Image Gallery from Bethesda, Maryland, USA, Public domain, via Wikimedia Commons)

Prions are small proteins found in nerve tissue. Their exact functions are unknown, but when they misfold, they can cause more
normal proteins to misfold. This protein misfolding is related to diseases such as mad cow disease in cows, Creutzfeldt–Jakob
disease in humans, Alzheimer's disease, and familial amyloid cardiomyopathy or polyneuropathy, as well as intracellular
aggregation diseases such as Huntington's and Parkinson's disease.

Denaturation of proteins 
Proteins usually keep their primary, secondary, tertiary, and quaternary structures under physiological conditions. However, some
physical processes and chemical agents can beak the interactions, i.e., hydrogen bonding, disulfide linkages, salt bridges, and
hydrophobic interactions.
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Loss of the secondary, tertiary, and quaternary structures of proteins by a physical process or a chemical agent while
maintaining the primary structure almost intact is called denaturation of proteins.

Proteins unfold and become almost linear polypeptide chains upon denaturation. Denatured proteins can not perform their
functions. Denaturation can be caused by heat, acids or bases, organic compounds and solvents, heavy metal ions, and agitation, as
explained below.

Heating above 50 C disrupts hydrogen bonding and hydrophobic interactions, causing protein denaturation. For example,
cooking food and sterilizing surgical instruments by autoclave treatment. In laser surgery, laser, i.e., the light of a single
wavelength, is focused on a spot, causing heat that denatures proteins. Heating by laser cauterizes incisions, i.e., burns the site
or the wound. It helps prevent blood loss.
Acids and bases disrupt hydrogen bonding and salt bridges, e.g., by neutralizing some ions involved in the salt bridges.
Organic compounds like urea disrupt hydrogen bonding by replacing them with stronger hydrogen bonding with the
compound, and organic solvents disrupt hydrogen bonding and hydrophobic interactions. For example, 75% alcohol sterilizes
skin by denaturing and coagulating proteins.
Heavy metals ions like  and  attack  groups making salt bridges, like . Egg white or milk is
an antidote to heavy metal poisoning as they precipitate the metal ions in the stomach, based on the salt bridge forming reaction.
Vomiting is induced to remove the metal before the precipitate is dissolved, releasing the metal in the later parts of the digestive
system.
Agitation physically disrupts hydrogen bonding and hydrophobic interactions. Whipped cream and whipped egg white are
prepared based on the agitation process.
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 Denaturation
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Pb2 + Hg2 + −SH − −S−Pb2 + S−
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