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DENATURATION

Denaturation is a process in

which proteins or nucleic acids lose

the quaternary structure, tertiary
structure and secondary structure which
is present in their native state, by
application of some external stress or
compound such as a

strong acid or base, a

concentrated inorganic salt,

anorganic solvent

(e.g., alcohol or chloroform), radiation
or heat. If proteins in a living cell are
denatured, this results in disruption of
cell activity and possibly cell death.
Denatured proteins can exhibit a wide
range of characteristics,

from conformational change and loss of
solubility to aggregationdue to the
exposure of hydrophobic groups.
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DENATURATION

Protein folding is key to whether
a globular protein or a membrane
protein can do its job correctly. It
benatureq MUSt b€ folded into the right shape
\ orotein 1O function. But hydrogen bonds,
/ which play a big part in folding, are

| rather weak, and it doesn't take
: much heat, acidity, or other stress to
.. break some and form others,

denaturing the protein. This is one
reason why

. s & tight homeostasis is physiologically
| /\ “ ‘ necessary in many life forms.
s::{:n Ju - This concept is unrelated
to denatured alcohol, which is
alcohol that has been mixed with

additives to make it unsuitable for
human consumption.




DENATURATION OF
PROTEINS

Denaturation of proteins involves the disruption and possible destruction
of both the secondary and tertiary structures. Since denaturation
reactions are not strong enough to break the peptide bonds, the primary
structure (sequence of amino acids) remains the same after a
denaturation process. Denaturation disrupts the normal alpha-helix and
beta sheets in a protein and uncaoils it into a random shape.
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DENATURATION OF
PROTEINS

Denaturation occurs because
the bonding interactions
responsible for the secondary
structure (hydrogen bonds to
amides) and tertiary structure
are disrupted. In tertiary
structure there are four types of
bonding interactions between
"side chains" including:
hydrogen bonding, salt bridges,
disulfide bonds, and non-polar
hydrophobic interactions. which
may be disrupted. Therefore, a
variety of reagents and
conditions can cause
denaturation. The most
common observation in the
denaturation process is the
precipitation or coagulation of
the protein.




DENATURATION OF
PROTEINS

HEAT

Heat can be used to disrupt hydrogen

bonds and non-polar hydrophobic

interactions. This occurs because heat 4\ A Denatured
increases the kinetic energy and : protein
causes the molecules to vibrate so
rapidly and violently that the bonds are
disrupted. The proteins in eggs
denature and coagulate during
cooking. Other foods are cooked to
denature the proteins to make it easier
for enzymes to digest them. Medical ' ' SN
supplies and instruments are sterilized T \\_/ T
by heating to denature proteins in P

bacteria and thus destroy the bacteria.
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DENATURATION OF
PROTEINS

Denaturation is a process in which proteins lose their shape and,
therefore, their function because of changes in pH or temperature.
Each protein has its own unique sequence of amino acids and the
interactions between these amino acids create a specify shape. This
shape determines the protein's function, from digesting protein in
the stomach to carrying oxygen in the blood.
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CHANGING THE
SHAPE OF A PROTEIN

If the protein is subject to changes in temperature, pH, or
exposure to chemicals, the internal interactions between the
protein's amino acids can be altered, which in turn may alter the
shape of the protein. Although the amino acid sequence (also
known as the protein's primary structure) does not change, the
protein's shape may change so much that it becomes
dysfunctional, in which case the protein is considered
denatured. Pepsin, the enzyme that breaks down protein in the
stomach, only operates at a very low pH. At higher pHs pepsin's
conformation, the way its polypeptide chain is folded up in three
dimensions, begins to change. The stomach maintains a very low
pH to ensure that pepsin continues to digest protein and does not
denature.




ENZYMES

Because almost all biochemical reactions require enzymes,
and because almost all enzymes only work optimally within
relatively narrow temperature and pH ranges, many
homeostatic mechanisms regulate appropriate temperatures
and pH so that the enzymes can maintain the shape of their
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REVERSING
DENATURATION

It is often possible to
reverse denaturation
because the primary
structure of the
polypeptide, the covalent
bonds holding the amino
acids in their correct
sequence, is intact. Once
the denaturing agent is
removed, the original
interactions between
amino acids return the
protein to its original
conformation and it can
resume its function.




REVERSING
DENATURATION

However, denaturation can be irreversible in extreme
situations, like frying an egg. The heat from a pan denatures
the albumin protein in the liquid egg white and it becomes
insoluble. The protein in meat also denatures and becomes

firm when cooked.




REVERSING
DENATURATION

Chaperone proteins

(or chaperonins) are helper proteins
that provide favorable conditions for
protein folding to take place. The
chaperonins clump around the
forming protein and prevent other
polypeptide chains from
aggregating. Once the target
protein folds, the chaperonins
disassociate.




REVERSING
DENATURATION
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PROTEIN
DENATURATION IN
FOOD

In addition to having many
vital functions within the
body, proteins perform
different roles in our foods
by adding certain functional
qualities to them. Protein =
provides food with structure
and texture and enables .»
water retention. For B “’Mvm,.c@'/
example, proteins foam ARgAT g
when agitated.  (Picture [{ O
whisking egg whites to &
make angel food cake. The |
foam bubbles are what give ===
the angel food cake its airy =
texture).
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PROTEIN
DENATURATION IN
FOOD

Yogurt is another good
example of proteins providing
texture. Milk proteins called
caseins coagulate, increasing
yogurt’s thickness. Cooked
proteins add some color to
: # \\\ foods as the amino group binds
\ ‘ with carbohydrates and
il ey N produces a brown pigment.
i Eggs are between 10 and 15
/ percent protein by weight. Most
£ cake recipes use eggs because
S < = - the egg proteins help bind all
J’ ; the other ingredients together
. _ into a uniform cake batter. The
L proteins aggregate into a
network during mixing and
baking that gives cake
structure.

&




PROTEIN
DENATURATION IN
FOOD

hen N the proteins are denatured.

Denaturation refers to the physical changes that take place in
expos@ to abnormal co%ns in the environm

salt concentrations, alc and mechanical
proteins to denature. Wheni@ protein denatures,
structure unravels;"and it becomes just a long stra O acids
again. Weak chemical forces that hold tertiary and secondary protein
structures together are broken when a protein isgexposed to unnatural
conditions. Because ' roteins’ jon-isrdep, nt on their shape,
denatured proteins are no longer tunctional. D ooking the applied
heat causes proteins%brate. This destroys the Weak bonds holding
Proteins in their compleX sMgpe (though this does not happen to the
stronger peptide bonds). T
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rFinviLin
DENATURATION IN

do we cook many kinds of food before we eat them? Most foods that

" have a significant amount of protein are cooked before consumption. Proteins
~are chains of amino acids. The sequence of amino acids in a chain is known

~ as the primary structure of a protein. The chains fold up to form complex three
dimensional shapes. The chains can fold on themselves locally (secondary
structure) and wrap around themselves to form a specific three dimensional
shape (tertiary structure). The secondary/tertiary structure of a folded protein
is directly related to the function of that protein. For example,"e\nzymes are
proteins that catalyze reactions. They have binding sites that ir%eract with
other molecules. These binding sites are created through the folding of the
amino acid chains that gives rise to the three dimensional shape of the
enzyme. Proteins can be denatured through exposure to heat or chemicals.
Denatured proteins lose their three dimensional structure and thus their
function. Cooking food denatures the proteins found in the food and makes
digestion more efficient.




PROTEIN
DENATURATION IN
FOOD

When a cake is baked, the proteins are

denatured. Denaturation refers to the physical changes that take
place in a protein exposed to abnormal conditions in the
environment. Heat, acid, high salt concentrations, alcohol, and
mechanical agitation can cause proteins to denature. When a
protein denatures, its complicated folded structure unravels, and it
becomes just a long strand of amino acids again. Weak chemical
forces that hold tertiary and secondary protein structures together
are broken when a protein is exposed to unnatural conditions.
Because proteins’ function is dependent on their shape,
denatured proteins are no longer functional. During cooking the
applied heat causes proteins to vibrate. This destroys the weak
bonds holding proteins in their complex shape (though this does
not happen to the stronger peptide bonds). The unraveled protein
strands then stick together, forming an aggregate (or network).




