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Chapter 2
Protein Structure and Function

• It’s all in the R groups
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Protein Functions in Biological Systems
• Enzymes
– Most enzymes are proteins
• Act as catalysts to increase rates of reaction

• Transport and Storage
– Small molecules are often carried by proteins
• Oxygen by hemoglobin, iron by transferrin

• Movement
– Proteins are the motors for both large scale (ie muscle)

and small scale (ie cytoskeletal) movement.
• Mechanical Support
– Proteins play major roles in providing structure in

multi-cellular organisms
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Protein Functions in Biological Systems

• Immune Protection
– Immune system function is based on the use of proteins

as receptors for binding foreign molecules
• Nerve Impulses
– Gated protein channels serve to initiate and propagate

nerve impulses
• Control of Growth and Differentiation
– Proteins act as receptors for molecules controlling cell

development, regulators of metabolic activity and
regulators of gene expression.
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2.6 The a Amino and Carboxylic Acid groups of
amino acids can ionizeµµy
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2.18, 2.20 Amino acids are linked via amide linkages
known as peptide bonds

- Amide bonds - reaction of an amino group and a carboxylic acid group.
- Amide between two amino acids - peptide bond.
- Polypeptide has N and C termini

“Start” of polypeptide “End” of polypeptide
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Polypeptide structure controls function
• The sequence of amino acids in the polypeptides

controls what shape it folds into.
– Different AAs have different properties based on their

R groups
• Aliphatics - hydrophobic
• Aromatics - contain phenyl rings, unusual electron properties
• Sulfur containing - have S in their side chains
• Aliphatic hydroxyls - more hydrophilic than the aliphatics
• Basic - side chains with ionizable amine groups
• Acidic - side chains with carboxyl groups
– Amide derivatives - the caboxyl has an amine attached to it
– Cannot ionize but still hydrophillic
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Aliphatic Amino Acids

 
- Glycine is the smallest amino acid
- Proline has its side chain linked back to its a amino group.
-  a secondary amine or an imine.
-  limits folding of polypeptide at that point
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2.10 Aromatic Amino Acids

-A phenyl ring has delocalized p electrons.  This allows for certain types
of electron transfer reactions and non-covalent bond formation with
other
p electron systems.
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Sulfur Containing Amino Acids

- Somewhat hydrophobic
- Sulfur in methionine not
highly reactive
- Sulfhydryl group in cysteine
can be reactive
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2.21, 2.22 Cysteines can interact to form a
covalent cystine linkage

- Two cysteines can be oxidized to form a
cystine covalent linkage
- Important in polypeptide structure
- Typically found in extra-cellular proteins
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2.11 Aliphatic Hydroxyl Amino Acids

- Have hydroxyl groups
- Hydrophilic, but not acidic at
physiological pH, side chains

ionization point
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2.14 Basic Amino Acids

- Basic amino acids all have ionizable groups
- (amino for lysine, guanidinium for arginine and an imidazole group for histidine)
- highly hydrophilic
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2.12, 2.16 Acidic Amino Acids And
Derivatives

- Aspartate and glutamate have ionizable carboxyl acid groups
- There are two amide derivatives of these amino acids, asparagine and glutamine.  
   - These are carboxamide groups
       - Carboxylic acid and an amino group
   - Carboxamide groups are not ionizable
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Noncovalent bonds in polypeptide folding

• Amino acids can form a variety of non-covalent bonds that
influence how polypeptides fold

– Van der Waals
• Weak interaction
• Caused by momentary dipole on atoms when more electrons happen

to be on one or the other side of the nucleus
– Hydrophobic Effect
• Not really a bond in that it is not an attraction but a repulsion
• Hydrophobic groups clump together to get away from polar solvents.
– Electrostatic
• Ionized groups have full positive or negative charges.  Oppositely

charged groups will attract while like charges repel. This is the
strongest type of non-covalent bond
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Noncovalent bonds in polypeptide folding

– Hydrogen bonds
• A type of electrostatic bond in which the groups are not ionized but

instead have dipole moments
• An electronegative atom, N or O, draws electrons away from an

electropositive atom (C or H) creating a partial charge.
– partial charge denoted as d+ or d-
• Partially positive H is attracted to partially or fully negative O
– The d+ H is the Hydrogen bond donor and the d- O is the Hydrogen

bond acceptor
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Hydrogen Bonding in Amino Acids
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2.23 Peptide bonds have
special properties

-Peptide bond is rigid and planar
- Rigid in that bond between C and N

does not allow for rotation
-  Planar in that C O N H atoms are

all in one 2-D plane
-Rigid nature due to resonance
- Provides a partial double-bond

character
-  Prevents rotation
-This limits the number of 3-D
configurations a polypeptide can fold
into.
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The four levels of protein structure
• Primary
– This is the amino acid sequence from the N to the C

terminus
• Secondary
– Folding of the polypeptide chain that only involved

hydrogen bonds between main chain groups
•  a helix
•  b sheet

• Tertiary
– Folding the polypeptide into its final 3-D form
– This involves R-groups as well as main chain groups
– If this is the functional form then the polypeptide is the

protein
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The four levels of protein structure

• Quarternary
– Some proteins consist of two or more polypeptides

together as one unit
– This is quarternary structure
• The polypeptides are thus subunits of the protein
• The subunits may be held together by non-covalent

or by covalent bonds or both
– If all the polypeptides in the protein are identical it is

then  homomeric (ie homo-dimer, etc).
– If there are 2 or more kinds of different subunits in one

protein then it is heteromeric (ie heterotrimer)
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2.29, 2.30 Secondary
structure

-Alpha helices form by H-bonding
- H of peptide bond group

interacts with O of another
group 4 amino acids away

-Proline does not fit into the helix
well
- often found at start or end of

alpha helices but not always
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b-sheets are a very open type of
secondary structure.
-Held together by H-bonds
between main chain groups far
apart in primary sequence.
- Can be parallel or anti-parallel
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Tertiary Structure

 - Final folded 3-D form of polpeptide
- If this is functional form, then the
protein
-This is RNase A, degrades RNA
-Has both alpha-helix (red) and beta-
sheet (green)
-Also has some regions without
secondary structure.
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Quarternary Structure

-Many proteins consist of multiple
polypeptides
-Such proteins have quarternary structure
-Each polypeptide is a subunit
-This is hemoglobin, which consists of
four subunits
-Subunits have limited or no function by
theselves

cannot stand
alone
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