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. What are hot-spot residues? Explain their importance in protein-protein
interactions. In addition, indicate up to three characteristics of protein-protein
interfaces.

. Explain the key equations describing the Gibbs free energy in terms of (i) the
equilibrium constant and (ii) as a function of energetic terms at constant
pressure. Describe a technology to determine the energetic terms of a binding

reaction.

. Explain the differences between “key-and-lock” and “induced fit” binding
mechanisms.

. Explain “protein domain”.

. Explain the four levels of protein structure.

. Explain the driving force of protein folding in aqueous solutions.
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PURPOSE

This exam evaluates the knowledge of the applicant about general as well as specific
concepts of protein science that are useful for advanced research within the field of
protein drug discovery in Pharmaceutical Sciences.

1. What are hot-spot residues? Explain their importance in protein-protein
interactions. In addition, indicate up to three characteristics of protein-protein
interfaces.

- The protein-protein interface contains hot spots of binding affinity, which
dominate the interaction. If the binding free energy of the complex were
distributed evenly among all of the residues at the interface, we would expect
to see a small reduction in the binding free energy resulting from mutation to
Alanine. In reality, however, the mutation of certain residues to alanine reduces
the binding energy substantially, by more than 2 kcalsmol-1, whereas mutating
most of the residues at the interface individually to alanine does not cause a
significant change in binding free-energy. The residues that have a
disproportionate effect on the affinity are termed “hot spots”. As explained
immediately above, mutation to Alanine reveals which residues are hot spots.

Herein we also indicate some of the characteristics of protein-protein interfaces:
- There are two major classes of protein—protein interactions. In one class of
interactions, the surfaces of two folded protein domains make extensive contact
with each other. The second class of interactions are mediated by specialized
peptide recognition domains. Herein we will focus primarily on the first type.

- Protein-protein interactions exhibit a wide range of dissociation constants,
ranging from micromolar at the weaker end to nanomolar or even picomolar at
the higher end.

- Protein—protein interfaces usually have a small hydrophobic core. There is an
increased likelihood of finding aromatic and hydrophobic sidechains at



interfaces. A typical protein—protein interface has a small core of hydrophobic
sidechains surrounded by several polar residues.

- A typical protein—protein interface buries at least about 600 A2 of surface area
on each protein. Although this number is generally much greater, it seems that
the minimum buried area indicated above indicates the minimum contact
leading to stable interaction.

- Water molecules form hydrogen-bonded networks at protein—protein
interfaces. A number of ordered water molecules (interfacial waters) help to
improve the packing at the protein-protein interface, and increase the specificity
of the complex.

- Residues that do not contribute to binding affinity may be important for
specificity, suggesting that many protein-protein interfaces may be engineering
to increase their affinity by up to several hundred-fold.

- The desolvation of polar groups at interfaces makes a large contribution to the
free energy of binding. The favorable interactions at a protein—protein interface
may be insufficient to overcome the energetic penalty of desolvating charged
and polar groups. Thus, although hydrogen bond and ionic interactions at an
interface may appear favorable, the cost of desolvating polar groups can
disfavor the formation of protein—protein interfaces.

. Explain the key equations describing the Gibbs free energy in terms of (i) the
equilibrium constant and (ii) as a function of energetic terms at constant
pressure. Describe a technology to determine the energetic terms of a binding
reaction.

AG =RT InKp and AG=AH-TAS

Isothermal titration calorimetry is particularly useful for the analysis of the
thermodynamics of binding interactions because it provides a way to obtain the
dissociation constant, KD (and free energy), the standard enthalpy and entropy
changes upon binding, and the stoichiometry. Titration calorimetry relies on
direct measurement of the heat released upon binding of a ligand (for example



a drug) to a receptor (for example a protein). The measurement of heat released
is carried out at a constant temperature while adding the ligand to the protein
drop by drop. The value of the dissociation constant (Kp) is obtained indirectly,
by analyzing the manner in which the amount of heat released during the
titration of ligand into the protein changes with ligand concentration. The
enthalpy is directly obtained from the calorimetric measurement, since the
property detected by the instrument is heat. And the entropy is obtained from
the equation that correlates free energy (AG or Kp) with enthalpy and entropy.
The stoichiometry is obtained from the molar ratio ligand/protein at midpoint
saturation.

. Explain the differences between “key-and-lock” and “induced fit” binding
mechanisms.

The biggest difference between the two models explaining the binding
mechanism between an enzyme and a substrate (or a protein and a ligand) lies
in the "flexibility" of the enzyme (specifically, its active site) prior to binding.

“Lock and Key” Model

This model assumes that the active site of the enzyme already possesses a
rigid shape that perfectly matches the substrate. Just as only a specific key
(substrate) fits exactly into a specific keyhole (enzyme), this model posits that
the three-dimensional structure of the enzyme does not change before or after
binding (i.e., it is a rigid body).

"Induced Fit" Model

This model proposes that the enzyme's active site is flexible. As the substrate
approaches and binds, it induces a conformational change in the enzyme's
three-dimensional structure, allowing it to achieve a perfect fit with the substrate.
Just as a glove (enzyme) changes shape to accommodate a hand (substrate)
being inserted, this model considers the enzyme's structure to change during
the binding process (i.e., it is dynamic).



4. Explain “protein domain”.

Domains are compact structures that can, in principle, be inserted into different
proteins without affecting their internal structure. Each of the component
domains of a protein can be grouped with similar domains in other proteins.
Protein domains retain the essential character of their chain fold, even though
genetic variation and natural selection lead to changes in amino acid sequence.

There are families of proteins that have very similar three-dimensional
architectures, but which differ considerably in their amino acid sequences. This
is illustrated by comparing the structures of human myoglobin and hemoglobin
to those of very distantly related members of the globin family. The polypeptide
chains of all these proteins adopts the globin fold, despite the large differences
in their sequence. Only truly critical residues necessary for the activity of the

protein are conserved.

5. Explain the four levels of protein structure.

Primary Structure: The primary structure of a protein is the linear sequence of
amino acids.

Secondary Structure: Secondary structure refers to the localized folding into
repeating structures, such as a-helix and B-sheet, both of which are stabilized
by hydrogen bonds.

Tertiary Structure: Tertiary structure is the overall three-dimensional shape of a
single polypeptide chain. It is generally the active form of proteins.

Quaternary Structure: Quaternary structure happens when a protein is
composed of two or more chains (subunits) such as in hemoglobin. Not all

proteins have a quaternary structure.

6. Explain the driving force of protein folding in aqueous solutions.

The folding of water-soluble proteins is primarily driven by the hydrophobic



effect. To avoid water, the unfolded polypeptide chain collapses, packing its
water-repelling side chains inward to form a compact hydrophobic core. At the
same time, secondary structures like alpha-helices and beta-sheets form to
establish the protein's specific three-dimensional architecture. This process can
occur spontaneously, with the final shape dictated entirely by the protein's amino
acid sequence. According to the thermodynamic hypothesis, a protein's
functional (native) structure represents a low free-energy state in an aqueous
environment, no matter how complex the fold.
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