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Protein classification on the basis sequence
Protein classification on the basis structure

Why classify proteins according to the structure?

Protein classification on the basis of structure
Two best known protein structural classification databases are including:
SCOP (Structural Classification of Proteins) database
CATH database

Class is determined from the overall composition of secondary structure elements in a domain.
1. all-α, those whose structure is essentially formed by α-helices;
2. all-β, those whose structure is essentially formed by β-sheets;
3. α/β, those with α-helices and β-strands;
4. α+β, those in which α-helices and β-strands are largely segregated;
A fold describes the number, arrangement, and connections of these secondary structure
elements.

SCOP
A motivation for this classification is to determine the evolutionary relationship between proteins.

http://scop2.mrc-lmb.cam.ac.uk/
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A superfamily includes domains of similar folds and usually similar functions, thus suggesting a

common evolutionary ancestry. Families whose proteins have low sequence identities but whose

structures and, in many cases, functional features suggest that a common evolutionary origin is

probable, are placed together in superfamilies; for example, the variable and constant domains of

immunoglobulins.

A family usually includes domains with closely related amino acid sequences (in addition to

folding similarities). Proteins are clustered together into families on the basis of one of two

criteria that imply their having a common evolutionary origin: first, all proteins that have residue

identities of 30% and greater; second, proteins with lower sequence identities but whose

functions and structures are very similar; for example, globins with sequence identities of 15%.

Although the numbers of unique folds, superfamilies, and families increase as more genomes are

known and analyzed, it has become apparent that the number of protein domains in nature is large

but limited.
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Higher structure determination
X-ray diffraction
NMR (Nuclear magnetic resonance)

Prerequisite for protein x-ray diffraction: The generation of protein crystals

Why is difficult crystallize of globular (large) proteins?
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Which methods are employed for protein crystallize?
Vapour diffusion or dialysis

X-ray diffraction:
Difficulties in inducing many proteins to crystallize
Do not use to determine the structure of protein in free 
solution (One conformation can be determined)

NMR:
The solution based nature (generates a range of closely 
related conformational structures)
Used for relatively small proteins

PDB : 
database for three dimensional structural information

Working with proteins

Protein extraction: SDS-PAGE, 2D, IEF, Chromatography, HPLC

Protein sequencing methods: Edman and MS

Secondary structure determination: CD

Three-dimenstion structure determination: NMR, X-ray

Protein classification

Protein databases: PDB and UniProt
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Protein structural stability

Protein biosynthesis → Folding (native conformation) → Functionally active protein

The final conformation depend on the polypeptide’s amino acid sequence

The major stabilizing forces of a polypeptide’s overall conformation are:

 Hydrophobic interactions (most important stabilizing forces)

 Electrostatic attractions (Hydrogen bond, ionic interactions,..)

 Covalent linkages (Disulfide bonds)

Polypeptides have extensive networks of intramolecular hydrogen bonds, but such

bonds don not contribute very significantly to overall conformational stability?

Disulfide bond can help stabilize a polypeptide’s native three-dimentional structure.

Disulfide bond as a lock

Disulfide bond in intracellular and extracellular proteins

 Free energy difference between folded and denatured form of a polypeptide

(200 a.a.) is about 80-100 kJ/mol which is equal to a few hydrogen bonds. Why?

Marginal Stability

The term “protein marginal stability” is used to give account of the low values
found for protein unfolding free energies (in the order of the energy needed for
breaking a few hydrogen bonds). This implies that the native state is as a
thermodynamic state close to the edge with “unfolded states”
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Breathing: Allowing small molecules to diffuse in or out of the protein’s interior

In addition to breathing, some proteins may undergo more marked (usually reversible)

conformational changes (such as binding of a substrate to an enzyme or antigen binding to an

antibody).

How do proteins shift efficiently and precisely from one conformation to another?

Nuclear magnetic resonance measurements by Dorothee Kern and coworkers have shown that

transient hydrogen bonds are made in the conversion from one conformation to another in NtrC,

a nitrogen regulatory protein.

(Gardino, A., et al., 2010. Transient non-native hydrogen bonds promote activation of a signaling protein.

Cell 139:1109–1118.)

Marginal Stability of the Tertiary Structure Makes Proteins Flexible

A protein’s constituent atoms are constantly in motion and groups ranging from individual

amino acid side chains to entire domains can be displaced via random motion by up to about

0.2nm.

A protein’s conformation displays a limited degree of flexibility and such movement is termed

“breathing”.
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Motion in Globular Proteins

Aromatic Ring Flips
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Threading is an approach to fold recognition which used a
detailed 3-D representation of protein structure.
The idea was to physically "thread" a sequence of amino acid side
chains onto a backbone structure (a fold) and to evaluate this
proposed 3-D structure using a set of pair potentials and
(importantly) a separate solvation potential.


