
Protein Classification
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Protein classification on the basis sequence

Protein classification on the basis structure

Why classify proteins according to the structure?
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Protein classification on the basis of structure
Two best known protein structural classification databases are including:

SCOP (Structural Classification of Proteins) database

CATH (Class Architecture Topology Homologous) 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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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.5
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The four major hierarchical levels in

CATH are class, architecture,

topology (or fold) and homologous

family. There are currently three

major classes recognised in CATH

(mainly-alpha, mainly-beta and

alpha-beta). Below class, the

architecture level simply describes

the orientations of the secondary

structures in 3D without regard to

their connectivity. We currently

recognize 28 well-defined

architectures and within each

architecture, the topology or fold is

determined by the connectivity of

the secondary structures (figure 1).
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Three-dimensional structure  

determination of Proteins
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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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Why is difficult crystallize of globular (large) proteins?

• some proteins, especially membrane proteins, are exceedingly difficult to crystallize, but

some researchers have solved this problem by genetically re-engineering the protein. This

would involve deleting regions that are known to be disordered, etc. Thus when interpreting

3D crystal structures of re-engineered proteins, one should be very careful to consider the

artificial changes that have been made to them. Membrane proteins, which have

predominantly hydrophobic surfaces, are hard to crystallize because they tend to aggregate

in aqueous solutions.

• Proteins which have post-translational modifications are also hard to crystallize because

the PTMs are usually not uniform among the protein molecules..

• some of the features which make proteins hard to form good crystals (good enough to study

them by X-ray diffraction) include the presence of very flexible regions, or the presence of

carbohydrate moieties. Some proteins have inherently disordered regions (IDRs) and those

are also hard to crystallize. Most intrinsically disordered proteins (IDP) are impossible to

crystallise.

• Large, unstable, un-soluble proteins or complexes are hard to prepare and will impede

extensive sparse-screening of crystallization conditions. Structural heterogeneity causes

difficulties in crystallization. Dynamic parts of a protein or subunits exchange in a complex,

will prevent the formation of regular crystals.

• Proteins with high surface hydrophobicity and high surface charge are not good

candidates for forming crystals in solutions.
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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
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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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RCSB PDB 

(Research Collaboratory for 

Structural Bioinformatics PDB)
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فوریعکسیکمانند((X-rayایکساشعهپراش:کردمقایسهسازهیکازفیلمبرداریوعکاسیمانندمی‌توانراروشدواین

یکیامتحرکعکس‌هایسرییکگرفتنمثابهبهNMRکهحالیدراست،(بلوری)ثابتحالتدرسازهازبالابسیاروضوحبا

.است(محلولدر)انعطاف‌پذیریوحرکتحالدرسازهآنازفیلم



Protein structural stability
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Folding and Flexibility



 The process by which a polypeptide chain acquires its correct three-

dimensional structure to achieve the biologically active native state is called

protein folding.

 Some polypeptide chains spontaneously fold into the native state, others

require the assistance of enzymes for example to catalyze the formation and

exchange of disulfide bonds; and many require the assistance of a class of

proteins called chaperones.

 After a polypeptide has acquired most of its correct secondary structure,

with the α-helices and β-sheets formed, it has a looser tertiary structure than

the native state and is said to be in the molten globular state. The compaction

that is necessary to go from the molten globular state to the final native state

occurs spontaneously.







moltenگذاردرانرژیبالایسد globule → foldedازناشی:
جانبیزنجیراتمیتنظیمباآنتروپیشدیدکاهش•
آب‌گریزهستهدقیقبسته‌بندی•
(desolvation)پروتئینداخلیمحیطازآبکاملخروج•

پرولینکندایزومریزاسیون
دی‌سولفیدپیوندهایاصلاحیاتشکیل•
محلیانرژیچاه‌هایدرافتادنگیر•
دفراینقسمتپرانرژی‌ترینوکندترینمرحلهایندلیلهمینبه

.استتاخوردگی



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

Disulfide bond as a lock

Disulfide bond in intracellular and extracellular proteins
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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”

Slight changes in pH or temperature can convert a solution of biologically active protein

molecules in the native state to a biologically inactive denatured state. The energy

difference between these two states in physiological conditions is quite small, about 5-

15 kcal/mol.



Breathing: A protein’s conformation displays a limited degree of flexibility and such movement

is termed “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).

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.
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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.)



Motion in Globular Proteins

36

Aromatic Ring Flips



Aromatic Ring Flips
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Protein Structure Prediction

-Secondary Structure

-Tertiary Structure
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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.
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Quaternary Structure
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How Do Protein Subunits Interact at the 

Quaternary Level of Protein Structure?

• Many proteins exist in nature as oligomers, complexes composed of (often

symmetric) noncovalent assemblies of two or more monomer subunits. In fact,

subunit association is a common feature of macromolecular organization in

biology. Most intracellular enzymes are oligomeric and may be composed either

of a single type of monomer subunit (homomultimers) or of several different

kinds of subunits (heteromultimers). The simplest case is a protein composed of

identical subunits.

• Oxygen is carried in the blood by hemoglobin, which contains two each of two

different subunits (heterotetramer). A counterpoint to these small clusters is made

by the proteins that form large polymeric aggregates.
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• Proteins are synthesized on large complexes of many protein units and

several RNA molecules called ribosomes.

• Muscle contraction depends on large polymer clusters of the protein

myosin sliding along filamentous polymers of another protein, actin.

The way in which separate folded monomeric protein subunits

associate to form the oligomeric protein constitutes the quaternary

structure of that protein. Table 6.3 lists several proteins and their

subunit compositions. Proteins with two to four subunits predominate

in nature, but many cases of higher numbers exist.
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How Do Protein Subunits Interact at the 

Quaternary Level of Protein Structure?



• The subunits of an oligomeric protein typically fold independently and then interact with other subunits.

The surfaces at which subunits interact are similar in nature to the interiors of the individual subunits—

closely packed with both polar and hydrophobic interactions. Interacting surfaces must therefore possess

complementary arrangements of polar and hydrophobic groups.

• Oligomeric associations of protein subunits can be divided into those between identical subunits and those

between nonidentical subunits. Interactions among identical subunits can be further distinguished as either

isologous or heterologous. In isologous interactions, the interacting surfaces are identical and the resulting

structure is necessarily dimeric and closed, with a twofold axis of symmetry (Figure 6.42). If any

additional interactions occur to form a trimer or tetramer, these must use different interfaces on the

protein’s surface.

• Many proteins, such as transthyretin, form tetramers by means of two sets of isologous interactions (Figure

6.43). Such structures possess three different twofold axes of symmetry. In contrast, heterologous

associations among subunits involve nonidentical interfaces. These surfaces must be complementary, but

they are generally not symmetric.
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How Do Protein Subunits Interact at the 

Quaternary Level of Protein Structure?





There Are Structural and Functional 

Advantages to Quaternary Association
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There are several important consequences when protein subunits associate in oligomeric

structures.

• Stability One general benefit of subunit association is a favorable reduction of the

protein’s surface-to-volume ratio. The surface-to-volume ratio becomes smaller as the

radius of any particle or object becomes larger. (This is because surface area is a function

of the radius squared and volume is a function of the radius cubed.) Because interactions

within the protein usually tend to stabilize the protein and because the interaction of the

protein surface with solvent water is often energetically unfavorable, decreased surface-to-

volume ratios usually result in more stable proteins. Subunit association may also serve to

shield hydrophobic residues from solvent water. Subunits that recognize either themselves

or other subunits avoid any errors arising in genetic translation by binding mutant forms of

the subunits less tightly.



There Are Structural and Functional 

Advantages to Quaternary Association
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There Are Structural and Functional 

Advantages to Quaternary Association
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There Are Structural and Functional 

Advantages to Quaternary Association
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Surface ⁓ r2

r=2  → r2 = 4

r=4  → r2 = 16

Volume ⁓ r3

r=2  → r3 = 8

r=4  → r3 = 64

Surface/Volume: 

4/8=1/2=0.5

16/64=1/4=0.25

.گیرندآبدوست‌قرار‌می(‌معمولاً)های‌سطحی‌کمتر‌در‌تماس‌با‌محیط‌بخش
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Faster-Acting Insulin: Genetic Engineering Solves a Quaternary Structure Problem

Insulin is a peptide hormone secreted by the pancreas that regulates glucose metabolism in the body. Insufficient production of insulin

or failure of insulin to stimulate target sites in liver, muscle, and adipose tissue leads to the serious metabolic disorder known as

diabetes mellitus. Diabetes afflicts millions of people worldwide. Diabetic individuals typically exhibit high levels of glucose in the

blood, but insulin injection therapy allows these individuals to maintain normal levels of blood glucose.

Insulin is composed of two peptide chains covalently linked by disulfide bonds. This “monomer” of insulin is the active form that

binds to receptors in target cells. However, in solution, insulin spontaneously forms dimers, which themselves aggregate to form

hexamers. The surface of the insulin molecule that self-associates to form hexamers is also the surface that binds to insulin receptors in

target cells. Thus, hexamers of insulin are inactive. Insulin released from the pancreas is monomeric and acts rapidly at target tissues.

However, when insulin is administered (by injection) to a diabetic patient, the insulin hexamers dissociate slowly and the patient’s

blood glucose levels typically drop slowly (over several hours). In 1988, G. Dodson showed that insulin could be genetically

engineered to prefer the monomeric (active) state. Dodson and his colleagues used recombinant DNA technology to produce insulin

with an aspartate residue replacing a proline at the contact interface between adjacent subunits. The negative charge on the Asp side

chain creates electrostatic repulsion between subunits and increases the dissociation constant for the hexamer ↔ monomer equilibrium.

Injection of this mutant insulin into test animals produced more rapid decreases in blood glucose than did ordinary insulin. This mutant

insulin, known as insulin aspart, marketed by the Danish pharmaceutical company Novo as NovoLog in the United States and as

NovoRapid in Europe, has several advantages over ordinary insulin, in the treatment of diabetes. NovoLog has a faster rate of

absorption, a faster onset of action, and a shorter duration of action than regular human insulin. It is particularly suited for mealtime

dosing to control postprandial glycemia, the rise in blood sugar following consumption of food. Regular human insulin acts more

slowly, so patients must usually administer it 30 minutes before eating.
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Some Proteins 

Are 

Intrinsically 
Unstructured


