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Unlimited variation in protein structure and function
20x20x20……. = 20100 = 1.27x10130



The primary structure of insulin: synthesized as a polypeptide chain and cleaved



Some restrictions in protein
Size: lower limit, around 40 residues; upper limit, many hundreds
Amino acid composition: most abundant (L, A, G, S, V, E) & least abundant (W, C, M, H)
Nonpolypeptide components

Protein purification and analysis
Purification is mandatory for studying macromolecules
The purification principle is universal to other molecules

A. General approach
Native proteins & recombinant proteins
Intracellular & extracellular
Soluble protein & membrane protein

Stabilizing protein
pH, temperature, degradative enzymes, adsorption to surface, storage



Assaying proteins

Assay: quantitative detection method
catalysis reactions: measure substrate, product, cofactor

colorimetric, 
coupled enzymatic reaction

Immunoassays: using antibody
RIA
ELISA

Absorption spectroscopy
Beer-Lambert law: A = log (Io/I) = εcl

ELISA



Absorption spectrum
Chromophore

Protein quantitation
UV
Bradford assay

UV absorption spectrum



Separation techniques (fractionation procedures)
Protein characteristic purification procedure
Solubility salting out
Ionic charge ion exchange chromatography

electrophoresis
isoelectric focusing

Polarity hydrophobic interaction chromatography
gel filtration chromatography
SDS-PAGE
ultracentrifugation
ultrafiltration

Binding specificity affinity chromatography

Protein solubility
Salting in
Salting out
Isoelectric point (pI)

solubility

salt





Chromatography
Mobile phase & stationary phase (matrix)
Matrix type: paper, gel, HPLC

Ion exchange chromatography: electric charge
Anion exchangers: DEAE
Cation exchangers: CM



Hydrophobic interaction chromatography: hydrophobicity
phenyl, octyl (C8), C18, etc

Gel filtration chromatography: molecular sieve: size & shape



Affinity chromatography
Spacer
Ligand: substrate, inhibitor, etc

Immunoaffinity chromatography
Metal chelate affinity chromatography



Electrophoresis
Depends on size, shape, electric charge

Polyacrylamide
Agarose
paper

SDS-PAGE



IEF & 2D-PAGE



Ultracentrifugation
Sedimentation rate: depends on mass, shape, density of the solution
Svedbergs (S) units: (10-13 s)

40S + 60S = 80S (not 100S)

Zonal ultracentrifugation: premade density gradient

Equilibrium density gradient centrifugation: CsCl



Protein sequencing



N-terminal sequencing



Disulfide bond cleavage



Amino acid composition
Hydrolysis
Derivatization
HPLC



Polypeptide cleavage
Enzymatic
Chemical



Edman degradation



Sequencing by mass spectrometry
Mass-to-charge ratio (m/z) for ions in the gas phase
Electron spray ionization (ESI)





Final step 
in protein sequencing

Generating overlapping fragments
Determining the positions of disulfide bonds



Homology search





Protein evolution
Protein sequence evolution

Sequence comparison
Invariant residue
Conservatively substituted
Hypervariable
Neutral drift



Phylogenetic trees



Protein evolve at characteristic rates



Gene duplication and protein families

Homologous
Orthologous
Paralogous
Pseudogenes



Protein modules
Module
Understanding of modular structure


