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Protein functions
• Enzymatic catalysis
• Transport and storage
• Coordinated motion
• Mechanical support
• Immune protection
• Generation and transmission of nerve 

impulses
• Control of growth and differentiation
• More 
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Features of proteins
• Polypeptide chains (linear)

– Monomeric: single polypeptide; 1 subunit

– Multimeric: ≥ 2 individual polypeptides; multiple 
subunits

• Molecular weight (Mr) ~5,000-1,000,00
~50 – 10,000 AA res.

Homodimer, α2 Heterodimer, αβ Heterotetramer, α2β2
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Features of proteins
• AA sequence and composition vary

– E. coli: ~3,000 different proteins
– Human: ~100,000 different proteins

Structure & function AA composition and sequence

• May contain modified amino acids (e.g
hydroxyproline, g-carboxyglutamate

• May contain non amino acid components -
“prosthetic groups” covalent or noncovalent
– Lipids, carbohydrates, PO4

3-, metals, nucleotides, 
etc.
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How to study a protein?
• Identify a protein of interest (function)

– Enzyme “activity”
• Obtain a source of protein 
• Separate protein from other macromolecules 

(purify)
– Centrifugation/precipitation
– Chromatography

• Ion exchange
• Size-exclusion
• affinity

• How do you know which protein to isolate?
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Protein Protein 
purificationpurification

Protein of interest = protein “a”
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General theory of column General theory of column 
chromatographychromatography

S. Ensign Chem. 5700 lecture 3 7

Ion exchange Ion exchange 
chromatographychromatography
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Size exclusion (gel Size exclusion (gel 
filtration) chromatographyfiltration) chromatography
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Affinity chromatographyAffinity chromatography
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Enzyme activity
One unit (U) of enzyme activity is the 
amount of enzyme that will convert 1  
µmol of substrate to product per minute

1 U = 1 µmol/min

Specific activity
How many units of activity an enzyme 
has in each mg of protein sample

SA = “n” µmol/min/mg = “n” units/mg 
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Specific activity of enzyme “a” is low in 
the cell extract (“n” units/mg total 
protein)

As we purify enzyme “a”, we get 
rid of other proteins so the sp. 
act. becomes higher (“m” 
units/mg protein “a” )
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Enzyme recovery =
Total activity, fraction of interest

Total activity in crude extract

X-fold purification =
Specific activity, fraction of interest

Specific activity, crude extract

Total activity = (specific activity) x (total mg protein in fraction of interest)

O
C NH2H2N + H2O            2NH3 + CO2

A good purification step gives a sizable increase in purity (fold) and a 
reasonable recovery (yield) from the previous step
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What useful information does a What useful information does a 
purification table provide?purification table provide?
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How do you know How do you know 
when your enzyme when your enzyme 
is “pure”?is “pure”?
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Get voet and voet figurePolyacrylamidePolyacrylamide gel electrophoresis (PAGE)gel electrophoresis (PAGE)
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Nondenaturing PAGE
• Rate of migration     size and charge

– Protein 1: Mr = 100,000

– Protein 2: Mr = 100,000

– Protein A: Mr = 50,000

– Protein B: Mr = 50,000

∝
Which moves 
faster?

Which moves 
faster?

--
-

-
- -

-

-
--

-

S. Ensign Chem. 5700 lecture 3 18

• Add detergent (SDS) and reductant (R-SH) to 
protein

• Separation by SDS-PAGE     Mr only

Denaturing PAGE
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1 SDS bound/2 AA residues

2-mercaptoethanol
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SDSSDS--PAGE of a PAGE of a 
newlynewly--discovered discovered 
monomericmonomeric proteinprotein
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SDS-PAGE analysis of acetone carboxylase, a multimeric protein
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SDS-PAGE Analysis of Alkene Monooxygenase Components
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Other techniques to characterize proteins:Other techniques to characterize proteins:

•isoelectric focusing, 2-D electrophoresis
•electrospray mass spectrometry (see text)
•many more!
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Levels of protein structureLevels of protein structure
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Primary sequence determination: short Primary sequence determination: short 
polypeptide chains (~20 AA or less)polypeptide chains (~20 AA or less)

1. Deal with disulfide bonds
2. Determine total amino acid composition
3. Determine N-terminal residue
4. Sequence by Edman degradation
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Primary sequence determination: longer Primary sequence determination: longer 
polypeptide chains (>20 AA)polypeptide chains (>20 AA)

1. Deal with disulfide bonds
2. Determine total amino acid composition
3. Determine N-terminal residue
4. Digest polypeptide into smaller peptides 

suitable for Edman degradation
5. Sequence each fragment by Edman

degradation
6. Deduce the order of fragments from 

overlaps
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Primary sequence determination: longer Primary sequence determination: longer 
polypeptide chains (>20 AA)polypeptide chains (>20 AA)

Deduce from gene sequence: 
molecular biology


