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BMEG245 - Week 2-1
Dr. Nabi

Protein Structure and Function

Chapter 4
Essential Cell Biology, Alberts et al., 4th Edition, Garland Science.

Peptide bond

O

H

N

C



9/6/19

2

Peptide bond

There are 20 possible amino acids at each site of this 4 amino acid long polypeptide so 
20x20x20x20 = 160,000 different possible sequences

For a typical protein of 300 amino acids there are 20300 or 10390 possible combinations!
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Aspartic Acid –CH2COO-

Glutamine 
–CH2CH2CONH2

In an a-helix the N-H of every 
peptide bond is hydrogen 
bonded to the C=O of a 
neighboring peptide bond 
located 4 amino acids away on 
the same polypeptide chain

https://vimeo.com/garlandscience30308032/review/188833213/4e486e1eb3
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https://vimeo.com/garlandscience30308032/review/188833213/4e486e1eb3
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Transmembrane domains of 
proteins are often alpha helices 
that present their non-polar side 
chains to the outside of the helix. 

Coiled-coils form when 2-3 
alpha helices with most of 
their non-polar side chains 
to one side twist around 
each other forming stable 
rod-like structures.

An example is keratin

https://vimeo.com/g
arlandscience303080
32/review/18883320
7/24628947ef

https://vimeo.com/garlandscience30308032/review/188833207/24628947ef
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A b-sheet forms when 
hydrogen bonds form 
between peptide 
bonds in adjacent 
strands. 

This b-sheet is 
anti-parallel

Anti-parallel

Parallel

Ribbon model:
Arrows point towards C-
terminus of polypeptide chain
B-sheets are linked by 
unstructured “intrinsically 
disordered regions”

b-sheets

https://vimeo.com
/garlandscience303
08032/review/188
833206/e732b0c49
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https://vimeo.com/garlandscience30308032/review/188833206/e732b0c499
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Proteins can be composed of separate functional domains
In the same polypeptide

Unstructured regions of polypeptides 
can bind to protein domains and link 
binding domains
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Primary structure: amino acid sequence
Secondary structure: a-helices and b-sheets
Tertiary structure: the full three dimensional conformation of the protein 

including random coils loops and folds…
Quarternary structure: complete structure of a protein formed of more than 

one polypeptide chain.

But only a few of the 10390 possible combinations of amino acids in polypeptides 
actually form stable well-defined three-dimensional conformations.

These are very highly conserved between species and form families of proteins 
with similar if distinct functions.  

Protein structure

Serine proteases are a family of proteolytic enzymes. 
While only the green highlighted regions are conserved the overall protein 
conformation is very similar but the two enzymes prefer different substrates (active 
site in red)

Elastase: cleaves peptide bonds after 
small uncharged amino acids

Chymotrypsin: cleaves peptide bonds 
after aromatic or bulky side chains
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Serine proteases are a family of proteolytic enzymes. 
While only the green highlighted regions are conserved the overall protein 
conformation is very similar but the two enzymes prefer different substrates (active 
site in red)

Elastase: cleaves peptide bonds after 
small uncharged amino acids

Chymotrypsin: cleaves peptide bonds 
after aromatic or bulky side chains

Identical protein subunits 
can assemble into various 
complex structures

Actin filaments are helical array 
of actin monomers
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https://vimeo.com/garlandscience30308032/review/188833204/0554304669

Protein oligomers can form from identical subunits or different subunits

Hemoglobin is a tetramer formed of 
two copies of a-globin and two copies 
of b-globin

Disulfide bonds are covalent linkages between cysteine amino acid side chains on the same 
polypeptide or different polypeptides

https://vimeo.com/garlandscience30308032/review/188833204/0554304669


9/6/19

11

Fibrous proteins form from extended 
polypeptide chains (collagen)
or from disulfide crosslinking of smaller 
polypeptides (elastin)

Protein-protein and protein-ligand interactions are highly specific and depend on the 
folding of a sequence of amino acid side chains in three-dimensional space to form a 
binding site into which the ligand or polypeptide chain will fit.
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Binding site
Polypeptide folding allows 5 amino acid side chains and one peptide bond amino 
group to form hydrogen bonds and electrostatic interactions with cAMP

https://vimeo.com/garlandscience30308032/review/188833225/4b4c220058

Enzymes are catalysts – speeding up reactions by a factor of 1,000,000 or more
See Table 4-1  for a list of common functional classes of enzymes

Enzymes promote a reaction in different ways

https://vimeo.com/garlandscience30308032/review/188833225/4b4c220058
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https://vimeo.com/garlandscience30308032/review/188833208/9d6dee2947

https://vimeo.com/garlandscience30308032/review/188833389/da83bc7364

Lysosyme is an enzyme that cleaves a polysaccharide chain

Feedback inhibition
A substrate of a biosynthetic or 
metabolic pathway inhibits an 
upstream enzyme

https://vimeo.com/garlandscience30308032/review/188833208/9d6dee2947
https://vimeo.com/garlandscience30308032/review/188833389/da83bc7364
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Protein phosphorylation covalently adds a 
charge phosphate group to serine, 
threonine and tyrosine side chains altering 
protein conformation and either increasing 
or decreasing protein activity.

Kinase – adds phosphate group
Phosphatase – removes phosphate group

GTP binding proteins function as molecular switches 
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A motor protein uses ATP 
hydrolysis to transition between 
three conformations and move 
unidirectionally along a 
cytoskeletal filament

High speed atomic force microscopy shows myosin V molecules walking along actin 
tracks, using high-speed atomic force microscopy.

Video imaging of walking myosin V by high-speed atomic force microscopy
Noriyuki Kodera, Daisuke Yamamoto, Ryoki Ishikawa & Toshio Ando
Nature 468, 72–76 (04 November 2010) doi:10.1038/nature09450

http://www.nature.com/nature/journal/v468/n7320/full/nature09450.html
http://www.nature.com/nature/journal/v468/n7320/full/nature09450.html
http://www.nature.com/nature/journal/v468/n7320/full/nature09450.html
http://www.nature.com/nature/journal/v468/n7320/full/nature09450.html
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Summary
Polypeptides: protein folding

Secondary Structure: alpha helix
beta sheets

Tertiary structure: proteins have multiple conserve functional domains

Quartenary structure: proteins assemble into different complex structures 

Protein interactions and enzymes


