BMEG245 - Week 2-1
Dr. Nabi

Protein Structure and Function

Chapter 4
Essential Cell Biology, Alberts et al., 4th Edition, Garland Science.
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Figure 4-1 Essential Cell Biology, 4th ed. (© Garland Science 2014)
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Figure 4-2 Essential Cell Biology, 4th ed. (© Garland Science 2014)

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 203°° or 103%° possible combinations!

AMINO ACID SIDE CHAIN AMINO ACID SIDE CHAIN
Aspartic acid Asp D negatively charged Alanine Ala A nonpolar
Glutamicacid Glu E negatively charged Glycine Gly G nonpolar
Arginine Arg R positively charged Valine Val V nonpolar
Lysine Lys K positively charged Leucine Leu L nonpolar
Histidine His H positively charged Isoleucine lle | nonpolar
Asparagine Asn N uncharged polar Proline Pro P nonpolar
Glutamine GIn Q uncharged polar Phenylalanine Phe F  nonpolar
Serine Ser S uncharged polar Methionine Met M nonpolar
Threonine Thr T uncharged polar Tryptophan Trp W nonpolar
Tyrosine Tyr Y uncharged polar Cysteine Cys C nonpolar

L——— POLAR AMINO ACIDS

L NONPOLAR AMINO ACIDS —

Figure 4-3 Essential Cell Biclogy, 4th ed. (© Garland Science 2014)
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Figure 4-5 Essential Cell Biology, 4th ed. (© Garland Science 2014)
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Figure 4-4 Essential Cell Biology, 4th ed. (© Garland Science 2014)
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Figure 4-6 Essential Cell Biology, 4th ed. (© Garland Science 2014)

- In an a-helix the N-H of every
a helix peptide bond is hydrogen
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neighboring peptide bond
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Figure 4-13 (part 1 0f 2) Essential Cell Biology, 4th ed. (© Garland Science 2014)

https://vimeo.com/garlandscience30308032/review/188833213/4e486eleb3
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https://vimeo.com/garlandscience30308032/review/188833213/4e486e1eb3

Transmembrane domains of
proteins are often alpha helices
that present their non-polar side
chains to the outside of the helix.
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Figure 4-15 Essential Cell Biology, 4th ed. (© Garland Science 2014)

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
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arlandscience303080
32/review/18883320
7/24628947ef
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Figure 4-16 Essential Cell Biology, 4th ed. (© Garland Science 2014)

9/6/19


https://vimeo.com/garlandscience30308032/review/188833207/24628947ef
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Figure 4-13 (part 20f2) Essential Cell Biology, 4th ed. (© Garland Science 2014)
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https://vimeo.com/garlandscience30308032/review/188833206/e732b0c499

Proteins can be composed of separate functional domains
In the same polypeptide

a helix

B sheet
secondary single protein
structure domain

Figure 4-19 Essential Cell Biology, 4th ed. (© Garland Science 2014)
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Figure 4-21 Essential Cell Biology, 4th ed. (© Garland Science 2014)
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Protein structure

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 103% 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.

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)

chymotrypsin

Figure 4-22 Essential Cell Biology, 4th ed. (© Garland Science 2014)
Elastase: cleaves peptide bonds after Chymotrypsin: cleaves peptide bonds
small uncharged amino acids 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)
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Elastase: cleaves peptide bonds after Chymotrypsin: cleaves peptide bonds

small uncharged amino acids after aromatic or bulky side chains
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Figure 4-23 Essential CellBiology, &th ed. (© Gartand Science 2014)
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Protein oligomers can form from identical subunits or different subunits

i 4 24 Esental ot oy, 40 o, 1 Sard Scemce 2010

Hemoglobin is a tetramer formed of

tetramer formed by

interactions between two copies of a-globin and two copies
two nonidentical binding i

sites on each monomer of B—globln

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

Disulfide bonds are covalent linkages between cysteine amino acid side chains on the same
polypeptide or different polypeptides
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Figure 4-30 Essential Cell Biology, 4th ed. (O Garland Schence 2014)
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https://vimeo.com/garlandscience30308032/review/188833204/0554304669
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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.

amino acid noncovalent bonds
side chains

ligand

unfolded protein

lrommc (A) protein
binding site
folded protein (B)
Figure 4-32a Essential Cel Biology, 4th ed. (© Garland Science 2014) Figure 431 Essential Cell Biokegy, 4th ed. (© Garland Science 2014)

9/6/19

11



Binding site

H \c/ serine
o cH,
o\c/ SH \O\ hydrogen bond
H
\C/\ H/”//,o cyclic AMP bound to .
/ folded protei
(C{Iz), AN olded protein /
NH 55
\C=NH; vo serine |\ H
0 Mginine H, J nHS_cH ;(\/
. \ W e
’Q —N/H H i 'Y
b : E N n
o a = H, .
o -~ % :

. \ O H—0 threonine N
electrostatic C \CH ’.
attraction /

: CH, Hyc” /\c\’_ ams
o CH, glutamic H
K\ / acid )

o IR

H \ @

‘O
ague
| i vl ol Blogy h . 0 Grand e 201)

Polypeptide folding allows 5 amino acid side chains and one peptide bond amino
group to form hydrogen bonds and electrostatic interactions with cAMP

See Table 4-1 for a list of common functional classes of enzymes

Enzymes promote a reaction in different ways

+
+
(A) enzyme binds to two (B) binding of substrate
substrate molecules and to enzyme rearranges
orients them precisely to electrons in the substrate,
encourage a reaction to creating partial negative
occur between them and positive charges

that favor a reaction
Figure 4-36 Essential Cell Biology, 4th ed, (© Garland Science 2014)

Enzymes are catalysts — speeding up reactions by a factor of 1,000,000 or more

N

(C) enzyme strains the
bound substrate
molecule, forcing it
toward a transition

state to favor a
reaction

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

12

9/6/19


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

Lysosyme is an enzyme that cleaves a polysaccharide chain
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Figure 4-34 Essential Cell Biology, 4th ed. (© Garland Science 2014)

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

https://vimeo.com/garlandscience30308032/review/188833208/9d6dee2947
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Figure 4-39 Essential Cell Biology, 4th ed. (© Garland Science 2014)
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https://vimeo.com/garlandscience30308032/review/188833208/9d6dee2947
https://vimeo.com/garlandscience30308032/review/188833389/da83bc7364

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
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Figure 4-42 Essential Cell Biology, 4th ed. (© Garland Science 2014)

GTP binding proteins function as molecular switches
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Figure 4-44 Essential Cell Biology, 4th ed. (© Garland Science 2014)
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A motor protein uses ATP
hydrolysis to transition between
three conformations and move

unidirectionally along a | e B
cytoskeletal filament | :::mua
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Figure 4-46 Essential Cell Biology, 4th ed. (© Garland Science 2014)

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
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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

Summary

Polypeptides:
Secondary Structure:

Tertiary structure:

Quartenary structure:

protein folding

alpha helix
beta sheets

proteins have multiple conserve functional domains

proteins assemble into different complex structures

Protein interactions and enzymes
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