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Amide plane

. Amide plane

Side group
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Soluble Proteins:
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Packing ™=
Cross Section of a Globular Protein

How would the organization of a Membrane Protein compare?



Chemical Interactions that Stabilize Polypeptides

Interaction

Covalent bond

Disulfide bond

Salt bridge

Hydrogen bond

Long-range )
electrostatic interaction

Van der Waals interaction

Example

LG~

Distance dependence

Donor (here N}, and
acceptor {h?{e 0)
atoms <3.5

Danor (here N), and
acceptor {h?{e 0)
atoms <3.5

Depends on dizlectric
constant of medium.
Screened by water,
1/r dependence

Short range.

Falls off rapidly beyond
4 A separation,

1/r® dependence

Typical dislance
15A

22A

28A

3.0A

Variable

35A

Free energy (bond dissociation
enthalpies for the covalent bonds)

396 kd/mole
{610 kd/mole for a C=C bond)

167 kd/mole

12.5-17 kJ/mole; may be as high as
30 kJ/mote for fully or partially
buried salt bridges (see text),

less if the salt bridge is external

2-6 kJ/mole in water;
12.5-21 kJ/mole if either donor
or acceptor is charged

Depends on distance and environment.
Can be very strong in nonpolar region
but very weak in water

4 kJ/mole (4=17 in protein interior)
depending on the size of the group
for comparison, the average
nermal energy of molecules at
room temperature is 2.5 kd/mole)
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Solution NMR
Nuclear Magnetic Resonance X-ray Crystallography
Distance Constraints Electron Density

Dynamic Snapshot Static Snapshot
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3.6 residues per turn
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Helical Axis
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Helical Axis

Eey:

Group Coloring Key
Nonpolar:

Polar, Uncharged:
Acidic:

Basic
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Average Conformational Parameters of Helical Elements

Conformation Phi Psi Omega Residues per furn Translation per residue
Alpha helix -57 —47 180 3.6 1.5

3-10 helix -49 -26 180 3.0 2.0

Pi-helix 57 -70 180 4.4 1.15
Polyproline | -84 +158 0 3.33 1.9
Polyproline || -78 +149 180 3.0 3.12

Polyproline [l 80 +150 180 3.0 |
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Conformational Preferences of the Amino Acids

Preference
ATMD| anelix patnd  Revaretis
Glu 1.59 0.52 1.01
Ala 1.41 0.72 0.82
Leu 1.34 1.22 0.57
Met 1.30 1,14 0.52
GIn 1.27 0.98 0.84
Lys 1.23 0.69 1.07
Arg 1.21 0.84 0.90
His 1.05 0.80 0.81
Val 0.90 1.87 0.41
lle 1.09 1.67 0.47
Tyr 0.74 1.45 0.76
Cys 0.66 1.40 0.54
Trp 1.02 1.35 0.65
Phe 1.16 1.33 0.59
Thr 0.76 1.17 0.90
Gly 0.43 0.58 1.77
Asrl 0.76 0.48 1.34
Pro 0.34 0.31 1.32
Ser 0.57 0.96 1.22

Asp 0.99 0.39 1.24
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Triose Phosphate Isomerase
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Calmodulin: 4 EF Hands
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Two Histidines on a Helix
Two Cysteines on a Loop






Pre-albumin
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Nucleotide Binding
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Aspartate, Histidine, Serine
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Neuraminidase



Cofactors

The Heme
Group in
Hemoglobin



Ordered Water

First Hydration Shell

Water in Prealbumin



Water in Prealbumin


















peridinin-chlorophyll-containing protein - trimer
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WDA40 protein
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Helices and Strands
Alternate in the peptide



a/b !

a-b Saddle



DNA Clamp
PCNA

Helices and Strands
Are separated in the peptide



Conotoxin, disulfide in yellow
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GPCR: Rhodopsin
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Potassium Channel
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T4 Lysozyme



G-proteins
Nucleotide-dependent
Conformational change
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Oligomerization of the same protein, or multiple different proteins

The Coiled Coll

A common dimerization
motif

Homodimer Heterodimer
Homotrimer Heterotrimer

Homotetramer Heterotetramer
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Pauling Sickle Cell Malaria
Hemoglobin is responsible Heterozygotes are protected from malaria
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Open discussion on the PNAS paper by Pauling, Corey and Branson
What is the importance of tertiary structure for an active site?
Why is it important to study secondary and tertiary structure?

How important is it to know structure and what does structure
tell us about function?

Can you predict the tertiary structure from primary or secondary structure.

Can you predict the quaternary structure from primary, secondary or tertiary
Structure?

Why are some protein folds seen over and over again in nature — and used
for different functions?



