
Noncovalent energy in protein structure 
Conformational changes in proteins 

Steve Long



Textbook: Proteins by T.E. Creighton (Chapter 4)
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Charges in vacuum

Na+ Cl-

Coulomb’s law

like charges repel: positive 
opposite charges attract: negative 

side note: 
F=E/r



Na+ Cl-

Charges in water

D = 1  for vacuum 
D ~ 80  for water

D ~ 2  for lipid membrane 
D << 80  for interior of proteins,  
               sometimes as low as 2.

Coulomb’s law
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All forces involved in non-covalent interactions have the  
electrostatic force as their basis.
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Charges in water - another consideration, the hydration effect
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Charges in water - another consideration, the hydration effect



positively charged R groups

An ‘ion pair’ (sometimes referred to as a ‘salt-bridge’) can occur between positively and negatively 
charged amino acids. Forming charge-stabilized hydrogen bonds.







Dipoles



F-

F-

Molecular determinants of permeation  
in a fluoride-specific ion channel. 
eLife (2017) N. Last et al. & C. Miller

Anion – π interaction (less common)

Cation – π interaction

Cation – π interaction (very common)



Dipoles



van der Waals radius



van der Walls interactions



Combination of induced dipoles and repulsive force  
Lennard-Jones potential

Lennard-Jones potential



hydrogen bonds





acceptors:
C

H-bonds are typically measured as the distance between donor and acceptor (not to the hydrogen)



potassium channel K2P1 
accessible surface

The solvent accessible surface is sometimes referred to as the molecular surface.



hydrophobic effect

why do oil and water not mix?



structure of ice:

electron density of H20 
nearly spherical



hydrophobic effect

lipid bilayer



hydrophobic

Basic

Acidic

positively charged R groups

neutral
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standard amino acids,  
as they would occur at pH 7.0 



The amino acids never exist in solution  
in these forms. Refer to previous slide for 
their form at pH 7. Textbooks can be 
confusing!



Lysine (Lys, K)

NH3+

H3+N
-

When the pH is below the pKa, the  
protonatable group is protonated.
When the pH is above the pKa, the  
protonatable group is deprotonated.

NH3+

H3+N
-

NH3+

H3+N

at neutral pH (pH 7) at pH 4

at pH 1.5 at pH 12

-

pKa = 10.7

pKa ~ 2
pKa ~ 9

It never exists in solution in this form. 
Textbooks can be confusing!



polypeptide bond: phi/psi angles

Introduction to protein structure



Ramachandran plot

all residues 
except Gly/Pro

Gly residues

(phi)

(psi)



secondary structure: the alpha helix

N

C



alpha helix dipole moment

N  (+)

C  (-)

C



alpha helix dipole moment

N  (+)

C  (-)

C

potassium channel KcsA: D.A. Doyle et al. 1998

outside

inside



helical wheel projections

most common place for alpha helix: partially buried

amphipathic helices:



secondary structure: the antiparallel beta sheet



parallel beta sheet



sheets have a ‘right-handed’ twist

thioredoxin



schematic diagrams: secondary structure dominates



suggested texts: 

Proteins, by TE Creighton 

Introduction to Protein Structure  
 by Carl Branden and John Toonze 



Protein Conformational Changes



Trp repressor concept of induced fit



Proteins are flexible

Small scale changes:
Individual amino acids 
local regions of peptide backbone

large scale changes:
Domain movements
Sliding movements
Metamorphosis

Occur over several time scales



Proteins are flexible

Small scale changes:
Individual amino acids 
local regions of peptide backbone

large scale changes:
Domain movements
Sliding movements
Metamorphosis

Occur over several time scales

large-scale 
changes

small-scale 
changes



regions of flexibility can sometimes be 
deduced by looking at the structure or amino 

acid sequence alignment.



regions of flexibility can sometimes be 
deduced by looking at the structure or amino 

acid sequence alignment.

papain cleavage
limited proteolysis



ATP synthase
https://www.youtube.com/watch?v=k_DQ1FjFuYM&t=48s

https://www.youtube.com/watch?v=kXpzp4RDGJI&t=3s



acetylcholine receptor

(“resting”)
(non-conducting)

(non-conducting)

A2R = two ACh boundAR = one ACh bound

Ion Channels of Excitable Membranes. Bertil Hille

open (agonist bound)

closed



Ion Channels of Excitable Membranes. Bertil Hille



paper discussion


