
OverviewOverview

•• Much, if not most, protein in the cell is not Much, if not most, protein in the cell is not 
monomericmonomeric

•• Many proteins exist as part of macromolecular Many proteins exist as part of macromolecular 
complexes (complexes (e.g.e.g., ribosome), or as polymers (, ribosome), or as polymers (e.g.e.g., , 
actinactin, microtubules), microtubules)

•• History is important: 1950’s to 60’s, realized that History is important: 1950’s to 60’s, realized that 
small viral genome encoded large viral small viral genome encoded large viral capsidscapsids

•• polymeric structures containing many copies of an polymeric structures containing many copies of an 
identical gene productidentical gene product

•• Closed shells Closed shells –– point group symmetriespoint group symmetries



Looking at Macromolecular Complexes

•• Previously: EM as a tool for looking at Previously: EM as a tool for looking at 
macromolecular assembliesmacromolecular assemblies

•• Today: Protein Today: Protein multimers and polymersmultimers and polymers, , general general 
featuresfeatures

•• Monday,Monday, 66 Oct: What can kinetics of assembly Oct: What can kinetics of assembly 
tell us?tell us?



Flagellum has been icon of “ID”
• “Intelligent Design” is being promoted as a scientific 

alternative to evolution

bacterial 
flagellum is 
example of 
“irreducible 
complexity”, 
establishing 
that evolution 
could not have 
happened



Symmetry and “irreducible complexity”



IcosahedronIcosahedron has 532 symmetry: 20 identical faceshas 532 symmetry: 20 identical faces

Can be formed from 60 identical subunits, each in an Can be formed from 60 identical subunits, each in an 
identical environmentidentical environment

•• But larger But larger capsidscapsids cannot have strict equivalencecannot have strict equivalence



Different views of icosahedron show symmetryDifferent views of icosahedron show symmetry



T numbers and T numbers and capsidscapsids



T numbers and T numbers and capsidscapsids

For larger viral capsids, number of subunits is 3*TFor larger viral capsids, number of subunits is 3*T



How does this relate to cells?

Science, 5 August 2005Science, 5 August 2005



How does this relate to cells?



Symmetrical arrangements of protein



Cyclic point group symmetryCyclic point group symmetry

In general, In general, CCnn



Dihedral point group symmetryDihedral point group symmetry

In general, In general, DDnn

22--fold axis perpendicular to fold axis perpendicular to CCn

RuvBRuvB from from E. E. colicoli
D6D6



While there are a few examples of icosahedral
enzyme complexes, many examples of Cn rings and 
helical polymers

A few examples of such helical polymers:
Tobacco Mosaic Virus
bacteriophage tails
microtubules
bacterial flagella
bacterial pili

myosin thick filaments
collagen
keratin
neurofilaments
tropomyosin

globular subunitsglobular subunits

coiledcoiled--coilscoils



Helical Symmetry Reflects Simplest Bonding Rule Helical Symmetry Reflects Simplest Bonding Rule 

Asymmetric subunitAsymmetric subunit

Symmetric Symmetric dimerdimer Asymmetric bondAsymmetric bond

Symmetrical helixSymmetrical helix



What holds viral capsid, protein polymer, or ribosome together?

•• Interface largely hydrophobic, similar to interior Interface largely hydrophobic, similar to interior 
of protein itself!of protein itself!

•• ChothiaChothia and and JaninJanin (Nature, 1975): (Nature, 1975): 

ΔΔG ~ 0.025 kcal/mol/G ~ 0.025 kcal/mol/ÅÅ22

Analysis of 75 highAnalysis of 75 high--resolution resolution 
proteinprotein--protein interfaces (Lo protein interfaces (Lo 
Conte Conte et al.et al., JMB 1999), JMB 1999)

For insulin For insulin dimerdimer: ~28 kcal/mol: ~28 kcal/mol

For 1,700 ÅFor 1,700 Å22, ~ 42 kcal/mol, ~ 42 kcal/mol



Size of interface correlates with MW 

from Jones and Thornton, PNAS 1996from Jones and Thornton, PNAS 1996



What will oppose this?

•• Loss of entropy of protein subunits!Loss of entropy of protein subunits!

•• This can make assembly unfavorableThis can make assembly unfavorable

•• But entropy of water needs to be consideredBut entropy of water needs to be considered……



What can we say about residues at the protein-protein interface?

•• For solvent accessible surface of small globular For solvent accessible surface of small globular 
monomericmonomeric proteins, residues are:proteins, residues are:

•• 57% non57% non--polarpolar

•• 24% neutral polar24% neutral polar

•• 19% charged19% charged

•• For 75 interfaces studied, 53% nonFor 75 interfaces studied, 53% non--polar!polar!

•• Thus, the “patches of protein surface that form Thus, the “patches of protein surface that form 
interfaces are no more hydrophobic than the interfaces are no more hydrophobic than the 
accessible surface of small globular proteins.”accessible surface of small globular proteins.”



What residues
are found at protein-protein 

interface:



Small changes in sequence can produce Small changes in sequence can produce 
dramatic changes in quaternary structuredramatic changes in quaternary structure



GB1 GB1 –– intertwined secondary structureintertwined secondary structure



Complications in studying protein-protein interfaces: polymorphisms

FF--ActinActin modelmodel crystalcrystal



Polymorphism in T7 gp4 Polymorphism in T7 gp4 helicasehelicase crystal structurecrystal structure

Three different subunitThree different subunit--
subunit interfaces!subunit interfaces!

Singleton Singleton et al.et al., 2000, 2000



Polymorphism in T7 gp4 Polymorphism in T7 gp4 helicasehelicase crystal structurecrystal structure

Seven different subunitSeven different subunit--
subunit interfaces!subunit interfaces!

TothToth et al.et al., 2003, 2003



Octameric membrane transporter shows
large degree of polymorphism

Three states observed in 
crystals, with relative 
domain angles of 35°, 46° 
and 80°



Octameric membrane transporter shows
large degree of polymorphism
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