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E. coli

T. thermophilus
E. kaustophilus

B. taurus

Hsp70/DnaK



Sequence conservation (often) mirrors structural 
conservation
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Sequence à structure à function

The emerging paradigm (~80s/90s)



… are things really so simple?



“Acid blobs and negative noodles”

Sigler, Nature (1988)



Intrinsically disordered proteins and protein regions (IDRs) 
lack a fixed tertiary structure
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The three stages of “revolution” in a field

Courtesy of Don Cleveland, UCSF



Stage 1: 
Denial

1990 – 2000



Early IDR work was bioinformatics-heavy
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Uversky, Proteins (2000)

Small set of model proteins (2000)



Early IDR work was bioinformatics-heavy
Human proteome (2021)



Why would charge and hydrophobicity matter for folding?
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From Levinthal to pathways to funnels 
Dill & Chan, NSMB (1997)

Hypothetical folded 
protein landscape

Native (folded)



Many small globular proteins are two-state folders
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IDRs have a complex energy landscape

Hypothetical IDR
energy landscape



IDRs have a complex energy landscape

Hypothetical IDR
energy landscape



Stage 2:
Fine it “happens”, but it doesn’t matter

2000 – 2010
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Biophysical characterization of IDRs
NMR SAXS Fluorescence spectroscopy



Biophysical characterization of IDRs

What is the ‘right’ framework for thinking about IDPs?
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Biophysical characterization of IDRs
NMR SAXS Fluorescence spectroscopy



IDRs have no fixed 3D structure

What is the right ‘framework’ to talk about?



Polymer physics as a general framework to 
think about proteins
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(n = number of amino acids in the protein)



Polymer physics as a general framework to 
think about proteins

n* = 140

(n = number of amino acids in the protein)

GFP



For same number of residues, IDRs are 
(generally) much more expanded…

GFP folded
(n=238)

Distribution of a Gaussian chain

n = 238



…but folded proteins are still polymers!

GFP folded
(n=238)

Distribution of a Gaussian chain

n = 238



Protein dimensions and protein heterogeneity are two 
orthogonal axes

Holehouse & Pappu 
Ann Rev. Biophys (2018)



Polymer solvent quality quantifies chain dimensions
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Polymer solvent quality quantifies chain dimensions

Holehouse & Pappu 
Ann Rev. Biophys (2018)



Polymer
solvent quality

Good Poor

Polymer scaling theory gives us tools to describe this

Rg = B0Nν

N = number of residues

B0 = prefactor
(chain width/stiffness)

ν (nu) = scaling exponent
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N = number of residues

B0 = prefactor
(chain width/stiffness)

ν (nu) = scaling exponent
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Self avoiding
Random coil
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Scaling theory is actually applicable to all proteins

Holehouse & Pappu Ann Rev. Biophys (2018)
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Rg = B0Nν

For many (~1600)
single-domain folded proteins



Scaling theory is actually applicable to all proteins

For many (~28)
Fully denatured folded proteins

Holehouse & Pappu Ann Rev. Biophys (2018)



Scaling theory is actually applicable to all proteins

Rg = B0Nν

For many (~28)
Fully denatured folded proteins

Holehouse & Pappu Ann Rev. Biophys (2018)



Scaling theory is actually applicable to all proteins

Rg = B0Nν

log(Rg) = νlog(N)+log(B0)

y = νx + b

For many (~28)
Fully denatured folded proteins

Holehouse & Pappu Ann Rev. Biophys (2018)
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Gaussian chain (ν = 0.50)Self-avoiding random coil (ν = 0.589)

Remember:
Rg = B0Nν
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Gaussian chain (ν = 0.50)Self-avoiding random coil (ν = 0.589)



2010 onwards…

Stage 3: 
Of course, we always knew this!
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Stage 3: 
Of course, we always knew this!

Where, how and why do IDRs matter for function
(Friday!)



Next lecture (Wed.)

Tools for biophysical characterization of IDRs


