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NANOINDENTATION OF VIRUS CAPSIDS
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Testing the hardness 
of capsids and virions

Self-assembled nanostructures 
consisting  of a protein shell to 
protect the genetic material inside
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CCMV

CPMV

a truncated 
icosahedron 
model

a rhombic 
triacontahedron 
model

cowpea mosaic virus

Both ~ 300 000 heavy atoms

cowpea chlorotic mottle virus

33 480 Cα atoms, 90420 contacts

28 620 Cα atoms, 62460 contacts

180 sequentially identical chains that self assemble
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Top 2150 
Cα atoms

s – separation between the plates

s
Coarse-grained 
structure-based model

Compression by 2 plates, combined speed ~ 
500 μm/s. Slow enough that  stress can be 
transmitted across the capsid before the 
separation has changed substantially

some clockwise rotation

minutes needed to recover
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k ~ 0.05 ε/Å2 ~ 0.055 N/m

Fm ~ 5.5 ε/Å ~ 600 pN

various 
trajectories

Experimental: 0.14 N/m & 500 pN

LJ radius in the potential ~ size of an amino acid (not atom) :  softer

ACTIVATED 
TRANSITION

Breaking of a few 
bonds leads to 
stress transfer 
and a cascade of 
additional bonds

At smaller speeds, 
more time for 
thermal activation 
and transition at 
lower forces

compression

withdrawal
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CPMV: an order of magnitude bigger k & Fm 3 times 
as big despite comparable radius and shell thickness

~ 1700 pN

CPMV ~ 8 neighborsCCMV ~ 6 neighbors
(fcc lattice ~ 12 neighbors)including along the backbone



Radial strain different than for a continuum shell

central

polar

bows out 5%

inner

outer
15% increase in the radius

Mean rotation ~ 4o

A nearly constant and small 
expansion in the center and a rapid 
change in the slope for |h|> 60 Å

Some symmetry breaking 
due to buckling on one side

Gibbons, Klug 2008

Z -compression

bows in



Cα-based description of empty CCMV & CPMV capsids.

Elastic region followed by an irreversible 
activation transition to the sandwich 
state – related to rupturing nearly all of 
the bonds between capsid proteins 

Qualitatively consistent with continuum model. However, 
the details depend on the specifics of the molecular 
structure. A 30% increase in the number of contacts 
results in a 3-fold larger yield point and shorter elastic 
region – difficult to capture in continuum models

The molecular model 
undergoes a gradual 
symmetry breaking rotation 
and accomodates more 
strain near the walls

Nanoindentation by a large tip modeled as compression between parallel plates. 
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