Solution pH in viruses, virus-like particles
and other nanoshells
Donnan vs Poisson-Boltzmann theory
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pHs inside and outside VLPs are not the same...
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A simple electrostatic model...

.
Poisson-

Boltzmann < V%, =0

A0 net surface charge

mobile charges

® e

salt pg theory \ V24, = sinh Wy,
r

( 0y(0) =0

Yr(R1) =¥ (Ry)

boundary | Y1 (Ry) = 0, Y (Ry)
111 conditions Y (R2) = Y (Ry)
0r Y11 (R2) = 0, Y11 (Ry) + 4o

R2 immobile charges L Yi(0) =0

I'=(p+ —p-)/2ps

Muhren et al. J. Phys. Chem. B 127 (2023), 2160. “degree of overcharging”



A simple electrostatic model...
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Donnan vs Poisson-Boltzmann theory...
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Donnan vs Poisson-Boltzmann theory...
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Donnan vs Poisson-Boltzmann theory...
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Donnan vs Poisson-Boltzmann theory...
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Breakdown of Donnan theory...
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Take-home messages...

 The Donnan effect gives rise to pH differential across protein nanocages
* This differential can be as large as a full pH unit

* Donnan theory is consistent with Poisson-Boltzmann theory

* Donnan theory is simple yet under most practical conditions accurate

e Can be used to predict pH gradients or degrees of overcharging

* Assumption of uniform immobile charge distribution not strictly necessary

Odiik et al. J. Phys. Chem. B 107 (2003), 8074.
Gopmandal & Duval Curr. Opin. Coll. Interface Sci. 60 (2022), 101605.
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