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  Our workshop will explore the cutting-edge intersections of nanopore technology and 
DNA nano-origami science. Nanopore technology is a revolutionary approach to DNA 
sequencing that utilizes tiny pores to read individual DNA molecules as they pass 
through. DNA nano-origami is a new technique for creating intricate structures from 
DNA that can be used for a variety of purposes, including drug delivery and 
diagnostics. Nanopores are already revolutionizing healthcare diagnostics and 
treatment. The workshop, to be held on February, 22./23. 2024 at the Center for 
Hybrid Nanostructures (www.CHyN.de) at the Universität Hamburg, will bring 
together leading experts from academia to present their latest developments in these 
fields and discuss their potential impact on the life sciences. 
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method. With the theoretical modeling of ion transport one

attempts, among others, to tackle the following questions:

! What is the detailed mechanism of ion passage?

! Where are binding sites located in the pore?

! Is there any ion selectivity of the nanopore?

! Which are the rate-limiting steps for the transport?

The methods discussed below can be used individually or, to

some extent, in a combination with each other. Such a combi-

nation of methods can help to portray a better picture of ion

transport by overcoming the limitations associated with a

particular method. Especially one has to keep in mind the large

space and time scales over which the calculations need to be

performed in a converged manner.24

2.1 Continuum models

The main idea in continuum models is to approximate all

components of the simulated system, i.e., water, ions, proteins,

etc. via a continuum. Instead of a large number of individual

atoms, a system with a few continuous elements is achieved. The

most well-known continuum theory for ion transport is certainly

the Poisson–Nernst–Planck (PNP) scheme17–19,25,26 which

combines the Nernst–Planck and the Poisson equations. The

Nernst–Planck continuum electro-diffusion theory describes the

flux density Ja of ion type a at position R in terms of its

concentration Ca and the corresponding potential

gradients15,16,27,28
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with the diffusion coefficient Da(R) and the effective potential

Veff
a . The potential, Veff

a (R), at each position R is the sum of

potentials excluding ions from the interior of the pore or

membrane and an electrostatic potential f(R). The later one is

determined by solving the Poisson equation
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where 3(R) denotes the position-dependent dielectric constant

and rP(R), the charge density of the pore. Solving these two

coupled differential equations, the Nernst–Planck equation, eqn

(1), and the Poisson equation, eqn (2), in a self-consistent manner

yields the electrostatic potential, the concentration, and the flux

of the ions. The parameters for the PNP calculations are often

obtained empirically but in some cases have been, at least

partially, extracted from atomistic simulations.27,29 While ions

and water molecules are always treated as a continuum, the

channel is sometimes approximated to various extents in its form

and charge distribution. To give some examples, the PNP

method was applied to study the ion transport through the outer

membrane protein F (OmpF),27,30–32 the voltage-dependent anion

channel (VDAC),29 a calcium channel,33 the gramicidin

channel,18,34 the protegrin transmembrane pore35 and also

synthetic nanopores.36–39

However, a simplistic representation as in the PNP approach

has several limitations and various questions regarding the

applicability of the continuum based method in the nanoscale

systems have already been raised.19,40 The PNP theory works best

for wide aqueous pores and may cause problems for regions of

constricted volume. Furthermore, the finite volume of the ions

which becomes important for narrow nanopores is neglected.41

Additionally, exclusion of non-electrostatic interactions between

ions, overestimation of the shielding effect by counterions inside

a pore42,43 and lack of the description of dielectric boundary

effects are a few shortcomings associated with the method.

Nevertheless, the PNP method has shown its usefulness to study

ion transport at a relatively small computational cost.44

In addition, a large number of extensions of the PNP approach

has been developed over the years. One of them is the density

functional theory-PNP method in which the ions are described as

charged hard spheres with excess chemical potentials computed

from equilibrium density functional theory.33,45,46 Its efficiency

has been tested especially for the ryanodine receptor calcium

channel to study the energetics of Ca2+-binding selectivity over the

monovalent cations.33 Another theory, the Energetic Variational

Analysis (EnVarA), has been developed by Eisenberg and

co-workers.47 This variational model was developed to deal with

complex fluids including flowing interacting sub-elements which

can be more complex than hard sphere ions. Furthermore, in yet

another complementary approach one aims at determining

structural features of nanopores from measurements of its func-

tion, namely current voltage curves in different solutions. From a

mathematical point of view, this is an inverse problem.48,49 At the

same time one can employ this approach to design channels with

desirable properties such as a particular selectivity.49

2.2 Brownian dynamics

The Brownian dynamics (BD) method lies in between the

dichotomy of detailed all-atomMD simulations and continuum-

based approaches. In the BD scheme, the ions and nanopores are

treated explicitly while the solvent molecules are described

Fig. 2 Typical MD simulation setup for ion transport through nano-

pores. The OmpF nanopore is shown in a yellow cartoon representation

and water as a gray surface. Moreover, the BMIM+ ions are displayed

using a green stick delineation and the Cl% ions as pink spheres. The

figure has been generated using VMD.65
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The workshop is organized within the European University Alliance for Global Health 
(EUGLOH) and sponsored by the DAAD national initiative. It is open to researchers and 
clinicians, interested in learning more about the potential of nanopore technology and 
DNA-nano-origami to revolutionize healthcare.  




