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All-atom Molecular Dynamics (MD)
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Atoms modeled as classical point particles
Interactions prescribed by CHARMMS3G6 force field
with CUFIX corrections
Simulations run using NAMDT on Blue Waters
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Single-stranded DNA hybridizes with
sequence specificity

phosphate sugar adenine - thymine

« CYytosine



DNA origami

Building a structure with

nanoscale precision by
folding DNA
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Cryo-electron microscopy and all-atom simulation
for DNA origami structure prediction
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PNAS 109:20012 Nucleic Acids Research 44:3013



Comparison between simulation and
experiment

EM density psuedo-atomic model simulation

Nucleic Acids Research 44:3013



Interactions in a simple coarse-grained

DNA model
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Adaptive resolution

lation of DNA
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DNA-based Voltage sensing

Keyser Group All-atom MD simulation

Experimental setup
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Design of a nanoscale voltage sensor
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Design A1 Design Az X (helix)

Keyser and Tinnefeld Groups
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Nano Lett., doi: 10.1021/acs.nanolett.7b05354 (2018)



Coarse-grained simulations of a FRET plate
capture

~5 bp/bead CG model 40 ps simulations

100 va 200 mV 300 mV 400 mV 600 mV
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Nano Lett., doi: 10.1021/acs.nanolett.7005354 (2018)



CG simulation of FRET efficiency

2 beads/bp CG model 1 ps simulations
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Nano Lett., doi: 10.1021/acs.nanolett.7b05354 (2018)



Voltage sensing with DNA origami
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DNA lon Channels
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Nano Letters, 13: 2351
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ACS Nano 10:8207 (2016)
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Porin-like DNA channel

Solution



All-atom MD simulation of lipid-DNA interface @
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Lipid molecule around the DNA channel can translocate to

the other leaflet. |
http://dx.doi.org/10.1101/241166



Lipid translocation through toroidal pores Is
very common and very fast




Lipid translocation through toroidal pores Is
very common and very fast
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3-5 orders of
magnitude faster than
natural scramblases
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Experimental verification

Keyser Group
Scale bars are 10 pm
DNA scramblase
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Ohmann, Li, ... Ulrich F. Keyser, Aksimentiev, http://dx.doi.org/10.1101/241166



Works In human cells

Annexin V binds specifically to PS lipids found in inner leaflet of human cells
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Breast cancer cells from the cell line MDA-MB-231 Scale bar is 20 pm

Positive control: apoptosis-inducing microbial alkaloid staurosporine

Negative control: DNA folding buffer http://dx.doi.org/10.1101/241166
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