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Abstract; To realize the nanopore—based low cost ultrafast DNA sequencing, it is necessary to investigate the conformation
and friction behaviors of polymer and to develop fluid dynamic model to describe the transport of biomolecules in confined
space. This year, we further developed the coarse—grained molecular dynamics simulation model to carry out the multiscale
modeling and computing of fluid dynamics. The single—molecule interface friction of DNA was directly probed using the
single—molecule force spectroscopy. The main results are as follows: The study of the translocation of DNA through graphene
nanpore and graphene—oxide nanpore reveals that it is possible to achieve the base—by—base DNA translocation through the
graphene—oxide nanopore; Experiments were conducted to investigate the oscillation of nanpore currents in multi—valence
solution, diffusion of ions in confined nanochannel and its dependence on surface charge equilibrium, resulting in several
important findings; The particle translocation was detected by experimentally measuring the ionic current. Meanwhile, a
theoretical model was proposed to predict the access resistance of nanopores; The measurement of fiction of DNA in different
NaCl concentrations revealed that DNA friction decreases with the increasing of salt concentration and DNA displays more
extended conformation under low salt concentration; It was also found that the long DNA molecule has more extended
conformation and the friction is insensitive to the DNA length; The measurements by the single—molecule force spectroscopy
showed that the double—stranded DNA has similar dynamic stability in both heavy water and water buffers. However, the
double—stranded DNA in methanol will de—helix to form single—stranded DNA. These studies will extend our understanding
of forces acting on DNA and other biomolecules in the confined space and provide a theoretical basis and design guide for
the development of DNA sequencing techniques.
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