Untying of complex knots on stretched polymers in elongational fields
Beatrice W. Soh, Alexander R. Klotz and Patrick S. Doyle

Department of Chemical Engineering, Massachusetts Institute of Technology, Cambridge, MA 02139

I I I H B Massachusetts

I I Institute of
Technology

Motivation

Knots are common in our everyday lives on both macroscopic and
microscopic scales. From a polymer physics standpoint, the presence of knots
has important consequences for overall polymer properties. It is important to
study not only how molecules with knots behave, but also how the knot

untying process changes polymer properties.
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Simulation setup
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* Brownian dynamics simulation of knotted DNA in elongational fields

« Molecule behavior characterized by Weissenberg number, Wi = et

Knot untying process
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Averaged over 50 simulation runs

As a knot moves off the chain in an elongational field (¢ < 0), the knot swells due to varying tension

Lknot
Lchain
extension. After the knot reaches the chain end and begins to untie (t = 0), the knot size

1+2v
along the chain and Wiy = Wi(l — ) decreases, leading to a decrease in chain

decreases and Wi, increases, resulting in an increase in chain extension.

Untying-induced change in extension

Individual unknotting trajectories
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» Dramatic changes in chain conformation occur for low Wi

« Knot motion appears to be more directed at high Wi

Experimental results
Wi = 1.75
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Large-scale changes in chain extension during the knot untying process are also observed
experimentally. The knots observed experimentally can remain in a partially untied, coiled state

for long periods of time (~807 for green trace, 7 = 2.1 s).
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Due to the change in knot size and consequent change in chain extension
as a knot unties, the untying process can be diffusion- or convection-driven.

Summary

* Varying tension along a chain in an elongational field leads to a dynamic

change in knot size as the knot moves off the chain, which results in a

change in Wi, and chain extension

* Flow kinematics strongly influence the knot untying process
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