Problem 8. DNA in nanogrooves (14 points)
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In some genomic studies it is important to stretch relatively long, fluorescently labeled DNA molecules until they are almost linear, which is followed by further visual inspection under a microscope. Usually, it is a complicated task, requiring high skill and dexterity, as the DNA molecules take on random coiled conformations and do not readily enter narrow nanoscale channels. In a 2014 study, published in PNAS [doi:10.1073/pnas.1321089111], a group from McGill University (Canada) described a simple technique (CLINT) to stretch DNA molecules in very narrow (27 nm) grooves. The techniques relies on forming a nanochannel around DNA molecules instead of forcing them into narrow channels: DNA molecules are placed in an experimental chamber with a nano-grooved bottom. The chamber is covered with a cover-slip, resting on 10um-height walls. In the beginning, all DNA molecules are coiled and floating freely in the solution. Next, a lens is pushed against the coverslip, resulting in its bending, which confines the volume in the chamber. When the distance between the glass and the chamber bottom is about 10 nm, the majority of DNA molecules appear in the nanogrooves, stretched up to 90% of their linear length, which is now their energetically preferred state.

Questions:

1. What is the goal of imaging studies of stretched DNA molecules? (2 points)

2. Why (due to what forces) do DNA molecules take form of a tangle in a solution? (3 points)

3. What (due to what forces) the DNA molecules end up in the nanochannels in the described technique (5 points)?

4. How, by using an intercalating fluorescent marker and changing the solution temperature, to fingerprint genetic code of the DNA molecule (2 points)? What is the best resolution that can be achieved in such an approach (2 points)?
