Friday, May 28, 2010

Graphene Nanopores Solve DNA Sequencing Problem 

Passing a strand of DNA through a hole in a sheet of graphene finally solves one of the biggest problems with a revolutionary new genome sequencing technique called nanopore translocation. 
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There's little doubt that it will be possible to sequence any individual's genome quickly and cheaply within the next few years. But that's not to say there aren't significant technology challenges ahead before it can happen. And the biggest question is how it will be done.

Scientists have long known that strands of DNA are electrical conductors. However, the different structures of the four nucleotide bases that make up DNA-- cytosine, guanine, adenine and thymine--indicate that each should have different electrical characteristics.

That leads to an interesting idea. If you can measure the electrical properties of each nucleotide base in a DNA strand, you could determine their sequence. 

But how do you measure the electrical properties of a single subunit among many tens or hundreds of thousands? 

One of the most promising ideas is to make a tiny hole through a thin sheet of material and measure the amount of current that passes from one side of the sheet to another. 

Next, pull a strand of DNA through this hole and measure the current again. Any difference must be caused by the nucleotide base that happens to blocking the hole at that moment. 

So measuring the way the current changes as you pull the strand through the hole gives you a direct reading of the sequence of nucleotide bases in the strand.

Simple really. Except for one small problem. Even the thinnest films of semiconducting materials used for this process, such as silicon nitride, are between 10 and 100 times thicker than the distance between two nucleotide bases on a strand of DNA. 

So when a strand of DNA passes through the hole, it's not a single nucleotide base that blocks it but as many as 100. That makes it hard to determine the sequence from any change in the current. 

Today, Grégory Schneider and buddies at the Kavli Institute of Nanoscience in The Netherlands present a solution to this problem. Instead of a conventional material, this team has used graphene, which is relatively easy to produce in sheets just a single atom thick.

Graphene is like a sheet of chicken wire made of carbon atoms. These guys have drilled holes of various diameters through just such a sheet using an electron beam to smash carbon atoms out of the structure. 

As with previous nanopore experiments, they measured the current that flows from one side of the sheet to the other when a hole is both empty and blocked by a strand of DNA. 

Sure enough, in these proof of principle experiments, the difference allowed them to determine when a strand of DNA was present or when two or more strands were stuck in the nanopore. 

That's as far as they've got so far. But the significant point is that the graphene sheet is so thin that when a strand of DNA passes through it, only a single nucleotide base can block it an any instant.

What they'll need to do next is to improve the sensitivity of their measurements to reliably determine the difference in electrical characteristics between one nucleotide base and another. That will be fiddly but it provides to a clear route forward.

The Dutch group now join a cutthroat race to produce the first nanopore translocation sequencer. They're up against teams from Harvard, Oxford and elsewhere who are all vying to master this trick and who have a few years head start. 

The dream is to produce a device capable of sequencing a human genome in a time measured in minutes and at a cost measured in pennies.

But the ability to master graphene gives the Dutch team an interesting advantage. They can expect their phones to be ringing with more than a few offers of collaboration. 
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