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Presenter
Presentation Notes
Thank you all for coming out to support us. Some of you have heard the story of how we got engaged, and some of you haven’t. Most haven’t heard the details. The way we got engaged was we used SCIENCE. And since I’m a scientist, and this is MY wedding, I’m going to give a scientific talk explaining how we got engaged. I hope you enjoy it, and my dearest hope is you learn a little something.
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Many people, some of whom are here, were crucial in helping to make this happen, and I want to thank them profusely.
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First I want to talk about how to build things. People have been doing this for a long time, using our hands, or tools not much bigger or smaller than our hands. 

In the industrial revolution, we got good at building machines that build things.

I research nanotechnology, and we think about designing tiny little things that actually build themselves. So why not build those things by hand? Because our hands are too big to handle such tiny things.
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Building tools that build things:

Mariana Ruiz Villarreal

Programming things to build themselves: for building 
in small wet places where our hands or tools can’t reach
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Things that build themselves

I want to stick below 
blue & yellow and 
above blue & green

x10
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We call this “self-assembly”. A rough analogy is a Lego piece, where you imagine that instead of manually sticking them together, you program “smart” Lego pieces that know what other pieces they want to stick to.

Then, if you just throw the pieces together and jumble them around enough, like these kids are doing, 

They’ll assemble themselves into something interesting, if you programmed them to stick in the right way.
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DNA nanotechnology
a.k.a. DNA carpentry
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Now DNA, which is a molecule you may have heard of that our cells use to encode who we are, turns out to be a wonderful material for self-assembling tiny objects. I like to use the phrase “DNA carpentry” to emphasize that, like a carpenter, who uses another biological material called wood, we are far removed from DNA’s original use. We just want to build stuff out of it, that’s all.



DNA as a building material

=
TCGGAAATAAAATCGGAC

AGCCTTTATTTTAGCCTG
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So you may recall from high school, or some of you will learn this soon in high school, that DNA is a long molecule made of smaller molecules called bases, and there’s 4 kinds of bases, A,C,G,T, and A binds only to T, and C binds only to G, to form this beautiful structure with two DNA strands weaving around each other, called the double helix.

What you may not know is that even if the two DNA strands don’t match completely, but only part of them have these matching bases, then just those parts will bind. And another thing you may not know is that DNA doesn’t always come from biological cells. It can be synthesized and ordered online as easy as ordering from Amazon.



DNA as a building material

=
TCGGAAATAAAATCGGAC

AGCCTTTATTTTAGCCTG

TAGCGTAATT
ATCGCATTAA

DNA strands can bind even if only 
part of strands are complementary:
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DNA origami

Paul Rothemund
Folding DNA to create nanoscale shapes and patterns
Nature 2006
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The most reliable technique for self-assembling DNA is a nearly magical technology called “DNA origami”. It was invented in 2006 by Paul Rothemund, who’s actually here today, he’s sitting right at that table. 

Paul’s idea was to take a long DNA strand called a “scaffold”, and try to fold it up into a shape. How do we fold it? 

We look at two parts of the scaffold strand we want to fold together, and we look at the DNA sequences there. We create a short DNA strand that binds to those two parts,

And voila, if you mix them together, the staple holds those two parts together. 

Now, the rest of the scaffold is still a long floppy strand, 

but if we put enough staples in to fold the whole thing, and just heat it up and cool it down for an hour, the staples bind to the scaffold and fold it into a shape, just like this video is showing. In this case you end up with something that looks like a raft, with logs tied together by rope, only the logs and the rope are made out of DNA.
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scaffold DNA strand

staple DNA strands

folded DNA origami
heat to 90C, cool to 
20C over an hour

(M13mp18 bacteriophage virus)

DNA origami

© http://openwetware.org/wiki/Biomod/2014/Design
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DNA origami Paul Rothemund
Folding DNA to create nanoscale shapes and patterns
Nature 2006

Atomic force microscope images

100 nm
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So depending on how you design the staple strands, you can fold that scaffold into practically any shape you want, as long as it’s about 100 nanometers across. Here’s microscope images of some of the shapes Paul made in his original paper. By modifying some of the staples you can also “paint” patterns on the surface of these shapes, which is shown on the right here.



DNA nanotechnology applications

• nanoscale resolution surface placement
• X-ray crystallization scaffolding
• molecular motors
• super-resolution imaging
• molecular circuits

biological:
• smart drugs
• mRNA detection
• cell surface marker detection
• genetically encoded structures

nonbiological:
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Now it’s natural to ask, why do we want to make tiny shapes? What’s it good for? There’s many applications.

Here’s one that was intended to try to make a “smart drug”, which is a little DNA origami box that, depending on which chemicals it senses, maybe indicating a diseased cell, can open up to deliver antibodies. Now what I’m interested in is just understanding the extent to which this technique can be pushed. How complex can the structures be? How large can they be?

So I’m really inspired by papers like these that show how it’s possible to really push this technique and, like in this one on the right, put any pattern we want on these tiny little molecules.



DNA nanotechnology applications

DNA origami opens to deliver antibody 
only in presence of two protein antigens

41t-specific latch

TE17-specific latch
Shawn Douglas, Ido Bachelet, George Church, A logic-gated nanorobot
for targeted transport of molecular payloads, Science 2012

open

antibody Fab’ 
fragments 

• nanoscale resolution surface placement
• X-ray crystallization scaffolding
• molecular motors
• super-resolution imaging
• molecular circuits

biological:
• smart drugs
• mRNA detection
• cell surface marker detection
• genetically encoded structures

example

nonbiological:
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DNA nanotechnology applications

• art

Ashwin Gopinath, Evan Miyazono, Andrei Faraon, Paul Rothemund, Engineering and 
mapping nanocavity emission via precision placement of DNA origami, Nature 2016

nonbiological:

Grigory Tikhomirov, Philip Petersen, and Lulu Qian. Fractal assembly of 
micrometre-scale DNA origami arrays with arbitrary patterns. Nature 2017. 

9/11



IMPORTANT application of DNA nanotechnology
image: 4×10-6 m wide
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So about 6 months ago, I decided to put my own patterns on little DNA origami rectangles, in what I consider to be the single most important application of DNA nanotechnology, at least it’s made the biggest difference in my life. There’s a ton of rectangles here coating the surface, because I really didn’t want to take any chances and risk not being able to find the patterns I made. 

It’s hard to see, so here’s a zoom in. I’ll let you stare at it for a moment here and see if you can make out any words.



IMPORTANT application of DNA nanotechnology
image: 4×10-6 m wide

zoom in
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Two of the words were apparent to Bethany, and here I’ve rotated them to make them easier to read. 

And there’s four more words, there they are. 

So Bethany and I visited Ireland, specifically the town of Maynooth, where my groomsman Damien Woods has a lab. I led her by the hand into every woman’s dream romantic venue, this windowless, phosphorescent white room where Damien keeps his microscope, and that’s where I popped the question. 

Or rather, QUESTIONS. I calculated that in the 50 uL test tube where these were made, there were about 100 billion wedding proposals, which I think constitutes the greatest amount of eagerness ever displayed in a wedding proposal in history. 

And after some accelerated training that wasn’t entirely within the safety rules of the lab, she was able to mix her own staples 

to give me 100 billion replies. I have to say I was pleased with the outcome of this experiment.

Thank you very much for listening, and now that we have the nanotechnology out of the way, Bethany and I are going to do some life-sized dancing for the first time as husband and wife.
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total number of proposals in 50 µL test tube:
≈ 100 billion
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Thank you!
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