iGEM outline slide (0:05)
The last project we pursued this year was the cyanobacterial oscillator. [CLICK]
From cyanobacteria to E. coli (0:30)
First, a bit of introduction. Here you can see a picture of a flask of cyanobacteria sitting on our lab bench. Cyanobacteria, also known as blue-green algae, are a phylum of ancient photosynthetic bacteria. They are the simplest organisms known to possess a circadian rhythm. [CLICK]
E. coli, as everyone knows, are a model organism for studying bacteria and doing synthetic biology research. Our project this year was to reconstitute the circadian oscillator from cyanobacteria in E. coli. [CLICK]
Applications of a Bio-oscillator (0:30)
Why do we care about bio-oscillators in the first place? [CLICK] Besides their functions in nature, oscillators have a number of useful applications. [CLICK]
First, of course, oscillators can function as clocks. [CLICK] One iGEM-y application of a clock is a bacterial nightlight that fluoresces at night. [CLICK] Oscillators could also be used to time the release of drugs throughout the day – for example, melatonin can be released at night to aid in sleeping. [CLICK] More generally, oscillators are essential to bio-circuits which require synchronization of circuit elements. [CLICK] And finally, bio-oscillators can aid scientific research into natural oscillators. [CLICK]
Repressilator vs Cyanobacterial Oscillator (0:35)
Of course, ours is not the first bio-oscillator. Others have created synthetic oscillators, of which the most famous is the repressilator by Elowitz and Leibler, [CLICK] which is driven by a triangle of mutual transcriptional repression. [CLICK] The repressilator was a major achievement, but the oscillation it produced was actually not very stable over time. 
[CLICK] The cyanobacterial oscillator, on the other hand, has the benefit of billions of years of evolution behind it. [CLICK] Its oscillation is very stable over time and temperature compensated, and we even know how to vary the period via point mutations in certain genes. These properties make it desirable for use. [CLICK]
The Kai Clock in Cyanobacteria (1:00)
Let’s take a closer look at how the cyanobacterial oscillator works. There are three proteins at the heart of this clock, called KaiA, KaiB, and KaiC. In vitro experiments with these three proteins have given us a model of how they interact. [CLICK]
KaiC by itself will spontaneously autophosphorylate and dephosphorylate, though not in a stable manner. [CLICK]
KaiA promotes KaiC’s phosphorylation, and inhibits its dephosphorylation. [CLICK]
KaiB inhibits KaiA’s action. [CLICK]
The three proteins together are both necessary and sufficient to produce an oscillation in the phosphorylation state of KaiC. And the clock works in vitro, which means it’s not dependent on transcriptional regulation. This is good news for us because it means we can move the Kai genes into E. coli and have high confidence that the clock will still work, without worrying about copying cyanobacteria’s transcription factors as well. [CLICK]
Achievements (0:20)
Our main goal this year was to reconstitute the cyanobacterial oscillator in E. coli. We’ve met three milestones in pursuit of that goal.
First, we’ve created BioBricks of the Kai genes.
Second, we’ve combined these genes with registry parts to make functional constructs.
And third, we’ve transformed E. coli with our constructs and demonstrated interaction between the Kai proteins. Now we’ll go into more detail about our results. [CLICK]
Results: Construct Creation (0:15) (need to pause a little longer?)
In terms of construct creation, we’ve created BioBricks of the Kai genes; ligated them with Lac promoters from the registry to make functional parts; and combined them with each other to make a KaiA + KaiC construct and a KaiB + KaiC construct. [CLICK]
Results: Protein Interaction (2:00)
Our most exciting result is the demonstration of the expression and interaction of at least two of the Kai proteins, KaiA and KaiC, in E coli.
We transformed cultures of E. coli with three of the constructs from the previous slide, and induced expression of the genes for 16 hours. We then lysed the cells and performed a Western blot with anti-KaiC antibodies, courtesy of Professor Susan Golden from Texas A&M.
Here’s an image of our Western blot. The three lanes contain samples from cells transformed with, from left to right: KaiC, KaiB + C, and KaiA + C. Within each lane, the top band is phosphorylated KaiC and the bottom band is non-phosphorylated KaiC, which runs slightly faster.
How do we interpret these results? [CLICK] Recall our model of the Kai clock. KaiA promotes KaiC’s phosphorylation and KaiB inhibits KaiA. [CLICK]
The model states that KaiC will spontaneously phosphorylate and dephosphorylate. We see in the first lane that, when KaiC is expressed by itself, there is both phosphorylated and non-phosphorylated KaiC present, though mostly non-phosphorylated. This is consistent with the model [CLICK]
When KaiA is added, however, we expect the amount of phosphorylated KaiC to increase. And that’s exactly what you see in the third lane of our Western blot. The band containing phosphorylated KaiC is much darker in this lane compared to the first, indicating an increase in phosphorylated KaiC. [CLICK]
Finally, when KaiB and KaiC are combined, we expect the same results as KaiC by itself. This is because, according to the model, KaiB inhibits KaiA, so if KaiA is absent, KaiB should have no effect. As you can see, the second lane containing KaiB + C appears to have the same ratio of phosphorylated to non-phosphorylated KaiC as the first lane.
In conclusion, we’ve demonstrated that KaiA and KaiC are expressed and interacting. KaiB can’t be verified until we finish creating our KaiA+B+C construct, but at least it does not seem to interfere with KaiC, as predicted.
Further challenges (medium version) (0:50)
The last goal of our project is to verify that the Kai clock is oscillating over time in E. coli. There are a couple of complications that make detecting oscillation a little tricky.

Briefly, we need a way of synchronizing the Kai clocks between cells in a culture, and also within an individual cell.

[CLICK] If we don’t synchronize the clocks between cells in a culture, then these clocks will be out of phase with each other, and we won’t be able to measure a net oscillation over time in our Western blots.
[CLICK] We also need to synchronize the Kai clocks within a cell. The graph on the right shows output from a computer model of a single cell, where the x-axis is time and the y-axis is phosphorylation level of KaiC. This cell is producing KaiC constantly, and you can see that the oscillation decays over time because the newly produced proteins are out of phase with existing proteins.
We’ve designed a set of experiments that will address these problems, and we hope to have them running soon. [CLICK]
Conclusion (0:20)
To conclude. Harvard iGEM pursued three projects this year. We’ve shown you DNA nanostructures capable of protecting and transporting molecules. We’ve shown you two components for targeting these nanostructures to the cell surface. And we’ve shown you the reconstitution of the cyanobacterial oscillator in E. coli. [CLICK]
Acknowledgements (0:25)
None of this would have been possible without the help of the people you see on this slide. We would like to thank our teaching fellows and faculty advisors for their valuable advice and assistance. We’d also like to thank Susan Golden at Texas A&M for providing advice and anti-KaiC antibodies, and Peter Wiegele at MIT and Eric Webb at Woods Hole for providing cyanobacteria strains.
Finally, we’d like to thank you, the audience, for listening to our presentation. thx d00dz.
