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PUF 
- The last powerpoint for the plan was using the biobrick format, backbone, 

terminator etc. 
- We can use a different plasmid for testing though. So we will clone the 

expression construct (PUF) that is already in the PET 4.3 structure into the 
BL21 strain. Our testing plasmid will have the RBS-PUF binding site-YFP. 
This will be a quicker test because the plasmid already has a promoter and 
terminators. The primers for these are already order and will arrive on 
Monday. The primer includes the RBS, PUF binding site, and restriction sites. 
We are cutting with EcoRI and SpeI. 

o PET 4.3 is Amp resistant, the protet is Cm resistant. 
o We have to check the compatibility of the plasmids. Check this by 

looking at the ORI. If they have the same mechanism that will be an 
issue (competition and one will win over the other). 

o There are biobricks to make this as well, but our overall goal is for 
testing to be as quick and easy as possible. 

PHAT 
- Working on a gene operon to convert tyrosine all the way to picetannol. 
- We’ve found that the 2008 Rice team did tyrosine to resveratrol in yeast. But 

not all of their biobricks are characterized, so they may not be functional. But 
the 3 enzymes are in the registry. 

o Try to get these from the registry and try to put it in e. coli. These 
probably won’t be in the kit plate, so will order from the registry. 

o PCR the genes and build the operon ourselves. That saves the hassle 
of the MTA because Koffas might not approve putting his stuff in a 
biobrick. 

o Rao will still follow up on the MTA but it might not go through. Putting 
things into a public registry kind of defeats the purpose of the MTA in 
the first place. 

- The correct sequences have been obtained from Dr. Kim. All 3 BM3 genes 
are 3 KB (big!). So are 4 genes all going to fit in one plasmid? What options 
do we have to deal with this? How big is too big? 

o For a standard plasmid 10,000 is the max. After that you have to go to 
special plasmids (bac). The thing about bac is that they’re single copy. 

o Could we take the ORI from bac and put it in a PSB backbone? No, it’s 
not that simple. There are other factors. 

- If we assembly the operon, it will still be novel. 
- NEW IDEA – BIOLOGICAL ASSEMBLY LINE: we have an mRNA that is 

never meant to be translated, it is merely a scaffold for tons of PUFs. It has 
various PUF sequences that are all linked to different enzymes that are part 
of the tyrosine  picetannol pathway. That way all of the enzymes end up 
close together, increasing the efficiency and speed of picetannol production. 



o Discussion with Bhalerao: He REALLY wants us to get an application 
for PUF. This would be a great concrete application to sell. Because 
the RNA enzyme cascade doesn’t just have to be with PHAT, it could 
also be with any other pathway. And then we can also control when the 
mRNA is expressed. 

o Concerns: We need at least 3 different PUF binding sites and PUF 
enzymes. And then we need to tether things to PUF. How possible is 
this? 

o Pan Silver has done this. Check up on it. (Slovenia 2010). 
o We need to do a simple proof of concept: Make 2 PUFs. One that 

inhibits GFP and one that inhibits YFP. And then after that make the 
cascade. 

o OR: we could do a simple 2 enzyme cascade. Ethanol is 2 enzymes. Is 
there one that’s a color change? We can even use Slovenia’s reporter. 
(Go find it). 

 Will fusion kill the binding activity of PUF?
o How do we figure out the spacing? It’s already figured out by Slovenia. 
o We may want to add an artificial loop so it’s stiffer and the spacing is 

easier. 
o How difficult is it to tether onto PUF? 

 First get the Slovenia system, then address this. Figure out the 
enzymes and then go from there. 

 Slovenia published a paper with Matthew Delisa (Cornell) to 
produce resveratrol in E. coli via a DNA scaffold. 

 Also need to read the Pam Silver paper and Harvard paper. 
- Should PHAT project keep looking into modeling how to make picetannol 

more soluble? 
o It would be difficult because it comes down to water molecules, which 

aren’t great and are complicated because of the hydrogen bonding 
networks. 

o The calculations will be difficult. 
o Not worth the time investment. 
o Everyone should really be looking into the RNA scaffolding. 

Characterizing 
- Needed for silver medal 
- Will be replicating Washington’s winning design (biodiesel) with the help of Dr. 

Jin’s lab equipment. 
- Look at different temps, different sugar concentrations, etc. 

Moving forward 
- Still need to prove PUF works 
- Need to look into creating the mRNA backbone. 

o Needs to be very stable! But since it’s non coding it’s naturally more 
unstable. 



o Normally stem loops will be sufficient to keep the ends safe. 
o The stem loops that will dock the PUFs need to be oriented correctly. 

They need to be pointing together, not apart. Can make scaffolds in 
parallel and test them, but should start by using folding software. There 
is RNA software that can predict hairpin structures, but not loops. And 
they only give predictions. Look at mfold. It’s on a web server. It 
doesn’t give one structure, it gives several and ranks them by free 
energies. 

 Also consider introducing PUF binding sites in the middle of the 
gene. 

o Look into strains without RNA endonucleases. 
- Find a 2 step color changing process to use as the cascade 

o Could look into pigmented e. coli, but really should look at the Slovenia 
project (even though they used zinc fingers instead of PUF and zinc 
fingers are much bigger). 

- Still work on PHAT, it’s our ‘future’ application. 
- If we get all that done, then put the PHAT project on the RNA scaffold. 
- Finish characterizing the Washington biofuel project. 

Future questions 
- Does PUF work in E. coli? It’s expressed but does it bind? 
- What 2 enzyme system will we use? Does it work in E. Coli without PUF? 

Does it work when tethered to PUF? (Hopefully will be color change). 
- Have other iGEM teams done mRNA scaffolding? 

How is the old work division changing? 
- PUF proof of concept: We can make it simpler, and just do as much as 

necessary. Don’t worry about making the whole repression system. Just do 
with YFP for yes or no. Angela and Isiah will continue with the proof of 
concept. 

- Uros, Asha, Anthony, and Adi will begin working on the RNA scaffolding. 
- PHAT group: Will take yeast biobricks and put them in E. Coli. 

Everyone’s Homework: 
- Read up on iGEM 2010 Slovenia 
- Pamela Silver Paper about RNA scaffolds. (is from Harvard) 
- By next Friday, have constructs done. 

THE NEW WORKING PLAN 
- Biobrick PUF 

o YFP proof of concept. The control for this has the same number of 
base pairs between the RBS and the YFP gene. 

o Biobrick wild type PUF and PUF with endonuclease 
- Find a 2 enzyme system that is color changing. 



o Make sure it works in E. coli. 
o Make sure it works when it’s attached to PUF. 
o Look for the simplest possible system! 

- RNA scaffolding 
o Design the RNA scaffold. 
o Run it on mfold. 
o Design regulation mechanisms so that we can see it’s better than 

DNA.  
- PHAT project 

o Clone DM3’s into E. Coli 
o Biobrick TAL, 4CL, STS, DM3’s for e. coli 
o Make the operon that will work in E. Coli 
o If time permits: Bind the resveratrol pathway to PUF to use in the 

assembly line. 
- Characterize Washington’s Biofuel project. 

o Qualifies us for silver. 


