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Project Goal

To create a genetically addressable
bacterial communication system







Addressable Conjugation vs. Chemical
Communication: Advantages

eRational design of separate specific
communications channels

= Abllity to transfer complex genetic
iInformation, instead of a single
chemical signal




Addressable Conjugation vs. Chemical
Communication: Disadvantages

eSlower
eConjugation ~ 8-18 hours
eChemical Means ~ 2-8 hours

eConjugation occurs in clumps
eHeterogeneity
eLimited multiple usage




Implementation

Program: BioBricks System

Hardware: lambda-Red




Bacterial Conjugation

 Certain bacterial plasmids are classified as having a “fertility factor” i.e. F*

e Cells that have a F* plasmid can conjugate and transfer their DNA to other bacteria

F+ F+




Choosing Conjugal Plasmids

There are many plasmids that are classified as conjugal.- For our project, we
used F and RP4 plasmids for the following reasons:

F and RP4 exhibit differing pili lengths, biasing the order in which F and RP4
will conjugate
<F and RP4 do no conjugate with themselves

<F and RP4 are among the most studied and well-characterized conjugal
plasmids

<F and RP4 plasmids are readily available




Important Facts about Conjugal
plasmids

e Conjugal plasmids are very large, from 60k — 100k basepairs long
=> no standard cloning/transformation

eThe TraJ protein is a regulatory protein responsible for initiating the
DNA transfer cascade

<DNA transfer during conjugation always begins at a specific
sequence on the plasmid, OriT, the Origin of Transfer.




plasmids

e TraJ was cloned and placed into
biobrick plasmids under the
control of promoters of our
choosing

= The OriT region was also cloned
and placed into biobrick plasmids
thus creating small, mobilizable
plasmids

= The OriT region and TraJ gene
were knocked out with Lambda-
Red mediated recombination to
prevent unwanted transfer of the
F/R plasmid




Conjugation Results

e An R-plasmid bearing cell can
conjugate with an F-plasmid bearing cell
eThe F plasmid and R-plasmid OriT
knockouts fall to conjugate

e The OriT-R biobrick plasmid is
mobilizable by the R-plasmid with OriT
knocked out




The Riboregulator

» Method of postranscriptional control of gene expression

Artificial riboregulator system

e c/s-repressive sequence (“lock”) upstream of a gene’s

coding region forms a hairpin, sequestering the ribosome ~ Per  p[er[RBS GFP ]
binding site
Transcription l
e frans-activating (“key”) mRNA strand binds and opens L AUG
the hairpin thus allowing access to the RBS. cr RBS

« Highly specific activation Protein ChRepressian et CRRNA
occurs. Very similar lock and
key pair sequences do not
exhibit crosstalk trans-Activation
—llllllllll taRNA E Pta
T i L -4

Isaacs et al., Nature Biotechnology, 2004




e Tacking biobrick ends onto the end of the lock sequence would be ineffective due to the
distance restrictions between a ribosome binding site and a gene’s start codon

e The mixed site was thus incorporated directly downstream of the ribosome binding site

e The five base pair region between the hairpin loop and ribosome binding site was used
as our address space to create two new lock sequences

Lock from Isaacs Paper Predicted mRNA structure of one of our Locks
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e Activation by the key sequences was highest when transcribed five nucleotides from the
transcription start site (/saacs, et al.)

e We created a biobricked derivative of the £. Coli rrrb P1 promoter to provide
constitutive production of our keys

» Three nucleotides of the biobrick suffix were nested into the 5’ end of the wildtype
sequence in order to transcribe the keys at the desired five nucelotide distance.

wildtype rrnb P1: -35 -10 +1

I
5’ - TCAGAAAATTATTTTAAATTTCCTATTGTCAGGCCGGAATAACTCCCTATAATIGCGCCACCACT

biobricked version - pk3 (promoter for keys 3 nucleotides nested): +1
I
5’ - TCAGAAAATTATTTTAAATTTCCTCITGTCAGGCCGGAATAACTCC CGCCATACTAGTAG...

|
biobrick suffix
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lobricked Riboregulator

PON  Lock
Locking Strength Assay
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e Locks and keys are separated at hairpins into pairs of easily ordered oligos ~ 30 bp.

One of each pair is ordered phosphorylated for easy ligation of annealed products

eAnneal pairs in separate tubes (heat to 95°C, unplug heatblock), combine, ligate.

L11 5/- ctagag.aactagaatcacctcttggatttgggt
L12 3% tcAtgatcttagtggagaaccta - p
L135'- p - attaaagaggaga.tactagtagcggq

L14 3- aacccataatttctcctct.atgatcatcgecggeg

When annealed and ligated, result already has Xbal and Pstl sticky ends...ready for assembly

» Keys require extra pair due to inclusion of key terminator (hairpin) within the part.




Construction
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Construction Path




R-Cell Plasmids




Sequence of Events

arabinose

F-Cell

R-Cell




Sequence of Events




Sequence of Events




Modular Design

<Why didn’t we just lock the
fluorescent proteins?

= Modularity and flexibility of
design (send out inquiry for

message verification!) with the
addition of spoOA, cl signal
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Implementation Issues

eTransferred plasmid croaks

= Slight leakiness of the lock we designed

Made several additional lock/key pail
«Only one so far works (most are too le
<Efficiency of conjugation is bad

«OriT apparently not entirely knocked ¢
problem with labmda Red curing proce

RFP Activi

s B BB B 8 8

0 6400 12800 19200 25600 32000 38400 44800 51200 57600 64000 70400 76800




Modest Goal

eFinish a one-way communication
eMaterials ready: 1 lock+key pair that works

= Test that the lock/key mechanism successfully can activate the
program

=IGEM 20067




Future Projects

<Two-way communication

eExtending address space
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