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The Problem

Enterohemorrhagic E. coli (EHEC)In food and water causes severe illness and even death in people across the globe. It is a major issue Iin the developing world where the consequences are worse due to poor sanitation and
rudimentary health care, but can cause massive economic dammage in the developed world as well. Quick detection of the pathogen is critical to reduce waste, stop the spread of iliness, and ultimately save lives. Often, the source

of contamination in food Is cattle shedding EHEC bacteria. 95% of contamination, however, comes from only 5% of cattle

known as super-shedders. IGEM Calgary is designing a sensor to detect super-shedders, pinpointing the

source of the problem and decreasing the chances of contamination through the detection of EHEC DNA.

= EHEC are endemic In cattle, but <10% of cattle
shed 100,000x more bacteria than normal=
super-shedders

= Can cause contamination, cost millions of dollars,
and endanger consumers

= Dr. Bob Church described shortcomings of current
reactive detection= prescreening could prevent

RANCHER =) contamination
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TALEs (Transcription Activator-Like E ectors) are engineerable DNA binding proteins

Our novel approach: using TALEs as DNA sensors. We designed TALEs to bind to two
segments of the Shiga toxin 2 (stx2) gene. One immobilizes DNA and the other docks the
reporter onto it. Both must bind in order to get an output, making the system speci c.

We built multiple TALE fusions for our proof of concept by modifying Slovenia 2012’s parts
(BBa_ K782004 and BBa_K782006), and were able to show that our nal system can capture
DNA in under 5 minutes, as predicted by our model!
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B Figure 2: A) Visual representation of FAM labelled DNA binding B)
Densitometric analysis of FAM labelled DNA binding. Binding
kinetics of FerriTALE using ferritin as a sca old. We pre-incubated
ferritin with a E coill and TALE with a K coil and blotted 2 g of TALE
B onto nitro-cellulose and incubated with 1.6mM FAM labelled
target site [B] over time. C) A Dot blot of TALE A on nitrocellulose
paper with either TALE A target DNA [A] or TALE B target DNA [B]. All
strips were incubated 90 minutes. This shows the TALE is speci c.

Figure 2: Dot blot assay
showing our nal system works.

All strips were probed with TALE-B t t

anti- -lactamase antibody. The

test was done by blotting TALE DNA[A+B] t t t

B followed by DNA incubation
followed by incubation with
TALE A- -lactamase. The last
two lanes show that the
antibody does bind to its target.
This shows that our two-TALE
capture assay system works..

TALE-A+ t
-lactamase

Modeling

imental work . First, we used spatial models in Autodesk Maya to digitally assemble and
o0 visualize how they integrate. Next, we used a quantitative Mathematica model to investigate
Ir lateral ow strip.
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Modelling Analysis of TALE Targeting

Spatial Modeling:

& Using Maya we made an animation of our system,
S i i i
CF showcasing how our FerriTALE captures DNA on a strip.
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This helped our team realize the importance of fusing our

reporters in an interactive

xidase ndings informed our surface (B) for both protein assembly and binding ability

We sought input from key “steak’holders in the beef industry, RANCHERS,
OPERATORS, and MEAT PROCESSORS, about EHEC detection.
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TALEs on a linker (A) versus directly onto ferritin or a

Informed Design & Human Practices

safety and ethical implications of our system and informed our project design.

= Cattle are housed at high density, but are handled
iIndividually for medical checks

= Operators concerned about the economic impact
that EHEC-positive cattle could have

= Add! awrsemiseniressifsttotextstingmatear
for eacn amimabl and enaliée quasaatiiee until
shedding subsides
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Collaboration

We met with the Paris-Bettencourt team at SB6.0, and realized we were both building

DNA-based biosensors.. We wanted to look into the history of biosensors in IGEM.

FEEDLOT
"his highlighted the

= Testing post-processing detects after contamination occurs,
costing millions in dammages

= Our sensor could also be used here in addition to current
testing, preventing EHEC contamination from entering the
plant

= 1 h window where cattle are held pre-slaughter. Test must
be rapid and highly accurate as f alse negatives could allow
EHEC through
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Reporter

- We nessteeciddidlet papterssics @ cysteysitheat Wi dvpolddertagivre saks results
,, 100 Ferritin
S 80 Ferritin IS an iron sequestering protein nanoparticle that can be chemically converted
Together we developed SensiGEM, a g 60 Into Prussian blue ferritin: a heat stable, fast acting, colourmetric reporter. It also acts as
collaborative database cataloguing all > 401 a sca old for our detector TALEs.
biosensors submitted to IGEM since 2007. O 20 - Figure 7: Comparison of Prussian blue A
I e < - e e 5 —_ ferritin (pb) TALE fusion and PBF-E coil
- . o & 2 & & NA N N - : _ ) :
With a lack of DNA sensors we could build S & ¥ L E L c fusions reporter abilities. PBF-E col
_ PO S < R Q fusions have higher activity showing B
upon, we saw an opportunity to develop R é\\oc’ < & © that assembly and activity of PBF is not
novel DNA detectors for our system and o° © ) a ected by E coil but is diminished by
for future iIGEM teams _ Sen.sor Input _ = direct TALE fusions as predicted by our
' Figure 1: Only four DNA biosensors have been submitted ] modellin
. . O g.
to IGEM since 2007. S
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Relative Concentration
S ¥ >4 5 By 2 Figure 7: A) Prototype test strip with pbFTN (For
&’ ,gv\" \o°,8' &’ Q & more on prototyping, see our Wiki!) B) TMB reacts
: ,@\ ,@\ N @b &e\ 30" faster than ABTS as shown on the Michaelis-Menten
I n e r & S é‘ 3‘7 & Q,\" plot. This, with pH and temperature data on our Wiki,
R R F & show TMB is the best substrate for our project.
e -lactamase (ampR)
mesdbypwoumodslciereeded advaytaylitk ok derecisteriorepuitesiogétirengether . . . . .
¥ y i J A small, monomeric enzyme with multiple outputs using di erent substrates
E/K coils are coiled-coils that bind each other to form heterodimers with high a nity We can use our linker to combine -Lac with our detector TALES, and use this with
and speci city. They allow us to assemble the detector with the reporter in vitro (See the another TALE bound to nitrocellulose to capture and report the presence of target DNAL
! ol - o
reporter section for details!). Figure 9: colour (pH) change upon rég;g s .2 s £8
cleavage of benzylpenicillin (from blue to » 3 Q g Q s LY
: . . Q < : o £ F af
yellow) with di erent concentrations of W + L8 TS 5 5 wse x
- i ; STy FELY S 8§ § I 3
A B lactamase. The puried -lactamase RS R§FE £ 5 F5 @
oo K coil-His IP-19G IP-GEP generated by our BioBrick Is func;ional. , A N e e N =
S m nplad Puri ed -lactam 3 @
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pBa_ 18901 BBa_K1189014 K coil-His Q_C‘.'r‘ Qg) Olg’ Q-é‘ Qg) OQ“@
- Placl ]
_E%';'_ n £ coil GEP BBa_K1189017 - His6x —
BBa_K1189012 | > _ _ : _ _
BBa_K1189015 P 10 minutes Figure 9: TALE capture assay. If capture is successful, lac is present in the
well giving a colour change (pink to yellow) with benzylpenicillin within 20
Figure 4. A) Suite of E/K coil parts submitted to the registry. They can be used to generate protein dimers from minutes. Positive control wells change color, whereas negative controls
almost any proteins of interest, as well as GFP tag these proteins for detection. See the reporter section for how including using a non-target sequence remained pink . This shows that TALES
they were used in our project. B) Coiled-coil interaction in vitro. Crude lysates from a negative control (RFP), GFP-E can bind DNA with speci city, and that our capture concept works.
coil and His-K coil were combined together to investigate interaction and immunoprecipitated with GFP or an
iIsotype control, then probed with -His antibody. Only with both GFP and a His tag we see a band indicating
binding between the coils. P I f
Reporter Parts | |
EHEC FerriTALE  pjerent TALE New FerriTALE

Ferritin

-Lactamase To view all the

Detect BioBricks we
etector built for our
TALES F@FWTAILE system this

year, scan me!

Imimiokilized Linker

E/K Coills:
Dimerization domains

Protein Nanoparticle:
Modular Sca old
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switched out with di erent binding domains
R wvw making it easy to custom tailor TALES to
virtually any target DNA sequence.
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Figure 8: Using the E and
K coils in combination with
ferritin as a sca old system
allows the creation of brand
new FerriTALES or protein
sca olds.

New Sca old
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