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My project was concerned with genetically engineering E. col,
with the aim of hijacking their naturally existing Type VI secretion
system, essentially a nanoweapon similar to a needle or harpoon,
which the bacteria use to compete with each other. The idea was
to modify the E. coli such that they would target colorectal cancer
cells with this system.

The support I received from the people at the CNRS (where I
worked) was incredible, with everyone in the lab being friendly
and welcoming, as well as willing to explain and talk about many
different aspects of science, from explaining the theory and practice
of the procedures I was carrying out in the lab, to what it was

like having a career in a research institute, and how the world of
publishing scientific literature works. I think that I was incredibly
fortunate to have such a kind host group, and thanks to them I was
able to learn a lot during my project.

In addition, the members of the lab arranged for me to give a
presentation at the end of my stay, based on the work I had done
during the project, and the follow-up work that I envisioned to be
required. They asked me some questions about my research, and
gave me feedback on my presentation, my handling of questions,
and a poster that I had produced, all of which was incredibly
useful.

The time I headed to work depended on what I was working on
that day; for example, bacterial cultures take several hours to grow
to a suitable level, and so on those days I would aim to be in work
by 9am. Otherwise, I would study for about an hour and instead
head into work for 10am. My journey to work was very nice,
because I was able to rent an apartment close to my place of work,
and so my morning walk to work was only about 15 minutes.

In terms of what I did outside of work, I really only ventured into
Marseilles on the weekends. The transport links great, so I had

the option of either taking a short bus trip to the national park
Calanques (a sort of rocky cliff-like area near the sea which was
very beautiful) or walking a little further to catch the metro to go
into Marseilles city centre. I lived fairly close to a huge park that
was packed with wildlife, so quite frequently I would spend the day
there. Typically, Saturday was my day off and Sunday was devoted
to study.

My socialising was mostly with my colleagues, since I spent most
of my time at work. The atmosphere there was quite relaxed, so
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everyone was pretty willing to chat, and we always went for lunch
together at the on-site canteen. I even went to the beach with some
of them on the weekend for a swim, and we also played boules
together after work.

The training week that we completed together was fun and
insightful, with the opportunity to reflect on and identify
important aspects of leadership, as well as meet some very
interesting speakers. An important aspect of this week though, was
that it was an opportunity for all of the Laidlaw Scholars to get to
know each other and each other’s projects. One of the key values
of the Laidlaw Programme is the importance it places on forming
strong and meaningful relationships with the other scholars,

and I can genuinely say that I've made some great friends among
my fellow scholars.

The leadership training poses important questions that make you
think about the key aspects of leadership that will be important
in the future, in a wide variety of situations. I think the real
importance of this qualification will be the skills that it will bring
me, by making me consider leadership in a meaningful way.

The programme has definitely solidified in my mind the idea that I
would like a career in research after my degree, and I'm now almost
certain that I'd like to do a PhD once I've graduated. It has gone

a long way in terms of boosting my confidence, as not only did I
manage my own research project for 10 weeks, but I was able to live
in a foreign country for ten weeks, where most people outside of
my place of work did not speak English.

For the first time, I was responsible for my own research project;
the fact that any failures would mean a setback for the project was
quite a motivating force, as opposed to an undergraduate teaching
lab where the lab work carries on for 4 days at most, meaning that
there isn’t really such a thing as a major setback.

The programme was not just great for developing my lab skills and
giving me insight into the life of a researcher, but I was also able

to learn the ways in which research and publishing works around
the world and in different journals, as well as the differences in
research careers between England, France, and America, since the
members of my lab had all taken up placements outside of France
at some point. This opened my eyes to a career in the wider world,
and to the idea that research is a truly international undertaking
where there are no borders.
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The goal of my project was to engineer a bacterial strain able (i} to colonize the human colon, {if}

to specifically bind to eolon eancer cells, and (i) to deliver a texin to kill said cancer cells,

Fer this, | need:

1. adisabled strain of a diarrheal £, coli species (lacking the main toxin that causes the disease),
able 1o enter and to live in the colon. | used the 17-2 non-path ent
colf (EAEC) strain,

+ 10 expose at the cell surface an antibody that specifically recognizes the carcing-embryngenic
antigen [CEAS), & marker of colorectal cancer cells,
* will use the Hbpg Butotransporter to display an anti-CEAS nanobody (nBCEAS) on the
surface of E. coll ~ this recognizes the rolorectal cancer cells,
. to deliver an eukaryotic-targeting tasin using the EAEC antl-bacterial Type Vi secratian
svstem [TE55) such that it is effactive a1 Killing/disabling eukaryotic cells
* Iwill fuse an actin crosslinking domain (ACD) to the VEFG spike of the TASS

egative £.

Genetic Constructs

During the courge of my resegrch Project, | engineered the PRDA-ACD vector that allows
chramosomal insertion of the Vibtio cholerae ACD toxin-encodi
straing of E. coll, using the A red System encoded an the pKOBES plasmig [nat shown here). These
include the VigrG-ACn £onstruct, as well as thres controls: a strain with an Inactive form of the
ACD (mutation of the E19 catalytic residue), and strains with deletian of the thel phosphalipase or
T655 genes. The 4 constructs that | created are di below in with the wilg
type . coll TRSS gene cluster,
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Antibacterial Competition assay

| first tested whether the Tess was funetional in the strains that | had engineered, Because the EAED TESS has
been shown ta have anti-bacteria) activity (by delivering the anti-bacterial Phosphalipase Tlea), | performed a
fludrescence killing assay using a fluarescent prey steain 13]. The idea is that the fluarescent prey strain is Mmixed
with the predator strain on a spot, and after incubation the fluorescence is measured, The greater the killing
activity of the predator strain, the more of the fluorescent prey will Killed, and thus the less fluovescence will be
observed on the apat, ACD ACD
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Predator: Atssk ACD  ACptisa

Anather way of testing whether the 655 is functlonal would be fotest the medium for the presence of secreted
TS5 effectors or to visualize sheath dynamics by Nuorescence microscopy.

Amoeba Predation assay

After the promising reculys of the macrophage reunding assay, | further investigated the anti-eukaryotic activity of

Anti-Cancer Therapy
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Introduction — Na
Whereas typical antibodies are usually about

nobody

150-kDa in size and composed af multiple chains,

For my project, the use of nanobady was

preferable 1o any other type of antibady,

because the nanobody DNA sequence is shart

and so relatively easy to insert on the plasmid

And chromosome, and aleo because the

simple structure of the antibody makes it

likely that £. coli will be able to fold and v

EXpress It correctly.

The CEAS nanahody being used in my project
has already been described [5)
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Introduction -Autotransporter

To display the nanobody on the surface of the £, co, | will fuce the nancbody to an
autatransporter, a bacterial oiter membrane protein which has the abllity to form a pose in
the membrang, and then send a “passénger domain® through the pare for display on the
bacterial surface. Thus, the nanobody will be fused 10 the Passenger domain of the
autotransporter.

The specific autotransporter | will Use is HbpB, which has already been detcribed [5)
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ing assay

the VigeG-ACD strain by testing its abifity to resist Predation by amoeba, | first treated a lawn of bacteria ©n the agar

Plate, then spread 4 solution of amoeba over the top of this, and incubated overnight.
amoeba predate the bactera

In the WT candition, the
If the ACD strain has ani-
or few plagues, in the
t growth, Here N active T6SS and an active
ACD is capable of killing amoeba, ang therefore that the ACD domain Is transiocated inside amoeba,
Averige mumber of plagues foy gt F sArain
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What next?

VErG-ACD constryuct

= Test constructed strains for actin labeliing in fibroblasts

* Test strains for virulence towards C. elegons and mice,
Aum?ranspuner-nlnubody Construct

*  Insert nanobody inta pKDg-sci1 Autotransporter plasmid
*  Continue to work with construct
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