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During the first year of the honours programme I got to know my fellow students. I
noticed their dedication to study and their discipline in preparation. Together we visited
the different research departments of the Radboudumc. It was fascinating to see the
differences in how research is conducted and how many different themes are worked on.
Along the way I became more aware of my personal interests in research and eventually
even managed to arrange my own internship.

The honours programme taught me some key features that are essential for a good
researcher: the importance of open and continual communication to solve arising
difficulties, the patience and commitment in conducting experiments and the creativity
in seeking explanations for mind-boggling events. Moreover, this programme brought me
in contact with many inspiring people, which I am grateful for.

The internship at Tel Aviv University was most definitely one of the best experiences I had
so far. One of the most vibrant cities in the world, A Mediterranean beach minutes away
from my apartment and some of the most appetizing lunches: I truly had an amazing
time. The research group was heart-warming and the conversations with Prof. Osherov
made me think in new ways. Furthermore, it was interesting to experience the different
work culture, with more room for the researcher as an individual, which I think has
something to do with the assertive culture.

Apart from the research, the conversations that I had with people about the conflict gave
me new insights on how complicated some situations can be. It has taught me how little I
knew and how much I can still learn.
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Competing with Aspergillus
fumigatus in a game of dodgeball

Daniél Urlings

Fungi play important roles in many aspects of human life. They play an essential role

in the nutrient cycle of ecosystems; they are used by humans in food processing and
they have led to the discovery of most antibiotics. Most fungi do not impact our health,
and some are even beneficial. However, some fungi can cause illness to humans. Of

all disease inflicting fungi, the group called ‘opportunistic fungi’ causes most concern
to physicians and scientists. Opportunistic fungi are known to infect those with a
weakened immunity where they can cause invasive infections leading to one and a half
million deaths each year. Current environmental changes, extensive use of antifungals
in agriculture, and global trafficking accelerate the evolution of virulence and resistance
in these fungi. Despite the improvements made in developing new diagnostic tools and
antifungal treatment regimens, mortality rates remain unacceptably high. Furthermore,
due to increased use of immunosuppressive therapies and a rise in comorbidity rates,
the number of immunocompromised people is growing. Therefore, research into new
antifungal therapeutic strategies is needed.

Keep your friends close and your enemies even closer

One of the most common opportunistic fungi is A. fumigatus. Each year there are about
200,000 cases of invasive infections caused by this fungus resulting in about 100,000
deaths. Every day we breathe in hundreds of spores derived from this fungus. The spores
that enter our lungs are usually swept back out by tiny hairs called cilia. If the fungus
manages to penetrate the airway, special immune cells come into play. These cells,
alveolar macrophages and neutrophils, recognize, swallow and destroy the invading
spores. This process is called phagocytosis and several microbes have been shown to
counteract it, for example, by avoiding being swallowed or by defusing destructive
compounds. Normally, the immune system has enough reserves to outweigh this
microbial resistance. However, when the immune system is weakened these counter-
defence mechanisms can lead to a proliferation of the pathogen. Studying the resistance
mechanisms of opportunistic fungi against our immune system could lead to the
identification of the desired targets for new antifungal development.

A game of dodgeball

Copper may play an essential role in our defence against A. fumigatus. Our immune

cells use copper to demolish engulfed microbes. Upon exposure to microbes, the copper
levels within our macrophages start to increase. This copper is then transported to the
phagosome, the vesicle containing the microbe. Inside the phagosome, copper forms
damaging particles and sabotages essential fungal proteins. Several fungi have been found
to be in the possession of copper resistance mechanisms. Upon exposure to high copper
levels, copper exporters facilitate the elimination of copper and special chaperones bind the
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free intracellular copper. This process can be compared to a game of dodgeball. The fungus
is out when it is hit by copper thrown by our immune cells. Therefore, it tries to catch

the free copper and throw it back, instead of letting it inflict damage. Lately, researchers
have started investigating the dodgeball tactics of A. fumigatus. This has resulted in

the discovery and characterization of two genes: the transcription factor AceA and the
copper exporter CrpA. Copper excess activates AceA, which in turn stimulates the copper
resistance response, for example copper elimination by CrpA. However, most parts of the
copper resistance machinery have remained unclear. Recently, all genes of A. fumigatus
that respond to copper excess were mapped using an RNA sequence study. By analyzing
this dataset, several genes were identified that could possibly contribute to the copper
resistance machinery of A. fumigatus. This project was set out to reveal the involvement of
two of these genes, namely Afu2gog7o0 and Afu3goz69o.

Disarming team fungus

One of the most frequently used ways to characterize the features of a gene is to delete
the gene itself. The defects that occur in the obtained mutant can give you a better
understanding of the functions of the missing gene. For example, when a gene that
codes for a copper chaperone is deleted, it is expected that the capability of the mutant
to catch free copper will be decreased. Therefore, comparing the mutant with the
original organism under certain conditions can give new insights in the functions

of a gene. Analysis of the genetic sequence suggested that both genes function as a
copper chaperone. Therefore, it was expected that mutants without these genes would
show reduced resistance to copper excess and oxidative stress. To evaluate the copper
regulating features of the genes Afu2gog9700 and Afu3go7690, two mutants were created
using homologous recombination. This is a process in which an artificially made DNA
sequence replaces the original gene through genetic exchange.

How to disarm a microbe?

Separate parts of the replacement sequence were created using the polymerase chain
reaction (PCR), a technique which makes it possible to amplify parts of DNA. Following
this, the Gibson reaction was used to fuse the separate DNA fragments into plasmids,
which were then multiplied by bacteria. Thereafter, the plasmids were linearized to allow
genetic exchange and then inserted into spores of natural A.fumigatus. After each step in
this process products were validated using gel electrophoresis. An antifungal resistance
gene was used as a replacement for the gene of interest in each mutant. After genetic
transformation occurred all fungi were exposed to this antifungal, allowing only survival
of the mutants in which the genetic exchange was successful. Thenceforth, the genetic
information of each obtained mutant was checked for proper deletion of the gene of
interest. This was done by PCR, replicating the regions in and around the exchange site.
Three mutants of the 97 gene met conditions for successful deletion, of which one was
used for further testing. Due to impaired spore formation of the 76 gene mutants only
one mutant could be isolated for genetic evaluation. PCR verification of this mutant was
not conclusive for a correct exchange indicating possible preservation of the 76 gene.
However, because it was not possible to repeat transformation in the limited time given
for this project, this 76 mutant was used for further testing.

111



Radboud Honours Academy

N2

Paralympic dodgeball

The best way to check if loss of the genes weakened A. fumigatus was to simulate a

game of genetic dodgeball. Mutants were tested for growth and survival under various
conditions of copper and oxidative stress. Oxidative stress is caused by reactive oxygen
species, one of the damaging particles formed by copper. Oxidative stress was induced in
these experiments using menadione. Furthermore, the performance of the mutants was
compared to the performance of unmodified A. fumigatus and a mutant lacking the CrpA
gene. The experiments were performed on solid and liquid growth media, and part of the
experiments on solid media are presented in Figure 1.
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Figure 1. Pictures from MIC menadione and copper plates taken after 48 hours of incubation at 37 degrees Celsius.
Indicated number of spores of indicated strains grown on solid MMV medium in the presence of the indicated
concentrations of menadione and copper.

The final score

Altogether, mutants of the 97 gene showed impaired growth when compared to the
unmodified wild type of A. fumigatus under all conditions, even in the absence of stress
inducing agents. Furthermore, mutants were more susceptible to oxidative stress and
copper excess, comparable to the CrpA mutant. These results imply that Afu2gog700
contributes to the copper resistance of A. fumigatus. Interestingly, the obtained 76
mutant showed susceptibility patterns comparable to the unmodified wild type,
indicating no emerged impairment. However, the mutant used for testing did not show
a conclusive sign of successful gene exchange, indicating possible preservation of the
76 gene. The lack of growth and spore formation in the 76 mutants after transformation
could indicate that the Afu3go769o0 is in fact an essential gene for fungal survival.

Conclusion

This project broadened the understanding of the copper regulon in A. fumigatus. By
observing the characteristics of the obtained mutants, it was found that disruption of
Afu2gogyoo resulted in increased susceptibility to oxidative stress and copper excess.
Furthermore, disruption of Afu3go769o in A. fumigatus resulted in no growth, suggesting
that Afu3go769o could be an essential gene. Therefore, further investigation of these genes
may give rise to the identification of the desired targets for new antifungal development.
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One word: Wow! What a great city Chicago is, and what an experience to live there for 6
months and do such exciting research.

I was very enthusiastic to be linked to the department of surgery at Radboudumc. I was
always interested in surgery and was curious about this research. I wanted to see what
doing research actually encompassed, and as part of my Honours trajectory I got the
opportunity to do this at the University of Chicago. A top-class university that really awed
me, though the city itself didn’t attract me that much at first. Now that I've been there, I
can tell everyone how great and exciting it is!

First of all, the research I was able to do there was truly exhilarating. They really let me do so
much independently, so I had to find out myself which experiments to perform. Although
they also supported me, I learned so much from this self-sufficient culture in the lab. Now, I
can perform mouse surgery, set up relevant experiments to investigate different hypotheses,
and carefully consider unexpected results. In particular, actually performing surgery on my
own was so appealing and encouraged me to pursue a career in surgery and research.

Then the city itself was amazing. The skyscrapers everywhere which provided a beautiful
skyline all over Chicago, Lake Michigan with all its pleasant beaches, the parks and their
music festivals, and always so much to do. This is just a tiny part of my memories of
Chicago. I really enjoyed it there. Meeting new people, living totally independently, the
different culture and mentality in America; all kind of things that I'll never forget, and
which have broadened my horizon.

I'm really thankful for this amazing experience and my development at both a scientific
and personal level.
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The overlooked microbiome in
surgery: an easy way to save lives

Kiedo Wienholts

Face transplants, robotic surgery, and seeming miraculous recoveries; surgeons’ skills and
their equipment are evolving faster than ever, and things that no one thought were possible
are actually happening. These milestones in surgery are all amazing, and to know that
things are getting even better is great news for everyone. ‘Advanced’ equipment is becoming
even more so, with all kinds of features. Surgery rooms are controlled for everything that
could possibly influence an operation. Great developments in hospital care have already
saved many lives. However, this focus on increasingly complicated technology has had

the unfortunate effect that small, simple but very important areas for improvement are
overlooked. These are the so-called ‘low hanging fruit’ of the surgical world.

One factor in surgery that has been that hasn’t been fully explored for so many years is
the human microbiome. A complication associated with this has already cost too many
lives. We're talking about anastomotic leakage.

What is anastomotic leakage?

During an operation on the intestine, for example when a tumor is removed, it is
necessary to reconnect the two loose ends of the gut. Otherwise, the stool that goes
through our intestines would leak into our belly, causing a dangerous situation resulting
in a lot of pain and eventually death. The act of reconnecting the intestines is called
making an ‘anastomosis’. This can be extremely difficult as it must be tightly closed, or
else it will still leak. Anastomotic leakage is a serious complication but is very common.
One in five persons will have an anastomotic leak following this kind of surgery.

For decades, surgeons and researchers have been trying to improve surgical techniques
in order to reduce anastomotic leak. New staplers, particular suturing techniques, and
special glues have been tested. In addition, the circumstances around the operation are
better controlled than ever. But despite all these improvements, the rates of anastomotic
leakage are the same as decades ago, and death rates haven’t been reduced.

But why haven’t we been able to improve this?

Now, the microbiome comes in. The human microbiome consists of all microorganisms
such as bacteria, viruses, fungi present on the inside and outside of a human being.

More and more evidence is available on how we live together with this community of
microorganisms, most of the times in harmony, and how it influences on our health. Living
in harmony with all these little germs... wait, aren’t they supposed to be dangerous? Well,
indeed, some of them can be dangerous for our bodies, we call them pathogens, but they
will only become dangerous if they flourish in number or get in the wrong places. Actually,
most of the germs in our microbiome compete against pathogens and will help our bodies.
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These germs can, for example, break down sugars or other nutrients so we can use them,
while otherwise we would just throw them away with our faeces.

The gut in particular possesses a large microbiome with bacteria as its biggest players.
Trillions of bacteria are present in our gut with hundreds of different species. They live
together with us and will help us throughout our lives. But, when surgery is performed,
the environment of all the bacteria in our gut is impacted. This can disturb the balance
between pathogens and beneficial germs, giving a helpful shift to the pathogenic bacteria.
In this case, they can flourish, and our good germs can’t compete against them anymore.
The good ones lose power and the pathogens can make you very sick. So, you would think
that such an impact on our microbiome must be taken into account when performing
surgery, right? It makes sense to try to make the impact as damaging as possible for our
pathogens while helping our good germs. However, until recently, this hasn’t been done.
Now new research has shed light on this issue and how it can be improved, leading to
progress in mastering surgeries.

Bacteria can make holes in our gut

For many years, the lab in which I did my internship has been looking at the impact

of surgery. The team looked at the microbiome and analyzed changes before and after
surgery. They observed anastomotic healing in the presence of different bacteria and
published very interesting results. An important thing they noted is that one specific
‘good’ bacterium, called E. faecalis, is able to flourish at the anastomotic site after surgery.
This seems to be a good thing, as it could compete against the pathogens. However,

this lab also showed that E. faecalis can transform into an aggressive bacterium when

its environment is disturbed during surgery. In these conditions, it was shown that,

E. faecalis can break down collagen. This is a very important substance which ensures
firmness in all kinds of human tissue. Collagen is present in your skin, your eyes, and
also in your gut. Thanks to collagen, these tissues do not come apart; it sticks the tissues
together. So, when the bacterium E. faecalis flourishes, transforms and breaks down
collagen, it will literally tear the gut apart and make holes in the anastomosis. This is
exactly what happens after anastomotic surgery and is a major cause of anastomotic leak.

E. faecalis uses our own body against us

The lab is now investigating the mechanism of how E. faecalis can become so aggressive

under surgical conditions and how it breaks down collagen. This is an important part of

the research, because if the mechanism is known, it can be targeted with drugs to stop it.
We found the following: E. faecalis is actually manipulating a system in our own body to
become aggressive and make holes in our gut.

Our body uses lots of different systems and substances to break down and build up
tissues every day. For example, our hair is growing constantly; it is built up by our own
body. If we get sun-burnt, our body will replace the burned skin. And in the case of a
bleeding wound, a blood clot will form and eventually be broken off. This last system
is also involved in the virulence of E. faecalis. Under normal circumstances, our body
uses a complex system to balance between forming blood clots and breaking them off.
This is necessary so a wound doesn’t bleed too much, but will also prevent the forming
of too many blood clots in our vessels causing infarctions. A critical substance in this
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system is called plasminogen. Normally, plasminogen travels in blood in our vessels
and is inactive. However, sometime after our body has formed a clot against bleeding,
plasminogen will be converted into its active form (plasmin) by a substance released
from our vessels. Now, it can accomplish its function: breaking down the clot.

We found that E. faecalis uses this degrading activity of plasmin in breaking down
collagen. First, it binds the inactive plasminogen to its surface. Next, it binds another
circulating activator of plasminogen, called urokinase, and then the bacterium
activates plasminogen. In this way it doesn’t need an injured vessel and can activate its
plasminogen by just binding circulating substances. Now, E. faecalis has a dangerous
wrecking ball on its surface to make those holes in our gut.

Time to save lives!

The mechanism of the plasminogen system in breaking down blood clots has been
known and widely described for decades. Therefore, drugs to tackle problems in this
area already exist. They are safe, cheap, and are already widely applied in hospitals. One
of these drugs is tranexamic acid (TXA). TXA is used in all kinds of surgery to prevent
massive bleeding. It blocks the activation of plasminogen and thereby prevents the
function of plasmin: breaking down the clot.

We theorized using this blocking function of TXA to prevent the damage caused by E.
faecalis, translated our theories into mouse models and confirmed them in lab experiments.
By introducing TXA into the gut of the operated mice, we significantly reduced anastomotic
leaks. TXA prevented E. faecalis from binding plasminogen and thereby it couldn’t activate
it. In other words, E. faecalis couldn’t transform into its aggressive form. We prevented it
from mounting the wrecking ball and it lost the ability to make holes in the gut. Now it’s
time to translate this mouse model into humans and save lives!
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