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Abstract
For centuries now, microscopy has been a crucial part of the study of many biological phenomena. As
scientific research is moving forward faster than ever, new imaging technologies are needed to aid in
breakthroughs as well as their real-life applications. Some major breakthroughs in microscopy include
electron microscopy and fluorescent microscopy, which can show us cellular ultrastructure and
localization respectively. However, individually these techniques can tell us only part of a complete
picture. In order to get a better overview, these two techniques have been joined to form correlated light
and electron microscopy (CLEM). Through the use of CLEM, more complete and high-resolution
images can be obtained. This technique has been on the rise in fields of neurobiology, but its
applications for microbiology have not yet been explored. Many studies focus on understanding the gut
microbiome, and specifically an important bacterium Faecalibacterium prausnitzii (F. prausnitzii).
CLEM could be a useful tool in understanding its ecology. In this paper, we aimed at developing a
prospective method for preparing bacterial samples for visualization and identification using CLEM.
More specifically, a technique for the visualization and identification of F. prausnitzii will be discussed.
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Introduction and literature review
Introduction to the gut microbiome
There are trillions of various microorganisms, like bacteria, viruses, and fungi that can be found
inhabiting individuals. These lifeforms and their gene products are collectively referred to as the
microbiome. Most higher organisms have a distinct microbial composition, and this composition varies
further among individuals1. This has attracted great attention in fields of biomedicine, especially when
looking at differences in the microbial composition of the gut. There has been a significant amount of
research focusing on what an ideal gut microbiome looks like, and subsequently what trends in
composition are linked to disease. There is high number of bacterial species found in the gut (around
500), both pathogenic and beneficial, both colonizing and passing by. There are many diseases that are
currently thought to be linked to gut microbial composition including cancer, multiple sclerosis, and
inflammatory bowel disease1. With research indicating the importance of the gut microbiota becoming
stronger every day, understanding how it works is the next step in the long trajectory of ameliorating
microbiome associated disease.

The concept of the human microbiome was first suggested by Joshua Lederberg referring to the term
microbiome as “the ecological community of commensal, symbiotic, and pathogenic microorganisms
that literally share our body space”2. The number of microbes that are found in various regions of the
body are determined mostly through the analysis of 16S ribosomal RNA (rRNA). The 16S rRNA gene
is a gene segment that is relatively well conserved among species and is actively used in order to
establish taxonomic relationships between prokaryotic strains and species3. To date, a seemingly large
amount of the human associated microbiota has been cultivated. However, it is estimated that 20%-60%
of the human associated microbiome is uncultivable4. This likely results in an underestimation of the
diversity present within the body. However, diversity is not limited to differences among species, but
also among individuals. These microbiota differences have been associated to individuals in different
conditions. There has been diversity of the gut microbiome noted between faecal donors that are obese
and those that are lean5, as well as among infants in different stages of maturity6.

One bacterium that has been closely observed in recent years in relation to many gut diseases is
Faecalibacterium prausnitzii. It is a butyrate producing, Gram positive, strict anaerobic bacterium. It is
also one of the most abundant bacteria found in the intestinal microbiota of healthy adults, usually
making up over 5% of the total bacterial population of the intestinal microbiome7. Some studies suggest
F. prausnitzii abundance to be a marker for a healthy gut. While its appears to be a significant bacterium,
it is a bug that is difficult to study. F. prausnitzii is an extremely oxygen sensitive bacterium which
makes it more challenging to work with. There are many studies looking at how F. prausnitzii is
beneficial to gut health, with many theories pointing at its role in the immune response. A main
unresolved question about F. prausnitzii has to do with the way it interacts with the environment,
namely its ecology8.

Majority of the gut microbiome is composed of bacteria belonging to the phyla Bacteriotdetes and
Firmicutus, of which most of the latter belong to the Clostridium group9. The Clostridium coccoides,
now referred to as Lachnospiraceae, subgroup is the most represented subgroup in faecal samples
followed by Clostridium leptum, now referred to as Ruminococcaceae. It makes up roughly 21% of all
prokaryotic cells in healthy faeces10. F. prausnitzii is a significant member of the Ruminococcaceae
with it making up approximately 5% of the overall faecal microbiota2. This makes it one of the most
abundant bacterium that composes the human intestinal microbiome. F. prausnitzii is not only limited
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to humans and can be found in the gastrointestinal tracts of many other animals including ruminants,
poultry, and even cockroaches5. Its abundance as well as the presence across various animals suggests
its importance as a fundamental component of the gastrointestinal tract. Studies have established that
there is a relationship between an individual and their microbiota which can be responsible for
maintaining homeostasis among healthy individuals11. A lack of homeostasis (dysbiosis) in the gut can
be influenced by many factors including an abnormal diet, antibiotic use, and stress12. This dysbiosis is
linked to a variety of disease conditions of the digestive system and of other auto-immune diseases .
This is thought to occur when an overgrowth of pathobionts is present alongside a depletion of
commensal bacteria. Ultimately this leads to a lack of benefits from commensal bacteria and potential
pathogenesis of non-predominant facultative bacteria8.

Ecology of Faecalibacterium prausnitzii
F. prausnitzii is a butyrate producing, Gram positive strict, anaerobic bacterium 1. It is an extremely
oxygen sensitive (EOS) bacterium which is one of the factors that makes it difficult to work with and
ultimately puts a limit on the number of studies that are done surrounding it13. However, upon further
experimentation, it was found that F. prausnitzii is able to survive in microaerobic conditions through
the use of extracellular electron transfer when flavins and cysteine are present14. This gives a potential
explanation of how it can colonize areas where an oxygen gradient is present, such as close to the gut
epithelium. There are several peculiar observations about the way F. prausnitzii implants along the
gastrointestinal tract. Namely, there is a higher population of F. prausnitzii in the proximal colon in
comparison to the terminal ileum15. There is also relatively little information of how F. prausnitzii
interacts with the epithelial mucus layer. It is most concentrated in faeces as opposed to mucus. The
presence of F. prausnitzii is associated with healthy adults, there appear to be many factors that
modulate the population within the gut. Studies suggest that gender16, age17 and physiological
conditions created by previous commensal bacteria18 are some of these factors.

Bacteria produce important components of the intestinal ecosystem, including short chain fatty acids
(SCFA). Butyrate is a SCFA produced by F. prausnitzii that is known to have a positive effect on the
gut for several reasons, one of which is reducing inflammation19. Aside from its anti-inflammatory
properties, it is likely that F. prausnitzii has the potential of maintaining homeostasis in other ways. It
is hypothesized that the properties of F. prausnitzii are linked to (i) its localization in the gastrointestinal
tract, (ii) metabolic activities, and (iii) complementarities with other bacteria in the microbiome. Yet
there are still several major unresolved questions about F. prausnitzii. These include unknown factors
allowing F. prausnitzii to colonize and survive in the intestine, methods of diagnosing a dysbiosis with
low F. prausnitzii, and how F. prausnitzii interacts with its environment both inside and outside the
gut20.

Developments in microscopy
The saying “seeing is believing” is often referred to in respect to prospective breakthroughs in science.
Microscopy and its advances have made it increasingly possible to seek visual confirmation for
phenomena, including those that we would normally be out of reach for the human eye. Starting from
Van Leeuwenhoek’s exploration of microbial life with his simple microscope, to the assortment of
complex imaging systems that are available today, microscopy has played a key role in understanding
cellular activity. However, as scientific research continues to move forward faster than ever, newer
imaging technologies are needed to aid in these breakthroughs and their real-life applications.
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One of the biggest breakthroughs in microscopy is fluorescence microscopy. Fluorescence microscopy
uses fluorophores to mark specimens of interest, allowing visualization. This technique has been in
development since the early 1900s and has evolved to have major clinical and research applications,
especially since wide availability of the green fluorescent protein (GFP) in the early 1990s21. The
premise of this type of microscopy is that fluorescent images only show areas whose fluorophores have
been activated, usually on a plain black background. Over the years the advances have been focused on
improving image quality through addressing the problem of image resolution22. Similarly, another
breakthrough in imaging is electron microscopy. Electron microscopy allows us to visualize specimens
in high resolution through the help of electrons. This is revolutionary as it provides an image with much
higher resolution than a light microscope, and it can clearly show structures of small objects.

However, both fluorescent and electron microscopy have their shortcomings. Images from an electron
microscope make it difficult to differentiate between bacteria in a sample, which gives it a lack of
context. There are several methods to try to mark areas of interest for electron microscopy, however
they are expensive and only moderately specific23. On the other hand, images resulting from
fluorescence microscopy lack overall context. In a way, these techniques complement each other. This
complementation has been extrapolated into a new imaging technique called “correlative light and
electron microscopy” or otherwise known as CLEM. It provides us with information both about the
localization of labelled proteins as well as the ultrastructure of the sample, giving us a more complete
insight in high resolution. So far, CLEM is still in development but has caused great excitation in the
field of neurology as a new tool for understanding neural networks. CLEM has evolved from needing
to be carried out on separate samples and machines and then overlaying the images to it being able to
be done on one sample and one machine. The SECOM is one of these machines. However, a major
limiting factor is a lack of knowledge about sample preparation, especially for bacteria. While there is
not much discussion about the use of this technology to observe bacteria, it could open many new doors
in microbiology. Being able to observe interactions between F. prausnitzii and other bacteria could
answer more questions about the way that it influences gut health. One way to do this would be through
the use of microscopy. Fluorescence in situ hybridization (FISH) and electron microscopy (EM) are
popular tools for imaging bacteria. Moreover, these tools can only provide information about the
localization and identification or ultrastructure respectively. By performing CLEM on a faecal sample
focusing on F. prausnitzii, it would allow a better insight into the spatial positioning of F. prausnitzii
both in relation to neighbouring bacteria as well as in relation to the distance towards the epithelium,
potentially providing more information about how it interacts with the largely anaerobic intestinal
environment. In this paper, we aimed at developing a prospective method for preparing bacterial
samples for visualization and identification using CLEM. More specifically, a technique for the
visualization and identification of F. prausnitzii will be discussed using a combination of fluorescence
in situ hybridization (FISH), transmission electron microscopy (TEM) with quantum dots, and DNA
staining build the basis for the visualization and identification of F. prausnitzii.
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Materials and methodology
Buffers and solutions
Hybridization buffer. To prepare 50ml of hybridization buffer 1ml 1M Tris-HCl, 9ml 5M NaCl, 50mM
HEPES and Milli-Q up to 50ml are combined. The addition of HEPES to this buffer counteracts any
possible charge that EPON resin might have.

Washing buffer. 20 mM Tris-HCl, pH 7.2 and 0.9M NaCl were combined to make the wash buffer.

Probe solutions. EUB probe Eub338 FITC 1µg/ml and Faecalibacterium probe Fprau645 Cy3 1µg/ml
Eurogentec probes were used as stock solutions. Stock dilutions with a final concentration of 100ng/ml
were made by making a 1:10 dilution of the stock in TE buffer. A fresh working solution with a final
concentration of 10ng/µl was made by a further 1:10 dilution of the stock dilution in the hybridization
buffer. The same preparation steps were used to prepare biotinylated probe stocks. Biotinylated probes
Bif 164 1µg/ml and Fprau 645 1µg/ml were used.

Quantum dots. Quantum dots 655 were used and diluted 1:1000 in PBS solution.

Precursors
Prior to the experiments, bacteria were and embedded according to the procedure “TEM bacterial
preparation” in the eLab journal (Appendix I). Briefly, cultures were fixed in 2% Glutaraldehyde + 2%
Paraforlmaldehyde in 0,1M Cacodylatebuffer and then transferred into EPON resin. Samples consisted
of a pure F. prausnitzii A2-165 culture grown for 24 hours and an anaerobic bacterial mix made up of
60% F. prausnitzii, 20% B. longum, 10% E. coli, 10% B. thetaiotaomicron.

Preparation of thin sections
Embedded samples were sectioned into desired thicknesses (100nm or 500nm) through the use of a
Leica UC7 ultramicrotome (Leica, Germany). This was done with either a glass or diamond knife. Once
sections were cut, they were transferred onto a grid with a formvar support layer for electron microscopy
or a glass slide. The sections do not degrade therefore sections can be prepared in advance.

Fluorescence in situ hybridization (FISH)
FISH was performed on sections of EPON embedded bacterial samples of various thicknesses (100nm
and 500nm) mounted in various ways (copper lattice rids, single slot nickel grids, and glass slides).

Experimental procedure
For glass slides: FISH on the bacteria was performed according to Harmsen et al (AEM extensive set,
2002) in short:
A warm, moist hybridization chamber is prepared. Sample sections on glass slides are placed along the
chamber. A total of 100μl of probe is placed onto the samples. The chamber is closed and left to incubate
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in a 50°C incubator for 4 hours. After the incubation time, the samples are placed into a petri dish with
wash buffer for 10 minutes and then quickly dipped into Milli-Q double distilled water. The slides are
then dried and prepared for microscopy by mounting with VECTASHIELD (Vector Laboratories) and
a cover slip.

For grids
A warm, moist hybridization chamber is prepared. Clean glass slides are placed along the chamber.
Onto these glass sides, a 25μl drop of probe working solution is placed for each grid that will be treated.
A grid is placed sample side down onto the drop. Ultimately the chamber is closed and left to incubate
in a 50°C incubator for 4 hours. After the incubation time, the grids are washed sample side down in
droplets of wash buffer and Milli-Q double distilled water. This is done by placing a row of droplets of
wash buffer and Milli-Q on a piece of parafilm and transferring the grid from droplet to droplet every
minute as shown in Figure 1. After washing, the grids are placed sample side up on filter paper to dry.
Then they are ready to be transferred to the microscope.

Figure 1: Method for washing grids for FISH illustrating how grids are transferred from droplet to droplet.

Transmission electron microscopy (TEM)
TEM was used to image 100nm sections on grids and gain insight on the ultrastructure of the samples.

Experimental procedure
100nm sections of embedded sample were cut using an ultramicrotome with a diamond knife. The
sections were then placed on grids, left to dry, and stored ready to undergo imaging. A Thermo
Scientific Talos F200i was used to image samples.

Quantum dots
For some experiments, quantum dots were added to the sample. To do this, a warm, moist hybridization
chamber was prepared. Clean glass slides are placed along the chamber. Onto these glass sides, a 25μl
drop of biotin label solution is placed for each grid that will be treated. A grid is placed sample side
down onto the drop. Ultimately the chamber is closed and left to incubate in a 50°C incubator for 4
hours. After incubation, the grids are removed and placed sample side down on a 25μl drop of quantum
dots 655 per grid. This is done on parafilm on a bench. The grids are left for 2 hours. Then, the grids
are washed sample side down in droplets of PBS solution and Milli-Q double distilled water. This is
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done by placing a row of droplets of PBS and Milli-Q on a piece of parafilm and transferring the grid
from droplet to droplet every minute as shown in Figure 2.

Figure 2: Method for washing grids for EM illustrating how grids are transferred from droplet to droplet.

DNA staining
For DNA staining, both DAPI and methyl green were used. To stain the samples with DAPI, a drop
was added on top of the sample and removed after 5 minutes by washing in Milli-Q double distilled
water. Methyl green was diluted 1:100 in PBS to a final concentration of 0.01%. Samples stained with
methyl green were exposed for 10 minutes and then rinsed in Milli-Q.

Microscopes
A variety of microscopes were used for this project. This includes the Zeiss 780 laser scanning confocal
microscope, Thermo Scientific Talos F200i, as well as Olympus BH2-RFCA.
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Results
Light microscopy
When FISH was performed with the F. prausnitzii probe on a section of 60% anaerobic bacterial mix,
dense areas of fluorescence could be located on the image (Figure 3) which corresponds to the density
of the bacteria present in the sample. All sections used for these images are roughly 0.5mmx0.5mm in
size and fit into a 2mm x 1000μm nickel single slot grid. Due to inconsistencies in image resolutions,
it was not possible to provide a scale bar for images taken with the Olympus BH2-RFCA, although the
average size of a F. prausnitzii bacterial cell is 1 micrometre wide and 3 micrometres long.

Figure 3: 500nm section of 60% F. prausnitzii anaerobic bacterial mix on glass at 63x magnification in grayscale. Imaged
using Olympus BH2-RFCA. The brighter region in the centre shows a dense region of fluorescence that could correspond to
F. prausnitzii. The in lay shows a magnified region pinpointing F. prausnitzii (1x3 micrometres).

In order to determine the availability of DNA within the bacteria, methyl green was used. This was
done in order to observe if access to any genetic material is possible at all. The bacteria can be distinctly
identified from the EPON resin background due to their distinct shape. Upon first glance, the resin in
the background of the image (Figure 4) is significantly more fluorescent than the bacterial shapes,
appearing almost as a counterstain to the bacterial bodies, instead of staining the DNA within. We
would expect to see the bacteria to appear fluorescent and the background to remain black. However,
upon adjusting the pinhole and reducing the noise, there are bright fluorescent regions visible within
some of the bacterial bodies (Figure 5). This suggests that there is DNA available within the bacteria to
which binding can occur. However, it can also indicate the ability of the stain to penetrate the resin and
reach the bacteria.
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Figure 4: Methyl green stained 500nm sections of 60% F. prausnitzii anaerobic bacterial mix on a glass slide in greyscale at
63x magnification. Imaged using Zeiss 780. The bacteria can be identified through their long, thin rod shape.

Figure 5: Methyl green stained 500nm sections of 60% F. prausnitzii anaerobic bacterial mix on glass in greyscale with
reduced noise, zoomed in at 63x magnification. Imaged using Zeiss 780. The bright regions within the bacterial shapes suggest
binding of methyl green within the bacteria.

The next step was to perform FISH on these samples. As observing samples with methyl green yielded
positive results, it was used as a further control. Ideally, a similar pattern would be observed when using
the FISH probes. Sections were observed under a conventional (wide-field) fluorescent microscope.
The resulting images (Figure 6) show an interesting pattern. The sections treated only with methyl green
have a clear distinction between where the bacteria are located and where there is excess resin, this
“border” is circled in Figure 6. In the rectangular region where there is a brighter fluorescent signal is
10

where the bacteria are located, and the surrounding, less fluorescent regions are the excess resin. The
sections treated with only F. prausnitzii FISH probe do not show this clear distinction, rather show a
lot of background noise. Upon close inspection the borders of the section as well as the bacteria can be
seen very faintly. Most interestingly, when a section was treated with both methyl green and F.
prausnitzii FISH probe, the overall section is identifiable much clearer than when only treated with the
F. prausnitzii probe when observing the samples through a red filter. Additionally, the border of where
the bacteria and the resin meet is also more clearly distinguishable, yet different than what can be seen
when only treated with methyl green. However, these finding could also correspond to the agarose that
the bacteria were originally grown in reacting to the stain, and not necessarily the bacterial bodies
themselves.

Methyl green

F. prausnitzii Cy3

F. prausnitzii
Methyl green

Cy3

+

Figure 6: Comparison of 500nm section of 60% F. prausnitzii anaerobic bacterial mix on glass at 40x magnification after
treatment with methyl green, F. prausnitzii FISH probe and a combination. Imaged with Olympus BH2-RFCA. The border
between bacteria and excess EPON resin is circled.

From here, the same experiment was repeated with the use of
a confocal laser scanning microscope. When observing the
sample that was treated with a combination of F. prausnitzii
and methyl green, the resulting image (Figure 7) shows
concentration of methyl green (red) within the bacterial bodies
as well as concentration of the F. prausnitzii probe (yellow)
around the bacterial regions standing out from the auto
fluorescent background. This can be a promising step. Upon
dissection of the image into its respective channels (Cy3,
brightfield and methyl green), the localization of fluorescence
can be identified more clearly (Figure 8). In these images, it
can be seen that the fluorescence stemming from methyl green
is confined to the interior of the bacteria, unlike that of the F.
prausnitzii probe which is grouped around the bacterial
bodies.
Figure 7: 500nm section of pure F. prausnitzii
on glass at 63x magnification after treatment
with both methyl green and F. prausnitzii FISH
probe. Imaged using Zeiss 780.
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Figure 8: Figure 7 separated into its respective channels in grayscale. Imaged using Zeiss 780.

However, when comparing the image of the combination treatment to the controls (Figure 9) at a
wavelength that should only excite the F. prausnitzii probe, there are some differences. When looking
at the sample stained with methyl green only, a slight halo is visible around all of the bacteria. The F.
prausnitzii probe stained sample has more concentrated regions of fluorescence in certain regions, but
it does not always line up with the bacterial shapes. It is difficult to identify any distinct bacterial shapes
in the unstained control, but halos can be observed. However, due to the nature of the samples there
may be regional differences that may be responsible for this. Ideally, the photos would be takin in a
similar position to account for as many variables as possible (e.g the bacterial density).
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Figure 9: Controls comparing unstained and MG only stained sections to Cy3 F. prausnitzii probe at 63x magnification in
greyscale. Imaged using Zeiss 780.

To ensure probe specificity, controls were tested for both EUB338 and Fprau645 probes. F. prausnitzii
strain A2-165, Roseburia intestinalis (R. intestinalis) and Akkermansia muciniphila (A, muciniphila)
were used as controls. F. prausnitzii should be identifiable by both the EUB probe and the F. prausnitzii
probe while R. intestinalis should only be identifiable using the EUB probe and A. muciniphila should
not be visible on either. All samples were exposed to both the EUB338 probe and the Fprau645 probe.
The images acquired align with the expected results of the controls (Figure 10).
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F. prausnitzii A2-165 EUB338

F. prausnitzii A2-165 Fprau645

R. intestinalis EUB338

R. intestinalis Fprau645

A. muciniphila EUB338

A. muciniphila Fprau645

Figure 10: EUB338 and Fprau645 controls at 63x magnification in grayscale. The controls for the probes align with their
expected outcomes. Imaged using Olympus BH2-RFCA.
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Electron microscopy
When looking at a section under the electron microscope,
bacterial shapes of various dimensions can be seen (Figure
11). However, as this is a bacterial mix, it is difficult to
pinpoint which ones are F. prausnitzii and which ones are
not. Quantum dots were introduced to the experiment to see
if it would be possible to identify bacterial species under
TEM. This is because quantum dots can specifically attach
to bacteria, and appear visible in an EM image as 8-15nm
dark triangular shapes. When inspecting bacteria treated
with quantum dots, there were black specks visible within
the bacteria (Figure 12). However, the same specks (circled
in Figures 12 and 13) are also visible in the control where
there was no exposure to quantum dots or the biotin labels
(untreated). One interesting thing to note is that when
looking at the bacteria through electron microscopy, there
were “pockets” visible within some of the bacteria that
correspond shape wise to those of bacteria treated with Figure 11: Various bacterial shapes as seen under TEM
methyl green (Figure 13). These may not be directly
related, but it is interesting that they appear this way under both imaging techniques.

Control

Quantum dots

Figure 12: Quantum dot control (untreated sample) compared to sample treated with quantum dots. Sample was a section of
pure F. prausnitzii culture. Imaged using Thermo Scientific Talos F200i. The presence of specks in both the control and treated
samples suggests that quantum dots were not successfully bound to the bacteria.
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Methyl green

TEM

Figure 13: Comparison between "pockets" seen using Zeiss 780 and Thermo Scientific Talos F200i when observing bacteria.
The composition of these “pockets” is unknown.
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Discussion
In this study, we tried to combine fluorescence and electron microscopy. This should open the
possibility of using microscopy to learn about the orientation of a specific bacterium within stool, which
can provide new understanding of the function and properties of bacteria, as well as interactions with
neighbouring bacteria. However, the results from this study do not yet give a conclusive outcome and
further protocol optimization is needed. Nevertheless, they can serve as baseline from which to move
forward.

The results of the FISH and methyl green experiments can point towards several things. Methyl green
being present in the core of the bacterial bodies shows potential for this method. It is important to note
that one reason why this fluorescence is not seen in all bacteria within a section is due to their random
orientation within. The bacteria could be cut horizontally, vertically, or anything in between at various
depths. As genetic information is not available throughout the whole bacterium it is possible to get
sections that do not contain it. In addition, the effect of the resin is not known on the bacteria. It is
possible that the resin penetrates into the bacteria and inhibits some of the stains potential to penetrate.
In Figure 5, the halos of F. prausnitzii probe surrounding the bacterial bodies could indicate that the
probe does have attraction towards F. prausnitzii. However, it is expected to observe them within the
bodies, in the same manner that methyl green presents itself. Due to the discrepancies between the
image where methyl green and the FISH probe are combined and their respective controls, this could
be an indication that there is interplay between methyl green and the F. prausnitzii probe itself. There
is no literature on this topic, but it should not be excluded. The possibility of this being a microscopy
artefact also remains a possibility.

Similarly, viewing the samples under the TEM can point towards several directions. The black specks
observed in both the control and the treated samples are not quantum dots. For them to be quantum dots,
they should have a triangular shape, and roughly 8-15nm in size24. The composition of these specks is
not yet known and can be worthwhile identifying through the use of an energy dispersive x-ray analysis
(EDX) in the future. Some bacteria are thought to be capable of biotinylating their own proteins25. This
is one possible explanation for the specks. Alternatively, they could originate from the environment and
be absorbed by the bacterium. The presence of these specks increases the difficulty of experimenting
with quantum dots on these bacteria due to possible confusion. The most interesting result from these
experiments is the correlation between the fluorescence emitting from within the bacteria when treated
with methyl green and the “pockets” that can be seen in EM images. Similarly to the specks, the
composition of these pockets is unknown.

The main obstacles in these experiments originated from the embedding process, namely the resin and
the medium in which the bacteria were originally grown in (not all of it is removed before embedding
so leftovers are present). A major obstacle was the background noise emitted from the resin. In order to
achieve the images that show fluorescence emitting from within the bacterial bodies, a very low pinhole
had to be used to reduce the noise. This noise reduction is one of the unique features of a laser scanning
microscope as opposed to conventional microscopes. Previous literature indicates that autofluorescence
of resin has been an ongoing roadblock for these advancements26. Instead of using EPON resin, perhaps
a different kind of embedding material would be more suitable for working with FISH probes. It has
been suggested that diluting glyceraldehyde on another aldehyde or organic fixative can decrease
autofluorescence while still providing substantial structural preservation. The resin that the samples
were embedded in could have also had additional charges making it more difficult or impossible for the
probes to penetrate. In order to combat this, HEPES was added to the hybridization buffer. Another
17

suggestion moving forward could be to experiment with etching. Etching could allow for better
exposure of the proteins and/or ribosomes in the bacteria as it wears away some of the resin27. Overall,
the results from these experiments showed some inconsistencies yet parts of the results should not be
dismissed as a coincidence. With optimization of the resin and accessibility of the ribosomes using
CLEM for embedded bacterial samples could still be possible. In conclusion, a protocol that would
allow us to use CLEM to observe F. prausnitzii was not developed completely. However, it can serve
as a foundation for future research on using CLEM on embedded bacteria. Through making
modifications to the growth medium as well as embedding resin, less noise could be achieved, giving
us a clearer indication of where fluorescence is coming from. Additionally, through experimenting with
bacteria on which more information is available (e.g E. coli), the chances of encountering EM images
with phenomena that we are uncertain about are lower. In other words, by performing EM on bacteria,
it may be easier to observe quantum dots due to a lack of “specks” contaminating the area.
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Appendix I: EM bacterial preparation
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