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1. CENTER DETAILS

The APC Microbiome Ireland was the research center where | did my internship for four
months. It was founded in 2003 and now is a national institute with an international
reputation as a leading global microbiome institute, with a broad range of academic and

commercial partnership.

The APC aims consist in investigate the influence of intestinal microbiota in health and
diseases and develop new therapies for lifelong debilitating gastrointestinal conditions.
Their research is subdivided into four Research Themes. The main areas in which they
work are “Microbes to Molecules”; “Diet and Microbes”; “Gut Brain Microbe Axis” and

“Host-Microbe Dialogue”.

Of all the groups that can be found in the APC Microbiome Ireland, my work focused on
the “Gut Brain Microbiome Axis”. They address the communication between the brain
and the gut and if it may be influenced by the gastrointestinal microbiota. This is an area
of focus in links between diet, microbiota, and cognition. This is the group in which | was
doing my internship, on which | have based this project. It is led by Dr. Harriet

Schellekens.

e Department: Gut Brain Microbiome Axis
e Adress: Biosciences Institute, Biosciences Research Institute, Collage Rd,
University Collage, Cork

¢ Professional mentor during the internship: Friederike Uhlig
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2. ABSTRACT

The human gut microbiota is implicated in multiple diseases and conditions throughout

the lifespan of the host due to the bidirectional relationship between the gut and the brain.

The largest amount of microbial biomass is found primarily in the gastrointestinal tract,
where the release of gut neuropeptides, including oxytocin (OXT), occurs. These small
fragments are released in the colon and ileum and travel from the gastrointestinal tract via
neuronal or humoral pathways to different regions of the brain, where they bind with their
receptors, thus establishing a reciprocal connection between the brain and the

gastrointestinal tract.

OXT and its receptor play central roles in reproduction and social and emotional
behaviors in animals and humans. Many of the actions in which OXT is involved are sex-

dependent, such as mate preference, memory modulation, emotion regulation and trust.

The following study focuses on the effect of microbiota on oxytocin expression as a
function of sex and in different sections of the gut, specifically in the ileum and colon. To
perform the different comparisons, the colon and ileum of male and female mice were
initially removed. Subsequently, to determine the effect of the microbiota, the ileum and

colon of germ-free (GF) and conventional (CONV) male mice were compared.

To study this expression, the methodology was based on the extraction of RNA from each
of the samples and its subsequent analysis by RT-PCR (Reverse Transcription
Polymerase Chain Reaction). This analysis allows us to determine the variation on OXT
and OXTR expression as a function of sex and the influence of the microbiota of the

ileum and colon.

KEYWORDS: Oxytocin, Oxytocin receptor, male mice, female mice, colon, gut tram,

ileum, germ-free mice, and conventional mice.

FINAL DEGREE PROJECT| ALEANDRA MARIN RUIZ 2



ABBREVIATIONS

BCAA Branched-chain amino acids
CCK Cholecystokinin

CONV Conventional mice

Cp Crossing point

CRF Corticotropin-releasing Factor
dCt Delta Threshold point method
ENS Enteric Nervous System

EST Estrogen

EST Estrogen receptor

GBA Gut-Brain Axis

GF Germ-free mice

GLP-1 Glucagon-like peptide-1
OXT Oxytocin

OXTR Oxytocin Receptors

PVN Paraventricular nuclei

PYY Peptide tyrosine-tyrosine
RT-PCR Reverse Transcription Polymerase Chain Reaction
SCFA Short-Chain fatty acids

SON Supraoptic nuclei
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3. BACKGROUND

In recent years, there has been a growing interest in how the microbiota influences human
behavior and different metabolic disorders. In fact, different studies have demonstrated
that the human gut microbiota participates in multiple interactions that affect the health
of the host throughout life (Clapp et al. 2017; Welch et al. 2014b; Milani et al. 2017).

The occurrence of some pathologies, such as metabolic disorders, are due to the
bidirectional relationship between the gut and the brain. This relationship is influenced
by the microbiota and different hormones and humoral signaling molecules (Socata et al.
2021).

3.1. Gut microbiota

The microbiota is a set of microorganisms that live in our body such as in the vagina,
skin, saliva, and gastrointestinal tract. However, the main part of our microbiota is found

in the gastrointestinal tract, mainly in the colon (Del Campo-Moreno et al. 2018).

It has been discovered that over trillions of microbes compose the microbiota (Wang et
al. 2022). More than 90% of the gut community is represented by the bacterial phylum
Firmicutes (60%), including the genera Lactobacillus, Clostridium and Enterococcus,

and Bacteroidetes (25%), but also Actinobacteria and Proteobacteria (Figure 1) (Wang

et al. 2022).
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Figure 1. Relative abundance of the different bacterial phyla (Wang et al. 2022).

Some of the functions of the gut microbiota are the metabolization of certain foods, the
production of vitamins, the degradation of toxins or protection against pathogens
(Wernroth et al. 2022).

. _____________________________________________________________________________________|
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The gut microbiota also exerts a significant influence on an individual’s physical and
mental health. It also plays an important role in the prevention of some disorders such as
anxiety, depression, or irritable bowel disease and modulates the expression of hormones
due to the bidirectional communication of microbiota and brain along the gut-brain axis
(GBA) (Adak and Khan 2019).

3.2. Gut-brain axis

GBA consists of bidirectional communication between the central and the enteric nervous
system (ENS), linking emotional and cognitive centers of the brain with peripheral
intestinal function (Carabotti et al. 2015). The GBA ensures proper maintenance of
gastrointestinal homeostasis and has multiple effects on affect, motivation, and higher

cognitive functions.

The microbiota and the brain communicate with each other via several pathways,
including the immune system, the vagus nerve, and the ENS. This crosstalk involves
microbial metabolites such as short-chain fatty acids (SCFA), branchened-chain amino

acids (BCAA), peptidoglycans and gut peptides (Cryan et al. 2019).

Gut neuropeptides are small molecules, formed by linking three or more amino acids, and
show action on the nervous system such as providing nervous mechanisms of learning
and memory, regulation of food and drink intake or sexual behaviour (Crespo et al. 2009).
A considerable proportion of these gut peptides play a vital role in the central regulation
of the control of feeding behavior (Lawson et al. 2015). Among them we can distinguish
the anorexigenic, which decrease food intake and orexigenic that increase food intake

(Lorraine Jaimes 2005).

These gut neuropeptides related to the control of feeding behavior include glucagon-like-
receptor 1 (GLP-1), peptide tyrosine-tyrosine (PYY), cholecystokinin (CCK),
corticotropin-releasing factor (CRF), OXT and ghrelin (Skonieczna-zydecka et al. 2020).

3.3. Oxytocin

OXT is an anorexigenic neuropeptide that is synthesized the hypothalamus, specifically

in the supraoptic (SON) and paraventricular nuclei (PVN) (Kingsbury and Bilbo 2019).

Its structure is composed of nine amino acids so, it is a nonapeptide, CYIQNCPLG
(Figure 2).

. _____________________________________________________________________________________|
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Figure 2. Amino acids sequence of oxytocin (Elsayed Azab 2022).

Once synthesized in the hypothalamus, it passes into the bloodstream via the

neurohypophysis, thus having hormonal actions.

However, due to its diffusibility in the interstitial space, OXT can reach other areas of the
brain, influencing our behavior and conduct (Kingsbury and Bilbo 2019). This
neuropeptide has been implicated in a wide range of biological functions mediated
through central OXTR (sociability, bonding, stress response) or peripheral OXTR
(uterine contraction, intestinal contractility and secretion, visceral pain)(Cuesta-Marti et
al. 2023).

OXT expression can also be produced in the myenteric plexuses myenteric (MP) and
submucosal plexuses (SMP) of the gastric body (Figure 3). This expression was located
mainly, in the proximal and distal colon but also in the jejunum and ileum (Yu et al.
2011).

Longitudinal Muscle

Circular Muscle
7

< K “

(Submucosal Plexus(/

Figure 3. The myenteric plexus is situated between the circular and longitudinal muscle coats; the submucous plexus
is between the mucosa and circular muscle coat (Orlando and Orlando 2004).
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3.3.1. Oxytocin and the gut-brain axis

OXT plays an important role in the GBA as part of the signaling by the vagus nerve. The
vagus nerve is the tenth cranial nerve, which links the viscera and the brain via afferent
and efferent sensory neurons in the ENS. Gut peptides can bind to cognate receptors in
vagus nerves terminals (Lach et al. 2018).This signaling is the fastest and most direct
route of communication between the gut and the brain (Sue Carter et al. 2020).

The central and peripheral effects of OXT are mediated by the OXTR (Cuesta-Marti et

al. 2023).0XTRs act as neurotransmitters or neuromodulators in higher functions and

modulate peripheral physiological hormonal activity (Figure 4) (Aspé-Sanchez et al.
2016).

Hypothalamus

Paraventricular Nucleus

7

Supraoptic Nucleu
Posterior Pituitary

Figure 4. OXT are synthesized in the paraventricular nucleus (PVN) and the supraoptic nucleus (SON) of
the hypothalamus. The peptidergic neurons, capable of synthesising peptides that act as neurotransmitters
or neuromodulators of the electrical or hormonal activity of other neurons, project axons to the posterior
pituitary, from where the peptides are released into the bloodstream(Aspé-Sanchez et al. 2016)

It has been studied that there is expression of OXTR in regions of the stomach, intestinal
tract nerve fibers and MP plexus in the ileum and colon. Therefore, there is expression of
the OXTR throughout the intestinal tract (Monstein et al. 2004). This expression is part
of the GBA as it performed the interaction between the visceral organs of the gut tract
with the brain (Vaidyanathan and Hammock 2017).

OXT and OXTR expression is influenced by life stage, species, and sex because of

biological factors such as the influence of sex hormones (Dumais and Veenema 2016).
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Regarding the difference in OXT and OXTR expression that exists between the sexes, the
modulation of OXT-mediated behavioral effects, such as uterine contraction, mentioned
above, has been linked to the involvement of estrogen (EST) (Dumais and VVeenema 2016;
Lu and Hu 2021). EST is a steroid hormone that is present in both females and males, in
smaller proportions in males. It is responsible for sexual character differentiation and
plays a role in other functions, from bone health to cognitive function (Adan and Burbach
1992). Estrogen receptors (ESTRs) induce OXT production by binding in a dimerized
form to the hormone response element OXT promoter gene compound in the
hypothalamus. Although there is evidence that EST and OXT may act antagonistically, it
has been shown that increasing EST levels can control possible OXT-dependent effects
(McCarthy 1996).

Once synthesized, OXT can pass into the bloodstream via the neurohypophysis, so it has
hormonal actions, although, due to diffusibility in the interstitial space, oxytocin can
reach other areas of the brain, influencing our behavior and conduct (Kingsbury and
Bilbo 2019).

4. WORKING HYPOTHESISIS AND OBJECTIVES

Considering these antecedents, the aim of this project is to study the influence of different
sections of the intestinal tract, sex, and the influence of the microbiota on the expression
of OXT and OXTR.

The objectives of this work are:

- To study the different expression of OXT and OXTR in the colon and small gut
in different portions. For this purpose, different portions of the gut are used, at 0
cm, 15 cm and 30 cm and the proximal, middle, and distal part of the colon.

- Compare the difference in the expression of OXT and OXTR in different sexes.

- Studying the difference in OXT and OXTR expression in GF mice compared to
CONV mice. To find out the influence of the microbiota on this expression. In

this study, a portion of colon and ileum was extracted.
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5. METHODOLOGY

5.1. Sacrifice and sampling procedures

5.1.1. Conventional male and female mice dissection

For sample collection, 10-18-week-old male (n= 3) and female (n =3) C57BI/6 mice
(Envigo, UK) were housed in open cages in groups of 3 animals. Theses boxes were
enrichened with cardboard tubes and shredded paper. Mice were allowed to acclimatize
to the animal unit under these conditions: 21 + 1°C, 55 + 10% humidity, 12 h light/dark
cycle for 1-2 weeks with ad libitum access to food and water.

On the day of tissue collection, mice were removed from the animal unit approximately

1 hour before euthanasia. Mice were euthanized by decapitation between 8 and 10.30 am.

5.1.2. Germ-free mice dissection

For the gene expression analysis in ileum and colon of GF animals, male F1-generation
offspring from GF (n=8) and CONV raised (n=8) C57/BL6 mice breeding pairs
previously obtained from Taconic (Germantown, New York, USA) were used. Mice were
sacrificed at 16 weeks old (GF) and 13.3 week old (CONV) with similar body weights
(CONV:Mean = 25.96, Standard deviation= 1.85 g; GF, Mean = 27.76, Standard
deviation = 2.33 g). GF mice were housed in gnotobiotic isolators (two to four mice per
cage). All mice were housed under controlled conditions: 20-21°C and 55%-60%
humidity; under a strict 12 h light/dark cycle with ad libitum access to autoclaved chow

(Special Diet Services, product code 801010) and water.

The experiment was conducted in accordance with the European Directive 2010/63/EC,
the requirements of the S1 N° 543 of 2012, and approved by the Animal Experimentation
Ethics Committee of Cork and the Health Products Regulatory Authority (HPRA
AE19130 P047).

For our study, all the samples taken from the gut of the mice, we only used the first parts
of the small gut: at 0 cm (i.e immediately distal to the stomach) the middle part, at 15 cm
and the most distal final part (approximately 30 min, ileum). In addition, the proximal,

medium, and distal colon had been extracted (Figure 5).

. _____________________________________________________________________________________|
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Figure 5. Summary of the procedure

With these six portions, we could clearly study he expression along the gut.

Once the different extractions were obtained, these samples were put on ice and kept the

freezer at -80°C for further analysis.
5.2. RNA extraction

RNA extraction was conducted from each one of previously extracted samples. The
samples taken belong to colon and ileum tissue extracted from mice and their analysis
was conducted individually. To find out which was the best extraction kit, different Kits

were tasted.

To conduct the different RNA extractions, we combine several procedures because, after
different tests, we conclude that “High Pure RNA Tissue Kit- Sigma Aldrich” was the
most efficient method for our samples. First, we started to homogenize with Triazole
(TRI Reagent) in a suitable homogenizer and then we followed the protocol of “High Pure
RNA Tissue Kit- Sigma Aldrich” to do the RNA precipitation (Figure 6).

Add 80 pL of chloroform per 400 Centrifugate st 12000 x g for 15
B of TR Regent nsed and shake i e ai 4°C

-
4>a =£> o> > o >
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Figure 6. Summary of the procedure
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5.3. DNA amplification via RT-PCR

Once the RNA had been extracted from the different samples, the genetic material was

amplified using the RT-PCR technique to study the expression of oxytocin in the samples.

5.3.1. CDNA Synthesis

To do this, we conduct different dilutions based on the RNA concentrations obtained.
These dilutions based on achieving the same concentration of RNA in each of the wells,

using two of the wells as calibrations to check that the total concentration was correct.

For the realization, the MiniAmp Plus thermal cycler (Figure 7) was used, in which a 4D
cDNA synthesis was conducted and the “High-Capacity cDNA Reverse Transcription
Kit” (Henson et al. 2008) was used. The program applied to conduct the cDNA synthesis
is detailed in the figure below (Figure 7).

Figure 7. Cycle program to carry out cDNA synthesis in the MiniAmp plus thermal cycler (Henson et al.
2008)

As shown Annex 3, the RNA extractions good quality and concentration from most
samples. The RNA concentrations were high, and the 260/280 and 260/230 ratios were
correct and valid. A260/280 absorbance ratio were between 2.0-2.2 so, it was considered
indicative of RNA optimal, and RNA is generally considered acceptable because
A260/230 was higher than 1.5. Because of this, we continued with the procedure to
perform the RT-PCR.

. _____________________________________________________________________________________|
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54. RT-PCR

From the synthesized cDNA, the expression of both genes was analyzed using the PCR
technique. For this, cDNA amplification was performed on the Roche LightCycler® 480
system.

Table 1. Concentrations used in the different mixtures for the RT-PCR.

For 10 pL. Water 2X 10 pM 10 pM cDNA
reaction SensiFAST Primer Primer
SYBR Lo- Reverse Forward
ROX Mix
Concentration(x 2,2 uL 5uL 0,4 uL 0,4 uL 2 uL
sample)

The table lists the kit SensiFAST SYBT-Lo-ROX kit reagent (Hawkins and Guest 2017)
and the concentrations used in the different mixtures for this PCR. The sequences of the
OXT and OXTR primers are listed in the table 2.

Table 2. Primers sequences

actb_R 5’-AAGCAATGCCACCTTCC-3’
actb_F 5’- AAGTCCCTCACCTCTCCCAAAAG-3’
oxtr_R 5’-TAAACAAGGGGTGGAGGGA-3’
oxtr_F 5’-GACTCAAGTGTTCCTGGGGA-3’
oxt_R 5’-AFAGCCAGTAAGCCCAAGCAG -3’
oxt_F 5’-CGGATCTCAGACTGAGCAGC-3’

actb: actin beta; R: Reverse primer and F: Forward primers. Actin beta (actb) was used as housekeeping.

The process was conducted using the Sybr-Green technique, so that gene expression was
detected using the SensiFAST SYBT-Lo-ROX, which detects the PCR product as it

accumulates in each of the cycles (Figure 8).

. _____________________________________________________________________________________|
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Figure 8. Cycle program to carry out RT-PCR. Step 3 is repeated 40 times. (Hawkins and Guest 2017)

For amplification, each sample was run in triplicates so that the data could be amplified
more accurately. Due to the considerable number of samples, it was necessary to make
two plates so that, to calibrate the results, a triplicate of one calibration was made. This
calibration had an exact RNA concentration on both plates to serve as a reference. It is a
mixture of all the samples where they are homogeneously represented. This concentration
was 426.9 ng/uL of first RNA.

Operations are performed through the delta Threshold point (dCt), in which the
amplification cycles are studied. dCT method makes one important assumption about the

PCR, namely that the amplification efficiencies of the reference gene.
5.5. Statistical analysis
The analysis of all the results was performed through the GraphPad Prisme 9 software.

Results were analyzed by two-way ANOVA (Male and female mice comparation) and by
a T-student test (GF and CONV mice comparation). A significance level of alpha = 0,05
was used. Although, pair-wise comparison of means (Bonferroni) was used to determine

the significance between treatment means p < 0.05) for the type | error.

. _____________________________________________________________________________________|
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6. RESULTS

6.1. Expression of oxytocin and oxytocin receptor in the colon and ileum in male and

female mice.

No significant differences were found in the expression of OXT in CONV female and
male mice (Figure 9). There was an increased expression in the colon of male mice
compared to female mice. This does not support the influence of EST on OXT expression
(Liu et al. 2021; Lach et al. 2018). If it did, the expression would have been higher in

females because they have higher levels of EST.

Oxytocin Expression

3 -
= B Female
| O Male
o 21
(=)}
c
©
L
Q
g
o] N
L
2 way ANOVA test
Male/Female Colon p<0,05
Colon/lleum Male p<0,05

L
lleum Colon

Figure 9. Oxytocin expression between male and female mice in ileum and colon. The differences were
determined by using 2-Way ANOVA test. N=9. **: p<0,05 (significant differences between the different

samples)

As for the expression of OXT along the gut tram, no differences were found in the
different female sections analyzed (Figure 9). However, there were significative
differences in males, between the ileum and the colon, with a higher expression in the
colon. These findings are supported by a previous study that determined that the main

expression of OXT is in the colon (Yu et al. 2011).
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Oxytocin receptor expression
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Figure 10. Oxytocin receptor expression between male and female mice in ileum and colon. The differences
were determined by 2-Way ANOVA test. N=9. *: p<0,05 (significant differences between the different
samples)

The results of OXTR expression in male and female mice showed that no significant
differences were observed between the sexes but within males (Figure 10). In this case,
there was an increase in OXTR expression in the colon of male mice compared to the

ileum.

The results obtained follow the evidence that their higher expression in the colon than in
the ileum in both cases as stated in a previous article (Yu et al. 2011). Since the greatest
amount of microbiota was found in the colon, it is possible that there is an influence of
the type of microbiota inhabiting the colon on the expression of OXT and OXTR. To this

end, the effect of the microbiota was further studied.

As differences in expression appeared in both cases along the length of the intestinal tract
in male mice, the effect that the microbiota might have on the expression of OXT and
OXTR in male mice only was studied. For this purpose, GF male mice were compared to
male CONV mice.

6.2. Expression between germ-free mice and conventional mice

When comparing individually both parts of the gut tram between GF and CONV mice in
the case of OXT expression, no significant differences were found in the ileum and colon

between the different mice (Figure 11).
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Figure 11. Oxytocin expression in germ-free mice against Conventional mice in ileum (A) and colon (B)
GF= Germ-free and CONV= Conventional. N= 16 The differences were determined by t-student test.

These data would indicate that the microbiota is not essential for the expression of this

hormone due to the expression in mice without microbiota are OXT expression in animals

without microbiota and with microbiota is similar.

On the other hand, significant differences have been observed in the case of OXTR
expression. No differences were seen in the colon but there were differences in the ileum
between GF and CONV mice (Figure 12). This result does not follow the expected data

as the highest amount of microbiota is found in the colon.

A Oxytocin receptor expression ileum B Oxytocin receptor expression colon
1.5- 2.0-
*
—r
3 3 1%
2 1.0 L o
(1] (]
5 S 1.0
o T
S 0.54 g
0.5-
t-test
p< 0,05
1 - T
CONV GF CONV GF

Figure 12. Oxytocin expression in germ-free mice against Conventional mice in ileum (A) and colon (B)
GF= Germ-free and CONV= Conventional. N= 16 The differences were determined by t-student test. *:

p<0,05 (significant difference between the different samples).
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There was a continuous expression throughout the gut tract in conventional mice as
previous study demonstrated (Yu et al. 2011). However, there may be some influence of

ileum microbiota on OXTR expression.

Ultimately, all the data obtained showed that there is a continuous expression of OXT and
OXTR throughout the gut tract in line with the perspective of previous studies (Yu et al.
2011; Welch et al. 2014).

. _____________________________________________________________________________________|
FINAL DEGREE PROJECT| ALEANDRA MARIN RUIZ 17



7. CONCLUSION

Based on the results obtained, the following conclusions were reached:

- Differences in the expression of OXT and its receptor between ileum and colon
are found only between males, with higher expression of OXT in the colon.

- Differences are found in colon expression of OXT but not of its receptor, between
males and females, being higher in males.

- There are no differences in oxytocin expression in male animals between CONV
mice and GF mice.

- Differences are found in the expression of the OXTR in the ileum but not in the
colon between GF and CONV. There was higher expression in the ileum in CONV

mice.
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8. FUTURE PERSPECTIVES

During this work, there has been a focus on differences in oxytocin expression by the
microbiota between sexes. To continue in this line of research, we could use other ways
of eliminating the microbiota. Instead of using GF mice, we could treat mice with
antibiotics. Different studies could be carried out, with antibiotics specific to certain
bacteria or with a cocktail of antibiotics. This other way of eliminating the gut microbiota

could give us more detailed information about which bacteria are responsible for this.

Furthermore, extraction of different portions of the gastrointestinal tract to study the
expression of some genes through RT-PCR would allow us to study the expression, not
only of oxytocin, but also of the other neuropeptides such as ghrelin. This neuropeptide
has been studied and it can also modify their expression depending on the type and

quantity of microbiota.

To conclude this work, | would like to reaffirm the influence of our microbiota on the
occurrence of diseases and metabolic disorders. Therefore, to have a better control of

these occurrences, further research is needed.
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10. AUTOEVALUATION
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working different from those | had acquired previously during the four years of my
degree. On the other hand, | have improved other techniques I already had. Regarding the
project, | had the opportunity to be involved in more than one experiment and therefore
in more than one project. This set of experimental techniques and acquired knowledge

has allowed me to base my final degree project.

The first thing we learnt is the different skills of dissection. Being able to dissect different
parts of organisms such as the brain or the gut tram of both mice and rats has been a
privilege. This is a very complex procedure but very important when it comes to in vivo
studies. For this reason, improving in this aspect has seemed to me a great advantage for

the future.

Continuing with the knowledge acquired regarding RNA extraction to measure the
expression of the different genes to be studied, in my case oxytocin, has allowed me to
learn about different methods. | have also had the opportunity to use machinery that | had
not previously used, such as the nanodrops, to quantify the amount of RNA obtained, or
the thermal cycler to carry out the PCR, the process of which is very precise. In addition,
| have been able to apply the knowledge acquired in bioinformatics by having the

opportunity to carry out different statistical analyses.
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helped me to improve the different biotechnological techniques that 1 had already
acquired by studying different subjects such as Biochemistry and Molecular Biology
Techniques, Gene Expression and Replication, to understand the different stages of the
procedures to follow and at the same time, it has helped me to see another part of the

research such as the case of animal experimentation.

Therefore, | can say that | really enjoyed having the opportunity to apply all the
knowledge acquired during the four years of my studies in a field of work in which I was
previously interested, and which has increased. | am grateful to all the research staff who
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12. ANNEXES

12.1. TABLE WITH RNA EXTRACTION RESULTS

Table 3. Table of results obtained during the RNA extraction process. Data provided by the nanodrop used.
Columns 260/230 and 280/230 provide the validity of the results since both are around 2, which ensures a
correct purification of the RNA from the male and female samples.

Sample ID Date Time ng/ul A260 A280 260/280 260/230 Constant Cursor Pos. Cursor abs. 340 raw

F1.0 04/05/2023 1:07PM 304.30 7.608 3.548 2.14 2.29 40.00 230 3.329 0.041
F1_15 04/05/2023 1:09 PM 691.95 17.299 8.176 2.12 2.28 40.00 230 7.575 0.004
F1_30 04/05/2023 1:10PM 175.21 4.380 2.090 2.10 2.06 40.00 230 2.129 0.215
F1_P 04/05/2023 1:11PM 375.20 9.380 4.497 2.09 2.20 40.00 230 4.266 0.169
F1_M 04/05/2023 1:12PM 108.37 2.709 1.309 2.07 1.95 40.00 230 1.387 0.164
F1_D 04/05/2023 1:13PM 413.34 10.333 4.936 2.09 2.24 40.00 230 4.610 0.034
M1_0 04/05/2023 1:13PM 579.92 14.498 6.820 2.13 2.29 40.00 230 6.343 0.166
M1_15 04/05/2023 1:17PM 518.08 12.952 6.120 2.12 2.23 40.00 230 5.807 0.025
M1_30 04/05/2023 1:17PM 412.46 10.312 4.971 2.07 2.11 40.00 230 4.879 0.424
M1_P 04/05/2023 1:19 PM 397.78 9.944 4.768 2.09 2.21 40.00 230 4.505 0.186
M1_M 04/05/2023 1:19 PM 241.62 6.040 2.845 2.12 2.27 40.00 230 2.666 0.035
M1_M 04/05/2023 1:20PM 213.23 5.331 2.489 2.14 2.33 40.00 230 2.286 0.013
M1_D 04/05/2023 1:21PM 220.20 5.505 2.570 2.14 2.30 40.00 230 2.399 0.017
M2_0 04/13/2023 4:16 PM 561.44 14.036 6.570 2.14 2.17 40.00 230 6.476 0.168
F2_0 04/13/2023 4:18 PM 930.35 23.259 10.866 2.14 2.27 40.00 230 10.243 -0.026
M2_15 04/13/2023 11:45 AM 877.12 21.928 10.244 2.14 2.27 40.00 230 9.671 0.071
M2_30 04/13/2023 11:46 AM 401.00 10.025 4.814 2.08 2.32 40.00 230 4.318 -0.050
M2_P 04/13/2023 11:48 AM 388.15 9.704 4.605 2.11 2.33 40.00 230 4.158 -0.023
M2_M 04/13/2023 11:49 AM 456.54 11.413 5.509 2.07 2.30 40.00 230 4.959 -0.059
M2_D 04/13/2023 11:.49 AM 119.68 2.992 1.385 2.16 2.50 40.00 230 1.198 -0.030
F2_15 04/13/2023 11:50 AM 769.10 19.227 8.980 2.14 2.26 40.00 230 8.505 0.023
F2_15 04/13/2023 11:51 AM 234.52 5.863 2.760 2.12 2.35 40.00 230 2.492 -0.052
F2_30 04/13/2023 11:51 AM 241.79 6.045 2.847 2.12 2.37 40.00 230 2.553 -0.024
F2_P 04/13/2023 11:52 AM 202.31 5.058 2.400 2.11 2.44 40.00 230 2.077 -0.038
F2_M 04/13/2023 11:52 AM 574.96 14.374 6.754 2.13 2.25 40.00 230 6.388 0.011
F2_D 04/13/2023 11:53 AM 72.10 1.803 0.838 2.15 2.65 40.00 230 0.681 -0.040
M3_0 04/13/2023 3:57PM 397.54 9.938 4.785 2.08 2.26 40.00 230 4.393 0.008
M3_15 04/13/2023 3:58 PM 268.70 6.717 3.191 2.10 2.25 40.00 230 2.986 -0.007
M3_30 04/13/2023 3:58 PM 340.35 8.509 4.058 2.10 2.28 40.00 230 3.731 0.000
M3_P 04/13/2023 3:59 PM 482.52 12.063 5.812 2.08 2.27 40.00 230 5.304 -0.010
M3_M 04/13/2023 4:.00 PM 191.66 4.791 2.275 2.11 2.31 40.00 230 2.076 0.004
M3_D 04/13/2023 4:.00 PM 128.02 3.200 1.531 2.09 2.27 40.00 230 1.413 -0.005
F3_0 04/13/2023 4:01PM 292.23 7.306 3.473 2.10 2.26 40.00 230 3.238 -0.004
F3_15 04/13/2023 4:02 PM 359.93 8.998 4.313 2.09 2.23 40.00 230 4.033 -0.021
F3_30 04/13/2023 4:03 PM 477.84 11.946 5.795 2.06 2.25 40.00 230 5.303 0.004
F3_P 04/13/2023 4:.04 PM 167.64 4.191 2.033 2.06 2.07 40.00 230 2.020 0.010
F3_M 04/13/2023 4.05PM 117.73 2.943 1.397 2.11 2.36 40.00 230 1.246 -0.026
F3_D 04/13/2023 4:.05PM 130.27 3.257 1.571 2.07 2.33 40.00 230 1.399 -0.022

F(X)= Female;M(X)= Male ; 0= 0 cm; 15= 15 cm ; 30= 30 cm; P=Proximal colon; M=Medium colon
and D= Distal colon
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Table 4. Table of results obtained during the RNA extraction process. Data provided by the nanodrop used.
Columns 260/230 and 280/230 provide the validity of the results since both are around 2, which ensures a
correct purification of the RNA from the GF and CONV mice samples.

Sample ID Date Time ng/ul A260 A280 260/280 260/230 Constant Cursor Pos. Cursor abs. 340 raw
ILEGF_7 4/26/2023 12:01 PM 392.00 9.800 4.741 2.07 2.25 40.00 230 4.351 0.014
ILE GF_8 4/26/2023 12:01 PM 467.06 11.677 5.662 2.06 2.22 40.00 230 5.260 0.024
ILEGF_9 4/26/2023 12:02 PM 658.87 16.472 7.784 2.12 2.19 40.00 230 7.527 0.394

ILE GF_10 4/26/2023 12:03 PM 692.02 17.300 8.062 2.15 2.27 40.00 230 7.620 0.099

ILE GF_11 4/26/2023 12:03 PM 451.99 11.300 5.327 2.12 2.20 40.00 230 5.147 0.278

ILE GF_12 4/26/2023 12:04 PM 182.82 4.571 2.185 2.09 2.23 40.00 230 2.051 0.024

CONV_13 4/26/2023 12:05 PM 309.41 7.735 3.706 2.09 2.21 40.00 230 3.506 0.028

ILE CONV_14 4/26/2023 12:06 PM 876.91 21.923 10.238 2.14 2.27 40.00 230 9.647 0.073
ILE CONV_15 4/26/2023 12:06 PM 360.32 9.008 4.314 2.09 2.23 40.00 230 4.032 0.026
ILE CONV_16 4/26/2023 12:07 PM 395.14 9.878 4.758 2.08 2.26 40.00 230 4.369 0.011
ILECONV_17 4/26/2023 12:08 PM 396.06 9.902 4.806 2.06 2.08 40.00 230 4.750 0.290
ILECONV_18 4/26/2023 12:08 PM 636.82 15.921 7.484 2.13 2.19 40.00 230 7.284 0.154
ILECONV_19 4/26/2023 12:09 PM 379.50 9.487 4.553 2.08 2.26 40.00 230 4.194 0.004
ILE CONV_20 4/26/2023 12:09 PM 99.12 2.478 1.223 2.03 2.08 40.00 230 1.192 0.063

COL_GF_5 4/27/2023 4:42 PM 397.10 9.927 4.707 2.11 2.42 40.00 230 4.109 0.029

COL_GF_6 4/27/2023 4:42 PM 547.98 13.700 6.459 212 2.26 40.00 230 6.061 0.161

COL_GF_7 4/27/2023 4:43 PM 228.63 5.716 2.757 2.07 2.12 40.00 230 2.697 0.295

COL_GF_8 4/27/2023 4:44 PM 235.25 5.881 2.775 2.12 2.34 40.00 230 2.516 0.007

COL_GF_9 4/27/2023 4:44 PM 198.94 4.974 2.355 2.11 2.51 40.00 230 1.980 0.023

COL_GF_10 4/27/2023 4:45 PM 253.92 6.348 2.995 2.12 2.44 40.00 230 2.601 0.024

COL_GF_11 4/27/2023 4:45 PM 381.40 9.535 4.510 2.11 2.41 40.00 230 3.963 0.019

COL_GF_12 4/27/2023 4:46 PM 108.29 2.707 1.288 2.10 2.32 40.00 230 1.169 0.008

COL_CON_13 4/27/2023 4:47 PM 109.38 2.734 1.320 2.07 2.44 40.00 230 1.121 0.071
COL_CON_18 4/27/2023 4:47 PM 109.50 2.737 1.308 2.09 2.39 40.00 230 1.146 0.100
COL_CON_17 4/27/2023 4:47 PM 219.26 5.482 2.571 2.13 2.12 40.00 230 2.583 0.024
COL_CON_16 4/27/2023 4:48 PM 227.48 5.687 3.215 1.77 1.12 40.00 230 5.072 3.230
COL_CON_15 4/27/2023 4:49 PM 312.23 7.806 3.710 2.10 2.36 40.00 230 3.308 0.044
COL_CON_14 4/27/2023 4:49 PM 297.52 7.438 3.511 2.12 2.44 40.00 230 3.043 0.001
COL_CON_13 4/27/2023 4:50 PM 469.91 11.748 5.545 2.12 1.94 40.00 230 6.046 0.156
COL_CON_19 4/27/2023 4:51 PM 470.50 11.763 5.563 2.11 2.28 40.00 230 5.162 0.025
COL_CON_20 4/27/2023 4:51 PM 134.09 3.352 1.613 2.08 2.48 40.00 230 1.352 -0.000

F(X)= Female;M(X)= Male ; 0= 0 cm; 15= 15 cm ; 30= 30 cm; P=Proximal colon; M=Medium colon
and D= Distal colon
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