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Alex Stevenson
[Slide 1]
Hello everyone. Welcome to our research webinar. My name is Alex Stevenson and I am the Chief Scientific Officer of 4D pharma.
Next slide, please.

[Slide 2]
So, before we begin, I’d like to remind you that we will be making forward looking statements relating to 4Ds live biotherapeutics programs
and MicroRx platform, regulatory pathways, the market and commercial opportunity for our live biotherapeutics, the need for additional
safety and efficacy data to support regulatory approval, the validation of 4D’s platform and its impacts on a broad range of diseases. Actual
results may differ materially. Additionally, these statements are subject to certain risks and uncertainties, which are discussed in the risk
factors in 4D’s annual reports and our regulatory filings. Any forward-looking statements made on today’s call represent our views as of
today only. We may update these statements in the future, but we disclaim any obligation to do so.
Next slide, please.

[Slide 3]
So, it’s been a big few weeks with the microbiome [field]. I think we all agree the field has moved on significantly. We’ve had Seres’
[Therapeutics] results in Phase III for C diff and then more recently our own clinical proof-of-concept data for a live biotherapeutic
MRx0518 in combination with Keytruda in immuno-oncology, and this is a summary that we’re looking at now, of those results, where we’ve
obtained a disease control rate of 42% in the first 12 patients who are secondary resistant to checkpoint inhibition. But today what I’d like to
talk about is really the engine behind the pipeline that we have and agents like the MRx0518, which is really starting to generate data in
the field.
So next slide please.

[Slide 4-5]
So for those of you who follow 4D pharma, you’ll be aware of our central focus on understanding and exploiting the diverse biological
functionality that exists in the microbiome in the form of single strain live biotherapeutics for a variety of different indications, including
obviously, cancer, respiratory, gastrointestinal, and neurodegenerative disease. So, we’ve really got this opportunity with live
biotherapeutics to address a wide range of diseases with serious unmet need, with agents that to date have proved to be both potentially
efficacious, but also have a very favourable safety profile. So today what we’re going to do is to share with you the principles of how we
discover these novel therapeutics through traditional pharma approaches that have been specifically developed for the microbiome, and
I’m very fortunate today to be joined by Dr Imke Mulder, the Research Director of 4D pharma, who has overall responsibility for our
research programs and three members of her team, Emma, Delphine and Andrea.
We also welcome analysts from Chardan, N+1 Singer, Bryan, Garnier & Co., Jones Trading, Jeffries, Cantor Fitzgerald and Ladenburg
Thalmann and Co. And so, with that I will hand over to Imke to begin our presentation. Thank you.

Imke Mulder
[Slide 6]
Thank you, Alex. So, I will start the presentation by giving an overview of the potential of live biotherapeutics, derived from the gut
microbiome. We all know that the gut microbiome [field] has matured a lot over the last five to 10 years. It is now generally accepted that
specific bacterial strains within the gut play a crucial role in most health and disease and their activity is also not just related to GI disorders
such as C. difficile infection or IBD, but it can also have very potent systemic effects on a range of disorders such as cancer and even
neurodegenerative disorders.
Single strain live biotherapeutics in particular are a promising new drug paradigm, and there are several advantages over currently
available therapies, including an inherently strong safety profile, the ability to act on pathological pathways of disease, and they can be
used in combination with existing therapies, for instance in combination with checkpoint inhibitors.
At 4D pharma we use these properties of the LBPs to bring traditional pharmaceutical drug discovery to the microbiome, and our strong
focus on mechanism of action and function has allowed us to deliver several different candidates to the clinic so far.
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[Slide 7]
So, within the microbiome field, there’s traditionally been a debate about correlation versus causation. So, to unpick the microbiome
composition associated with specific disease phenotypes and to re-populate the intestine with the missing species. However, we believe
that by focusing on the mechanism of host-microbiome interactions and identifying the ways that single strain LBPs can influence
pathological pathways, we can implement a rational drug discovery approach to guide effective development. And some of the concepts
that are important to our approach include strain specificity, targeting of specific disease pathways and cell types, and a good
understanding of mechanism.
So, for instance, different strains of the same species may display functional variation, so purely focusing on species taxonomy and a
so-called healthy microbiome is prone to strain level inconsistency. So, we use hypothesis based informed screening throughout each
developmental step, from initial target identification to selecting the right preclinical models. And we do this because the more
understanding we have of how the bacteria interact with the host, the more this aids translation into humans. For instance, by selecting
the right patient subpopulations and we now have proven proof-of-concept in a number of different clinical programs, as you can see on
this slide.

[Slide 8]
So, over the last four to five years at 4D pharma, we have built extensive microbiome expertise in-house and our focus on function has
allowed us to apply pharmaceutical principles to our robust screening pipeline. So modern pharmaceutical drug discovery has a number
of defined steps. It starts with the screening of a large chemical compound library for specific targets, identification of screening hits to in
vivo candidate selection and optimization of those candidates to increase the affinity, selectivity, efficacy, metabolic stability and oral
bioavailability. So, we have applied these traditional pharmaceutical concepts to the LBP drug discovery process with microbiome specific
consideration at each stage of development.
On this slide I’ve listed all the considerations we take along each step of the drug development pathway. So, for instance, we start our
screening process with a proprietary compound library consisting of hundreds of different bacterial strains derived from hundreds of
different stool donors and then we identify screening targets based on our in-house knowledge, combined with advances in the scientific
field and depending on the disease area of interest, there might be very little preliminary information available about the role of the
microbiome. So, this means generating and testing our own hypothesis in specific phenotypic models. So, we do feel that this lack of
precedence really creates great opportunity to make a difference, and we believe that our screening approach is there for unique to the
microbiome field.

[Slide 9]
This slide gives an overview of our MicroRx platform and shows how we actually perform our functional screen. So MicroRx has seven
different subsections with, like I mentioned, a large focus on functionality and understanding of fundamental biology and mechanism
throughout each stage. So even at the very beginning of the process we put a lot of effort into strain characterization and in the
subsequent stages we drill down further to the bacterial effector molecules and host receptors and pathways that they activate, to inform
a mechanism of action and to also help guide effective drug development.
And to really give you a good understanding of our rational drug discovery approach, we will now take you through each step of the
MicroRx platform stage by stage. And for this I’ll hand you over to Emma to tell you more about the 4D culture collection.

Emma Raftis
[Slide 10]
Thanks, Imke, my name is Emma Raftis and I’m one of the microbiology leads here at 4D pharma and today I’m going to give you a brief
overview of our approach to building our culture collection for LBP development.

[Slide 11]
You’ll see outlined here some of the different components which we consider when we’re expanding our culture collection. And from our
point of view, when building a culture collection from which to select strains for potential treatment of specific disease targets, it’s
important that we not only reflect the diversity of the gut microbiome in terms of its phylogeny and taxonomy, but that we also endeavor
to functionally characterize our strains as completely as possible and from as early a stage of development as possible as well.
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Emma Raftis continued
[Slide 12]
We focus on several key areas which begin with effective donor recruitment strategies. We ensure that our fecal bank include samples
from healthy volunteers from a very broad range of ages and lifestyles and locations. We employ both targeted and untargeted isolation
approaches in order to build a collection of strains which reflects the diversity that is seen in the human microbiome. And additionally, to
that, our culturomics expertise allows us to enrich the collection with specific target species. For instance, those related to current candidates
or novel species and strains that present different specific growth challenges, including an extensive range of obligate anaerobes.
It’s also critical to us that our culture collection provides us with an opportunity to test strains which are functionally diverse as well, and
from an early stage in our research and development pipeline we characterize our strains both phenotypically and genotypically so that
we can take a rational and data-driven approach to the selection of strains for our screening purposes. And this is of particular importance
when dealing with strains of novel species, for which often there is only a very limited amount of background information available. And
now I’ll hand you back to Imke who’s going to describe our in vitro screening platform in more detail.

Imke Mulder
[Slide 13]
So, we start our hit selection approach with a large-scale in vitro screen of the 4D culture collection and for this, as I’ve mentioned, we use
hypothesis driven approaches that incorporate target selection and lead discovery in the design phase of this screening stage.

[Slide 14]
So, our whole in vitro screening approach is based on multiple complex inputs, so we use a standardized process for efficient screening of
large strain panels at the same time. We test different sub-components of our bacterial strains, so, for instance, we test live bacteria,
supernatant fractions, knockout strains, and recombinant proteins, and on the other side we also assess multiple complementary readouts
from the host system to obtain a good host response profile and get a handle on mechanism.
Each screening campaign is focused on disease relevant assays with an emphasis on phenotypic characterization to improve translate
ability of the readouts. And microbiome screening is definitely not as simple as just looking at whole bacteria on human cells. We really
tease out individual molecules as test articles in this system.

[Slide 15]
So, for the next couple of slides I will show you a couple of examples to really illustrate the richness of information we get out of the
system. So, we investigate the interactions of the bacterial strains within gastrointestinal compartment and the gut barrier in particular in a
lot of detail. So, the gastrointestinal tract is obviously the first point of contact between the host and the microbiome, and a lot of signaling
starts in the GI tract, and this is really the result of millions of years of co-evolution of the microbiome-gut interactions. So, for instance, on
the left of the slide you can see that we look at gene expression responses of epithelial cells to each bacterial strain and at the same time
we also use, on the right, short-chain fatty acid profiles of each of these strains at the same time. So, this then gives us a fingerprint of
large bacterial panel and allows us to identify classes of functionality that are based on these readouts and really identify the big hitters in
these profiles.

[Slide 16]
As a company, we also have a very strong background in investigating the host immune response to microbiome strains. So, for instance,
we have a particular focus on host receptors such as TLRs and NLRs and NF-kB involved in host-microbiome communication and we also
look at HDAC inhibitors and HDAC, for instance, have been linked to things like inflammation, cancer, neurodegeneration, and bacterial
metabolites are strong HDAC inhibitors. So, this allows us to also really screen the bacterial MAMPS [microbe-associated molecular
patterns] within our bacterial strain panel.
Downstream we also look at immune cell population and cytokine profiles to really very deeply immunophenotype the host response to
each individual bacterial strain. So again, at the end of this screening we obtain different classes of responses to allow us to rationally
select LBPs for the next stage.
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[Slide 17]
We’ve recently also forayed into the area of neurodegenerative disorders, as we believe that targeting the gut-brain axis is a really exciting
new frontier for CNS diseases and for the microbiome. So we have developed CNS-specific assays to model these interactions, so some of
the areas of interest that we have targeted include neueoinformation, as shown on the left here, and also neuroprotection and neuronal
differentiation. And for each of these aspects we have adapted traditional drug discovery assays to make them suitable for microbiome
screening, and I’ll give you some examples in the in the upcoming slides of some of these readouts.

[Slide 18]
So like I said, we use these complex co-culture systems of gut barrier function, immune response, and CNS modelling. And now I will talk
you through a case study of how we have successfully used this approach to identify two efficacious LBP candidates for Parkinson’s disease.

[Slide 19]
So, Parkinson’s disease is a disease of great unmet need, and current treatments really fail to achieve disease modification. And there’s
therefore a real big need for new therapeutic strategies. So we have used the MicroRx platform to identify two bacterial strains, MRx0005
and MRx0029, which are a Megasphaera and a Parabacteroides strain. And what we found was that both of these strains have strong
neuroprotective properties for the treatment of Parkinson’s.
And the way we’ve identified these strains, as I’ve mentioned, is using a combination of in vitro and ex vivo cell direct functional system as
well as in vivo translational models. And this is really great example of how LBPs can have a polypharmaceutical approach by hitting
multiple different host pathways. And MRx0029 and MRx0005 are currently in preclinical development and are particularly promising
candidates for accessing earlier stage Parkinson’s patients.

[Slide 20]
So, MRx0029 and MRx0005 were identified from MicroRx for their ability to first of all reduce neuroinflammation, as you can see on the
left hand side of this of this slide, so what we did is we co-incubated bacterial metabolites from these two strains with a number of
different CNS relevant cell lines including astrocytes and microglia, so these are cell lines that are of great relevance for things like
Parkinson’s and Alzheimer’s. And when we treated these cell types with different pro-inflammatory compounds such as LPS, TNF-alpha,
alpha-synuclein and we saw a very strong anti-inflammatory effect for both these strains. So, here what we’re showing is that that we
looked at IL-6 pro-inflammatory cytokine secretion and we saw that both of the strains were able to significantly reduce the production of
IL-6 by these cell types.
On the right you, can see that we also investigated neuroprotective properties of the bacteria. So, we created a model where a neuronal
cell line was treated with MPP+, and this is a neurotoxin that is also used to model PD in mouse models, and Andrea will tell you a bit more
about that later, but MPP causes mitochondrial damage and cell death in these cells. And what we saw is that treating the cells with MRx0029
was able to completely rescue neuronal cells from this cell damage. So, this strain in particular showed strong neuroprotective properties.
When we looked further into the gene expression profiles of these neuronal cells, we also found that MRx0029 induced expression of
dopaminergic neuronal cell markers, such as MAP2, LMX1B and DAT.

[Slide 21]
So, in summary of the strain isolation and in vitro part of this presentation, we believe that a culture collection which reflects the gut
microbiome requires diverse fecal donor samples, a robust culturomics strategy and functional strain characterization in all of our strains.
Furthermore, efficient screening of large strain panels requires optimized and strain-specific culturing conditions to ensure comparable
robust readouts.
In vitro screening needs to incorporate different bacterial sub-components and a range of host physiological readouts specific to each
therapeutic area. And finally, targeted screening across a range of physiological readouts can capture the poly-pharmaceutical effects of
LBPs by hitting multiple different host pathways.

[Slide 22]
So, my colleague Andrea will now tell you more about our in vivo candidate selection.
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Andrea Augello
Thank you, Imke my name is Andrea Augello and I am the immunological leader for 4D pharma and I will illustrate now the in vivo
screening of microbiome derived therapeutics.

[Slide 23]
In the next slide, we can see that the in vivo investigation of LBPs is the first stage in the selection of potential therapeutic agents, the next
step is to investigate the effect of the LBPs in an in vivo setting with the ultimate aim to identify candidates for the potential treatment of
human diseases.
The interaction of individual commensal human bacterial strains with specific biological systems of the host is therefore analyzed with the
goal to allow translation from in vitro models to complex in vivo systems, which is crucial for the process of biomarker discovery.
So, due to the complexity of human disorders animal models are representative of specific aspects of disorders, and investigating a single
animal model we provide answers to a specific set of questions.
The goal is therefore to analyze the effect of single LBPs on defined host targets and to tailor the analysis to answer the specific questions
that are related to the disease of interest. Typical host systems examined in screening are the gastrointestinal, immune, circulatory, and
central nervous systems.
In parallel with all the considerations about the models, a series of microbiome specific considerations apply to the in vivo screening and
are actively investigated. First is the determination of bacteria stability, which is essential to predict the fate of the administered LBPs in the
host, and this links directly to the dosing protocol which is crucial to appropriately deliver each individual LBP to the host. And the last, but
not less important, is the interaction with the resident microbiome of the host which can influence the ultimate outcome of the screening.

[Slide 24]
Therefore, selecting the most appropriate animal model readout of interest and pathological target allows us to measure the bacterial
effect on targeted biological systems and ultimately to identify LBPs as these specific candidates.
So, 4D pharma’s approach to characterizing bacterial species based on their ability to elicit changes in select biological parameters of the
host combines in vivo screening performed on diverse animal models characterized by a different microbiome background, with ex vivo
laboratory investigations conducted on samples collected from the in vivo screening hosts.
For in vivo screening, we distinguish between functional models, where hosts are normal healthy animals, and disease models, were the
host is affected by an experimental disease. An example of a functional model is the amelioration of IBS in humanized hosts whereas an
example of disease model is DSS induced colitis.
Following in vivo dosing, the ex vivo analysis allows us to determine the mode of action of the administered LBP starting from the gut, which
is the first interaction point between the LBP and the host, down to different peripheral compartments and to disease relevant tissues.
In detail, for each compartment or tissue, an array of analysis is available which can be tailored to answer specific questions posed by the
subject of our investigation. And as an example of ex vivo analysis, we show in the lower panel the cell immunophenotyping conducted in
a functional model where health SPF animals have been dosed with our immuno-oncology candidate LBP MRx0518, which elicits systemic
increase in the frequency of immune cell populations associated with anti-tumor immunity such as NK cells and T cells as shown here.

[Slide 25]
Ultimately, the determination of the mod of action allows us to understand the function of the administered LBPs in terms of a possible
therapeutic use, and we are now going to illustrate two case studies where we used our LBPs in pre-clinical settings, oncology and neurological.
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[Slide 26]
The first case study the LBP MRx0518 is used as monotherapy in pre-clinical syngeneic tumor model. MRx0518 is an Enterococcus
gallinarum strain and it is our primary immuno-oncology candidate that is currently being tested in a number of clinical trials.
Syngeneic tumor models allow the study of immuno-therapies and immune checkpoint inhibitors. The use of SPF hosts, which possess an
intact immune system, allows for an in-depth study of immunotherapy studies.
The disease model that we have used in this case is EMT6 breast carcinoma, an immune-poor tumor characterized by low frequency of
tumor infiltration by the host immune cells at baseline. Daily oral administration with MRx0518 had strong effects on the tumor growth,
reducing it by 45% while eliciting infiltration in the tumor tissue of hosts immune cells with strong anti-cancer properties, in particular
T-cells and NK cells, as we can see in the bottom right panel, similarly to what has been seen in the SPF model. This confirms the potential
of this particular LBP as a potent anti-cancer agent and as a strong immunomodulator.

[Slide 27]
In the next slide, we illustrated the preclinical efficacy of two of our LBPs in a neurodegenerative model of disease.
Following in vitro screening, the two LPBs MRx0029 and MRx0005 have been singled out as potential candidates for prevention of
neurodegenerative diseases in preclinical studies. We adopted the MPTP model of Parkinson’s disease, one of several models available for
this disease, characterized by the degeneration of dopaminergic neurons, reduced levels of dopamine and its metabolites, and ultimately
dopaminergic neuron loss, as is exemplified in the in the immuno-histochemical stain at the bottom left.
When treating disease with our LBPs we observed that each bacterial strain acted through a different mechanism, which is a particularly
interesting finding. In particular, MRx0029 had striking protective effects on dopaminergic neurons, as demonstrated by the brain sections
in the upper right panel, where dopaminergic neurons are preserved in MRx0029 treated hosts compared with disease controls and
summarized in the bar graph. So, while MPTP treatment reduced the number of TH positive neurons by about 50%, MRx0029 treatment
maintained these neuronal cells to similar levels as the healthy animals.
On the other hand, MRx0005 maintained normal levels of striatal dopamine and its metabolites as shown in the bottom graph of the right
panel. We therefore showed that these bacterial strains have potential disease modifying effects on this model of Parkinson’s disease, and
this indicates that different LBPs can act on the same disease model through different pathways, which can then be dissected in detail,
thus opening interesting avenues for possible future technical and clinical applications.

[Slide 28]
In summary, selecting the most appropriate animal model readout of interest and pathological target allows us to measure the bacterial
effect on targeted biological systems to identify LBPs as disease-specific candidates.
Coupled with the microbiome-specific factors which include bacteria’s activity, dosing routes and regimens, and interaction with the
resident microbiota, and using preclinical model systems with different microbiome backgrounds - germfree, healthy, diseased - allows us
to study the effect of the LBPs on the host and microbiome.
And in conclusion, 4D pharma’s unique products are strong disease-modifying agents that have been demonstrated in diverse disease
models in vivo to have high efficacy, specificity and safety.
And I will now give back to Emma who will talk about mechanism of action.
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Emma Raftis
[Slide 29]
Thanks Andrea. Over the next couple of slides, I’m going to describe how in detail we look at the mechanism of action of each of our
candidate strains, because for us it’s critical not only to demonstrate that our candidates have efficacy in treating target diseases, but also
that we determine how each strain is mediating these specific effects.

[Slide 30]
So, unravelling host-microbe interactions in a complex environment like the microbiome is challenging, and in order to determine which
bacterial effector or characteristic is responsible for its immunomodulatory nature it’s important that we tailor our approaches to the
biology of the specific strain of interest. And as outlined by Andrea, in vitro and in vivo models provide us with the basis for understanding
which receptors and immune cell populations are affected by our LBPs. When we use multi-omics approaches and integrated hostmicrobe assays, we can dissect the relationship between the host and the bacterial cell and its components, and this allows us to identify
factors and products that may be responsible for driving its therapeutic effect.
Development of strain-specific molecular tools is also absolutely critical to our process, and we test the efficacy of all putative effectors
through loss of function testing in integrated host-microbe assays and in disease models.

[Slide 31]
In order to identify all potential effector molecules and associated MAMPS, we begin by building a genetic map of our candidate strain. We
do whole genome sequencing, and our in-house annotation process provides us with the platform for mining our strains for genes of
interest, and we also employ gene expression profiling to investigate the functionality of encoded pathways under very specific
conditions.
In conjunction with the genomic analysis, we characterize putative effectors encoded by our strains which have the potential to facilitate
host-microbe interactions and which can have also potent immunomodulatory properties. These can include cell surface exposed and
secreted proteins as well as primary and secondary metabolites, which we study using a combination of proteomic and metabolomic
techniques. And in order to determine why we so often see strain-specific therapeutic effects, we employ intraspecies comparative
genomics approaches. Detailed analysis of genomic regions which encode our putative effectors can be used to identify unique and
strain-specific sequence characteristics. And when we apply genome sequencing it also offers the opportunity to create a platform for
optimizing our genetic manipulations of our strains, which Delphine will now walk you through in more detail.

Delphine Lauté-Caly
[Slide 32]
Thanks Emma, my name is Delphine Lauté-Caly and I’m the microbiology team lead in charge of the strain engineering platform.
So as Imke has described before, once we have identified a target effactor molecule, we move to validate the mechanism of action by
using, for instance, a factor overexpression or gene deletion. So to do so, we’ve developed a strain engineering platform which allows us to
genetically manipulate our LBP candidates.
We use the platform to elucidate their mode of action, so we use gene activation and loss-of-function analysis. We also use the platform
for tagging bacteria for in vivo tracking and to produce recombinant effector proteins. So one important aspect to mention is that our LBP
candidates belong to novel or poorly characterized species, which can be fastidious and recalcitrant to genetic manipulation. So this
requires the development of tailored strain-specific tools and protocols.
So to this end we have built an extensive toolkit which involved the creation of a broad plasmid library and the thorough characterization
of the genotypic and phenotypic traits of our strains. So, this helps us improve their genetic tractability and also enabled us to establish a
comprehensive strain engineering platform.
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[Slide 33]
So, I will now present an example of how we’ve used our mechanism of action approach to identify the MRx518 flagellin as a key effector
produced by this strain. So as Andrea has mentioned, MRx518 is our leading oncology candidate, which shows clear signals of efficacy in
preclinical and clinical studies. The strain was shown to induce a strong immune response in vitro and in vivo.
In the next three side I would like to take you through the steps we’ve taken to investigate its mechanism of action, which led us to identify
the flagellin having an essential role in the immunostimulatory signature of the strain.

[Slide 34]
So here we’re giving you an overview of the approach we’ve taken to identify potential effectors specifically for this strain. So, we first use
our genomics expertise to sequence and analyze the genome of MRx518. This led us to identify several target MAMPS and other host
interaction molecules.
We then performed analysis of the secreted and surface-exposed protein, which led us to identify flagellin as an abundant component of
the proteome of MRx518 and indicated that it could potentially be involved in interaction with the host.
Finally, we use a range of host response assays in which we tested different bacterial fractions and enzymatic treatment, so as shown here
on the graph on the right hand side, we use those assays to narrow down which host receptors are activated by MRx0518, and we found
that the observed TLR5 activation was very likely linked to the flagellin produced by the strain.

[Slide 35]
So, we then went on to genetically manipulate MRx0518 to confirm our hypothesis. So, we used this strategy whereby we inactivated the
flagellin gene through targeted gene mutagenesis and we also produced MRx0518 flagellin as a recombinant protein. We tested the
flagellin mutant and the purified protein in our in vitro assays with reporter cell lines - this would be the graph on the top - and also in
co-culture with intestinal epithelial cells, the graphs at the bottom. And we showed that inactivation of the flagellin gene abolished the
immune stimulation observed with the wild-type strain.
So this data altogether enabled us to confirm the major role of the flagellin and immunostimulatory properties of the strain.

[Slide 36]
So this slide will show you the work we’ve undertaken to establish the specificity of MRx0518. Having identified the flagellin as a primary
effector molecule, we wanted to characterize it in to more detail by comparing it to other closely related strains, and we were able to show
that MRx5018 flagellin was more potent than flagellin produced by another highly motile strain of the same species. This finding
supported us in our belief that a strain-specific approach is essential when looking at the mechanism of action of LBPs.
Finally, I wanted to briefly mention that the specificity work I’ve just mentioned led us to start a larger study on flagellin sequence diversity
to understand how variation in sequence can correlate with different immunogenic profiles of bacterial strains. So to do so, we went back
to mine the culture collection for other non-related motile strains, and we used a similar approach to identify additional promising LBP
candidates for future programs.

[Slide 37]
So to conclude, I will summarize the mechanism of action and engineering section by highlighting four important points. Understanding
the mechanism of action requires identification of bacterial effectors and the understanding of the host cells and pathway that they
impact. It is critical to design strain-specific tools and assets to elucidate the mechanism of action of live biotherapeutics. We use an
integrated host-microbe analysis and in-depth multi-omics approaches to identify strain-specific effector molecules. And finally, tailored
tools are required to genetically manipulate LBP candidates and to further confirm mechanism of action through loss of function analysis.
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Imke Mulder
[Slide 38]
So that brings us to the end of our presentation. What we have shown you today is that our MicroRx platform is geared towards creating
well characterized LBPs that target functional disease pathways, and in this way could provide new solutions for diseases of high unmet need.
We have successfully merged accepted pharmaceutical principles with our microbiome-specific MicroRx platform and our propriety
technologies and assays. Our focus on host-microbiome function has been validated in multiple disease areas and this has shown
important proof-of-concept for the microbiome field as a whole.
And finally, development of strain-specific engineering tools to characterize LBPs answers key questions about their mechanism of action
and will aid translation into the clinic.

[Slide 40]
So I thought it would end on our drug pipeline chart as it is a very good illustration of how our platform has developed over the last five to
six years. We have made significant progress in a number of key disease areas and we have shown mechanistic understanding of our key
candidates and this really speaks to the success of our pharma recognizable drug discovery approach.
And it’s not just ourselves that have that opinion. Other people recognize this as well, and we have formed partnerships in key scientific
areas, for instance with our vaccine collaboration with MSD.

Alex Stevenson
[Slide 41]
So thanks very much to Imke and her team for the presentation. We have some time for questions, so I’d like to first go to Kristen Kluska
from Cantor Fitzgerald please.

Kristen Kluska
Hi thanks so much for taking the question. So the first one that I have is how stringent are your donor criteria outside of being healthy
without antibiotic use? So perhaps could you talk about what percent of applicant and/or donors you accept samples from.

Emma Raftis
Yes, absolutely. Thanks for the question. I suppose I’ll start with your second point. We don’t actually exclude, necessarily, any applicants
other than for, like you mentioned, exclusion based on antibiotic consumption over the past six months. But we do make sure that we have
as broad a range as possible of healthy volunteers from a number of different backgrounds, ethnicities, ages. We look for people with
different dietary requirements and histories. And we sample from a specific range of ages, it is very important to us as well. So we find that
gives us very good coverage of what is known to be contained in the human microbiome.

Kristen Kluska
OK great, thanks. My next question is a two-parter. So how do you think about layering some of these drugs in complex indications like
how you’ve demonstrated in Parkinson’s disease for example where multiple pathways or mechanisms could play a role. And then why do
you believe that some LBP’s activate signaling through many targets whereas some are more specific?
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Imke Mulder
So I can start with answering the second part of that question, and I think we’ve given some really good examples in the current
presentation actually about how some strains like MRx0518 produces a molecule like flagellin which is a ligand for a very specific host
receptor like TLR5, and in that way it’s really guided by that specific molecule and activating TLR5 on different immune cell subsets that
leads to this strong-immuno stimulatory cascade that leads to anti-tumor effects.
However, if we then look at the strain like MRx0029, it is a very different kind of strain that produces a complex short-chain fatty acid profile
with high levels of hexanoic acid, valeric acid and butyric acid, and these short-chain fatty acids have very pleiotropic effects that then can
lead to this polypharmacy effect as well where they can protect gut barrier, they can have anti-inflammatory effects on immune cells, but
also MRx0029 produces other molecules that can translocate to the circulation and potentially to the blood brain barrier that then, in
combination with its metabolic profile, leads to neuroprotective effects. So I guess the summary of my answer is that it depends on the
strain and it depends on taxonomy of the strain, what it produces and how specific the response is. For the first part of the question I’ll
hand over to Alex.

Alex Stevenson
Thanks Imke, I suppose the first part of the question about how we layer some of these drugs in complex indications where there’s multiple
pathways. I think, if you think about the way we screen and what we talked about today, in an indication like Parkinson’s where there’s
multiple pathways and mechanisms that could have a role, we can actually factor that into the screening pathway itself, so we can look for
bacteria that can have an impact both on gut integrity, on neuroinflammation and potentially also on differentiation of neuronal own cells.
So actually LBPs do provide a unique opportunity in that regard. Thank you very much for your question.
Perhaps we can move to Soumit Roy from Jones Trading please?

Soumit Roy
Hi, thank you for taking the question. I would like to understand, like you have mentioned, the efficacy of these microbiome-based drugs
could be in theory impacted by the individual and their own microbiome signature. In the future is there a possibility that you can make it
more bespoke or personalized where you can do a functional assay from a patient-derived tissue or something and then see if there is a
certain variant of flagellin could be more immune reactive and that could be used towards a more personalized way?

Alex Stevenson
Yeah, really interesting question. Can we develop personalized medicine using the microbiome? I think for me it’s all about functionality. So
rather than thinking about specific strains, sorry specific species, of bacteria that you could use, we’d be looking at the functionality of
those strains. So in an instance where the disease is understood and where you know perhaps a particular aspect of that pathology needs
to be addressed, then we would hope to be able to develop LBPs that could perhaps be focused very much on that specific pathology. So
interesting question and certainly something that could have an application in the future.

Soumit Roy
OK, another thing is, if you are following up on the administration of your drug, if you’re following up on the [gut microbiome] PCR repertoire,
if it has changed before and after the treatment and if you can identify a certain specific epitope being mostly immunogenic resulting in
a better clinical outcome. Keeping it in mind that in future you could combine it with a more targeted medicine or any other cell therapybased medicine could be used if you’re looking into that kind of different PCR repertoire toward changes before and after the treatment.
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Alex Stevenson
Yeah, thanks very much for your question. I assume you’re talking about MRx0518 our oncology lead in that regard. The answer is yes, we
are looking into that. We’ve got the combination study that’s ongoing with Keytruda and we’re collecting samples for analysis in that study.
We’ve also got a study at Imperial College in the UK, which is more of a biomarker driven study where we’re actually looking at MRx0518 in
the context of patients who have recently been diagnosed with a variety of solid tumors. So patients have a biopsy that’s taken on
diagnosis and then scheduled for surgery. Two to three weeks later in the intervening period, we are treating with MRx0518. And later this
year we hopefully will get the first results from analysis of the immunology of the tumor both before and after treatment, that should
provide some interesting insights and really a goal that we’ve got is to try and identify biomarkers that are associated specifically with our
treatment so that we can unpick its role perhaps in complex situations where it’s being used in combination with other therapies.

Soumit Roy
Thank you again for taking the questions and congratulations on the robust clinical data.

Alex Stevenson
Thank you very much, thanks, and perhaps I can move to Edward Thomason at N+1 Singer.

Edward Thomason
Good afternoon everyone, or evening depending where you’re calling from. Thanks for having me and the presentation. My first question
is probably to Imke and the team. Which is, you do talk about the in vitro effect of MRx0029 and MRx0005, and then you’ve alluded to it,
but you haven’t actually talked to the neuro-modulatory effects in vivo. I just wanted you to talk through the mechanism of action, how
you think it interacts from the gut to causing an effect in the brain. And then in part of that, because their effects are complementary, is there
scope to potentially use these drugs in combination.

Imke Mulder
Yes, thank you for the question, so again I’ll answer the last part of your question first. Definitely I think it’s an interesting concept due to the
way MRx0029 directly protects the neurons where MRx0005 seems to have some effect on dopamine metabolites. So, putting those two
strains together would be a really interesting approach to potentially investigate in the future. It might not be as straightforward as it
sounds, because you will have to do some optimization, formulation and dosing etc.
And then for your first part of your question about how do we think the bacteria work. So, our working hypothesis based on our in vitro
data and also some of our in vivo data is that MRx0029 in particular has very strong gut barrier protective effects, so that’s one way by
which it might reduce the translocation of potentially inflammatory molecules through into the circulation and into the brain, like LPS. It
also has anti-inflammatory effects, which potentially act more systemically. And then also we are doing a very thorough metabolic analysis
of the products produced by this strain, and it’s like I mentioned before, it seems to be a combination of these short chain fatty acids,
particularly valeric acid, but also some other compounds that we have identified in circulation that are able to travel to the brain and
directly protect the neurons. So, we have done some reverse translation there where we have gone back to our in vitro assay on
neuroprotection, and use those specific compounds in co-culture with the neuronal cells and we do see that in vitro, that hypothesis
definitely stands. But obviously there’s more work to be done on the in vivo part of the of this program.
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Edward Thomason
Thanks again, I did I have one more question, and it’s a bit more crude, but it’s about the engraftment of the LBP products and how, being
then that they are not designed to engraft and the drugs are taken chronically, what gives them this property that they don’t engraft rather
than at first look they do engraft? And how do you monitor this in a preclinical and clinical setting?

Imke Mulder
So we don’t design them not to engraft, they don’t engraft. So it is actually quite difficult for a strain that you put into the complex
microbiome, which is a really robust ecosystem, to be able to create a niche and actually colonize a host. And this is what we have seen,
definitely preclinically, and Alex can talk to the clinical part later as well. So for all the strains that we dose in the preclinical models, we do
whole microbiome sequencing. We also design specific primers for the strains so we by using qPCR, we track the concentration and the
presence of the bacteria in the intestine. And we’ve done some washout studies in the animals where we dosed the animals for two weeks,
we then stop dosing and we track for how long can we still detect the presence of the bacteria in the stool of these animals. And depending
on the specific strain it might be as short as 24 hours to 36 hours where we don’t detect any more of the strain in the stool of these
animals. So we haven’t observed any engraftments in in the animal models. So Alex, do you want to talk about the clinical part of this?

Alex Stevenson
Yeah, sure, thanks Imke. And it’s a similar picture in the clinical samples that we’ve studied so far. And just to add to Imke’s point, we’re not
designing these strains so they don’t engraft, it’s just that it appears to be quite difficult for the strains to engraft in the absence of say
pre-treatment with antibiotics where you’re creating a niche for the bacteria to actually colonize. What we’ve seen so far in the clinic, and
this is currently restricted to the Phase I study that we did in Blautix, where we had two weeks of dosing and we actually found that the
bacteria itself was no longer detectable at around two to three weeks following the completion of dosing, so there’s no evidence of
long-term engraftment in that study.
Obviously, we’ve now got some patients, particularly on our oncology study, who have been on drug for over a year, and it will be interesting
when we’re able to actually analyze those samples. At the moment, we’re a little bit restricted because of restrictions that have been put in
place because of Covid, but you know, it would be interesting to see if the same still applies in those longer-term dosing situations.

Edward Thomason
Brilliant, thanks so much.

Alex Stevenson
Thanks very much, and then maybe can we move to Gbola Amusa from Chardan please?

Gbola Amusa
Thanks for taking my call and congrats on the recent [MRx0518] combo data. I dad a question on MRx0518 and was hoping to get a little
bit more on the in vivo mechanism action. So you showed in culture the flagellin activates TLR5 to stimulate immunity, but I understand
that’s on direct exposure to immune cells. So my question is on in vivo, since you’re dosing orally, could you discuss a little bit more exactly
how that leads to more T cells in the tumor, and their altered activation and differentiation.
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Imke Mulder
Yes, so it seems to be a combination of direct gut activation of immune cells that then lead to a systemic cascade of immune activation,
increased chemokine expression in the gut as well as the tumor side and that then leads to increased tumor trafficking of T cells and
tumor infiltration of T cells, together with systemic activation of the immune system. And we’ve shown earlier that even in healthy animals
dosed with the strain, we see this increase of cancer protective immune activation in the spleen of these animals. So we believe it’s both
the direct association of the strain to the gut surface that leads to the signaling response, as well as the translocation of either flagellin
itself or parts of the bacteria containing the flagellin and other potential activating cofactors that then leads to this systemic response.
And we’re currently further investigating this presence of bacterial products in the circulation and in the tumor, and I’ll hand over to
Delphine who can tell you a bit more about methodology we’re employing there.

Delphine Lauté-Caly
Yes, so thank you for the question. It’s definitely something that we’re looking into. So like Imke said, it would be interesting to see if we can
localize and detect flagellin within the tumor site and it could be a way for flagellin to directly activate TLR5 within tumors. We’ve
generated antibodies that are specific arrays to detect MRx0518 flagellin. We’ve used the flagellin sequence diversity work that we’ve
presented as part of the mode of action [section] in this presentation to design antibodies that are able to distinguish between the flagellin
of [Enterococcus] gallinarum and [Enterococcus] casseliflavus. So we’re we’re planning to test those antibodies for detecting flagellin
using immunochemistry.

Gbola Amusa
Great thanks, and just a big picture question. Given your recent data, but if I may, I’d like to go broader than for MRx0518, but what’s the
update on how learning on a single bacterial strain, can you extend those to other programs? Whether it’s manufacturing, formulation, how
can you translate your understandings from one program to another?
And I’ll push my luck a little bit, is there anything you could say about the Seres [Therapeutics] data and what that means for the space or
for your company. If you don’t mind.

Alex Stevenson
Thanks very much for the question Gbola. I’ll start with the second part of the question in terms of the Seres data and what it means. I
think everyone who’s been watching the microbiome [field] has been waiting for meaningful clinical data to emerge. And I think we’ve
been aware, and others have, that that was on the horizon. And the Seres data obviously was well received by the markets and by others. I
think the fact that we followed that up quite quickly with our own proof-of-concept data with MRx0518 and Keytruda just helps to
strengthen the space and I think we can all see that things have moved on quite a lot in the recent weeks.
In terms of learnings, with single strains and how do we translate from one strain to the other and things like manufacturing and
formulation. There’s core expertise that we’ve developed, in particular manufacturing. We have our own manufacturing plant which has
two, 3,500 liter fermenters capable of producing upwards of 100 million capsules per year if required, and we’ve taken a number of our
strains now through the technology transfer process to actually get them from the lab to finished product. And whilst there are some very
general similarities between the bacteria that allows us to apply the same sort of methodologies, each one is specific in terms of how
fastidious it might be in terms of its growth requirements, how we process it. So we’ve always been able to make that jump, and to actually
get those strains developed into products. But there’s actually a lot of intellectual property associated with each of those strains as well, to
optimize manufacturing because we’re not dealing here with common strains were dealing with bacteria that have been isolated on the
basis of the function.

Gbola Amusa
Great, thank you.
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Alex Stevenson
You’re very welcome, and perhaps I can move now to Olga from Bryan, Garnier & Co.

Olga Smolentseva
Hi team and thank you for taking my questions and for this comprehensive overview of this platform. Can you hear me well?

Alex Stevenson
Yes, we can hear you very well.

Olga Smolentseva
OK, great thank you. I have just sort of general questions regarding the platform itself. Firstly, considering that fecal and gut microbiomes
could differ to some extent, what could be done to maybe tackle this problem and potentially further enrich the bank with bacterial
species that might be difficult to obtain from fecal samples, for example.

Imke Mulder
I will hand this question over to Emma again as she’s in charge of the culture collection.

Emma Raftis
Thanks Imke, thanks Olga for the question. I think you’re absolutely right that fecal samples can be different and provide a different range
of bacteria than is present in the entire GI tract. But what we have found consistently with the approaches and isolation techniques that
we’re applying, specifically targeted ones, that we can reflect quite well the environment that’s present in, for example, the small intestine,
and that we are again consistently recovering species that would normally be associated with either mucosal surfaces or the small
intestine, and different compartments of the GIT, whether that’s partially down to shedding from the small intestine into the colon and then
collecting from the faces. But the mimicking of different conditions within the compartments by our targeted isolation technique, seems
to be very robust. In relation to what we can do to overcome that in some way, there is an element of, we haven’t been required to as of
yet, but we could look at the option of looking at biopsies from different compartments of the gut as well and doing specific targeted
isolations on those. But again, we have found that the culture collection as a whole is very phylogenetically and taxonomically reflective of
what’s known to be present in the different compartments today anyway.

Olga Smolentseva
OK, thank you, thanks for the answer. And maybe just following the question regarding the potential combination strategies. Does your
development pipeline to some extent allow you to assess potential interaction between LBPs and a combination partner, by combination
partner I mean a specific drug? If you want to follow that path.

Imke Mulder
So, I can start with the answer to this question. So yes, we definitely, especially at the in vivo stage we always test our bacteria against
comparative drugs and also, depending on the on the specific model, we also test it in combination. So that’s definitely an area we’re also
exploring. And depending on the specific disease area, we have done in vitro modelling of combination therapies as well. So that’s an area
that we’re definitely been active in, and we’re planning to do more of that in the future as well, so I don’t know if anyone from the 4D team
wants to expand more on that answer.
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Alex Stevenson
I think just to say that actually, it’s a very good question, a very good point. The platform itself has actually been set up so that we can
evaluate our LBPs in combination with other drugs and particularly in areas like oncology where you’re getting increasing use of not just
two therapies but sometimes three as well, then it’s vital that we do evaluate those combinations in the future.

Imke Mulder
And just to add to that as well, obviously our big focus on mechanism, and understanding what particular aspect of the disease do bacteria
target, also will help us identify the right combination for clinical trials, so again that gives a good rationale for our functional approach.

Olga Smolentseva
Great, thank you and congratulations on your progress.

Alex Stevenson
Thank you very much Olga, and then perhaps a couple of questions from Michael Higgins.

Edward Marks
Good afternoon, this is Edward on for Michael. I appreciate you guys taking the time to walk us through a lot of these details.
I just have a few follow up questions based on what’s been asked so far. You mentioned biomarkers earlier, I was wondering if you could go
into a little more detail about what biomarkers you’d be looking for, whether they be inflammatory markers like CRP or whether it’s more
disease-specific markers, something like PD-1 status, or for your COVID program maybe viral titers. And then to that point as well, would
regulators be looking at endpoints that are specific to those sorts of biomarkers? Something like an ORR [objective response rate] that you
were looking at for your IO [immuno-oncology] programs, or are their specific endpoints to the bacterial therapies, or to certain
biomarkers that they would be more interested in looking at as you bring these things into later stage trials.

Alex Stevenson
Thanks, very good question. In terms of biomarkers, obviously there are a number of biomarkers that we’re evaluating in the clinical studies
and really the goal there is to try and find some sort of correlation, perhaps between either a patient group who may respond better than
others, in terms of expression of a particular biomarker or following the outcome of the treatment, and it’s definitely our goal and our
investigations are geared towards trying to find those biomarkers in clinical studies that are associated with our treatment. So, for instance,
with MRx0518 in the current studies, as I mentioned, we’re looking at immune cell subsets that are impacted by the bacteria to see
whether we can actually pick out those biomarkers specifically associated with the treatment. In terms of what the regulators are looking
for, it will tend to be very much focused on clinical outcomes, obviously, but the approach that we’ve got and our understanding of
functionality allows us to look for these biomarkers and that provides obviously a lot more confidence in terms of mechanism of action,
which gives you more confidence in terms of how the drug is working, the populations it could work in, and also potentially the
combinations that it could work in too.

Edward Marks
OK, thank you. And then another follow up too. There was an interesting question about the manufacturing process for these bacteria
and you mentioned how specific it is to each strain. I was wondering whether the pills themselves, or the non-active ingredients, are the
same amongst each therapy or each oral drug is a little bit different besides the active ingredient that’s actually in the therapy.
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Alex Stevenson
In terms of the therapies themselves they are mixture of freeze-dried bacteria with excipient, and that’s in a gastric resistant capsule. The
other materials in the formulation we keep as simple as possible in terms of the numbers that are actually in there, and also we aim to make
it consistent across the different products in terms of our development and how we actually optimize the formulation for each of the
product’s. It’s not always possible to do that, but to date we’ve always found a way of formulating the bacteria appropriately, and we can
evidence that we can actually show now that the lead products have actually got more than two years stability in terms of the drug product.

Edward Marks
OK, thank you. I appreciate you taking the questions.

Alex Stevenson
Thanks very much. And then lastly we have Peter Welford from Jefferies on the call.

Peter Welford
You knew it would come to this. But I’ve got a couple of questions if I can. I’ve got three.
Firstly, just touching on the combo on the discussion that was had with regards to potentially using more than one LBP within a single
capsule, for example, for Parkinson’s. I’m just curious if you had any discussions so far with regulators, or if you’ve broached how you would
potentially do it with regards to the potentially multifactorial design that you need to do across various doses and how you think about
that. What extent of testing you think would be required given what could rapidly become, particularly if you decided to do any more than
two strains in the future, a very very complex clinical development plan in the early stages.

Alex Stevenson
That’s a really good point. You know, it’s the reason why we tend to focus on single strains. Obviously, as you seen, single strains can have
a number of different effects, positive effects, in terms of the disease and we were able to characterize the mode of action of those strains.
If you start adding in additional strains, or if you go as far as having a consortium of strains, that then obviously becomes very difficult not
just from manufacturing perspective, but also from the perspective of understanding what each of those components is doing. Do they
actually work in an additive or synergistic way, or do they actually, are they antagonistic? Do they cancel each other’s activities out? And
there is evidence for that as well. So I think, that’s why when Imke was talking about the potential for combination, she very much qualified
it in terms of the requirements to optimize, if such a combination was ever tested, and certainly the regulatory discussions would be a lot
more complex in my view, than they are with just a single strain.

Peter Welford
Understood. And then the second question, just with regards to intellectual property. I wondered if you could just talk about, with regards
to actually patenting the particular strain? At what stage do you look to file a patent? Do you wait, if you like, until you have characterized
the strain, you understand the mechanism, and then you patent the strain understanding its use and its particular applicability? Because
presumably you have to have a certain amount of understanding of the strain before you can then seek any sort of intellectual property on
that itself? Is it possible to seek to get protection on it, and if so, what sort of data do you need to be able to get a robust patent to protect
that particular strain?
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Alex Stevenson
Yes, it’s a good point again. And the answer is, as you’ve identified, when you are filing a patent you obviously need that data there to
justify the claims that you’re making so each case is different, obviously, but typically we will look to generate a reasonable body of data
before we file that patent. And, we will continue to file supplementary applications as well, should we find that there’s additional activities
that are present in the strain. And I suppose the best way to illustrate it really is to just point to the fact that we actually now have over 1000
granted patents in our portfolio, which is far and away, the largest in the microbiome space, and you know this sort of systematic approach
that we’ve had over the years really lets us have very broad coverage, obviously around the lead products that we have, but in the
microbiome as a whole as well.

Peter Welford
Then just finally, I wondered if food allergy was an indication you ever considered looking at? Whether you could potentially use LBPs to
‘tolerize’ if you like healthy people, sorry ill people, to potentially not have allergies to a particular protein. Thank you.

Alex Stevenson
Thanks Peter. So we have looked at in the past. We’ve isolated strains that that could well have an impact on allergy, we know we have strains
that could do that. Right now, it’s not something that’s in our pipeline, but it is actually something that we have considered in the past.

Peter Welford
That’s great, thank you.

Alex Stevenson
Well, thank you very much. Thank you very much for all your questions, it was a really good discussion and thank you for attending and
listening to our research webinar.
Thank you.

END
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