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A. Personal Statement

The goal of the proposed research is to understand what appears to be a fundamental mechanism whereby C.
difficile regulates exosporium and hair-like projection formation of the spore surface during sporulation, and
how this leads to the formation of two distinctive classes of exosporium morphotypes from a clonal population,
which seem that play differential roles in pathogenesis.

Our work on the exosporium layer of C. difficile spores has been instrumental in establishing methods to study
the surface of C. difficile spores. Our contributions include the development of methods to extract the
exosporium layer and subsequent analysis by MS/MS, providing key insights into the composition of this layer.
Our experience working with exosporium proteins of C. difficile spores associated with exosporium assembly is
critical to the success of the current project. Building on our recent discovery that clonal populations form
spores with two very distinctive outermost exosporium layers that can be differentiated into thin and thick; that
the cysteine-rich proteins are essential morphogenetic factors for exosporium assembly and thickness; and
that the BclA collagen-like proteins are essential for the formation of the hair-like projections this outermost
layer, we will use a combination of genetics, biochemistry, genomics molecular biology, proteomics and high-
resolution microscopy techniques to identify the mechanisms underlying assembly and variability of this
outermost layer. This information will provide an immediate impact on the C. difficile field, and a broader long-
term impact on understanding how endospore formers regulate the formation of their outermost layers. In
addition, through this work, we will define the contribution of each exosporium morphotype and the hair-like
projections to the pathogenesis of C. difficile infections. This information is expected to provide novel targets
for therapeutic development to treat C. difficile infections and prevent spore-persistence and recurrence of the
disease.

| have 19 years of experience investigating different aspects of the biology of Clostridium spores, including
germination, resistance and assembly of the outermost layers and how C. difficile interacts with the host using
a variety of animal models. | have extensive experience in all of the technical aspects of the proposed work
including clostridia genetics, sporulation physiology and developmental biology of Clostridia, spore-assays,
enzyme assays, cell biology, molecular biology, electron microscopy expertise in sample preparation and
analysis, work involving mice and human cell lines, mouse models of the disease and gut mucosal biology. My
recent expertise also includes bioinformatic analysis of WGS and genomic epidemiology which has allowed me
to address the evolutionary biology of C. difficile spore proteins. | moved to Texas A&M University in 2020,
after 9 years of establishing my lab in Chile (2011), where up to date we have published more than 110
research articles, and submitted two patent applications on therapies to treat recurrence of C. difficile infection.
| have successfully supervised research projects and trained students and postdocs. Members of my current
lab at Texas A&M University includes bacterial geneticist with expertise in clostridia genetics and focused on



the mechanisms of assembly of the outermost exosporium layer of C. difficile spores. Members with expertise
in cellular microbiology and C. difficile pathogenesis with a particular interest on how C. difficile spore-ligands
contribute to interact with host cells and the intestinal mucosa, and persistence of C. difficile spores during the
recurrence of the infection. Thus, my lab is also already prepared to conduct these studies. In summary, my
position to direct the research described in this proposal, is unique. | have the experience and leadership to
lead this project and to direct this project in an efficient and productive manner. This is sustained by my track
record of successful publications.
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C. Contribution to Science

1.

Mechanism of assembly of the exosporium of C. difficile spores. The outermost layer, the exosporium
of C. difficile spores is relevant for C. difficile infections and recurrence of the disease. Our surprising
results demonstrate that C. difficile produce two types of spores from clonal populations of sporulating
culture; spores with a thick exosporium layer and spores with a thin exosporium layer. Both types of spores
have hair-like projections, which are typical of epidemically relevant strains. Our recent results, published in
Plos Pathogens and Nature Communications, demonstrate that the exosporium layer as well as the hair-
like projections play an important role in the pathogenesis of C. difficile infections. We have defined
developed techniques to uniquely remove the exosporium layer of C. difficile spores, which have led us to
apply gel-free proteomics to identify the composition of the spore exosporium surface layer of C. difficile
spores, providing the first comprehensive proteomic study of the exosporium layer. My group has also
demonstrated that the exosporium layer assembly depends on the cysteine rich exosporium proteins,
CdeC and CdeM, and that these proteins differentially contribute to the properties of the exosporium layer
C. difficile spores. We are also dissecting the formation of the hair-like extensions of the exosporium layer
of C. difficile spores and the role of the collagen-like BclA exosporium proteins in exosporium assembly
(manuscript in preparation).
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2. Biology of clostridia spores. | have contributed to the biology of Clostridia spore germination; an
essential step required to return to active growth and disease progression. | used the opportunistic
Clostridium perfringens, and have dissected the germination machinery by identifying the germinants and
their cognate receptors and defined their roles in physiology of spore germination. | also demonstrated that
germination of C. perfringens spores does not require dipicolinic acid to trigger germination as is the case
of Bacillus spores. My work also demonstrated that during germination, CspB activates SleC which in turn
degrades the spore peptidoglycan layer and culmination of spore germination. These studies have had a
broad impact in subsequent work by others in the molecular mechanisms of germination of C. difficile
spores, and have provided me with broad expertise in Clostridia spores.

a. Paredes-Sabja D, Setlow P, Sarker MR. GerO, a putative Na+/H+-K+ antiporter, is essential for normal
germination of spores of the pathogenic bacterium Clostridium perfringens. J Bacteriol. 2009
Jun;191(12):3822-31. PubMed Central PMCID: PMC2698388.

b. Paredes-Sabja D, Setlow P, Sarker MR. SleC is essential for cortex peptidoglycan hydrolysis during
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Central PMCID: PMC2238220.

3. C. difficile spore-host interactions and persistence. C. difficile spores are essential for the recurrence
of the infection, and the mechanisms of persistence are poorly understood. In this context, we have
demonstrated that removal of C. difficile spores from the intestinal tract, by oral administration of anti-spore
chicken antibodies, during initiation or recurrence of the infection, prevents disease progression in animal
models, supporting the notion that C. difficile spores are required for persistence of disease. Our results
have shown that C. difficile spores bind in a concentration specific manner to the extracellular matrix
proteins fibronectin and vitronectin. Our recent and groundbreaking results published in Nature
Communications demonstrates a novel phenotype by which C. difficile spores are able to gain entry into
intestinal epithelial cells in a fibronectin- and vitronectin-integrin dependent manner. We also demonstrated
that blocking spore-entry in vivo leads to reduced recurrence in a mouse model of recurrent disease.
Importantly, BclA3, essential for the formation of the hair-like projections, is key for these spore-entry
pathway into IECs in vitro and in vivo, and its absence leads to delayed recurrence in mice. Our expertise
in the exosporium layer enables us to develop refined genetic manipulation of the spore surface without
altering its overall structure to address the underlying mechanisms through which C. difficile interacts with
the intestinal mucosa and persists during disease.
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Mendoza-Leén MJ, Kuehne SA, Minton NP, Pizarro-Guajardo M, Paredes-Sabja D. Entry of spores
into intestinal epithelial cells contributes to recurrence of Clostridioides difficile infection. Nat Commun.
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b. Calderén-Romero P, Castro-Cérdova P, Reyes-Ramirez R, Milano-Céspedes M, Guerrero-Araya E,
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cysteine-rich proteins are essential for the morphogenesis of the exosporium layer, spore resistance,
and affect C. difficile pathogenesis. PLoS Pathog. 2018 Aug;14(8):e1007199. PubMed Central PMCID:
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4.

Immunotherapies to target C. difficile spores C. difficile spores are essential for the recurrence of the
infection, and the mechanisms of persistence are poorly understood. In this context, we have
demonstrated that removal of C. difficile spores from the intestinal tract, by oral administration of anti-spore
chicken antibodies, during initiation or recurrence of the infection, prevents disease progression in animal
models. We have also performed the first immunoproteomics to the outer layer of C. difficile spores,
providing a list of exosporium proteins as putative candidates for vaccine development. These findings will
contribute to the identification of novel C. difficile spore-surface target molecules to reduce spore
persistence. Recently, we have shown that oral administration of the C-terminal domain of the exosporium
collagen-like protein, BclA2 and BclA3 induces a high humoral response. These findings have contributed
to the identification of novel vaccine C. difficile spore-surface candidates to reduce spore persistence.
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Microbial Genomics and Genomic Epidemiology. C. difficile is responsible of outbreaks of antibiotic-
associated diarrhea world-wide. We contributed with the first genomic epidemiology study in Latin America,
where the origins and diversity of C. difficile B1(NAP1) RT027/ST01 was investigated. Our group
collaborated in the whole-genome sequencing analysis, pangenomics and Bayesian analysis of over
12,000 C. difficile genomes covering eight currently defined phylogenetic clades, contributing to
understand the evolution of C. difficile and its close relative and potential impacts in diagnostic. Given the
everyday increasing numbers of sequenced C. difficile genomes, we developed a multi-core tool for
multilocus sequence typing of draft genomes (FastMLST), reducing the processing time by at least 3-fold,
tool that is currently being employed for spore protein evolutionary analysis.
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