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Clostridioides difficile VACCINE AND METHODS OF USE

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. Provisional Application No.
63/610,388, filed December 14, 2023, which is hereby incorporated by reference herein

in its entirety.

BACKGROUND
C. difficile 1s a spore-forming anaerobic bacterium that infects the colon,
causing a wide range of disorders that vary in severity from mild diarrhea to toxic
megacolon and death. In the United States, C. difficile is the most commonly reported
nosocomial pathogen, and C. difficile infection (CDI) is a major public health threat
worldwide.
Thus, there is a need for compositions and methods for treating and

preventing C. difficile infection. This invention fulfills this unmet need.

SUMMARY OF THE INVENTION

In one embodiment, the invention relates to a composition comprising at
least one RNA molecule encoding at least one (. difficile antigen. In one embodiment, at
least one C. difficile antigen comprises C. difficile toxin A (TcdA), C. difficile toxin B
(TcdB), PPEP-1 (Zmp1), CdeM, CWP84, CWP66, ZupT, or CspC, a fragment or variant
thereof, or any combination thereof. In one embodiment, the composition comprises a
combination of RNA molecules encoding at least two C. difficile antigens, wherein the
composition comprises at least two of TcdA, TcdB, PPEP-1, CdeM, CWP84, CWP66,
ZupT, CspC, or fragments or variants thereof. In one embodiment, the composition
comprises a combination of RNA molecules encoding TcdA, TcdB, PPEP-1, and CdeM,
or fragments or variants thereof. In one embodiment, the composition comprises a
combination of RNA molecules encoding TcdA and TcdB, or fragments or variants
thereof. In one embodiment, the composition comprises a combination of RNA

molecules encoding TcdA, TcdB, and PPEP-1, or fragments or variants thereof.
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In one embodiment, the fragment of TcdA or TcdB comprises a receptor
binding domain (RBD) including a combined repetitive oligopeptide (CROPs) domain.

In one embodiment, the composition comprises an RNA molecule
encoding a variant of at least one C. difficile antigen comprising an amino acid
substitution which disrupts an N-glycosylation site.

In one embodiment, the RNA molecule comprises a nucleic acid sequence
encoding an amino acid sequence having at least 80% identity to an amino acid sequence
of:

a) a TcdA antigen comprising an amino acid sequence of SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6 or SEQ ID NO:7, or a
fragment or variant thereof;,

b) a TcdB antigen comprising an amino acid sequence of SEQ ID NO:8, SEQ ID
NO:9, SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13 or SEQ ID
NO: 14, or a fragment or variant thereof;,

c) a PPEP-1 antigen comprising an amino acid sequence of SEQ ID NO:15, SEQ
ID NO:16, SEQ ID NO:17, SEQ ID NO:18, SEQ ID NO:19, SEQ ID NO:20 or SEQ ID
NO:21, or a fragment or variant thereof;

d) a CdeM antigen comprising an amino acid sequence of SEQ ID NO:22, SEQ
ID NO:23, SEQ ID NO:24 or SEQ ID NO:25, or a fragment or variant thereof’

e) a CWP84 antigen comprising an amino acid sequence of SEQ ID NO:26 or
SEQ ID NO:27, or a fragment or variant thereof;,

f) a CWP66 antigen comprising an amino acid sequence of SEQ ID NO:28, or a
fragment or variant thereof;

g) a ZupT antigen comprising an amino acid sequence of SEQ ID NO:29, or a
fragment or variant thereof;, or

h) a CspC antigen comprising an amino acid sequence of SEQ ID NO:30, SEQ ID
NO:31 or SEQ ID NO:32, or a fragment or variant thereof.

In one embodiment, the composition comprises an RNA molecule
comprising a nucleic acid sequence having at least 80% identity to SEQ ID NO:34, SEQ
ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID
NO:40, SEQ ID NO:41, SEQ ID NO:42, SEQ ID NO43, or SEQ ID NO:44. or a
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fragment or variant thereof, encoding a TcdA antigen. In one embodiment, the
composition comprises an RNA molecule comprising a nucleic acid sequence having at
least 80% identity to SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48,
SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ
ID NO:54, or SEQ ID NO:55, or a fragment or variant thereof, encoding a TcdB antigen.
In one embodiment, the composition comprises an RNA molecule comprising a nucleic
acid sequence having at least 80% identity to SEQ ID NO:56, SEQ ID NO:57, SEQ ID
NO:58, SEQ ID NO:59, SEQ ID NO:60, SEQ ID NO:61, SEQ ID NO:62, SEQ ID
NO:63, SEQ ID NO:64, SEQ ID NO:65, or SEQ ID NO:66, or a fragment or variant
thereof, encoding a PPEP-1 antigen. In one embodiment, the composition comprises an
RNA molecule comprising a nucleic acid sequence having at least 80% identity to SEQ
ID NO:67, SEQ ID NO:68, SEQ ID NO:69, SEQ ID NO:70, SEQ ID NO:71, SEQ ID
NO:72, SEQ ID NO:73, or SEQ ID NO:74, or a fragment or variant thereof, encoding a
CdeM antigen. In one embodiment, the composition comprises an RNA molecule
comprising a nucleic acid sequence having at least 80% identity to SEQ ID NO:75, SEQ
ID NO:76, SEQ ID NO:77 or SEQ ID NO:78, or a fragment or variant thereof, encoding
a CWP84 antigen. In one embodiment, the composition comprises an RNA molecule
comprising a nucleic acid sequence having at least 80% identity to SEQ ID NO:79 or
SEQ ID NO:80, or a fragment or variant thereof encoding a CWP66 antigen. In one
embodiment, the composition comprises an RNA molecule comprising a nucleic acid
sequence having at least 80% identity to £ SEQ ID NO:81 or SEQ ID NO:82, or a
fragment or variant thereof, encoding a ZupT antigen. In one embodiment, the
composition comprises an RNA molecule comprising a nucleic acid sequence having at
least 80% identity to SEQ ID NO:83, SEQ ID NO:84, SEQ ID NO:85, SEQ ID NO:86,
SEQ ID NO:87 or SEQ ID NO:88, encoding a CspC antigen.

In one embodiment, the composition comprises a combination of RNA
molecules, wherein the combination of RNA molecules comprises at least one of:

a) an RNA molecule encoding SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ
ID NO:4, SEQ ID NO:5, SEQ ID NO:6 or SEQ ID NO:7, or a fragment or variant
thereof’,
b) an RNA molecule encoding SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10,
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SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13 or SEQ ID NO:14, or a fragment or
variant thereof’,

¢) an RNA molecule encoding SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17,
SEQ ID NO:18, SEQ ID NO:19, SEQ ID NO:20 or SEQ ID NO:21, or a fragment or
variant thereof’,

d) an RNA molecule encoding SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24
or SEQ ID NO:25, or a fragment or variant thereof;

e) an RNA molecule encoding SEQ ID NO:26 or SEQ ID NO:27, or a fragment
or variant thereof’,

f) an RNA molecule encoding SEQ ID NO:28, or a fragment or variant thereof;

g) an RNA molecule encoding SEQ ID NO:29, or a fragment or variant thereof;,
and

h) an RNA molecule encoding SEQ ID NO:30, SEQ ID NO:31 or SEQ ID
NO:32, or a fragment or variant thereof.

In one embodiment, the composition comprises a combination of RNA

molecules encoding at least two amino acid sequences selected from:

a) an RNA molecule encoding SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ
ID NO:4, SEQ ID NO:5, SEQ ID NO:6 or SEQ ID NO:7, or a fragment or variant
thereof;

b) an RNA molecule encoding SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10,
SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13 or SEQ ID NO:14, or a fragment or
variant thereof’,

¢) an RNA molecule encoding SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17,
SEQ ID NO:18, SEQ ID NO:19, SEQ ID NO:20 or SEQ ID NO:21, or a fragment or
variant thereof

d) an RNA molecule encoding SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24
or SEQ ID NO:25, or a fragment or variant thereof;

e) an RNA molecule encoding SEQ ID NO:26 or SEQ ID NO:27, or a fragment
or variant thereof;,

f) an RNA molecule encoding SEQ ID NO:28, or a fragment or variant thereof;

g) an RNA molecule encoding SEQ ID NO:29, or a fragment or variant thereof;
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and
h) an RNA molecule encoding SEQ ID NO:30, SEQ ID NO:31 or SEQ ID
NO:32, or a fragment or variant thereof.
In one embodiment, the composition comprises a combination of RNA
molecules encoding at least three amino acid sequences selected from:
a) an RNA molecule encoding SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ
ID NO:4, SEQ ID NO:5, SEQ ID NO:6 or SEQ ID NO:7, or a fragment or variant
thereof;
b) an RNA molecule encoding SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10,
SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13 or SEQ ID NO:14, or a fragment or
variant thereof’,
¢) an RNA molecule encoding SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17,
SEQ ID NO:18, SEQ ID NO:19, SEQ ID NO:20 or SEQ ID NO:21, or a fragment or
variant thereof’,
d) an RNA molecule encoding SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24
or SEQ ID NO:25, or a fragment or variant thereof;,
e) an RNA molecule encoding SEQ ID NO:26 or SEQ ID NO:27, or a fragment
or variant thereof;,
f) an RNA molecule encoding SEQ ID NO:28, or a fragment or variant thereof;
g) an RNA molecule encoding SEQ ID NO:29, or a fragment or variant thereof;,
and
h) an RNA molecule encoding SEQ ID NO:30, SEQ ID NO:31 or SEQ ID
NO:32, or a fragment or variant thereof.
In one embodiment, the RNA molecule is mRNA, self-replicating RNA,
self-amplifying RNA, or circular RNA.
In one embodiment, at least one RNA molecule is a nucleoside modified
RNA molecule comprising at least one modified nucleoside. In one embodiment, at least
one modified nucleoside comprises pseudouridine, 1-methyl pseudouridine, or 5-methyl-
uridine.
In one embodiment, the RNA molecule comprises a nucleic acid sequence

encoding a leader sequence, a tag or signal peptide. In one embodiment, the RNA
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molecule further comprises a linker.

In one embodiment, the composition comprises one or more lipid
nanoparticle (LNP), wherein the one or more RNA molecules are partially or fully
encapsulated within the one or more LNP. In one embodiment, the composition
comprises a combination of at least two LNPs, wherein each LNP encapsulates an RNA
molecule encoding a C. difficile antigen. In one embodiment, each LNP encapsulates an
RNA molecule encoding TcdA, TcdB, PPEP-1, CdeM, CWP84, CWP66, ZupT, or CspC.

In one embodiment, the invention relates to a pharmaceutical composition
comprising at least one RNA molecule encoding at least one C. difficile antigen, wherein
the at least one C. difficile antigen comprises TcdA, TcdB, PPEP-1, CdeM, CWP84,
CWP66, ZupT, or CspC, a fragment or variant thereof, or any combination thereof. In
one embodiment, the composition further comprises at least one pharmaceutically
acceptable excipient.

In one embodiment, the invention relates to a combination comprising:

(1) a first pharmaceutical composition comprising a first RNA molecule,
wherein the first RNA molecule encodes at least one C. difficile antigen, wherein the at
least one C. difficile antigen comprises TcdA, TcdB, PPEP-1, CdeM, CWP84, CWP66,
ZupT, CspC, a fragment thereof, or a variant thereof; and

(i1))  asecond pharmaceutical composition comprising a second RNA
molecule, wherein the second RNA molecule encodes at least one C. difficile antigen,
wherein the at least one C. difficile antigen comprises TcdA, TcdB, PPEP-1, CdeM,
CWP84, CWP66, ZupT, CspC, a fragment thereof, or a variant thereof,

wherein the first RNA molecule and the second RNA molecule are not the same,
and wherein the RNA molecules are partially or fully encapsulated within one or more
LNPs.

In one embodiment, the invention relates to a combination comprising:

(1) a first pharmaceutical composition comprising a first RNA molecule,
wherein the first RNA molecule encodes at least one (. difficile antigen, wherein the at
least one C. difficile antigen comprises TcdA, TcdB, PPEP-1, CdeM, CWP84, CWP66

2

ZupT, CspC, a fragment thereof, or a variant thereof’
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(i1))  asecond pharmaceutical composition comprising a second RNA
molecule, wherein the second RNA molecule encodes at least one C. difficile antigen,
wherein the at least one C. difficile antigen comprises TcdA, TcdB, PPEP-1, CdeM,
CWP84, CWP66, ZupT, CspC, a fragment thereof, or a variant thereof; and

(ii1)  athird pharmaceutical composition comprising a third RNA molecule,
wherein the third RNA molecule encodes at least one C. difficile antigen, wherein the at
least one C. difficile antigen comprises TcdA, TcdB, PPEP-1, CdeM, CWP84, CWP66,
ZupT, CspC, a fragment thereof, or a variant thereof;

wherein the first RNA molecule, the second RNA molecule, and the third RNA
molecule are not the same, and wherein the RNA molecules are partially or fully
encapsulated within one or more LNPs.

In one embodiment, the invention relates to a method of inducing an
immune response against at least one strain of C. difficile infection in a subject,
comprising administering a composition comprising at least one RNA molecule encoding
at least one (. difficile antigen, wherein the at least one C. difficile antigen comprises
TcdA, TcdB, PPEP-1, CdeM, CWP84, CWP66, ZupT, or CspC, a fragment or variant
thereof, or any combination thereof, or a pharmaceutical composition comprising at least
one RNA molecule encoding at least one C. difficile antigen, wherein the at least one C.
difficile antigen comprises TcdA, TcdB, PPEP-1, CdeM, CWP84, CWP66, ZupT, or
CspC, a fragment or variant thereof, or any combination thereof.

In one embodiment, the invention relates to a method of treating or
preventing a disease or disorder associated with C. difficile infection in a subject,
comprising administering a composition comprising at least one RNA molecule encoding
at least one C. difficile antigen, wherein the at least one C. difficile antigen comprises
TcdA, TcdB, PPEP-1, CdeM, CWP84, CWP66, ZupT, or CspC, a fragment or variant
thereof, or any combination thereof, or a pharmaceutical composition comprising at least
one RNA molecule encoding at least one C. difficile antigen, wherein the at least one C.
difficile antigen comprises TcdA, TcdB, PPEP-1, CdeM, CWP84, CWP66, ZupT, or
CspC. In one embodiment, the composition is administered by an intradermal,
subcutaneous, inhalation, intranasal, or intramuscular delivery route. In one embodiment,

the method comprises a single administration of the composition. In one embodiment, the

PCT/US2024/060394
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method comprises multiple administrations of the composition. In one embodiment, the
composition induces a broad immune response against multiple strains of C. difficile in a
cell, tissue or subject. In one embodiment, the composition induces a protective immune
response in the subject. In one embodiment, the composition challenges and/or hinders C.
difficile colonization in a subject. In one embodiment, the disease or disorder is colitis or
diarrhea. In one embodiment, administration does not affect intestinal microbiota in the
subject.

In one embodiment, the composition is for use in the treatment or
prevention of a C. difficile infection in a subject comprising administering one or more
doses of the composition to a subject. In one embodiment, the composition is for use in
the treatment or prevention of a C. difficile infection in a subject comprising
administering one or more doses of the composition to a subject.

In one embodiment, the composition comprising at least one RNA
molecule encoding at least one C. difficile antigen, wherein the at least one (. difficile
antigen comprises TcdA, TcdB, PPEP-1, CdeM, CWP84, CWP66, ZupT, or CspC, a
fragment or variant thereof, or any combination thereof, further comprises a delivery
vehicle. In one embodiment, the delivery vehicle is poly(ethylenimine) PEI, chitosan,
Janus dendrimers, dendrimers, lipopolymers, or a one component system.

In one embodiment, the composition comprising at least one RNA
molecule encoding at least one . difficile antigen, wherein the at least one (. difficile
antigen comprises TcdA, TcdB, PPEP-1, CdeM, CWP84, CWP66, ZupT, or CspC, a
fragment or variant thereof, or any combination thereof, further comprises an adjuvant. In
one embodiment, the adjuvant is alum, ASO3, squalene, liposomes, chitosan, Matrix M, a
cytokine, a nucleic acid molecule encoding an adjuvant molecule, or any combination
thereof. In one embodiment, the nucleic acid molecule encodes IL-12, IL-21, or APRIL.

In one embodiment, the composition comprises an RNA molecule
encoding at least one C. difficile antigen, wherein the at least one C. difficile antigen
comprises TcdA, TcdB, PPEP-1, CdeM, CWP84, CWP66, ZupT, or CspC, a fragment or
variant thereof, operably linked to nucleotide sequence encoding an oligomerization
domain. In one embodiment, the oligomerization domain comprises ferritin, or a

fragment or variant thereof.

PCT/US2024/060394
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In one embodiment, the invention relates to a composition comprising a
fusion molecule comprising a fusion of a C. difficile antigen to an oligomerization
domain. In one embodiment, the oligomerization domain comprises ferritin, or a
fragment or variant thereof. In one embodiment, the (. difficile antigen comprises an
amino acid sequence having at least 80% identity to an amino acid sequence of

a) a TcdA antigen comprising an amino acid sequence of SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6 or SEQ ID NO:7, or a
fragment or variant thereof;,

b) a TcdB antigen comprising an amino acid sequence of SEQ ID NO:8, SEQ ID
NO:9, SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13 or SEQ ID
NO:14, or a fragment or variant thereof;,

c) a PPEP-1 antigen comprising an amino acid sequence of SEQ ID NO:15, SEQ
ID NO:16, SEQ ID NO:17, SEQ ID NO:18, SEQ ID NO:19, SEQ ID NO:20 or SEQ ID
NO:21, or a fragment or variant thereof;,

d) a CdeM antigen comprising an amino acid sequence of SEQ ID NO:22, SEQ
ID NO:23, SEQ ID NO:24 or SEQ ID NO:25, or a fragment or variant thereof’

e) a CWP84 antigen comprising an amino acid sequence of SEQ ID NO:26 or
SEQ ID NO:27, or a fragment or variant thereof;,

f) a CWP66 antigen comprising an amino acid sequence of SEQ ID NO:28, or a
fragment or variant thereof;

g) a ZupT antigen comprising an amino acid sequence of SEQ ID NO:29, or a
fragment or variant thereof’ or

h) a CspC antigen comprising an amino acid sequence of SEQ ID NO:30, SEQ ID
NO:31 or SEQ ID NO:32, or a fragment or variant thereof.

BRIEF DESCRIPTION OF THE DRAWINGS
The following detailed description of embodiments provided herein will
be better understood when read in conjunction with the appended drawings. It should be
understood that embodiments provided in the present disclosure are not limited to the
precise arrangements and instrumentalities of the embodiments shown in the drawings.

Figure 1A through Figure 1L depict an approach, construct design, and
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physicochemical characterization of exemplary RNA-LNP formulations used in the
assessment of immunogenicity and potency of an exemplary multivalent vaccine against
C. difficile. Figure 1A depicts a maximum likelihood Phylogenetic tree illustrating the
amino acid sequence identity of TcdA, TcdB, and PPEP-1 from the RNA constructs
compared with 137 unique representative C. difficile strains. Strains are grouped across
five distinct phylogenomic clades, represented by different colors. Figure 1B-Figure 1E
depicts the results of example experiments where mice were immunized intramuscularly
(i.m.) once (Figure 1C) or twice (Figure 1B, Figure 1D, and Figure 1E) with 1 or 5 ug of
bivalent RNA-LNPs (TcdA/TcdB) (green), trivalent RNA-LNPs (TcdA/TcdB/PPEP-1)
(purple), or trivalent recombinant protein with alum (gray). Age-matched naive mice
served as unvaccinated controls. Figure 1B depicts the results of example experiments
wherein two weeks post-boost, TcdA-, TcdB-, and PPEP-1-specific antibodies in sera
(left, middle, and right, respectively), were measured by ELISA. Figure 1C depicts the
results of example experiments wherein two weeks after prime, total number of T
follicular helper (Tth) cells in draining lymph nodes (dLN) were measured by flow
cytometry. Figure 1D and Figure 1E depict the results of example experiments wherein
two weeks post-boost, total germinal center (GC) B cells (Figure 1D) and antigen-
specific B cells (Figure 1E) were measured in the spleen by flow cytometry. Figure 1F
and Figure 1G depicts the results of example experiments wherein two weeks after
immunization, mice were challenged intraperitoneally (i.p.) with 625 ng recombinant
TcdA (Figure 1F) or 125 ng recombinant TcdB (Figure 1G) and monitored for survival.
Figure 1B to Figure 1G n =5 to 14 mice per group, two independent experiments. Data
are represented as mean £ SEM with fold change (Figure 1B), mean + SD (Figure 1C to
Figure 1E), or percent survival (Figure 1F and Figure 1G). Statistics by one-way analysis
of variance (ANOVA) with Tukey’s multiple comparisons (Figure 1C to Figure 1E) or
log-rank (Mantel-Cox) test (Figure 1F and Figure 1G). Stats in Figure 1F and Figure 1G
are shown between 5 g RNA-LNP vaccines against other conditions. *P < 0.05, **P <
0.01, ***P <0.001, ****P <0.0001. Figure 1H depicts a schematic representation of
exemplary RNA constructs used in this study. Elements encoded in the representation
include a signal peptide (or secretion signal), exemplary modified putative N-

glycosylation sites (*), percent GC in an open reading frame and a polyA tail. TcdA,

10
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Toxin A; TcdB, Toxin B; PPEP-1, Pro-Pro endopeptidase-1. Figure 11 shows a table
summarizing exemplary LNP compositions used in this study. DSPC, distearoyl-sn-
glycero-3-phosphocholine; PEG-DMG, dimyristoyl-rac-glycero-3-
methoxypolyethyleneglycol. Figure 1J shows a table summarizing LNP physicochemical
parameters, acceptance criteria, and batch to batch consistency of exemplary LNP
compositions as described herein. Figure 1K depicts results of example experiments
wherein Neuro2a cells were transfected with RNA-LNP (LNP), RNA, or untreated (NT).
24 hours post-transfection cells were lysed, and protein expression was detected via
Western Blot with primary antibodies against TcdA and TcdB. PPEP-1 was detected
using a polyclonal serum from immunized mice. Figure 1L depicts the results of example
experiments demonstrating viability of human umbilical vein endothelial cells (HUVEC),
kidney epithelial cells (VERO), colorectal adenocarcinoma cells (CACO-2), and primary
muscle cells transfected with Luciferase (Luc), TcdA, or TcdB RNA-LNP or treated with
recombinant TcdA or TcdB. Dotted line represents 80% toxicity. Data represented as
mean + SD. Statistics comparing treatments to untransfected by one-way ANOVA with
Dunnett’s multiple comparisons test. *p <0.05, ** p<0.01, *** p<0.001, **** p<0.0001.

Figure 2A through Figure 2D depict the results of example experiments
demonstrating potency of humoral, cellular, and polyfunctional immune response elicited
by an exemplary TcdA/TcdB/PPEP-1 RNA-LNP. Mice were immunized twice with 1ug
trivalent RNA-LNPs. Splenocytes were isolated two weeks after the immunization and
stimulated with either peptide pools (Figure 2A and Figure 2B) or TcdA recombinant
protein (Figure 2C and Figure 2D). Peptide-responsive CD8+ (Figure 2A and Figure 2C)
and CD4+ (Figure 2B and Figure 2D) T cells were assessed after stimulation with peptide
pools for 6 hours, followed by stimulation with brefeldin A, monensin, and anti-CD107a,
via intracellular cytokine staining. Cell frequencies were measured using flow cytometry.
n = 3-5 mice per group. Data represented as mean + SD. Statistics by one-way ANOVA
with Tukey’s multiple comparisons test. * p <0.05, ** p<0.01, *** p<0.001, ****
p<0.0001.

Figure 3A and Figure 3B depict example experiments showing dose
dependent antigen-specific B cell responses in dLN to an exemplary TcdA/TcdB/PPEP-1
RNA-LNP. C57Bl/6J mice were immunized once with either 1 pg (low) or 5 pg (high) of
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an exemplary bivalent RNA-LNP, an exemplary trivalent RNA-LNP, a trivalent
recombinant protein with alum adjuvant, or 5 pug of luciferase RNA-LNP. Draining
lymph nodes were collected two weeks after the immunization or from age matched
unvaccinated controls (naive), and (Figure 3A) total germinal center (GC) B cells and
(Figure 3B) TcdA- (left), TcdB- (middle), and PPEP-1- (right) specific B cells were
measured by flow cytometry and calculated per 10,000 cells. n = 5 mice per group, 2
independent experiments. Data represented as mean + SD. Statistics by one-way
ANOVA with Tukey’s multiple comparisons test. * p <0.05, ** p<0.01, *** p<0.001,
FrEE p<0.0001.

Figure 4A through Figure 4D depict results from example experiments
demonstrating Tth and B cell subset gating and antigen probe staining. Figure 4A depicts
gating of Tth cells as singlets, live, TCRB+B220-CD4+CD8- CD62L-PD-1+CXCR5+.
Figure 4B depicts gating of spleen isotype-switched B cells as singlets, live,
dumpnegative, CD19+B220+, and IgD-IgM-. Figure 4C depicts antigen probe staining
for TcdA, TcdB, and PPEP-1 on isotype switched splenic B cells from naive (top row)
and trivalent LNP-treated (bottom row) mice. Figure 4D depicts Gating of germinal
center B cells within isotype switched B cells in the spleen.

Figure SA and Figure 5B depict results from example experiments,
wherein naive mice were injected i.p. with recombinant TcdA or TcdB treated with
serum from unvaccinated (control) or monovalent mRNA-LNP vaccinated mice and
monitored for survival. n = 5 mice per group. Data are represented as percent live
animals. Red line represents LD100. Statistical analysis in by Log-rank (Mantel-Cox)
test. *p <0.05, ** p<0.01, *** p<0.001, **** p<0.0001.

Figure 6A through Figure 6E depict results from example experiments
demonstrating exemplary TcdA/TcdB/PPEP-1 RNA-LNPs do not induce changes to the
intestinal microbiota composition before or after antibiotic treatment. Stool samples were
collected from mice that were immunized with bivalent or trivalent RNA-LNPs or
unimmunized mice for 16S rRNA gene sequencing prior to immunization (d-35, pre-
vaccine), two weeks post-immunization (d-7, post-vaccine), and one-week post-
cefoperazone (abx) treatment (dO, post-antibiotics). Figure 6A depicts a schematic of

experimental design. Mice were immunized twice with 1ug of bivalent or trivalent RNA-
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LNPs. Seven days after the second immunization, mice were treated with cefoperazone in
their drinking water for 5 days, followed by a 2-day recovery period on normal water.
Figure 6B depicts the Shannon diversity measurement of fecal samples taken from
different vaccine timepoints. Figure 6C depicts a principal component analysis at the
operational taxonomic unit level. Each dot represents a unique sample from within each
experimental group (color) taken at unique timepoints following vaccination (shape).
Figure 6D depicts Shannon diversity measurement of fecal samples collected post-
antibiotic treatment. Figure 6E depicts a principal component analysis at the operational
taxonomic unit level. Each dot represents a unique sample from within each experimental
group (color) taken post-antibiotic treatment.

Figure 7 depicts results from example experiments demonstrating
exemplary TcdA/TcdB/PPEP-1 RNA-LNPs do not induce changes to the intestinal
microbiota composition before or after antibiotic treatment. The relative abundance of
other Clostridia spp. separated by the vaccine timepoint at which the sample was
collected are shown. *p <0.05, ** p<0.01, *** p<0.001, **** p<0.0001. Number of mice
per group: untreated (n=10), antibiotics only (n=28), bivalent (n=25) and trivalent (n=25).

Figure 8A and Figure 8B depict the results of example experiments
demonstrating the phylum composition of intestinal microbiota following RNA-LNP
vaccination. Mice were immunized twice with 1ug of bivalent or trivalent RNA-LNPs.
Seven days after the second immunization, mice were treated with cefoperazone (abx) in
their drinking water for 5 days, followed by a 2-day recovery period on normal water.
Stool samples were collected for 16S rRNA gene sequencing prior to immunization (d-
35, pre-vaccine), two weeks post-immunization (d-7, post-vaccine), and one-week post-
antibiotics treatment (d0, post-antibiotics). Percent abundance of phylum composition
(Figure 8A) pre-vaccine and post-vaccine and (Figure 8B) post-antibiotic treatment,
depicted by the colors of each of the bars.

Figure 9A through Figure 9K depict the results of example experiments
demonstrating exemplary TcdA/TcdB/PPEP-1 RNA-LNP vaccines protect against lethal
CDI and induce mucosal antibody responses. Figure 9A depicts a schematic of
experimental design. Mice were immunized i.m. with 1ug bivalent (green) or trivalent

(purple) RNA-LNPs. Seven days after boost, they were placed on a 5-day course of
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cefoperazone (abx) in their drinking water. Seven days after the start of abx, they were
challenged with 10,000 spores of C. difficile (VP110463). Mice were monitored for
survival (Figure 9B) weight loss (Figure 9C) over the course of infection. Weight loss,
animal behavior, and stool consistency was scored from 0-4 and represented as a
cumulative clinical sickness score (Figure 9D). Figure 9E depicts Ceca pathology scores
on day 2 post-infection. Figure 9F and Figure 9G depict C. difficile CFUs (Figure 9F) and
C. difficile toxin titers (Figure 9G) in stools over time. Dotted lines indicate assay limit of
detection (LoD). Figure 9H and Figure 91 depict Mucosal IgA (Figure 9H) and IgG
(Figure 91) titers 2 weeks after boost or infection were measured by ELISA. For C.d only,
mice received cefoperazone followed by 100,000 spores of C. difficile CD196. Vaccine-
only mice received two 1 pg trivalent RNA-LNP immunizations. Vaccine + C.d mice
were immunized then infected with C. difficile VPI 10463. C.d + vaccine mice were
infected with CD196 then immunized twice with 1 pg trivalent RNA-LNP. ND, not
detectable. n =4 to 5 mice per group, two independent experiments. Data are represented
as mean + SD (Figure 9C to Figure 9E), mean + SEM (Figure 9F to Figure 9G), or box
and whiskers (Figure 9H and Figure 9I). Statistics by log-rank (Mantel-Cox) (Figure 9B),
two-way ANOVA with Tukey’s multiple comparisons (Figure 9C and Figure 9D), one-
way ANOVA with Tukey’s multiple comparisons (Figure 9E), Mann-Whitney (Figure 9F
and Figure 9G), or Kruskal-Wallis multiple comparisons test (Figure 9H and Figure 9I).
*P <0.05, **P <0.01, ***P <0.001, ****P <0.0001. Ceca were harvested on day 2
post-infection, fixed in formalin, and stained with hemoxylin and eosin for blinded
scoring by a pathologist. Edema, cellular infiltration and epithelial damage for the cecum
and colon was scored from 0—4 and represented as a cumulative pathology score (Figure
9J). Representative images of tissue (Figure 9K).

Figure 10A and Figure 10B depict the results of example experiments
demonstrating exemplary TcdA/TcdB/PPEP-1 RNA-LNP induce mucosal antibody
responses. Data in Figure 10A were analyzed by Kruskal-Wallis multiple comparisons
test. Data in Figure 10B were analyzed by Wilcoxon matched pairs signed rank test. *p
<0.05, ** p<0.01, *** p<0.001, **** p<0.0001. Color denotes from which group
unvaccinated group significantly differs. Data were combined from two independent

experiments.
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Figure 11A through Figure 11C depict results from example experiments
demonstrating exemplary RNA-LNP vaccines against TcdA/TcdB/PPEP-1 elicit antigen-
specific antibodies across different mouse genetic backgrounds. Figure 11A shows Balb/c
mice immunized IM twice with 1 pg (low) of an exemplary trivalent RNA-LNP or a
trivalent recombinant protein with alum as adjuvant. Serum was collected two weeks
after a last immunization or age-matched unvaccinated controls, and TcdA (left), TcdB
(middle), and PPEP-1 (right) specific IgG antibodies were measured by endpoint ELISA.
Figure 11B shows Balb/c (Ieft) mice immunized IM once with either 1 pug (low) or 5 ug
(high) of an exemplary trivalent RNA-LNP. Serum was collected two weeks after a last
immunization or age-matched unvaccinated controls, and TcdA, TcdB, and PPEP-1
specific IgG antibodies were measured by endpoint ELISA. Symbols represent individual
mice. Brackets indicated fold change. Figure 11C depicts results from example
experiments showing increased valency does not affect antigen-specific antibody
responses to TcdA/TcdB/PPEP-1. C57BL/6J mice were immunized once with 1pug of
monovalent TcdA/TcdB/PPEP-1 (blue), bivalent (green), or trivalent (purple) RNA-
LNPs. Sera were collected two weeks after the last immunization, and TcdA, TcdB, and
PPEP-1 specific [gG antibodies were measured by endpoint ELISA. Data represented as
mean + SEM. Five mice were included per group. Statistical analysis by Kruskal-Wallis
test with Dunn’s multiple comparison test (TcdA and TcdB) or Mann Whitney test
(PPEP-1). * p <0.05, ** p<0.01, *** p<0.001, **** p<0.0001.

Figure 12A through Figure 12E depict example experiments showing dose
dependent antigen-specific antibody responses to multivalent RNA-LNPs. Figure 12A
depicts the results of example experiments wherein C57B1/6] mice were immunized with
either exemplary i.m. once with either 1pg or Sug of trivalent RNA-LNP. Figure 12B and
Figure 12C depict the results of example experiments demonstrating mice were
immunized i.m. once (prime, P) or twice (boost, B) with either 1ug or Sug of bivalent
(Figure 12B) or trivalent (Figure 12C) RNA-LNP vaccines. Sera were collected two
weeks after the indicated immunization and TcdA-, TcdB-, and PPEP-1-specific IgG
antibodies were measured by endpoint ELISA. n = 5 mice per group, 2 independent
experiments. Data are represented as mean = SEM. Brackets indicate fold change.

Statistics by Mann-Whitney test (Figure 12A) or Wilcoxon test (Figure 12B and Figure
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12C). P values shown when p<0.05. Figure 12D and Figure 12E depict the results of
example experiments wherein Mice were immunized once (Figure 12D) or twice (Figure
12E) with 1ug of trivalent RNA-LNP (purple), or trivalent recombinant protein with
alum (grey). Sera were collected two weeks after the last immunization or from age-
matched unvaccinated controls (white), and TcdA, TcdB, and PPEP-1 specific IgA
antibodies were measured by endpoint ELISA. n = 5-9 mice per group, 2 independent
experiments. Data are represented as mean = SEM. Brackets indicate fold change.
Statistics by Kruskal-Wallis test with Dunn’s multiple comparison test.

Figure 13 depicts the gating strategy for CD4+ and CD8+ T cell
intracellular cytokine staining. Representative flow cytometry plots of unstimulated
splenocytes stained.

Figure 14A- Figure 14B depict results from example experiments
depicting humoral immune response protects mice from lethal dose 100 (LD1oo) of TcdA
and TcdB. Mice were injected i.p. with increasing doses of recombinant TcdA (Figure
14A) or TcdB (Figure 14B) and monitored for survival.

Figure 15A- Figure 15F depict results from example experiments
demonstrating one immunization with an exemplary TcdA/TcdB/PPEP-1 RNA-LNP
protects mice from lethal CDI. C57BL6/J mice were immunized IM once (prime) or
twice (prime + boost) with either 1ug of exemplary TcdA/TcdB (bivalent) or 1 pg of
exemplary TcdA/TcdB/PPEP-1 (trivalent), Spg PPEP-1 monovalent (blue) RNA-LNPs or
1 ng trivalent recombinant protein + alum (grey) RNA-LNP vaccine. Seven days after the
second immunization, mice were treated with cefoperazone and challenged with 10,000
spores of C. difficile (VPI 10463). All animals were monitored daily for (Figure 15A,
Figure 15C, Figure 15E) survival and (Figure 15B, Figure 15D, Figure 15F) weight loss.
n =5 mice per group, two independent experiments. Data are represented as percent live
animals (Figure 15A, Figure 15C, Figure 15E) or mean + SD (Figure 15B, Figure 15D,
Figure 15F). Statistics by Log-rank (Mantel-Cox) test (Figure 15A, Figure 15C, Figure
15E), two-way ANOVA (Figure 15B, Figure 15D) or mixed effect model with Tukey’s
multiple comparisons test (Figure 15F). Color denotes from which group Cd + bivalent
group significantly differs. * p <0.05, ** p<0.01, *** p<0.001, **** p<0.0001.

Figure 16A and Figure 16B depict results from example experiments
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demonstrating low dose of exemplary TcdA/TcdB RNA-LNP vaccines protect from
lethal CDI. Low dose PPEP-1 does not. C57BL6/J mice were immunized IM once with
either 1 ug of an exemplary TcdA/TcdB (bivalent) RNA-LNP vaccine, 5 ug of an
exemplary TcdA/TcdB (bivalent) RNA-LNP vaccine, or 5 ug of an exemplary PPEP-1
(monovalent) RNA-LNP vaccine and challenged with 10,000 spores of C. difficile (VPI
10463). All animals were monitored daily for survival and weight loss. Figure 16A
depicts survival as a percentage of live animals per group. Figure 16B depicts weight loss
as a percentage of starting weight. Symbols represent mean and error bars represent +
SD. n=5 mice/group in one independent experiment.

Figure 17A through Figure 17C depict results from example experiments
demonstrating exemplary TcdA/TcdB/PPEP-1 RNA-LNP vaccines protect against
infection with diverse C. difficile strains. CS7BL6/J mice were immunized IM with either
1 pg of an exemplary TcdA/TcdB (bivalent) RNA-LNP vaccine or 1 ug of an exemplary
TcdA/TcdB/PPEP-1 (trivalent) RNA-LNP vaccine. Unimmunized mice served as
negative controls. All animals were challenged with 100,000 spores of C. difficile
(CD196) and monitored daily for survival, weight loss, behavior, stool consistency.
Figure 17A depicts survival as a percentage of live animals per group. Figure 17 depicts
weight loss as a percentage of starting weight. Symbols represent mean and error bars
represent = SD. Figure 17C depicts clinical sickness score measured as a composite score
of weight loss, behavior, and stool consistency. n = 5 mice/group. Data are representative
of two independent experiments. Color denotes from which group unvaccinated group
significantly differs. * p <0.05, ** p<0.01, *** p<0.001, **** p<0.0001.

Figure 18A and 18B depict results from example experiments
demonstrating the characterization of antigen-specific, polyfunctional T cells. Peptide-
responsive CD4+ (Figure 18A) and CD8+ (Figure 18B) T cells in spleen were assessed
by flow cytometry after stimulation with peptide pools for 6h in the presence of brefeldin
A, monensin, and anti-CD107a, and subsequent extra and intracellular staining. Boolean
gating was used to determine expression of multiple intracellular cytokines. SPICE 6 was
used for visualization.

Figure 19A and Figure 19B depict a model of vaccination against C.

difficile infection. Figure 19A depicts acute C. difficile infection in unvaccinated mice. C.
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difficile toxins target the intestinal epithelium and cause severe pathology and
gastrointestinal disease leading to morbidity and mortality. Figure 19B depicts RNA-LNP
vaccination against C. difficile virulence factors. Immunization with RNA-LNP vaccines
encoding TcdA, TcdB, and PPEP-1 elicit systemic and mucosal antigen-specific immune
responses. When vaccinated mice are infected with C. difficile, anti-toxin IgG and IgA
protect mice from disease and inclusion of PPEP-1 as an immunogen improves
decolonization of toxigenic C. difficile from the gastrointestinal tract.

Figure 20A through Figure 20K depicts the results of example
experiments demonstrating RNA-LNP vaccines provide long-term protection against
CDI. Figure 20A and Figure 20B depict antigen-specific antibodies in sera (Figure 20A)
and feces (Figure 20B) measured by ELISA at 14 and 40+ days after the last
immunization with 1 pg of bivalent or trivalent RNA-LNPs. Figure 20C depicts antigen-
specific memory B cells in the spleen 40+ days post-immunization measured by flow
cytometry. Figure 20D to Figure 20G depict the results of example experiments wherein
mice were infected with 10,000 spores of C. difficile (VPI 10463) 40 days after last
immunization. Figure 20D depicts a schematic of experimental design. Figure 20E
depicts survival, Figure 20F depicts weight loss, and Figure 20G depicts clinical sickness
monitored over course of infection. Figure 20H to Figure 20K depict the results of
example experiments wherein mice were infected with 10,000 C. difficile VPI 10463
spores two weeks after the last immunization and re-infected with 10,000 VPI 10463
spores 26 weeks after initial infection. Figure 20H depicts a schematic of experimental
design. Figure 201 depicts survival, Figure 20J depicts weight loss, and Figure 20K
depicts clinical scores. ND, not detectable. n = 4 to 10 mice per group. Data are
represented as box and whiskers (Figure 20A and Figure 20B), mean + SD (Figure 20C,
Figure 20F to Figure 20G, and Figure 20J and Figure 20K), or percent survival (Figure
20E) and (Figure 20I). Statistics by Mann-Whitney (Figure 20A and Figure 20B), log-
rank (Mantel-Cox) (Figure 20E and Figure 20I), or two-way ANOVA with Tukey’s
multiple comparisons test (Figure 20F, Figure 20G, Figure 20J, and Figure 20K). *P <
0.05, **P <0.01, ***P <0.001, ****P <(0.0001.

Figure 21A through Figure 21J depict the results of example experiments

demonstrating RNA-LNP vaccine targeting vegetative and spore proteins protects against
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CDI and elicits antibodies in non-human primates. Figure 21A depicts the amino acid
sequence identity of CdeM from our RNA construct compared to 137 C. difficile strains
across five clades. Figure 21B depicts antigen-specific antibodies in sera 14 days after the
last immunization with 1 pug of RNA-LNPs measured by ELISA. Figure 21C to Figure
211 depict the results of example experiments wherein mice were immunized twice (i.m.)
with 1 pg of tetravalent (red), spore trivalent (TcdA/ TcdB/CdeM) (blue), vegetative
trivalent (TcdA/TcdB/PPEP-1) (purple), or CdeM monovalent (orange) RNA-LNPs. Two
weeks after the last immunization, mice were treated with cefoperazone and infected with
10,000 C. difficile spores (VPI 10463). Figure 21C depicts a survival curve, Figure 21D
depicts weight loss, and Figure 21E clinical scores. Figure 21F to Figure 211 depict C.
difficile CFUs (Figure 21F and Figure 21H) and toxin titers (Figure 21G and Figure 211)
in feces over time. Figure 21J depicts antigen-specific IgG titers in a macaque at baseline
(naive), after prime (day 21), and boost (day 35) immunizations with 200 ug of
tetravalent RNA-LNP. ND, not detectable. n = 5 mice per group, two independent
experiments. Data represented as mean + SD (Figure 21A, Figure 21D, and Figure 21E),
percent survival (Figure 21C), or mean = SEM (Figure 21B and Figure 21F-Figure 211).
Data in Figure 21J show fold change compared with control macaque. Statistics by log-
rank (Mantel-Cox) (Figure 21C), two-way ANOVA with Tukey’s multiple comparisons
test (Figure 21D and Figure 21E), or Kruskal-Wallis multiple comparisons test (Figure
21B, and Figure 21F to Figure 211). *P <0.05, **P <0.01, ***P <0.001, ****P <
0.0001.

Figure 22A through Figure 22D depict the results of example experiments
demonstrating trivalent RNA-LNP vaccine elicits antigen-specific antibodies in hamsters.
Syrian golden hamsters were immunized with 3 or 6ug of trivalent RNA-LNPs (blue),
6ug of trivalent recombinant protein with alum (grey) or 6ug of empty LNP (eLNP,
black) Figure 22A depicts the experimental schematic. Figure 22B depicts weight
changes after vaccination. Figure 22C depicts serum and Figure 22D depicts mucosal
TcdA-, TcdB-, and PPEP-1-specitic IgG antibodies were measured by endpoint ELISA.
Data are represented as mean = SD (Figure 22A) or mean + SEM (Figure 22B and Figure
22C). n = 6 hamsters per group. Statistics by Kruskal-Wallis test with Dunn’s multiple
comparison test. * p <0.05, ** p<0.01, *** p<0.001, **** p<0.0001.
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Figure 23 depicts the results of example experiments demonstrating
vaccination elicits immune response independent of infection model. Systemic IgG titers
2 weeks after boost or infection. For C.d only, mice received cefoperazone followed by
100,000 spores of CD196. Vaccine only mice received two 1ug trivalent RNA-LNP
immunizations. Vaccine + C.d, mice were immunized then infected with VPI 10463. C.d
+ vaccine, mice were infected with CD196 then immunized twice with 1ug trivalent
RNA-LNP. ND, not detectable. N = 4-5 mice per group, 2 independent experiments. Data
are represented as box and whiskers.

Figure 24A and Figure 24B depict the results of example experiments
demonstrating RNA-LNP vaccination against CdeM elicits antigen specific immune
response. Figure 24A depicts the schematic representation of RNA construct used in this
study. Elements encoded in the representation include the signal peptide (SP), modified
putative N-glycosylation sites (*), and the polyA tail. CdeM, C. difficile exosporium
morphogenic protein. Figure 24B depicts Mucosal IgA (left) and IgG (right) titers 2
weeks after boost or infection. Vaccine only received two 1pug tetravalent RNA-LNP
immunizations. Vaccine + C.d, mice were infected with VPI 10463 after immunization
with tetravalent RNA-LNP. Connecting line represents paired samples. N = 4-5 mice per
group, 2 independent experiments. Significance by Wilcoxon matched-pairs signed rank
test.

Figure 25 depicts anti-toxin IgG and IgA titers measured on 8 weeks old
female BL6 mice immunized with of 1ug of bivalent TcdA and TcdB CROP RNA-LNP
vaccines two weeks before breeding. Serum samples were collected at 14 days post-
delivery of the first litter.

Figure 26 depicts the anti-toxin IgG and IgA titers in stomach content
measured on pups 2 weeks after birth. The dotted lines show the Antibody titers in serum
of dams at the day of stomach content collection.

Figure 27 depicts anti-toxin IgG and IgA titers in feces measured on pups
2 weeks after birth. The dotted line shows the antibody titers in serum of dams at the day
of feces collection.

Figure 28 depicts Anti-toxin IgG and IgA titers measured on serum from

control animals (dams) and in the stomach and feces of pups from control animals.
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Figure 29 depicts the results of example experiments wherein hamsters
were injected with 2ug/antigen at days O and 21. Serum was collected at days 21 and 36.

Endpoint ELISA titers were measured on serum samples.

DETAILED DESCRIPTION

C. difficile 1s a spore-forming anaerobic bacterium that infects the colon,
causing a wide range of disorders that vary in severity from mild diarrhea to toxic
megacolon and death (H. Dudukgian, et al., J Gastrointest Surg. 2010;(14):315-322; C.
P. Kelly, J. T. LaMont, Annu Rev Med. 1998;(49):375-390; V. K. Viswanathan, et al.,
Gut Microbes. 2010;(1):234-242). In the United States, (. difficile is the most commonly
reported nosocomial pathogen, and C. difficile infection (CDI) is a major public health
threat worldwide (F. C. Lessa, et al., N Engl J Med. 2015;(372):2369-2370). The Centers
for Disease Control and Prevention recently classified C. difficile as a threat-level urgent
pathogen (CDC, Antibiotic resistance threats in the United States. 2019), which is
reinforced by high recurrence rates (H. Dudukgian, et al., J Gastrointest Surg.
2010;(14):315-322; V. K. Viswanathan, et al., Gut Microbes. 2010;(1):234-242; F. C.
Lessa, et al., N kngl J Med. 2015;(372):2369-2370), increasing CDI-associated
healthcare costs (F. C. Lessa, et al., N Engl J Med. 2015;(372):2369-2370), on-going
emergence of antibiotic-resistance (H. Huang, et al., Int J Antimicrob Agents.
2009:;(34):516-522; N. Khanafer, et al., Anaerobe. 2016;(37):43-48), and marked rise in
community-acquired infection (E. Ofori, et al., J Hosp Infect. 2018;(99):436-442). These
factors underscore the need for the development of novel preventative and therapeutic
measures.

The pathogenesis of CDI is primarily driven by the action of two potent
toxins, which cause robust damage to the epithelium and lead to a hyperinflammatory
immune response (M. C. Abt, et al., Nar Rev Microbiol. 2016;(14):609-620; B.
Nibbering, et al., Front Microbiol. 2021,(12):804949). These large multi-domain toxins,
toxin A (TcdA) and toxin B (TcdB), target Rho family small GTPases, leading to
inactivation, subsequent actin condensation, and eventual cell death via either apoptosis
or necrosis (M. C. Abt, et al., Nat Rev Microbiol. 2016;(14):609-620; S. L. Kordus, et al.,
Nat Rev Microbiol. 2022;(20):285-298; W. K. Smits, et al., Nat Rev Dis Primers.
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2016;(2):16020). While the immune response to CDI is crucial for protection against
translocation of microbiota and for mucosal barrier healing, this hyperinflammatory
reaction also contributes significantly to disease pathogenesis and can impede recovery
(R. E. El Feghaly, et al., Clin Infect Dis. 2013;(56):1713-1721; T. S. Steiner, et al., Clin
Diagn Lab Immunol. 1997,(4).719-722; H. Yu et al., Clin Vaccine Immunol. 2017;(24)).
Clinical observations in humans and preclinical work suggest that immunological
therapies have promise as prevention and treatment options for CDI (J. F. Bruxelle, et al.

Adv Exp Med Biol. 2018;(1050):197-225). Previous clinical trials have focused on

2

vaccine candidates targeting toxin A and B (M. Henderson, et al., Vaccines (Basel).
2017;(5)); however, there remain substantial opportunities for enhancing current vaccine
approaches in the treatment and prevention of CDI. For instance, antibodies generated
against the secreted toxins will not directly impede C. difficile colonization of the
intestine or promote clearance, raising concerns about the possibility of persistent
asymptomatic carriage and increased transmission of disease (T. V. Riley, et al., Vaccine.
2019;(37):7300-7306). To address this challenge, several research groups have explored
the potential of cell surface proteins, spore coat proteins and surface layer
polysaccharides as vaccine antigens (S. Pechine, et al., Front Microbiol. 2018;(9):1009).
While multiple immunogens have shown promise in preventing and treating CDI, none
have achieved the goal of ensuring long-lasting clearance of C. difficile.

The unprecedented speed of development and high levels of protection
demonstrated in clinical and preclinical studies have firmly established mRNA-LNP
vaccines as a leading platform for the advancement of vaccines and therapeutics against
emerging infectious diseases, including lethal bacterial infections (E. Kon, et al., Sci Adv.
2023;(9).eadg1036). However, there are limited mRNA-LNP vaccines for bacterial
pathogens and no mRNA-LNP vaccines against enteric pathogens to date.

The present disclosure relates to compositions and methods for inducing
an immune response against C. difficile infection (CDI) in a subject. In some
embodiments, the present disclosure provides a composition comprising at least one RNA
molecule encoding at least one C. difficile antigen. In some embodiments, the present
disclosure provides a composition comprising at least one mRNA molecule encoding at

least one C. difficile antigen.
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In some embodiments, at least one C. difficile antigen comprises toxin A
(TcdA) or a fragment or variant thereof. In some embodiments, a fragment of TcdA is a
fragment comprising a receptor binding domain (RBD) including a combined repetitive
oligopeptide (CROPs) domain. In some embodiments, the TcdA antigen comprises SEQ
ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6 or
SEQ ID NO:7.

In some embodiments, at least one C. difficile antigen comprises toxin B
(TcdB), or a fragment or variant thereof. In some embodiments, a fragment of TcdB is a
fragment comprising a RBD including a combined repetitive oligopeptide (CROPs)
domain. In some embodiments, the TcdB antigen comprises SEQ ID NO:8, SEQ ID
NO:9, SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13 or SEQ ID
NO:14.

In some embodiments, at least one C. difficile antigen comprises Pro-Pro
endopeptidase 1 (PPEP-1/Zmpl), or a fragment or variant thereof. In some embodiments,
the PPEP-1 antigen comprises SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID
NO:18, SEQ ID NO:19, SEQ ID NO:20 or SEQ ID NO:21.

In some embodiments, at least one C. difficile antigen comprises
exosporium morphogenic protein CdeM (CdeM), or a fragment or variant thereof. In
some embodiments, the CdeM antigen comprises SEQ ID NO:22, SEQ ID NO:23, SEQ
ID NO:24 or SEQ ID NO:25.

In some embodiments, at least one C. difficile antigen comprises cell
surface protein cwp84 (CWP84), or a fragment or variant thereof. In some embodiments,
the CWP84 antigen comprises SEQ ID NO:26 or SEQ ID NO:27.

In some embodiments, at least one C. difficile antigen comprises cell
surface-associated protein CWP66 (CWP66), or a fragment or variant thereof. In some
embodiments, the CWP66 comprises SEQ ID NO:28.

In some embodiments, at least one C. difficile antigen comprises putative
zinc (Zn) transporter ZupT (ZupT), or a fragment or variant thereof. In some
embodiments, the ZupT antigen comprises SEQ ID NO:29.

In some embodiments, at least one C. difficile antigen comprises bile acid

germinant receptor pseudoprotease CspC (CspC), or a fragment or variant thereof. In
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some embodiments, the CspC antigen comprises SEQ ID NO:30, SEQ ID NO:31 or SEQ
ID NO:32.

In some embodiments, the present disclosure provides a composition
comprising a combination of at least two RNA molecules (e.g., a combination of at least
two IVT mRNA molecules) encoding a combination of at least two C. difficile antigens,
or fragments or variants thereof. In some embodiments, the disclosure provides a
composition comprising a combination of 2, 3, 4, 5, 6, 7, or 8 of TcdA, TcdB, PPEP-1,
CdeM, CWP84, CWP66, ZupT, or CspC, or fragments or variants thereof.

In some embodiments, the present disclosure provides a composition
comprising a combination of RNA molecules (e.g., a combination of [IVT mRNA
molecules) encoding a combination of TcdA and TcdB, or fragments or variants thereof.
In some embodiments, the present disclosure provides a composition comprising a
combination of RNA molecules (e.g., a combination of IVT mRNA molecules) encoding
a combination of TcdA, TcdB, and PPEP-1, or fragments or variants thereof

In some embodiments, an RNA molecule is a nucleoside modified RNA or
mRNA molecule. In some embodiments, RNA molecules described herein (e.g.,
nucleoside-modified RNA or mRNA molecules) are encapsulated in one or more lipid
nanoparticles (LNPs). In some embodiments, a composition comprises at least one LNP
comprising at least one nucleoside-modified RNA or mRNA molecule encoding at least
one (. difficile antigen (e.g., TcdA, TcdB, PPEP-1, CdeM, CWP84, CWP66, ZupT, or
CspC, fragments, or variants thereof, or any combination thereof). In some embodiments,
a composition comprises a combination of LNPs comprising a combination of
nucleoside-modified RNA or mRNA molecules encoding a combination of at least two
C. difficile antigens. For example, in some embodiments, a composition comprises a
combination of LNPs comprising a combination of nucleoside-modified RNA or mRNA
molecules encoding a combination of at least one of TcdA, TcdB, PPEP-1, CdeM,
CWP84, CWP66, ZupT, and CspC, or a fragment or variant thereof, and at least one
additional C. difficile antigen. In some embodiments, a composition comprises a
combination of LNPs comprising a combination of nucleoside-modified RNA or mRNA
molecules encoding a combination of at least two of TcdA, TcdB, PPEP-1, CdeM,
CWP84, CWP66, ZupT, and CspC, or a fragment or variant thereof. In some
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embodiments, a composition comprises one or more LNP comprising one or more
nucleoside-modified RNA molecule encoding a combination of TcdA, TcdB, PPEP-1,
CdeM, or fragments or variants thereof. In some embodiments, a composition comprises
one or more LNP(s) comprising one or more nucleoside-modified RNA or mRNA
molecule encoding a combination of TcdA and TcdB, or fragments or variants thereof. In
some embodiments, a composition comprises one or more LNP comprising one or more
nucleoside-modified RNA molecule encoding a combination of TcdA, TcdB, and PPEP-
1, or fragments or variants thereof.

In some embodiments, a composition comprises a combination of a first
LNP molecule comprising a nucleoside-modified RNA molecule encoding TcdA and a
second LNP molecule comprising a nucleoside-modified RNA molecule encoding TcdB.
In some embodiments, a composition comprises a combination of a first LNP molecule
comprising a nucleoside-modified RNA molecule encoding SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6 or SEQ ID NO:7, or a
fragment or variant thereof, and a second LNP molecule comprising a nucleoside-
modified RNA molecule encoding SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, SEQ
ID NO:11, SEQ ID NO:12, SEQ ID NO:13 or SEQ ID NO:14, or a fragment or variant
thereof. In some embodiments, a composition comprises a first LNP molecule comprising
a nucleoside-modified RNA molecule comprising SEQ ID NO:34, SEQ ID NO:35, SEQ
ID NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID
NO:41, SEQ ID NO:42, SEQ ID NO:43, or SEQ ID NO:44, or a fragment or variant
thereof, and a second LNP molecule comprising a nucleoside-modified RNA molecule
comprising SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ ID
NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ ID
NO:54, or SEQ ID NO:55, or a fragment or variant thereof.

In some embodiments, a composition comprises a first LNP molecule
comprising a nucleoside-modified RNA molecule encoding TcdA, a second LNP
molecule comprising a nucleoside-modified RNA molecule encoding TcdB, and a third
LNP molecule comprising a nucleoside-modified RNA molecule encoding PPEP-1. In
some embodiments, a composition comprises a first LNP molecule comprising a
nucleoside-modified RNA molecule encoding SEQ ID NO:1, SEQ ID NO:2, SEQ ID
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NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6 or SEQ ID NO:7, or a fragment or
variant thereof, a second LNP molecule comprising a nucleoside-modified RNA
molecule encoding SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:11, SEQ
ID NO:12, SEQ ID NO:13 or SEQ ID NO:14, or a fragment or variant thereof, and a
third LNP molecule comprising a nucleoside-modified RNA molecule encoding SEQ ID
NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ 1D NO:18, SEQ ID NO:19, SEQ ID
NO:20 or SEQ ID NO:21 or a fragment or variant thereof. In some embodiments, a
composition comprises a first LNP molecule comprising a nucleoside-modified RNA
molecule comprising SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37,
SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:41, SEQ ID NO:42, SEQ
ID NO:43, or SEQ ID NO:44, or a fragment or variant thereot, a second LNP molecule
comprising a nucleoside-modified RNA molecule comprising SEQ ID NO:45, SEQ ID
NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ ID
NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:54, or SEQ ID NO:55, or a
fragment or variant thereof, and a third LNP molecule comprising a nucleoside-modified
RNA molecule comprising SEQ ID NO:56, SEQ ID NO:57, SEQ ID NO:58, SEQ ID
NO:59, SEQ ID NO:60, SEQ ID NO:61, SEQ ID NO:62, SEQ ID NO:63, SEQ ID
NO:64, SEQ ID NO:65, or SEQ ID NO:66.

In some embodiments, the disclosure relates to methods of treating or
preventing a disease or disorder associated with (. difficile using the modified C. difficile
antigens described herein, or compositions comprising the modified C. difficile antigens

described herein.

Definitions

Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the art to
which this disclosure belongs.

As used herein, each of the following terms has the meaning associated
with it in this section.

The articles “a” and “an” are used herein to refer to one or to more than

one (i.e., to at least one) of the grammatical object of the article. By way of example, “an
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element” means one element or more than one element.

“About” as used herein when referring to a measurable value such as an
amount, a temporal duration, and the like, is meant to encompass variations of £20%,
+10%, +5%, +1%, or +0.1% from the specified value, as such variations are appropriate
to perform the disclosed methods.

The term “antibody,” as used herein, refers to an immunoglobulin
molecule, which specifically binds with an antigen. Antibodies can be intact
immunoglobulins derived from natural sources or from recombinant sources and can be
immunoreactive portions of intact immunoglobulins. Natural antibodies are typically
tetramers of immunoglobulin molecules. The term “antibody” as used herein
encompasses antibody fragments, which refers to a portion of an intact antibody and
refers to the antigenic determining variable regions of an intact antibody. Antibodies or
antibody fragments as described herein may exist in a variety of forms including, for
example, polyclonal antibodies, monoclonal antibodies, Fab, F(ab)2, Fab’, F(ab’)2, and
Fv fragments, linear antibodies, scFv antibodies, and multispecific antibodies as well as
single chain antibodies and humanized antibodies (Harlow et al., 1999, In: Using
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, NY; Harlow et
al., 1989, In: Antibodies: A Laboratory Manual, Cold Spring Harbor, New York;
Houston et al., 1988, Proc. Natl. Acad. Sci. USA 85:5879-5883; Bird et al., 1988, Science
242:423-426).

The term “antigen” or “Ag,” as used herein, is defined as a molecule that
binds to an antibody or a T cell receptor. Any macromolecule, including virtually all
proteins or peptides, can serve as an antigen. Furthermore, antigens can be derived from
recombinant or genomic DNA or RNA. Furthermore, one skilled in the art will
understand that an antigen need not be encoded solely by a full-length nucleotide
sequence of a gene. The present disclosure provides, but is not limited to, the use of
partial nucleotide sequences. Moreover, an antigen need not be encoded by a “gene” at
all. An antigen can be generated, synthesized, or can be derived from a biological sample.
Such a biological sample can include, but is not limited to a tissue sample, a tumor
sample, a cell, or a biological fluid.

The term “immunogen,” as used herein, is intended to denote a substance
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of matter, which is capable of inducing an immune response in an individual. This
immune response may involve either antibody production, or the activation of specific
immunogenically-competent cells, or both. In some embodiments, an immunogen elicits
a humoral response. In some embodiments, an immunogen elicits a cellular response. In
some embodiments, the immune response is an adaptive immune response. Any DNA or
RNA, which comprises a nucleotide sequence or a partial nucleotide sequence encoding a
protein that elicits an immune response therefore encodes an “immunogen” as that term is
used herein. In some embodiments, the immune response significantly engages
pathogenic agents that share immunological features with the immunogen. “Immunogen”
refers to any substance introduced into the body in order to generate an immune response.
That substance can a physical molecule, such as a protein, or can be encoded by a vector,
such as DNA, RNA, or a virus. In some embodiments, a composition described herein is
an immunogen. In some embodiments, a RNA molecule described herein is an
immunogen. In some embodiments, an RNA molecule described herein encodes an
immunogen. In some embodiments, a composition (e.g., a pharmaceutical composition,
immunogenic compsition, vaccine) described herein comprises an immunogen.

The term “immune response,” as used herein, means a process involving
the activation and/or induction of an effector function in, by way of non-limiting
examples, a T cell, B cell, natural killer (NK) cell, and/or an antigen-presenting cell
(APC). Thus, an immune response, as would be understood by the skilled artisan,
includes, but is not limited to, any detectable antigen-specific activation and/or induction
of a helper T cell or cytotoxic T cell activity or response, production of antibodies,
antigen presenting cell activity or infiltration, macrophage activity or infiltration,
neutrophil activity or infiltration, and the like.

The term “immunogenic composition,” as used herein, refers to any
molecule that induces an immune response upon administration. An immunogenic
composition may comprise an antigen (e.g., a peptide or polypeptide), a nucleic acid
encoding an antigen, a cell expressing or presenting an antigen or cellular component, a
virus expressing or presenting an antigen or cellular component, or any combination
thereof.

The term “vaccine,” as used herein, refers to an immunogenic composition
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that provides protective immunity upon inoculation into a subject.

The term “encoding,” as used herein, refers to the inherent property of
specific sequences of nucleotides in a polynucleotide, such as a gene, a cDNA, or an
RNA (e.g.,, mRNA), to serve as templates for synthesis of other polymers and
macromolecules in biological processes having either a defined sequence of nucleotides
(e.g., rIRNA, tRNA and mRNA) or a defined sequence of amino acids and the biological
properties resulting therefrom. Thus, a gene encodes a protein if transcription and
translation of RNA corresponding to that gene produces the protein in a cell or other
biological system. Both the coding strand, the nucleotide sequence of which is identical
to the RNA sequence and is usually provided in sequence listings, and the non-coding
strand, used as the template for transcription of a gene or cDNA, can be referred to as
encoding the protein or other product of that gene or cDNA.

The term “vector,” as used herein, refers to a composition of matter which
comprises an isolated nucleic acid and which can be used to deliver the isolated nucleic
acid to the interior of a cell. Numerous vectors are known in the art including, but not
limited to, linear polynucleotides, polynucleotides associated with ionic or amphiphilic
compounds, plasmids, and viruses. Thus, the term “vector” includes an autonomously
replicating plasmid or a virus. The term should also be construed to include non-plasmid
and non-viral compounds which facilitate transfer of nucleic acid into cells, such as, for
example, polylysine compounds, liposomes, and the like. Examples of viral vectors
include, but are not limited to, adenoviral vectors, adeno-associated virus vectors,
retroviral vectors, and the like.

The term “expression vector,” as used herein, refers to a vector comprising
a recombinant polynucleotide comprising expression control sequences operatively
linked to a nucleotide sequence to be expressed. An expression vector comprises
sufficient cis-acting elements for expression; other elements for expression can be
supplied by the host cell or in an in vitro expression system. Expression vectors include
all those known in the art, such as cosmids, plasmids (e.g., naked or contained in
liposomes), RNA, and viruses (e.g., lentiviruses, retroviruses, adenoviruses, and adeno-
associated viruses) that incorporate the recombinant polynucleotide.

The terms “homologous” or “identical,” as used herein in reference to
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nucleotide or amino acid sequences, refers to the sequence similarity or sequence identity
between two polypeptides or between two nucleic acid molecules. When a position in
both of two compared sequences is occupied by the same base or amino acid monomer
subunit, e.g., if a position in each of two DNA molecules is occupied by adenine, then the
molecules are homologous at that position. The percent of homology between two
sequences is a function of the number of matching or homologous positions shared by the
two sequences divided by the number of positions compared X 100. For example, if 6 of
10 of the positions in two sequences are matched or homologous then the two sequences
are 60% homologous. By way of example, the DNA sequences ATTGCC and TATGGC
share 50% homology. Generally, a comparison is made when two sequences are aligned
to give maximum homology.

The terms “substantially homologous™ or “substantially identical,” as used
herein in reference to amino acid or nucleotide sequences, refers to a sequence having a
degree of identity with respect to a second sequence of at least 60%, of at least 65%, of at
least 70%, of at least 75%, of at least 80%, of at least 85%, of at least 90%, of at least
91%, of at least 92%, of at least 93%, of at least 94%, of at least 95%, of at least 96%, of
at least 97%, of at least 98%, of at least 99%, or of at least 99.5%. The identity between
two sequences can be determined by using the BLASTP algorithm for amino acid
sequences or the BLASTN algorithm for nucleotide sequences (BLAST Manual,
Altschul, S., et al., NCBI NLM NIH Bethesda, Md. 20894, Altschul, S., et al., J. Mol.
Biol. 215: 403-410 (1990)).

The term “variant,” as used herein with respect to a nucleic acid, refers (i)
a portion or fragment of a referenced nucleotide sequence; (i) the complement of a
referenced nucleotide sequence or portion thereof; (iii) a nucleic acid that is substantially
identical to a referenced nucleic acid or the complement thereof; or (iv) a nucleic acid
that hybridizes under stringent conditions to the referenced nucleic acid, complement
thereof, or a sequence substantially identical thereto. A variant may be a nucleic acid
sequence that is substantially identical over the full length of the full gene sequence or a
fragment thereof. The nucleic acid sequence may be 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%., 89%, 90%, 91%, 92%., 93%, 94%, 95%, 96%, 97%, 98%, 99%, or

100% identical over the full length of the gene sequence or a fragment thereof.
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The term “variant,” as used with respect to a peptide or polypeptide, refers
to a peptide or polypeptide that differs in amino acid sequence by the insertion, deletion,
or conservative substitution of amino acids, but retain at least one biological activity.
Variant may also refer to a protein with an amino acid sequence that is substantially
identical to a referenced protein with an amino acid sequence that retains at least one
biological activity. A conservative substitution of an amino acid, i.e., replacing an amino
acid with a different amino acid of similar properties (e.g., hydrophilicity, degree and
distribution of charged regions) is recognized in the art as typically involving a minor
change. These minor changes can be identified, in part, by considering the hydropathic
index of amino acids, as understood in the art. (Kyte et al., 1982, J. Mol. Biol. 157:105-
132). The hydropathic index of an amino acid is based on a consideration of its
hydrophobicity and charge. It is known in the art that amino acids of similar hydropathic
indexes can be substituted and still retain protein function. In one embodiment, amino
acids having hydropathic indexes of +2 are substituted. The hydrophilicity of amino acids
can also be used to reveal substitutions that would result in proteins retaining biological
function. A consideration of the hydrophilicity of amino acids in the context of a peptide
permits calculation of the greatest local average hydrophilicity of that peptide, a useful
measure that has been reported to correlate well with antigenicity and immunogenicity.
U.S. Patent No. 4,554,101, incorporated fully herein by reference. Substitution of amino
acids having similar hydrophilicity values can result in peptides retaining biological
activity, for example immunogenicity, as is understood in the art. Substitutions may be
performed with amino acids having hydrophilicity values within +2 of each other. Both
the hydrophobicity index and the hydrophilicity value of amino acids are influenced by
the particular side chain of that amino acid. Consistent with that observation, amino acid
substitutions that are compatible with biological function are understood to depend on the
relative similarity of the amino acids, and particularly the side chains of those amino
acids, as revealed by the hydrophobicity, hydrophilicity, charge, size, and other
properties. A variant may be an amino acid sequence that is substantially identical over
the full length of the amino acid sequence or fragment thereof. The amino acid sequence
may be 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical over the full length of the amino
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acid sequence or a fragment thereof.

The terms “fragment” or “functional fragment,” as used herein, refer to a
fragment of an antigen or a nucleic acid sequence encoding an antigen that, when
administered to a subject, provides an increased immune response. Fragments are
generally 10 or more amino acids or nucleic acids in length. “Fragment” may mean a
polypeptide fragment of an antigen that is capable of eliciting an immune response in a
subject. A fragment of an antigen may be 100% identical to the full length except missing
at least one amino acid from the N and/or C terminal, in each case with or without signal
peptides and/or a methionine at position 1. Fragments may comprise 20% or more, 25%
or more, 30% or more, 35% or more, 40% or more, 45% or more, 50% or more, 55% or
more, 60% or more, 65% or more, 70% or more, 75% or more, 80% or more, 85% or
more, 90% or more, 91% or more, 92% or more, 93% or more, 94% or more, 95% or
more, 96% or more, 97% or more, 98% or more, 99% or more percent of the length of the
particular full-length antigen, excluding any heterologous signal peptide added. The
fragment may comprise a fragment of a polypeptide that is 95% or more, 96% or more,
97% or more, 98% or more or 99% or more identical to the antigen and additionally
comprise an N terminal methionine or heterologous signal peptide which is not included
when calculating percent identity. A fragment of a nucleic acid sequence that encodes an
antigen may be 100% identical to the full length except missing at least one nucleotide
from the 5” and/or 3’ end, in each case with or without sequences encoding signal
peptides and/or a methionine at position 1. Fragments may comprise 20% or more, 25%
or more, 30% or more, 35% or more, 40% or more, 45% or more, 50% or more, 55% or
more, 60% or more, 65% or more, 70% or more, 75% or more, 80% or more, 85% or
more, 90% or more, 91% or more, 92% or more, 93% or more, 94% or more, 95% or
more, 96% or more, 97% or more, 98% or more, 99% or more percent of the length of the
particular full length coding sequence, excluding any heterologous signal peptide added.
The fragment may comprise a fragment that encode a polypeptide that is 95% or more,
96% or more, 97% or more, 98% or more or 99% or more identical to the antigen and
additionally optionally comprise sequence encoding an N terminal methionine or
heterologous signal peptide which is not included when calculating percent identity.

The term “isolated,” as used herein, means (1) altered or removed from the
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natural state and/or (2) separated from at least some of the components with which it was
associated when initially produced (whether in nature and/or in an experimental setting)
and/or otherwise previously associated, and/or (3) designed, produced, prepared, and/or
manufactured by the hand of man. In some embodiments, a nucleic acid or a peptide
naturally present in a living subject is not “isolated,” but the same nucleic acid or peptide
partially or completely separated from the coexisting materials of its natural state is
“isolated.” An isolated nucleic acid or protein can exist in substantially purified form, or
can exist in a non-native environment such as, for example, a host cell.

In the context of the present disclosure, the following abbreviations for the
commonly occurring nucleosides (nucleobase bound to ribose or deoxyribose sugar via
N-glycosidic linkage) are used. “A” refers to adenosine, “C” refers to cytidine, “G” refers
to guanosine, “T” refers to thymidine, and “U” refers to uridine.

Unless otherwise specified, a “nucleotide sequence encoding an amino
acid sequence” includes all nucleotide sequences that are degenerate versions of each
other and that encode the same amino acid sequence. Nucleotide sequences that encode
proteins and RNA may include introns. The phrase nucleotide sequence that encodes a
protein or an RNA may also include introns to the extent that the nucleotide sequence
encoding the protein may in some version contain an intron(s). In addition, the nucleotide
sequence may contain modified nucleosides that are capable of being translated by
translational machinery in a cell. Exemplary modified nucleosides are described
elsewhere herein. For example, an RNA (e.g., an IVT mRNA) where some or all of the
uridines have been replaced with pseudouridine, 1-methyl pseudouridine, S-methyl-
uridine or another modified nucleoside, such as those described elsewhere herein. In
some embodiments, the nucleotide sequence may contain a sequence where some or all
cytodines are replaced with methylated cytidine, or another modified nucleoside, such as
those described elsewhere herein.

The term “operably linked,” as used herein, refers to functional linkage
between (1) a regulatory sequence and a heterologous nucleic acid sequence resulting in
expression of the latter or (2) between two heterologous nucleic acid sequences resulting
in expression of both. For example, a first nucleic acid sequence is operably linked with a

second nucleic acid sequence when the first nucleic acid sequence is placed in a
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functional relationship with the second nucleic acid sequence. For instance, a promoter is
operably linked to a coding sequence if the promoter affects the transcription or
expression of the coding sequence. Generally, operably linked DNA or RNA sequences
are contiguous and, where necessary to join two protein coding regions, in the same
reading frame.

The term “polynucleotide,” as used herein, is defined as a chain of
nucleotides. Furthermore, nucleic acids are polymers of nucleotides. Thus, nucleic acids
and polynucleotides as used herein are interchangeable. One skilled in the art has the
general knowledge that nucleic acids are polynucleotides, which can be hydrolyzed into
the monomeric “nucleotides.” The monomeric nucleotides can be hydrolyzed into
nucleosides. As used herein polynucleotides include, but are not limited to, all nucleic
acid sequences which are obtained by any means available in the art, including, without
limitation, recombinant means, i.¢., the cloning of nucleic acid sequences from a
recombinant library or a cell genome, using ordinary cloning technology and PCR™, and
the like, and by synthetic means.

The term “polyribonucleotide,” as used herein, is defined as a chain of
ribonucleotides. Furthermore, nucleic acids are polymers of ribonucleotides. Thus,
nucleic acids and polyribonucleotides as used herein are interchangeable. One skilled in
the art has the general knowledge that nucleic acids are polyribonucleotides, which can
be hydrolyzed into the monomeric “nucleotides.” The monomeric nucleotides can be
hydrolyzed into nucleosides. As used herein polynucleotides include, but are not limited
to, all nucleic acid sequences which are obtained by any means available in the art,
including, without limitation, recombinant means, i.e., the cloning of nucleic acid
sequences from a recombinant library or a cell genome, using ordinary cloning
technology and PCR™, and the like, and by synthetic means.

The term “nucleoside-modified nucleic acid,” as used herein, refers to a
nucleic acid comprising at least one modified nucleoside.

The term “modified nucleoside,” as used herein, refers to a nucleoside
with a modification. For example, over one hundred different nucleoside modifications
have been identified in RNA (Rozenski, et al., 1999, The RNA Modification Database:
1999 update. Nucl Acids Res 27: 196-197).
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The terms “peptide,” “polypeptide,” and “protein” are used
interchangeably herein, and refer to a compound comprised of amino acid residues
covalently linked by peptide bonds. A protein or peptide must contain at least two amino
acids, and no limitation is placed on the maximum number of amino acids that can
comprise a protein’s or peptide’s sequence. Polypeptides include any peptide or protein
comprising two or more amino acids joined to each other by peptide bonds. As used
herein, the term refers to both short chains, which also commonly are referred to in the art
as peptides, oligopeptides and oligomers, for example, and to longer chains, which
generally are referred to in the art as proteins, of which there are many types.
“Polypeptides” include, for example, biologically active fragments, substantially
homologous polypeptides, oligopeptides, homodimers, heterodimers, variants of
polypeptides, modified polypeptides, derivatives, analogs, fusion proteins, among others.
The polypeptides include natural peptides, recombinant peptides, synthetic peptides, or a
combination thereof.

The term “promoter,” as used herein, refers to a DNA sequence
recognized by the synthetic machinery of the cell, or introduced synthetic machinery,
required to initiate the specific transcription of a polynucleotide sequence. By way of one
non-limiting example, a promoter that is recognized by bacteriophage RNA polymerase
and is used to generate the RNA by in vitro transcription.

The term “adjuvant,” as used herein, is defined as any molecule to
enhance an antigen-specific adaptive immune response.

The term “pseudouridine” refers to m'acp®¥ (1-methyl-3-(3-amino-3-
carboxypropyl) pseudouridine), m¥ (1-methylpseudouridine), ¥m (2’-O-
methylpseudouridine, m’D (5-methyldihydrouridine), m*¥ (3-methylpseudouridine), a
pseudouridine moiety that is not further modified, a monophosphate, diphosphate, or
triphosphate of any of the above pseudouridines, or to any other pseudouridine known in
the art.

The term “lipid nanoparticle” or “LNP,” as used herein, refers to a particle
having at least one dimension on the order of nanometers (e.g., 1-1,000 nm), which
includes one or more lipids.

The term “lipid,” as used herein, refers to a group of organic compounds
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that are derivatives of fatty acids (e.g., esters) and are generally characterized by being
insoluble in water but soluble in many organic solvents. Lipids are usually divided in at
least three classes: (1) “simple lipids” which include fats and oils as well as waxes; (2)
“compound lipids” which include phospholipids and glycolipids; and (3) “derived lipids”
such as steroids.

The term “cationic lipid,” as used herein, refers to a lipid that is cationic or
becomes cationic (protonated) as the pH is lowered below the pK of the ionizable group
of the lipid, but is progressively more neutral at higher pH values. At pH values below
the pK, the lipid is then able to associate with negatively charged nucleic acids. In some
embodiments, the cationic lipid comprises a zwitterionic lipid that assumes a positive
charge on pH decrease.

The term “neutral lipid,” as used herein, refers to any one of a number of
lipid species that exist in either an uncharged or neutral zwitterionic form at physiological
pH. Representative neutral lipids include diacylphosphatidylcholines,
diacylphosphatidylethanolamines, ceramides, sphingomyelins, dihydro sphingomyelins,
cephalins, and cerebrosides.

The term “anionic lipid,” as used herein, refers to any lipid that is
negatively charged at physiological pH.

The term “polymer conjugated lipid,” as used herein, refers to a molecule
comprising both a lipid portion and a polymer portion. An example of a polymer
conjugated lipid is a pegylated lipid.

The term “pegylated lipid,” as used herein, refers to a molecule
comprising both a lipid portion and a polyethylene glycol portion. Pegylated lipids are
known in the art and include
1-(monomethoxy-polyethyleneglycol)-2,3-dimyristoylglycerol (PEG-s- DMQG) and the
like.

The term “liposome,” as used herein, is a generic term encompassing a
variety of single and multilamellar lipid vehicles formed by the generation of enclosed
lipid bilayers or aggregates. Liposomes can be characterized as having vesicular
structures with a phospholipid bilayer membrane and an inner aqueous medium.

Multilamellar liposomes have multiple lipid layers separated by aqueous medium. They
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form spontaneously when phospholipids are suspended in an excess of aqueous solution.
The lipid components undergo self-rearrangement before the formation of closed
structures and entrap water and dissolved solutes between the lipid bilayers (Ghosh et al.,
1991 Glycobiology 5: 505-10). However, compositions that have different structures in
solution than the normal vesicular structure are also encompassed. For example, the lipids
may assume a micellar structure or merely exist as nonuniform aggregates of lipid
molecules. Also contemplated are lipofectamine-nucleic acid complexes.

97 el

patient,” “individual,” and the like are used

LR IS

The terms “subject,
interchangeably herein, and refer to any animal, or cells thereof whether in vitro or in
situ, amenable to the methods described herein. In some non-limiting embodiments, the
patient, subject or individual is a mammal, bird, poultry, cattle, pig, horse, sheep, ferret,
primate, dog, cat, guinea pig, rabbit, bat, or human.

The term “disease,” as used herein, is a state of health of a subject wherein
the subject cannot maintain homeostasis, and wherein if the disease is not ameliorated
then the subject’s health continues to deteriorate.

The term “disorder,” as used herein, refers to a state of health in a subject
in which the subject is able to maintain homeostasis, but in which the subject’s state of
health is less favorable than it would be in the absence of the disorder. Left untreated, a
disorder does not necessarily cause a further decrease in the subject’s state of health.

The term “modulating,” as used herein, means mediating a detectable
increase or decrease in the level of a response in a subject compared with the level of a
response in the subject in the absence of a treatment or compound, and/or compared with
the level of a response in an otherwise identical but untreated subject. The term
encompasses perturbing and/or affecting a native signal or response thereby mediating a
beneficial therapeutic response in a subject, such as a human.

The term “treat,” as used herein in reference to a disease, means to reduce
the frequency or severity of at least one sign or symptom of a disease or disorder
experienced by a subject.

The term “effective amount” as used herein, means an amount which
provides a therapeutic or prophylactic benefit.

The term “therapeutic” as used herein means a treatment and/or
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prophylaxis. A therapeutic effect is obtained by suppression, diminution, remission,
prevention, or eradication of at least one sign or symptom of a disease or disorder.

The term “therapeutically effective amount” refers to the amount of the
subject compound that will elicit the biological or medical response of a tissue, system, or
subject that is being sought by the researcher, veterinarian, medical doctor or other
clinician. The term “therapeutically effective amount” includes that amount of a
compound that, when administered, is sufficient to prevent development of, or alleviate
to some extent, one or more of the signs or symptoms of the disorder or disease being
treated. The therapeutically effective amount will vary depending on the compound, the
disease and its severity and the age, weight, etc., of the subject to be treated.

The term “transfected” or “transformed” or “transduced” as used herein
refers to a process by which exogenous nucleic acid is transferred or introduced into the
host cell. A “transfected” or “transformed” or “transduced” cell is one which has been
transfected, transformed or transduced with exogenous nucleic acid. The cell includes the
primary subject cell and its progeny.

The phrase “under transcriptional control” or “operatively linked” with
reference to a promoter as used herein means that the promoter is in the correct location
and orientation in relation to a polynucleotide to control the initiation of transcription by
RNA polymerase and expression of the polynucleotide.

As used herein, “additional ingredients” include, but are not limited to,
one or more of the following: excipients; surface active agents; dispersing agents; inert
diluents; granulating and disintegrating agents; binding agents; lubricating agents;
sweetening agents, flavoring agents; coloring agents; preservatives; physiologically
degradable compositions such as gelatin; aqueous vehicles and solvents; oily vehicles and
solvents; suspending agents; dispersing or wetting agents; emulsifying agents,
demulcents; buffers; salts; thickening agents; fillers; emulsifying agents; antioxidants;
antibiotics; antifungal agents; stabilizing agents; and pharmaceutically acceptable
polymeric or hydrophobic materials. Other “additional ingredients” which may be
included in the pharmaceutical compositions of the present disclosure are known in the
art and described, for example in Remington’s Pharmaceutical Sciences (1985, Genaro

>

ed., Mack Publishing Co., Easton, PA), which is incorporated herein by reference.
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Ranges: throughout this disclosure, various aspects of the present
disclosure can be presented in a range format. It should be understood that the description
in range format is merely for convenience and brevity and should not be construed as an
inflexible limitation on the scope of the present disclosure. Accordingly, the description
of a range should be considered to have specifically disclosed all the possible subranges
as well as individual numerical values within that range. For example, description of a
range such as from 1 to 6 should be considered to have specifically disclosed subranges
such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3 to 6 etc., as
well as individual numbers within that range, for example, 1,2, 2.7, 3, 4,5, 5.3, and 6.

This applies regardless of the breadth of the range.

Immunogenic Compositions

Among other things, in some embodiments, the provided compositions for
inducing an immune response against C. difficile infection (CDI) in a subject. In some
embodiments, the provided compositions are immunogenic compositions (e.g., an
immunotherapeutic composition, pharmaceutical composition, or vaccine). In some
embodiments, the present disclosure provides an immunogenic composition (e.g., an
immunotherapeutic composition, pharmaceutical composition, or vaccine) for inducing
an immune response against C. difficile infection (CDI) in a subject. In some
embodiments, an immunogenic composition is a vaccine. In some embodiments, an
immunogenic composition (e.g., an immunotherapeutic composition, pharmaceutical
composition, or vaccine) induces an immune response against C. difficile in a cell, tissue
or subject. In some embodiments, an immunogenic composition (e.g., an
immunotherapeutic composition, pharmaceutical composition, or vaccine) induces a
broad immune response against multiple strains of C. difficile in a cell, tissue or subject.
In some embodiments, an immunogenic composition (e.g., an immunotherapeutic
composition, pharmaceutical composition, or vaccine) induces a protective immune
response in a subject. In some embodiments, the immunogenic composition (e.g. an
immunotherapeutic composition, pharmaceutical composition, or vaccine) is a
composition for human medical use. In some embodiments, the immunogenic

composition (e.g., an immunotherapeutic composition, pharmaceutical composition, or
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vaccine) is a composition for veterinary use.

In some embodiments, a composition is or comprises a pharmaceutical
composition (e.g., an immunotherapeutic composition or vaccine). In some embodiments,
a composition is, or comprises, an RNA-LNP composition (e.g., an RNA-LNP
immunogenic composition or an RNA-LNP vaccine). In some embodiments, a
composition is or comprises an mRNA-LNP composition (e.g., an mRNA-LNP
immunogenic composition or an mRNA-LNP vaccine). In some embodiments, one or
more RNA molecules encoding one or more C. difficile antigen (e.g., TcdA, TcdB,
PPEP-1, CdeM, CWP84, CWP66, ZupT, CspC, fragments, or variants thereof, or any
combination thereof) might also be formulated with an adjuvant. In some embodiments, a
composition (e.g., an immunotherapeutic composition, pharmaceutical composition, or
vaccine) may comprise one or more adjuvants. In some embodiments, a composition
(e.g., an immunotherapeutic composition, pharmaceutical composition, or vaccine) and
its various components, may be prepared and/or administered by any method disclosed
herein. In some embodiments, the induction of immunity by the expression of the C.
difficile antigens are detected by observing an in vivo or in vitro response of all or any
part of the immune system in a host against one or more of the antigens (e.g., TcdA,
TcdB, PPEP-1, CdeM, CWP84, CWP66, ZupT, CspC, fragments, or variants thereof, or
any combination thereof).

For example, a method for detecting the induction of cytotoxic T
lymphocytes is well known. A foreign substance that enters the living body is presented
to T cells and B cells by the action of antigen presenting cells (APCs). Some T cells that
respond to the antigen presented by APC in an antigen specific manner differentiate into
cytotoxic T cells (also referred to as cytotoxic T lymphocytes or CTLs) due to stimulation
by the antigen. These antigen-stimulated cells then proliferate. This process is referred to
herein as “activation” of T cells. Therefore, in some embodiments, CTL induction by an
epitope of a polypeptide or peptide or combinations thereof is evaluated by presenting an
epitope of a polypeptide or peptide or combinations thereof to a T cell by APC, and
detecting the induction of CTL. Furthermore, APCs have the effect of activating B cells,
CD4+ T cells, CD8+ T cells, macrophages, eosinophils and NK cells.

The present disclosure provides methods for evaluating the inducing
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action of CTL using APCs, including but not limited to dendritic cells (DCs) and
peripheral blood mononuclear cells (PBMCs). Detection of T cells having cytotoxic
effects against the cells of interest after the contact with APC shows that the epitope of a
polypeptide or peptide or combinations thereof has an activity of inducing the cytotoxic T
cells. Furthermore, in some embodiments, the induced immune response is examined by
measuring IFN-gamma produced and released by CTL in the presence of antigen-
presenting cells that carry immobilized peptide or a combination of peptides by
visualizing using anti-IFN-gamma antibodies, such as an ELISPOT assay.

In some embodiments, induction of immunity by expression of C. difficile
antigens is confirmed by observing the induction of antibody production against C.
difficile antigens. For example, when antibodies against an antigen are induced in a
laboratory subject immunized with the composition encoding the antigens, and when
antigen-associated pathology is suppressed by those antibodies, the composition is
determined to induce immunity.

In some embodiments, specificity of an antibody response induced in a
subject includes binding to many regions of a delivered antigen, as well as the induction
of neutralization capable antibodies that that prevent infection or reduce disease severity.

In some embodiments, induction of immunity by expression of C. difficile
antigens is confirmed by observing the induction of T cells, such as CD4+ T cells, CD8+
T cells, or a combination thereof. For example, CD4+ T cells can also lyse target cells,
but mainly supply help in the induction of other types of immune responses, including
CTL and antibody generation. The type of CD4+ T cell help can be characterized, as Thl,
Th2, Th9, Th17, T regulatory (Treg), or T follicular helper (Tfh) cells. Each subtype of
CD4+ T cell supplies help to certain types of immune responses. In some embodiments, a
composition selectively induces T follicular helper cells, which drive potent antibody

responses.

Nucleic Acids
Among other things, the present disclosure provides compositions. In
some embodiments, a composition provided herein induces an immune response in a

subject. In some embodiments, a composition comprises an RNA molecule. An RNA
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molecule is also referred to herein as a polyribonucleotide.

In various embodiments the RNA molecule is an mRNA, a self-replicating
RNA, self-amplifying RNA (saRNA), circular RNA, plasmids, siRNA, miRNA,
antisense oligonucleotides, a gene editing component (for example, a guide RNA a tracr
RNA, sgRNA, an mRNA encoding an RNA-guided nuclease, a gene or base editing
protein, a zinc-finger nuclease, a Talen, a CRISPR nuclease, such as Cas9, a DNA
molecule to be inserted or serve as a template for repair), and the like, or a combination
thereof. In some embodiments, the composition comprises an mRNA molecule. In some
embodiments, the composition comprises a self-amplifying RNA molecule. In some
embodiments, a composition comprises a circular RNA molecule.

In some embodiments, a composition comprises at least one RNA
molecule encoding at least one C. difficile antigen. Exemplary C. difficile antigens that
can be included in a composition of the present disclosure include, but are not limited to,
TcdA, TedB, PPEP-1, CdeM, CWP84, CWP66, ZupT, and CspC, and fragments or
variants thereof. In some embodiments, a composition comprises one or more RNA
molecules encoding any combination of TcdA, TcdB, PPEP-1, CdeM, CWP84, CWP606,
ZupT, and CspC, or fragments or variants thereof. In some embodiments, a composition
comprises one or more RNA molecules encoding a combination of TcdA, TcdB, PPEP-1,
and CdeM, or fragments or variants thereof. In some embodiments, a composition
comprises one or more RNA molecules encoding a combination of TcdA and TcdB, or
fragments or variants thereof. In some embodiments, a composition comprises one or
more RNA molecules encoding a combination of TcdA, TcdB, and PPEP-1, or fragments
or variants thereof.

In some embodiments, the composition comprises one or more mRNA
molecules encoding at least one C. difficile antigen. In some embodiments, one or more
mRNA molecule encodes TcdA, TcdB, PPEP-1, CdeM, CWP84, CWP66, ZupT, or
CspC, or a fragment or variant thereof. In some embodiments, one or more mRNA
molecule encodes a combination of one or more of TcdA, TcdB, PPEP-1, CdeM,
CWP84, CWP66, ZupT, or CspC, or a fragment or variant thereof. In some
embodiments, a composition comprises one or more mRNA molecules encoding a

combination of TcdA, TcdB, PPEP-1, and CdeM, or fragments or variants thereof. In
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some embodiments, a composition comprises one or more mRNA molecules encoding a
combination of TcdA and TcdB, or fragments or variants thereof. In some embodiments,
a composition comprises one or more mRNA molecules encoding a combination of
TcdA, TcdB, and PPEP-1, or fragments or variants thereof.

In some embodiments, the composition comprises one or more in vitro
transcribed (IVT) RNA molecules encoding at least one C. difficile antigen. In some
embodiments, the IVT RNA molecule encodes TcdA, TcdB, PPEP-1, CdeM, CWP84,
CWP66, ZupT, or CspC, or a fragment or variant thereof. In some embodiments, the
composition comprises a combination of IVT RNA molecules encoding a combination of
two or more of TcdA, TcdB, PPEP-1, CdeM, CWP84, CWP66, ZupT, or CspC, or a
fragments or variants thereof. In some embodiments, the composition comprises a
combination of IVT RNA molecules encoding a combination of TcdA, TcdB, PPEP-1,
and CdeM or fragments or variants thereof. In some embodiments, the composition
comprises a combination of IVT RNA molecules encoding a combination of TcdA and
TcdB, or fragments or variants thereof. In some embodiments, the composition comprises
a combination of IVT RNA molecules encoding a combination of TcdA, TcdB, and
PPEP-1, or fragments or variants thereof.

In some embodiments, an RNA molecule encoding a C. difficile antigen
further comprises a sequence encoding a tag or signal peptide. In some embodiments, an
RNA molecule encoding a (. difficile antigen further comprises a sequence encoding a
6XHis tag. In some embodiments, an RNA molecule includes additional sequences that
encode a linker or tag sequences that are linked to an antigen by a peptide bond.

In some embodiments, an RNA molecule encoding a (. difficile antigen
further comprises a sequence encoding at least one secretion signal. In some
embodiments, the at least one secretion signal 1s a modified IL-2 secretion signal
MRMOQLLLLIALSLALVTNS (SEQ ID NO:33).

In some embodiments, the RNA molecule includes an additional sequence
that encodes a ferritin domain. In some embodiments, the RNA molecule includes an
additional sequence that encodes a protease cleavage site.

In some embodiments, an RNA molecule encodes a C. difficile antigen

modified to disrupt at least one putative N-glycosylation site. In some embodiments,
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putative N-glycosylation sites are disrupted by substituting an asparagine residue at a
predicted N-glycosylation site with a glutamine (N to Q), lysine (N to K), alanine (N to
A), or aspartic acid (N to D). Putative N-glycosylation sites that have been modified with

(Y94l

an N to Q modification are represented by a “q” in the sequences provided in Table 1. In

[Pad

some embodiments, the “q” is modified to a lysine, alanine or aspartic acid.
In some embodiments, an RNA molecule encoding a C. difficile antigen

comprises a nucleotide sequence encoding an amino acid sequence as set forth in Table 1.

Table 1: Amino acid sequences of C. difficile antigens.
Sequence Sequence SEQ ID NO:
Name

TedA antigen | MRMOLLLLIALSLALVTNSFNLVTGWQTINGKKYYFDINTGA | SEQ ID NO:1
(IL-2 leader ALTSYKIINGKHFYFNNDGVMQLGVFKGPDGFEYFAPANTQ
sequence NNNIEGQAIVYQSKFLTLNGKKY YFDgNSKAVTGWRIINNEK
underlined) YYFNPNNAIAAVGLQVIDNNKYYFNPDTAIISKGWQTVqGSR
YYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGVFSTSNGFE
YFAPANTYNNNIEGQAIVYQSKFLTLNGKKYYFDNSKAVT
GLOQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAEAA
TGWQTIDGKKYYFNTNTAIASTGY TIINGKHFYFNTDGIMOQIG
VFKGPNGFEYFAPANTDANNIEGQAILYQNEFLTLNGKKYYF
GSDSKAVTGWRIINNKKY YFNPNNATAATHLCTINNDKY YFS
YDGILONGYITIERNNFYFDANQESKMVTGVFKGPNGFEYFA
PANTHNNNIEGQAIVYQNKFLTLNGKKYYFDqDSKAVTGWQ
TIDGKKYYFNLNTAEAATGWQTIDGKKYYFNLNTAEAATG
WOQTIDGKKYYFNTNTFIASTGYTSINGKHFYFNTDGIMQIGVF
KGPNGFEYFAPANTDANNIEGQAILYQNKFLTLNGKKYYFGS
DSKAVTGLRTIDGKKYYFNTNTAVAVTGWQTINGKKYYFNT
qTSIASTGYTHSGKHFYFNTDGIMQIGVFKGPDGFEYFAPANT
DANNIEGQAIRYQNRFLYLHDNIYYFGNSKAATGW VTIDGN
RYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVFKGSNGF
EYFAPANTDANNIEGQAIRYQNRFLHLLGKIYYFGNSKAVT
GWQTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVK
APGIYG
MutTedA H | MRMOLLLLIALSLALVTNSFNLVIGWQTINGKKYYFDINTGA | SEQ ID NO:2
ALTSYKIINGKHFYFNNDGVMQLGVFKGPDGFEYFAPANTQ
NNNIEGQAIVYQSKFLTLNGKKYYFDOQNSKAVTGWRIINNEK
with modified | YYFNPNNAIAAVGLQVIDNNKY YFNPDTAIISKGWQTVQGSR
IL-2 signal YYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGVFSTSNGFE
YFAPANTYNNNIEGQAIVYQSKFLTLNGKKYYFDQNSKAVT
GLOQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAEAA
TGWQTIDGKKYYFNTNTAIASTGY TIINGKHFYFNTDGIMOQIG
VFKGPNGFEYFAPANTDANNIEGQAILYQNEFLTLNGKKYYF
GSDSKAVTGWRIINNKKY YFNPNNATAATHLCTINNDKY YFS
YDGILONGYITIERNNFYFDANQESKMVTGVFKGPNGFEYFA
PANTHNNNIEGQAIVYQNKFLTLNGKKYYFDQDSKAVTGW
QTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNLNTAEAATG
WOQTIDGKKYYFNTNTFIASTGYTSINGKHFYFNTDGIMQIGVF
KGPNGFEYFAPANTDANNIEGQAILYQNKFLTLNGKKYYFGS

pylferritin
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DSKAVTGLRTIDGKKY YFNTNTAVAVTGWQTINGKKYYFNT
QTSIASTGY TIISGKHFYFNTDGIMQIGVFKGPDGFEYFAPANT
DANNIEGQAIRYQNRFLYLHDNIY YFGQNSKAATGWVTIDG
NRY YFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVFKGSNG
FEYFAPANTDANNIEGQAIRYQNRFLHLLGKIYYFGQNSKAV
TGWQTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVK
APGIY GSGDIIKLLNEQVNKEMNSSNLYMSMSSWCYTHSLD
GAGLFLFDHA AEEYEHAKKLIIFLNENNVPVQLTSISAPEHKF
EGLTQIFQKAYEHEQHISESINNIVDHAIKSKDHATFNFLOWY
VAEQHEEEVLFKDILDKIELIGNENHGLYLADQY VKGIAKSR
KSLEVLFQGPGS

MutTcdA H | MRMOLLLLIALSLALVTNSFNLVTGWQTINGKKYYFDINTGA | SEQ ID NO:3
pylferritin ALTSYKIINGKHFYFNNDGVMQLGVFKGPDGFEYFAPANTQ
with modified | NNNIEGQATVYQSKFLTLNGKKY YFDQNSKAVTGWRIINNEK
IL-2signal, | YYFNPNNAIAAVGLQVIDNNKYYFNPDTAIISKGWQTVQGSR
and 6XH tag | YYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGVFSTSNGFE
YFAPANTYNNNIEGQAIVYQSKFLTLNGKKYYFDQNSKAVT
GLQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAEAA
TGWQTIDGKKY YFNTNTAIASTGY TIINGKHFYFNTDGIMQIG
VFKGPNGFEYFAPANTDANNIEGQAILYQNEFLTLNGKKYYF
GSDSKAVTGWRIINNKKY YFNPNNAIAATHLCTINNDKYYFS
YDGILQNGYITIERNNFYFDANQESKMVTGVFKGPNGFEYFA
PANTHNNNIEGQAIVYQNKFLTLNGKKYYFDQDSKAVTGW
QTIDGKKY YFNLNTAEAATGWQTIDGKKYYFNLNTAEAATG
WQTIDGKKY YFNTNTFIASTGY TSINGKHFYFNTDGIMQIGVF
KGPNGFEYFAPANTDANNIEGQAILYQNKFLTLNGKKYYFGS
DSKAVTGLRTIDGKKYYFNTNTAVAVTGWQTINGKKY YFNT
QTSIASTGY TIISGKHFYFNTDGIMQIGVFKGPDGFEY FAPANT
DANNIEGQAIRYQNRFLYLHDNIYYFGQNSKAATGW VTIDG
NRYYFEPNTAMGANGYK TIDNKNFYFRNGLPQIGVFKGSNG
FEYFAPANTDANNIEGQAIRYQNRFLHLLGKIY YFGONSKAV
TGWQTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVK
APGIYGSGDIIKLLNEQVNKEMNSSNLYMSMSSWCYTHSLD
GAGLFLFDHA AEEYEHAKKLIIFLNENNVPVQLTSISAPEHKF
EGLTQIFQKAYEHEQHISESINNIVDHAIKSKDHATFNFLQWY
VAEQHEEEVLFKDILDKIELIGNENHGLYLADQY VKGIAKSR
KSLEVLFQGPGSHHHHHH

MufTcdA MRMOLLLLIALSLALVTNSFNL VTGWQTINGKKY YFDINTGA | SEQ ID NO:+
2XLSKHpylf | ALTSYKIINGKHFYFNNDGVMQLGVFKGPDGFEYFAPANTQ
erritin with | NNNTEGQAIVYQSKFLTLNGKKY YFDQNSKAVTGWRIINNEK
modified IL-2 | YYFNPNNAIAAVGLQVIDNNKY YFNPDTAIISKGWQTVQGSR
signal YYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGVFSTSNGFE
YFAPANTYNNNIEGQAIVYQSKFLTLNGKKY YFDQNSKAVT
GLQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAEAA
TGWQTIDGKKY YFNTNTAIASTGY TIINGKHFYFNTDGIMQIG
VFKGPNGFEYFAPANTDANNIEGQAILYQNEFLTLNGKKYYF
GSDSKAVTGWRIINNKKY YFNPNNAIAATHLCTINNDKY YFS
YDGILQNGYITIERNNFYFDANQESKMVTGVFKGPNGFEYFA
PANTHNNNIEGQAIVYQNKFLTLNGKKYYFDQDSKAVTGW
QTIDGKKY YFNLNTAEAATGWQTIDGKKY YFNLNTAEAATG
WQTIDGKKY YFNTNTFIASTGY TSINGKHFY FNTDGIMQIGVF
KGPNGFEYFAPANTDANNIEGQAILYQNKFLTLNGKKYYFGS
DSKAVTGLRTIDGKKYYFNTNTAVAVTGWQTINGKKY YFNT
QTSIASTGY TIISGKHFYFNTDGIMQIGVFKGPDGFEY FAPANT
DANNIEGQAIRYQNRFLYLHDNIYYFGQONSKAATGWVTIDG
NRY YFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVFKGSNG
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FEYFAPANTDANNIEGQAIRYQNRFLHLLGKIYYFGONSKAV
TGWQTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVK
APGIYGGGSGGGGSGLSKDIIKLLNEQVNKEMNSSNLYMSMS
SWCYTHSLDGAGLFLFDHAAEEYEHAKKLIIFLNENNVPVQL
TSISAPEHKFEGLTQIFQKAYEHEQHISESINNIVDHAIK SKDH
ATFNFLOQWY VAEQHEEEVLFKDILDKIELIGNENHGLYLADQ
Y VKGIAKSRKSLEVLFQGPGS

MutTcdA
2XLSKHpylf
erritin with
modified IL-2
signal and
6xH tag

MRMOLLLLIALSLALVTNSFNLVTGWQTINGKKYYFDINTGA
ALTSYKIINGKHFYFNNDGVMQLGVFKGPDGFEYFAPANTQ
NNNIEGQAIVYQSKFLTLNGKKY YFDOQNSKAVTGWRIINNEK
YYFNPNNATAAVGLQVIDNNKYYFNPDTAIISKGWQTVQGSR
YYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGVFSTSNGFE
YFAPANTYNNNIEGQAIVYQSKFLTLNGKKYYFDOQNSKAVT
GLQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAEAA
TGWQTIDGKKYYFNTNTAIASTGY TIINGKHFYFNTDGIMOQIG
VFKGPNGFEYFAPANTDANNIEGQAILYQNEFLTLNGKKYYF
GSDSKAVTGWRIINNKKYYFNPNNATAAIHLCTINNDKYYFS
YDGILONGYITIERNNFYFDANQESKMVTGVFKGPNGFEYFA
PANTHNNNIEGQAIVYQNKFLTLNGKKYYFDQDSKAVIGW
QTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNLNTAEAATG
WOQTIDGKKYYFNTNTFIASTGYTSINGKHFYFNTDGIMQIGVF
KGPNGFEYFAPANTDANNIEGQAILYQNKFLTLNGKKYYFGS
DSKAVTGLRTIDGKKYYFNTNTAVAVTGWQTINGKKYYFNT
QTSIASTGYTIISGKHFYFNTDGIMQIGVFKGPDGFEYFAPANT
DANNIEGQAIRYQNRFLYLHDNIY YFGOQNSKAATGWVTIDG
NRYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVFKGSNG
FEYFAPANTDANNIEGQAIRYQNRFLHLLGKIYYFGQNSKAV
TGWQTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVK
APGIY GGGSGGGGSGLSKDIKLLNEQVNKEMNSSNLYMSMS
SWCYTHSLDGAGLFLFDHAAEEYEHAKKLIIFLNENNVPVQL
TSISAPEHKFEGLTQIFQKAYEHEQHISESINNIVDHAIKSKDH
ATFNFLQWY VAEQHEEEVLFKDILDKIELIGNENHGLYLADQ
YVKGIAKSRKSLEVLFQGPGSHHHHHH

SEQ ID NO:5

MutTcdA
VRCHpyl
ferritin with
modified IL-2
signal

MRMOLLLLIALSLALVTNSFNLVTIGWQTINGKKYYFDINTGA
ALTSYKIINGKHFYFNNDGVMQLGVFKGPDGFEYFAPANTQ
NNNIEGQATVYQSKFLTLNGKKYYFDQNSKAVTGWRIINNEK
YYFNPNNAIAAVGLQVIDNNKYYFNPDTAIISKGWQTVQGSR
YYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGVFSTSNGFE
YFAPANTYNNNIEGQAIVYQSKFLTLNGKKY YFDOQNSKAVT
GLOQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAEAA
TGWQTIDGKKY YFNTNTAIASTGY TIINGKHFYFNTDGIMQIG
VFKGPNGFEYFAPANTDANNIEGQAILYQNEFLTLNGKKYYF
GSDSKAVTGWRIINNKKYYFNPNNATAATHLCTINNDKYYFS
YDGILONGYITIERNNFYFDANQESKMVTGVFKGPNGFEYFA
PANTHNNNIEGQAIVYQNKFLTLNGKKY YFDQDSKAVTGW
QTIDGKKYYFNLNTAEAATGWQTIDGKKYYFNLNTAEAATG
WOQTIDGKKYYFNTNTFIASTGYTSINGKHFYFNTDGIMQIGVF
KGPNGFEYFAPANTDANNIEGQAILYQNKFLTLNGKKYYFGS
DSKAVTGLRTIDGKKYYFNTNTAVAVTGWQTINGKKYYFNT
QTSIASTGYTIISGKHFYFNTDGIMQIGVFKGPDGFEYFAPANT
DANNIEGQAIRYQNRFLYLHDNIY YFGQNSKAATGWVTIDG
NRYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVFKGSNG
FEYFAPANTDANNIEGQAIRYQNRFLHLLGKIYYFGQNSKAV
TGWQTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVK
APGIYSGGDIIKLLNEQVNKEMQSSNLYMSMSSWCYTHSLD
GAGLFLFDHAAEEYEHAKKLIIFLNENNVPVQLTSISAPEHKF

SEQ ID NO:6
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EGLTQIFQKAYEHEQHISESINNIVDHAIKSKDHATFNFLQWY
VAEQHEEEVLFKDILDKIELIGNENHGLYLADQY VKGIAKSR
KSGSLEVLFQGPGS

MutTcdA
VRCHpyl
ferritin with
modified IL-2
signal and
6xH tag

MRMOLLLLIALSLALVTNSFNLVTGWQTINGKKYYFDINTGA
ALTSYKIINGKHFYFNNDGVMQLGVFKGPDGFEYFAPANTQ
NNNIEGQAIVYQSKFLTLNGKKYYFDONSKAVTGWRIINNEK
YYFNPNNAIAAVGLQVIDNNKYYFNPDTAIISKGWQTVQGSR
YYFDTDTAIAFNGYKTIDGKHFYFDSDCVVKIGVFSTSNGFE
YFAPANTYNNNIEGQAIVYQSKFLTLNGKKYYFDQNSKAVT
GLOQTIDSKKYYFNTNTAEAATGWQTIDGKKYYFNTNTAEAA
TGWQTIDGKKYYFNTNTAIASTGY TIINGKHFYFNTDGIMQIG
VFKGPNGFEYFAPANTDANNIEGQAILYQNEFLTLNGKKYYF
GSDSKAVTGWRIINNKKY YFNPNNAIAAIHLCTINNDKY YFS
YDGILONGYITIERNNFYFDANQESKMVTGVFKGPNGFEYFA
PANTHNNNIEGQAIVYQNKFLTLNGKKYYFDQDSKAVTIGW
QTIDGKKY YFNLNTAEAATGWQTIDGKKYYFNLNTAEAATG
WQTIDGKKYYFNTNTFIASTGYTSINGKHFYFNTDGIMQIGVF
KGPNGFEYFAPANTDANNIEGQAILYQNKFLTLNGKKYYFGS
DSKAVTGLRTIDGKKYYFNTNTAVAVTGWQTINGKKYYFNT
QTSIASTGYTHSGKHFYFNTDGIMQIGVFKGPDGFEYFAPANT
DANNIEGQAIRYQNRFLYLHDNIYYFGQNSKAATGWVTIDG
NRYYFEPNTAMGANGYKTIDNKNFYFRNGLPQIGVFKGSNG
FEYFAPANTDANNIEGQAIRYQNRFLHLLGKIYYFGONSKAV
TGWQTINGKVYYFMPDTAMAAAGGLFEIDGVIYFFGVDGVK
APGIYSGGDIKLLNEQVNKEMQSSNLYMSMSSWCYTHSLD
GAGLFLFDHAAEEYEHAKKLIIFLNENNVPVQLTSISAPEHKF
EGLTQIFQKAYEHEQHISESINNIVDHAIKSKDHATFNFLOWY
VAEQHEEEVLFKDILDKIELIGNENHGLYLADQY VKGIAKSR
KSGSLEVLFQGPGSHHHHHH

SEQ ID NO:7

TcdB antigen

MRMOLLLLIALSLALVTNSNLITGFVTVGDDKYYFNPINGGA
ASIGETIIDDKNYYFqOSGVLQTGVFSTEDGFKYFAPANTLDE
NLEGEAIDFTGKLIIDENIYYFDDNYRGAVEWKELDGEMHYF
SPETGKAFKGLNQIGDYKY YFNSDGVMQKGFVSINDNKHYF
DDSGVMKVGYTEIDGKHFYFAENGEMQIGVFNTEDGFKYFA
HHNEDLGNEEGEEISYSGILNFNNKIYYFDDSFTAVVGWKDL
EDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGFVTI
NDKVFYFSDSGIIESGVQNIDDNYFYIDDNGIVQIGVFDTSDG
YKYFAPANTVNDNIYGQAVEYSGLVRVGEDVYYFGETYTIE
TGWIYDMEQESDKYYFNPETKKACKGINLIDDIKYYFDEKGI
MRTGLISFENNNY YFNENGEMQFGYINIEDKMFYFGEDGVM
QIGVFNTPDGFKYFAHQNTLDENFEGESIQYTGWLDLDEKRY
YFTDEYIAATGSVIIDGEEYYFDPDTAQL VISE

SEQ ID NO:8

MutTcdB_Hp
ylferritin with
modified [L-2
signal

MRMOLLLLIALSLALVTINSNLITGFVTVGDDKYYFNPINGGA
ASIGETIIDDKNYYFQQSGVLQTGVFSTEDGFKYFAPANTLDE
NLEGEAIDFTGKLIIDENIYYFDDNYRGAVEWKELDGEMHYF
SPETGKAFKGLNQIGDYKY YFNSDGVMQKGFVSINDNKHYF
DDSGVMKVGYTEIDGKHFYFAENGEMQIGVFNTEDGFKYFA
HHNEDLGNEEGEEISYSGILNFNNKIYYFDDSFTAVVGWKDL
EDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGFVTI
NDKVFYFSDSGIIESGVOQNIDDNYFYIDDNGIVQIGVFDTSDG
YKYFAPANTVNDNIYGQAVEYSGLVRVGEDVYYFGETYTIE
TGWIYDMEQESDKYYFNPETKKACKGINLIDDIKY YFDEKGI
MRTGLISFENNNY YFNENGEMQFGYINIEDKMFYFGEDGVM
QIGVFNTPDGFKYFAHQNTLDENFEGESIQYTGWLDLDEKRY
YFTDEYIAATGSVIIDGEEYYFDPDTAQL VISEGSGDIIKLLNE
QVNKEMNSSNLYMSMSSWCYTHSLDGAGLFLFDHAAEEYE

SEQ ID NO:9
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HAKKLIIFLNENNVPVQLTSISAPEHKFEGLTQIFQKAYEHEQ
HISESINNIVDHAIKSKDHATFNFLQWYVAEQHEEEVLFKDIL
DKIELIGNENHGLYLADQY VKGIAKSRKSLEVLFQGPGS

MutTcdB_Hp
ylferritin with
modified IL-2
signal and
6xH tag

MRMOLLLLIALSLALVTINSNLITGFVTVGDDKYYFNPINGGA
ASIGETIIDDKNYYFQQSGVLQTGVFSTEDGFKYFAPANTLDE
NLEGEAIDFTGKLIIDENIY YFDDNYRGAVEWKELDGEMHYF
SPETGKAFKGLNQIGDYKY YFNSDGVMQKGFVSINDNKHYF
DDSGVMKVGYTEIDGKHFYFAENGEMQIGVFNTEDGFKYFA
HHNEDLGNEEGEEISYSGILNFNNKIYYFDDSFTAVVGWKDL
EDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGFVTI
NDKVFYFSDSGIIESGVONIDDNYFYIDDNGIVQIGVFDTSDG
YKYFAPANTVNDNIYGQAVEYSGLVRVGEDVYYFGETYTIE
TGWIYDMEQESDKY YFNPETKKACKGINLIDDIKY YFDEKGI
MRTGLISFENNNY YFNENGEMQFGYINIEDKMFYFGEDGVM
QIGVFNTPDGFKYFAHQNTLDENFEGESIQYTGWLDLDEKRY
YFTDEYIAATGSVIIDGEEY YFDPDTAQL VISEGSGDIIKLLNE
QVNKEMNSSNLYMSMSSWCYTHSLDGAGLFLFDHAAEEYE
HAKKLIFLNENNVPVQLTSISAPEHKFEGLTQIFQKAYEHEQ
HISESINNIVDHAIKSKDHATFNFLQWYVAEQHEEEVLFKDIL
DKIELIGNENHGLYLADQY VKGIAKSRKSLEVLFQGPGSHHH
HHH

SEQ ID NO:10

MutTcdB_2X
LSKHpylferri
tin with
modified IL-2
signal

MRMOLLLLIALSLALVTNSNLITGFVTVGDDKY YFNPINGGA
ASIGETIIDDKNYYFQQSGVLQTGVFSTEDGFKYFAPANTLDE
NLEGEAIDFTGKLIIDENIYYFDDNYRGAVEWKELDGEMHYF
SPETGKAFKGLNQIGDYKY YENSDGVMQKGFVSINDNKHYF
DDSGVMKVGYTEIDGKHFYFAENGEMQIG VFNTEDGFK YFA
HHNEDLGNEEGEEISYSGILNFNNKIYYFDDSFTAVVGWKDL
EDGSKYYFDEDTAEA YIGLSLINDGQYYFNDDGIMQVGFVTI
NDKVFYFSDSGIIESGVQNIDDNYFYIDDNGIVQIGVFDTSDG
YKYFAPANTVNDNIYGQAVEYSGLVRVGEDVY YFGETYTIE
TGWIYDMEQESDKYYFNPETKKACKGINLIDDIKYYFDEKGI
MRTGLISFENNNY YFNENGEMQFGY INIEDKMFYFGEDGVM
QIGVFNTPDGFK YFAHQNTLDENFEGESIQYTGWLDLDEKRY
YFTDEYIAATGSVIIDGEEYYFDPDTAQL VISEGGGSGGGGSG
LSKDIIKLLNEQVNKEMNSSNLYMSMSSWCYTHSLDGAGLF
LFDHAAEEYEHAKKLITFLNENNVPVQLTSISAPEHKFEGLTQI
FQKAYEHEQHISESINNIVDHAIK SKDHATFNFLQWY VAEQH
EEEVLFKDILDKIELIGNENHGLYLADQY VKGIAKSRKSLEVL
FQGPGS

SEQ ID NO:11

MutTcdB_2X
LSKHpylferri
tin with
modified IL-2
signal and
6xH tag

MRMOLLLLIALSLALVTNSNLITGFVTVGDDKY YFNPINGGA
ASIGETIIDDKNYYFQQSGVLQTGVFSTEDGFKYFAPANTLDE
NLEGEAIDFTGKLIIDENIYYFDDNYRGAVEWKELDGEMHYF
SPETGKAFKGLNQIGDYKY YENSDGVMQKGFVSINDNKHYF
DDSGVMKVGYTEIDGKHFYFAENGEMQIGVENTEDGFKYFA
HHNEDLGNEEGEEISYSGILNFNNKIYYFDDSFTAVVGWKDL
EDGSKYYFDEDTAEA YIGLSLINDGQYYFNDDGIMQVGFVTI
NDKVFYFSDSGIIESGVQNIDDNYFYIDDNGIVQIGVFDTSDG
YKYFAPANTVNDNIYGQAVEYSGLVRVGEDVYYFGETYTIE
TGWIYDMEQESDKYYFNPETKKACKGINLIDDIKYYFDEKGI
MRTGLISFENNNY YFNENGEMQFGYINIEDKMFYFGEDGVM
QIGVFNTPDGFK YFAHQNTLDENFEGESIQYTGWLDLDEKRY
YFTDEYIAATGSVIIDGEEYYFDPDTAQLVISEGGGSGGGGSG
LSKDIIKLLNEQVNKEMNSSNLYMSMSSWCYTHSLDGAGLF
LFDHAAEEYEHAKKLIIFLNENNVPVQLTSISAPEHKFEGLTQL
FQKAYEHEQHISESINNIVDHAIK SKDHATFNFLQWY VAEQH
EEEVLFKDILDKIELIGNENHGLYLADQYVKGIAKSRKSLEVL

SEQ ID NO:12

48




WO 2025/129186

PCT/US2024/060394

FQGPGSHHHHHH

MutTcdB_V
RCHpylferriti
n with
modified IL-2
signal

MRMOLLLLIALSLALVTNSNLITGFVTVGDDKYYFNPINGGA
ASIGETIIDDKNYYFQQSGVLQTGVFSTEDGFKYFAPANTLDE
NLEGEAIDFTGKLIIDENIYYFDDNYRGAVEWKELDGEMHYF
SPETGKAFKGLNQIGDYKY YFNSDGVMQKGFVSINDNKHYF
DDSGVMKVGYTEIDGKHFYFAENGEMQIGVFNTEDGFKYFA
HHNEDLGNEEGEEISYSGILNFNNKIYYFDDSFTAVVGWKDL
EDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGFVTI
NDKVFYFSDSGIIESGVOQNIDDNYFYIDDNGIVQIGVFDTSDG
YKYFAPANTVNDNIYGQAVEYSGLVRVGEDVYYFGETYTIE
TGWIYDMEQESDKYYFNPETKKACKGINLIDDIKY YFDEKGI
MRTGLISFENNNY YFNENGEMQFGYINIEDKMFYFGEDGVM
QIGVFNTPDGFKYFAHQNTLDENFEGESIQYTGWLDLDEKRY
YFTDEYTAATGSVIIDGEEY YFDPDTAQLVISESGGDIIKLLNE
QVNKEMQSSNLYMSMSSWCYTHSLDGAGLFLFDHAAEEYE
HAKKLIFLNENNVPVQLTSISAPEHKFEGLTQIFQKAYEHEQ
HISESINNIVDHAIKSKDHATFNFLOWY VAEQHEEEVLFKDIL
DKIELIGNENHGLYLADQY VKGIAKSRKSGSLEVLFQGPGS

SEQ ID NO:13

MutTcdB_V
RCHpylferriti
n with
modified IL-2
signal and
6xH tag

MRMOLLLLIALSLALVTINSNLITGFVTVGDDKYYFNPINGGA
ASIGETIIDDKNYYFQQSGVLQTGVFSTEDGFKYFAPANTLDE
NLEGEAIDFTGKLIIDENIYYFDDNYRGAVEWKELDGEMHYF
SPETGKAFKGLNQIGDYKY YFNSDGVMQKGFVSINDNKHYF
DDSGVMKVGYTEIDGKHFYFAENGEMOQIGVFNTEDGFKYFA
HHNEDLGNEEGEEISYSGILNFNNKIYYFDDSFTAVVGWKDL
EDGSKYYFDEDTAEAYIGLSLINDGQYYFNDDGIMQVGFVTI
NDKVFYFSDSGIIESGVONIDDNYFYIDDNGIVOQIGVFDTSDG
YKYFAPANTVNDNIYGQAVEYSGLVRVGEDVYYFGETYTIE
TGWIYDMEQESDKY YFNPETKKACKGINLIDDIKY YFDEKGI
MRTGLISFENNNY YFNENGEMQFGYINIEDKMFYFGEDGVM
QIGVFNTPDGFKYFAHQNTLDENFEGESIQYTGWLDLDEKRY
YFTDEYIAATGSVIIDGEEY YFDPDTAQLVISESGGDIIKLLNE
QVNKEMQSSNLYMSMSSWCYTHSLDGAGLFLFDHAAEEYE
HAKKLIFLNENNVPVQLTSISAPEHKFEGLTQIFQKAYEHEQ
HISESINNIVDHAIKSKDHATFNFLQWYVAEQHEEEVLFKDIL
DKIELIGNENHGLYLADQY VKGIAKSRKSGSLEVLFQGPGSH
HHHHH

SEQ ID NO:14

PPEP-1
antigen

MRMQLLLLIALSLALVTNSDSTTIQQNKDTLSQIVVFPTGNY
DKNEANAMVNRLANIDGK YLNALKQNNLKIKLLSGKLTDEK
EYAYLKGVVPKGWEGTGKTWDDVPGLGGSTVALRIGFSNK
GKGHDAINLELHETAHAIDHIVLNDISK SAQFKQIFAKEGRSL
GNVNYLGVYPEEFFAESFAYYYLNQDTNSKLKSACPQTY SFL
ONLAK

SEQ ID NO:15

PPEP-1_
Hpylferritin
with modified
IL-2 signal

MRMOLLLLIALSLALVTNSDSTTIQQNKDTLSQIVVFPTGNY
DKNEANAMVNRLANIDGK YLNALKQNNLKIKLLSGKLTDEK
EYAYLKGVVPKGWEGTGKTWDDVPGLGGSTVALRIGFSNK

GKGHDAINLELHETAHAIDHIVLNDISK SAQFKQIFAKEGRSL

GNVNYLGVYPEEFFAESFAYYYLNQDTNSKLKSACPQTY SFL
ONLAKGSGDIIKLLNEQVNKEMNSSNLYMSMSSWCYTHSLD
GAGLFLFDHA AEEYEHAKKLIIFLNENNVPVQLTSISAPEHKF

EGLTQIFQKAYEHEQHISESINNIVDHAIKSKDHATFNFLQWY
VAEQHEEEVLFKDILDKIELIGNENHGLYLADQY VKGIAKSR

KSLEVLFQGPGS

SEQ ID NO:16

PPEP-1_
Hpylferritin
with modified

MRMOLLLLIALSLALVTNSDSTTIQQNKDTLSQIVVFPTGNY
DKNEANAMVNRLANIDGKYLNALKQNNLKIKLLSGKLTDEK
EYAYLKGVVPKGWEGTGKTWDDVPGLGGSTVALRIGFSNK
GKGHDAINLELHETAHAIDHIVLNDISK SAQFKQIFAKEGRSL

SEQ ID NO:17
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IL-2 signal
and 6xH tag

GNVNYLGVYPEEFFAESFAYYYLNQDTNSKLKSACPQTY SFL
QNLAKGSGDIKLLNEQVNKEMNSSNLYMSMSSWCYTHSLD
GAGLFLFDHAAEEYEHAKKLIIFLNENNVPVQLTSISAPEHKF
EGLTQIFQKAYEHEQHISESINNIVDHAIKSKDHATFNFLOQWY
VAEQHEEEVLFKDILDKIELIGNENHGLYLADQY VKGIAKSR

KSLEVLFQGPGSHHHHHH

PPEP-

1 2XLSKHp
ylferritin with
modified IL-2
signal

MRMOLLLLIALSLALVINSDSTTIQQONKDTLSQIVVFPTGNY
DKNEANAMVNRLANIDGKYLNALKOQNNLKIKLLSGKLTDEK
EYAYLKGVVPKGWEGTGKTWDDVPGLGGSTVALRIGFSNK
GKGHDAINLELHETAHAIDHIVLNDISK SAQFKQIFAKEGRSL
GNVNYLGVYPEEFFAESFAYYYLNQDTNSKLKSACPQTYSFL
OQNLAKGGGSGGGGSGLSKDIIKLLNEQVNKEMNSSNLYMSM
SSWCYTHSLDGAGLFLFDHAAEEYEHAKKLIIFLNENNVPVQ
LTSISAPEHKFEGLTQIFQKAYEHEQHISESINNIVDHAIKSKD
HATFNFLQWY VAEQHEEEVLFKDILDKIELIGNENHGLYLAD
QY VKGIAKSRKSLEVLFQGPGS

SEQ ID NO:18

PPEP-

1 2XLSKHp
ylferritin with
modified IL-2
signal and
6xH tag

MRMOLLLLTIALSLALVTNSDSTTIQONKDTLSQIVVFPTGNY
DKNEANAMVNRLANIDGKYLNALKOQNNLKIKLLSGKLTDEK
EYAYLKGVVPKGWEGTGKTWDDVPGLGGSTVALRIGFSNK
GKGHDAINLELHETAHAIDHIVLNDISKSAQFKQIFAKEGRSL
GNVNYLGVYPEEFFAESFAYYYLNQDTNSKLKSACPQTYSFL
QNLAKGGGSGGGGSGLSKDIIKLLNEQVNKEMNSSNL YMSM
SSWCYTHSLDGAGLFLFDHAAEEYEHAKKLIIFLNENNVPVQ
LTSISAPEHKFEGLTQIFQKAYEHEQHISESINNIVDHAIK SKD
HATFNFLQWY VAEQHEEEVLFKDILDKIELIGNENHGLYLAD
QYVKGIAKSRKSLEVLFQGPGSHHHHHH

SEQ ID NO:19

PPEP-1
_VRCHpylfe
rritin with
modified IL-2
signal

MRMOLLLLIALSLALVTNSDSTTIQQNKDTLSQIVVFPTGNY
DKNEANAMVNRLANIDGK YLNALKQNNLKIKLLSGKLTDEK
EYAYLKGVVPKGWEGTGK TWDDVPGLGGSTVALRIGFSNK

GKGHDAINLELHETAHAIDHIVLNDISK SAQFKQIFAKEGRSL

GNVNYLGVYPEEFFAESFAYYYLNQDTNSKLKSACPQTY SFL
ONLAKSGGDIIKLLNEQVNKEMQSSNLYMSMSSWCYTHSLD
GAGLFLFDHA AEEYEHAKKLIIFLNENNVPVQLTSISAPEHKF

EGLTQIFQKAYEHEQHISESINNIVDHAIKSKDHATFNFLOWY
VAEQHEEEVLFKDILDKIELIGNENHGLYLADQY VKGIAKSR

KSGSLEVLFQGPGS

SEQ ID NO:20

PPEP-1
_VRCHpylfe
rritin with
modified IL-2
signal with
6xH tag

MRMOLLLLIALSLALVTNSDSTTIQQNKDTLSQIVVFPTGNY
DKNEANAMVNRLANIDGKYLNALKOQNNLKIKLLSGKLTDEK
EYAYLKGVVPKGWEGTGKTWDDVPGLGGSTVALRIGFSNK
GKGHDAINLELHETAHAIDHIVLNDISK SAQFKQIFAKEGRSL
GNVNYLGVYPEEFFAESFAYYYLNQDTNSKLKSACPQTY SFL
ONLAKSGGDIIKLLNEQVNKEMQSSNLYMSMSSWCYTHSLD
GAGLFLFDHAAEEYEHAKKLIIFLNENNVPVQLTSISAPEHKF
EGLTQIFQKAYEHEQHISESINNIVDHAIKSKDHATFNFLOQWY
VAEQHEEEVLFKDILDKIELIGNENHGLYLADQY VKGIAKSR
KSGSLEVLFQGPGSHHHHHH

SEQ ID NO:21

Wild type
(WT) CdeM

MENKKYANGGYSEDWYERGESTAKWFQNDREEYERAAYD
EDRERRGSNCGCSDSGGNRPRNCERFRREAEIREREAREAFC
ESSERKKEALAYECEARKLWEEAEKYWDEYSKYNYKGIEYL
AEAARLFDEGMECEARRNGNNGGNNNNCCHKCHKCNCNC
CRK

SEQ ID NO:22

Modified
CdeM (N to

MENKKYANGGYSEDWYERGESTAKWFONDREEYERAAYD
EDRERRGSqCGCSDSGGNRPRNCERFRREAFIREREAREAFCE
SSERKKEALAYECEARKLWEEAEKYWDEYSKYqYKGIEYLA
EAARLFDEGMECEARRNGNNGGNNNNCCHKCHKCNCNCCR
K

SEQ ID NO:23
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Q at position

48 and115)

Wild type MRMOLLLLIALSLALVINSMENKKYANGGYSEDWYERGES SEQ ID NO:24

(WT) CdeM | TAKWFONDREEYERAAYDEDRERRGSNCGCSDSGGNRPRN

with the CERFRREAEIREREAREAFCESSERKKEALAYECEARKLWEE

modified IL-2 | AEKYWDEYSKYNYKGIEYLAEAARLFDEGMECEARRNGNN

secretion GGNNNNCCHKCHKCNCNCCRK

signal

Modified MRMOLLLLIALSLALVINSMENKKYANGGYSEDWYERGES SEQ ID NO:25

CdeM with TAKWFQNDREEYERAAYDEDRERRGSqCGCSDSGGNRPRNC

the modified | ERFRREAEIREREAREAFCESSERKKEALAYECEARKLWEEA

IL-2 secretion | EKYWDEYSKY qYKGIEYLAEA ARLFDEGMECEARRNGNNG

signal GNNNNCCHKCHKCNCNCCRK

CWP84 or MRKYKSKKLSKLLALLTVCFLIVSTIPVSAENHKTLDGVETA SEQ ID NO:26

cell surface EYSESYLQYLEDVKNGDTAKYNGVIPFPHEMEGTTLRNKGR

protein SSLPSAYKSSVAYNPMDLGLTTPAKNQGSLNTCWSFSGMSTL

cwp84 EAYLKLKGYGTYDLSEEHLRWWATGGKYGWNLDDMSGSS

[Clostridioide | NVTAIGYLTAWAGPKLEKDIPYNLKSEAQGATKPSNMDTAP

s difficile] TQFNVTDVVRLNKDKETVKNAIMQYGSVTSGYAHYSTYFN
KDETAYNCTNKRAPLNHAVAIVGWDDNYSKDNFASDVKPE
SNGAWLVKSSWGEFNSMKGFFWISYEDKTLLTDTDNY AMK
SVSKPDSDKKMYQLEYAGLSKIMSNKVTAANVFDFSRDSEK
LDSVMFETDSVGAKYEVYYAPVVNGVPONNSMTKLASGTV
SYSGYINVPTNSYSLPKGKGAIVVVIDNTANPNREKSTLAYET
NIDAYYLYEAKANLGESYILQNNKFEDINTYSEFSPCNFVIKA
ITKTSSGQATSGESLTGADRYETAVKVSQKGWTSSQNAVLV
NGDAIVDALTATPFTAAIDSPILLTGKDNLDSKTKAELQRLGT
KKVYLIGGENSLSKNVQTQLSNMGISVERISGSDRYKTSISLA
QKLNSIKSVSQVAVANGVNGLADAISVGAAAADNNMPIILTN
EKSELQGADEFLNSSKITKSYIIGGTATLSSNLESKLSN
PTRLAGSNRNETNAKIIDKFYPSSDLKYAFVVKDGSKSQGDLI
DGLAVGALGAKTDSPVVLVGNKLDESQKNVLKSKKIETPIRV
GGNGNESAFNELNTLLGK

modified MRKYKSKKLSKLLALLTVCFLIVSTIPVSAENHKTLDGVETA SEQ ID NO:27

CWP84 EYSESYLQYLEDVKNGDTAKYNGVIPFPHEMEGTTLRNKGR

[Clostridioide | SSLPSAYKSSVAYNPMDLGLTTPAKNQGSLNTCWSFSGMSTL

s difficile] EAYLKLKGYGTYDLSEEHLRWWATGGKYGWNLDDMSGSSq

VTAIGYLTAWAGPKLEKDIPYNLKSEAQGATKPSNMDTAPT

QFqVIDVVRLNKDKETVKNAIMQY GSVTSGYAHYSTYFNKD
ETAYqCTNKRAPLNHAVAIVGWDDqYSKDNFASDVKPESNG
AWLVKSSWGEFNSMKGFFWISYEDKTLLTDTDNYAMKSVS

KPDSDKKMYQLEYAGLSKIMSNKVTAANVFDFSRDSEKLDS
VMFETDSVGAKYEVYYAPVVNGVPONNSMTKLASGTVSYS

GYINVPTNSYSLPKGKGAIVVVIDNTANPNREKSTLAYETNID
AYYLYEAKANLGESYILONNKFEDINTY SEFSPCNFVIKAITK
TSSGOQATSGESLTGADRYETAVKVSQKGWTSSQNAVLVNGD
AIVDALTATPFTAAIDSPILLTGKDNLDSKTKAELQRLGTKKY
YLIGGENSLSKNVQTQLSNMGISVERISGSDRYKTSISLAQKL

NSIKSVSQVAVANGVNGLADAISVGAAAADNNMPIILTNEKS
ELQGADEFLNSSKITKSYIIGGTATLSSNLESKLSNPTRLAGSN
RNETNAKIIDKFYPSSDLKYAFVVKDGSKSQGDLIDGLAVGA
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LGAKTDSPVVLVGNKLDESQKNVLKSKKIETPIRVGGNGqES
AFNELNTLLGK

Modified
CWP66

MNISKQIVSLLTMTFLTVTLYGNTSNASTKDTLTGSGRWETA
IKISQAGWTKSESAVLVNDNSIADALSATPFAK AKDAPILLTQ
SNKLDSRTKAFELKRLGVKNVYLIGGSIALSSEIEKQLNAENIN
FERISGNSRYDTSLKLAEKLDREKSISKIVVVNGEKGLADAVS
VGAIAAQENMPIILSDSENGTEVADNFIDSKDIAKSY VIGGTY

SISNSVERSLPqATRIAGSSRSETNAKITEEFYKDTDIKNIYVTK
DGTKNKNDLIDSLAVGVLAAKNSSPIVLAGNKLDTTQKDVL

NTKIDKVTQIGGLGNENVVEDILDIQEETK Y TVETIDELNAALI
KRADANDITKFKPEKEK TINNSFSIETKK TVTIELDGRYRQTIT

LDIPNGKFNNYAEIEGGVKLKNIKNESL VNKGSIQDLDIYDEN
GCKIENESSGEIWFVTIVEEANDVYTVNSGDITKISNNSSSTIIR

NSGNIDTVTGKKEPAISGNKPK VNDTEKETK AARGLNPRVEA
CSVPKKDY VMITIPNSPKDSRYKIY YRVVYNKPY AMDVGDKI
NIGEWTVAPTDEEPFLEKAKNGCY VEAVEVNTSTKEVSRWG
RTqATDDGF

SEQ ID NO:28

ZupT
[Clostridioide
s difficile]

MNNVIFAFLITLLAGLSTGIGSCIAFFAKKTNTKFLSISLGFSA
GVMIY VSMIEIFPKAQDALTKSMGEKLGSWSTVIAFFIGMAIL
AVIDKLIPQEENPHEIKKMENIEEKNIKKNKSLLRTGIFTAMAI
ATHNFPEGLATFISALDD VTIAIPIATATATHNIPEGISVSVPVYY
ATGDKKKAFYYSFLSGMSEPLGAIIGY VLLRNFLNDITLGIVF
AIVGGIMVFISLDELLPSAREY GEHHLSTY GLIAGMGVMAISL
LLFK

SEQ ID NO:29

bile acid
germinant
receptor

pseudoprotea
se CspC

MEKSY CITYQGDIESALQENGINRYMVLNSQLAVIY VPLDFDE
TILNNIIQVAWWEESEPMSSLIEITNNVNNGETITTAAETDYITY
ENPYNDITGRGILLAVIDSGIDYLHPDFINDDGTSKVLYLWDQ
EANTNPPPEGFIFGSEFTRSELNIAINRNDGSLSQDNIGTGTLV
SGILVGNGRINSQYRGITTESDLIVVKLKSYTDTYYAGRINYS
VSDFLAAITY VINIARTENKPLIINLTIGVKSSAVATTSILDTFN
ILSSAGVVVVSGAGNQGNTDIHYSGRFSSVGEVQDVIIQDGD
DYALDITLNTNGPDKVGAQIISPSGEVSHDIRYSPDFYTYRGKF
NLENTTYAMRFIYPYITSGKENLEIRLRDIKPGVWILRLTSELII
NGEYDIYLPNKNLIAPDTRFLDPDSVATITMYAASDDVITVGT
FNNKTDSMWIGSSKGPIRGRGIKPDIVASGVDIISTYKNGTYN
TGTGTGVSSSIVIGVLALLMEYLEKQDNVPRLSLFTQVLKTY
LILGATKLEIYTYPNVSQGYGILNLKNTIQQIANTL

SEQ ID NO:30

Modified
CspC

MEKSYCITYQGDIESALQENGINRYMVLNSQLAVIY VPLDFDE
TILNNIIQVAWWEESEPMSSLIEITNNVNNGETITTAAETDYTY
ENPYNDITGRGILLAVIDSGIDYLHPDFINDDGTSKVLYLWDQ
EANTNPPPEGFIFGSEFTRSELNIAINRNDGSLSQDNIGTGTLVS
GILVGNGRINSQYRGITTESDLIVVKLKSYTDTY YAGRIqYSVS
DFLAAITYVINIARTENKPLIIqLTIGVKSSAVATTSILDTFNILSS
AGVVVVSGAGNQGNTDIHYSGRFSSVGEVQDVIIQDGDDYA
LDITLNTNGPDKVGAQIISPSGEVSHDIRYSPDFYIYRGKFNLE
NTTYAMRFIYPYITSGKENLEIRLRDIKPGVWILRLTSELIINGE
YDIYLPNKNLIAPDTRFLDPDSVATITMYAASDDVITVGTFNN
KTDSMWIGSSKGPIRGRGIKPDIVASGVDISTYKNGTYNTGT
GTGVSSSIVIGVLALLMEYLEKQDNVPRLSLFTQVLKTYLIL
GATKLEIYTYPNVSQGYGILNLKNTIQQIANTL

SEQ ID NO:31

Modified
CspC with
IL-2 signal

MRMOLLLLIALSLALVTNSEKSYCIIYQGDIESALQENGINRY
MVLNSQLAVIYVPLDFDETILNNIIQVAWWEESEPMSSLIEITN
NVNNGETITTAAETDYIYENPYNDITGRGILLAVIDSGIDYLHP
DFINDDGTSKVLYLWDQEANTNPPPEGFIFGSEFTRSELNIAIN
RNDGSLSQDNIGTGTLVSGILVGNGRINSQYRGITTESDLIVV
KLKSYTDTYYAGRIqYSVSDFLAAITYVINIARTENKPLIIQLTI

SEQ ID NO:32
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GVKSSAVATTSILDTFNILSSAGVVVVSGAGNQGNTDIHYSG
RFSSVGEVQDVIIQDGDDY ALDITLNTNGPDK VGAQIISPSGE
VSHDIRYSPDFYTYRGKFNLENTTY AMRFIYPYITSGKENLEIR
LRDIKPGVWILRLTSELIINGEYDIYLPNKNLIAPDTRFLDPDS
VATITMY AASDDVITVGTFNNK TD SMWIGSSKGPIRGRGIKP
DIVASGVDIISTYKNGTYNTGTGTGVSSSIVIGVLALLMEYLE
KQDNVPRLSLFTQVLKTYLILGATKLEIYTYPNVSQGYGILNL
KNTIQQIANTL

In some embodiments, an RNA encoding a TcdA antigen encodes SEQ ID
NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6 or
SEQ ID NO:7, or a fragment or variant thereof. In some embodiments, a nucleic acid
molecule encoding a TcdA antigen encodes an amino acid sequence having at least 75%,
80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or more sequence identity to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID
NO:4, SEQ ID NO:5, SEQ ID NO:6 or SEQ ID NO:7. In some embodiments, the variant
of the TcdA antigen comprises a modification of at least one putative N-glycosylation
site. Exemplary putative N-glycosylation sites that can be modified include, but are not
limited to, those indicated by a lower case “q” in SEQ ID NO:1, SEQ ID NO:2, SEQ ID
NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6 or SEQ ID NO:7. In various
embodiments, the “q” can be modified to an alternative amino acid residue such as “K”,
“D” or “A.” In some embodiments, an RNA molecule encoding a TcdA antigen encodes
at least a fragment of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ
ID NO:5, SEQ ID NO:6 or SEQ ID NO:7 having at least 50%, 55%, 60%, 65%, 70%,
75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, of the full length of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID
NO:4, SEQ ID NO:5, SEQ ID NO:6 or SEQ ID NO:7.

In some embodiments, an RNA encoding a TcdB antigen encodes SEQ ID
NO:8, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13
or SEQ ID NO:14, or a fragment or variant thereof. In some embodiments, a nucleic acid
molecule encoding a TcdB antigen encodes an amino acid sequence having at least 75%,
80%, 85%, 86%, 87%, 88%., 89%. 90%, 91%, 92%. 93%, 94%. 95%. 96%, 97%, 98%,
99%, or more sequence identity to SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10, SEQ
ID NO:11, SEQ ID NO: 12, SEQ ID NO:13 or SEQ ID NO:14. In some embodiments, the

variant of the TcdB antigen comprises a modification of at least one putative N-
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glycosylation site. Exemplary putative N-glycosylation sites that can be modified include,
but are not limited to, those indicated by a lower case “q” in SEQ ID NO:8, SEQ ID
NO:9, SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13 or SEQ ID
NO:14. In various embodiments, the “q” can be modified to an alternative amino acid
residue such as “K”, “D” or “A.” In some embodiments, an RNA molecule encoding a
TcdB antigen encodes at least a fragment of SEQ ID NO:8, SEQ ID NO:9, SEQ ID
NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13 or SEQ ID NO:14 having at
least 50%, 55%, 60%, 65%, T0%, 75%, 80%., 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, of the full length of SEQ ID NO:8, SEQ
ID NO:9, SEQ ID NO: 10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13 or SEQ ID
NO:14.

In some embodiments, an RNA encoding a PPEP-1 antigen encodes SEQ
ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:18, SEQ ID NO:19, SEQ ID
NO:20 or SEQ ID NO:21, or a fragment or variant thereof. In some embodiments, a
nucleic acid molecule encoding a PPEP-1 antigen encodes an amino acid sequence
having at least 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NO:15, SEQ ID
NO:16, SEQ ID NO:17, SEQ ID NO: 18, SEQ ID NO:19, SEQ ID NO:20 or SEQ ID
NO:21. In some embodiments, the variant of the PPEP-1 antigen comprises a
modification of at least one putative N-glycosylation site. Exemplary putative N-
glycosylation sites that can be modified include, but are not limited to, those indicated by
a lower case “q” in SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:18,
SEQ ID NO:19, SEQ ID NO:20 or SEQ ID NO:21. In various embodiments, the “q” can
be modified to an alternative amino acid residue such as “K”, “D” or “A.” In some
embodiments, an RNA molecule encoding a PPEP-1 antigen encodes at least a fragment
of SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:18, SEQ ID NO:19,
SEQ ID NO:20 or SEQ ID NO:21 having at least 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, of the full length of SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID
NO:18, SEQ ID NO:19, SEQ ID NO:20 or SEQ ID NO:21.

In some embodiments, an RNA encoding a CdeM antigen encodes SEQ
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ID NO:22, SEQ ID NO:23, SEQ ID NO:24 or SEQ ID NO:25 or a fragment or variant
thereof. In some embodiments, a nucleic acid molecule encoding a CdeM antigen
encodes an amino acid sequence having at least 75%, 80%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more sequence identity to
SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24 or SEQ ID NQO:25. In some
embodiments, the variant of the CdeM antigen comprises a modification of at least one
putative N-glycosylation site. Exemplary putative N-glycosylation sites that can be
modified include, but are not limited to, those indicated by a lower case “q” in SEQ ID
NO:22, SEQ ID NO:23, SEQ ID NO:24 or SEQ ID NO:25. In various embodiments, the
“q” can be modified to an alternative amino acid residue such as “K”, “D” or “A.” In
some embodiments, an RNA molecule encoding a CdeM antigen encodes at least a
fragment of SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24 or SEQ ID NO:25 having at
least 50%, 55%, 60%, 65%, T0%, 75%, 80%., 85%., 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, of the full length of SEQ ID NO:22, SEQ
ID NO:23, SEQ ID NO:24 or SEQ ID NO:25.

In some embodiments, an RNA encoding a CWP84 antigen encodes SEQ
ID NO:26 or SEQ ID NO:27, or a fragment or variant thereof. In some embodiments, a
nucleic acid molecule encoding a CWP84 antigen encodes an amino acid sequence
having at least 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NO:26 or SEQ ID
NO:27. In some embodiments, the variant of the CWP84 antigen comprises a
modification of at least one putative N-glycosylation site. Exemplary putative N-
glycosylation sites that can be modified include, but are not limited to, those indicated by
a lower case “q” in SEQ ID NO:26 or SEQ ID NO:27. In various embodiments, the “q”
can be modified to an alternative amino acid residue such as “K”, “D” or “A.” In some
embodiments, an RNA molecule encoding a CWP84 antigen encodes at least a fragment
of SEQ ID NO:26 or SEQ ID NO:27 having at least 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, of the full length of SEQ ID NO:26 or SEQ ID NO:27. In some embodiments, the
RNA encodes a CWP84 antigen operably linked to an IL-2 leader sequence (SEQ ID
NO:33). Therefore, in some embodiments, the RNA encodes SEQ ID NO:26 or SEQ ID
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NO:27 operably linked to SEQ ID NO:33.

In some embodiments, an RNA encoding a CWP66 antigen encodes SEQ
ID NO:28, or a fragment or variant thereof. In some embodiments, a nucleic acid
molecule encoding a CWP66 antigen encodes an amino acid sequence having at least
75%, 80%, 85%, 86%., 87%, 88%., 89%, 90%, 91%, 92%, 93%, 94%. 95%, 96%, 97%,
98%, 99%, or more sequence identity to SEQ ID NO:28. In some embodiments, the
variant of the CWP66 antigen comprises a modification of at least one putative N-
glycosylation site. Exemplary putative N-glycosylation sites that can be modified include,
but are not limited to, those indicated by a lower case “q” in SEQ ID NO:28. In various
embodiments, the “q” can be modified to an alternative amino acid residue such as “K”,
“D” or “A.” In some embodiments, an RNA molecule encoding a CWP66 antigen
encodes at least a fragment of SEQ ID NO:28 having at least 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%., 86%., 87%., 88%., 89%, 90%, 91%, 92%., 93%., 94%, 95%, 96%,
97%, 98%, 99%, of the full length of SEQ ID NO:28. In some embodiments, the RNA
encodes a CWP66 antigen operably linked to an IL-2 leader sequence (SEQ ID NO:33).
Therefore, in some embodiments, the RNA encodes SEQ ID NO:28 operably linked to
SEQ ID NO:33.

In some embodiments, an RNA encoding a ZupT antigen encodes SEQ ID
NO:29, or a fragment or variant thereof. In some embodiments, a nucleic acid molecule
encoding a ZupT antigen encodes an amino acid sequence having at least 75%, 80%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
more sequence identity to SEQ ID NO:29. In some embodiments, the variant of the ZupT
antigen comprises a modification of at least one putative N-glycosylation site. In some
embodiments, an RNA molecule encoding a ZupT antigen encodes at least a fragment of
SEQ ID NO:29 having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, of the full length of
SEQ ID NO:29. In some embodiments, the RNA encodes a ZupT antigen operably linked
to an IL-2 leader sequence (SEQ ID NO:33). Therefore, in some embodiments, the RNA
encodes SEQ ID NO:29 operably linked to SEQ ID NO:33.

In some embodiments, an RNA encoding a CspC antigen encodes SEQ ID

NO:30, SEQ ID NO:31 or SEQ ID NO:32, or a fragment or variant thereof. In some
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embodiments, a nucleic acid molecule encoding a CspC antigen encodes an amino acid
sequence having at least 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NO:30, SEQ ID
NO:31 or SEQ ID NO:32. In some embodiments, the variant of the CspC antigen
comprises a modification of at least one putative N-glycosylation site. Exemplary
putative N-glycosylation sites that can be modified include, but are not limited to, those
indicated by a lower case “q” in SEQ ID NO:30, SEQ ID NO:31 or SEQ ID NO:32. In
various embodiments, the “q” can be modified to an alternative amino acid residue such
as “K”, “D” or “A.” In some embodiments, an RNA molecule encoding a CspC antigen
encodes at least a fragment of SEQ ID NO:30, SEQ ID NO:31 or SEQ ID NO:32 having
at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, of the full length of SEQ ID NO:30, SEQ
ID NO:31 or SEQ ID NO:32.

In some embodiments, an RNA molecule comprises a S UTR, a 3°’UTR, and/or a
polyA tail. Exemplary sequences of RNA molecules encoding the C. difficile antigens
including 5 UTR, 3’UTR and a polyA tail are provided in Table 2, with the 5> UTR and
3’UTR sequences indicated with underlining.

In some embodiments, an RNA molecule encoding a C. difficile antigen

comprises a nucleotide sequence as set forth in Table 2.

Table 2. Nucleotide sequences of C. difficile antigens
Sequence Sequence SEQ ID NO:

Name

TcdA RNA AUGCGCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCC | SEQIDNO:34
UGGCCCUGGUGACCAACUCCUUCAACCUGGUGACCGGC
UGGCAGACCAUCAACGGCAAGAAGUACUACUUCGACAUC
scquence (IL- [ AACACCGGCGCCGCCCUGACCUCCUACAAGAUCAUCAAC
GGCAAGCACUUCUACUUCAACAACGACGGCGUGAUGCAG
CUGGGCGUGUUCAAGGGCCCCGACGGCUUCGAGUACUUC
sequence in GCCCCCGCCAACACCCAGAACAACAACAUCGAGGGCCAG
bold) GCCAUCGUGUACCAGUCCAAGUUCCUGACCCUGAACGGC

AAGAAGUACUACUUCGACCAGAACUCCAAGGCCGUGACC
GGCUGGCGCAUCAUCAACAACGAGAAGUACUACUUCAAC
CCCAACAACGCCAUCGCCGCCAGUGGGCCUGCAGGUGAUC
GACAACAACAAGUACUACUUCAACCCCGACACCGCCAUC
AUCUCCAAGGGCUGGCAGACCGUGCAGGGCUCCCGCUAC
UACUUCGACACCGACACCGCCAUCGCCUUCAACGGCUAC

coding

2 coding
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AAGACCAUCGACGGCAAGCACUUCUACUUCGACUCCGAC
UGCGUGGUGAAGAUCGGCGUGUUCUCCACCUCCAACGGC
UUCGAGUACUUCGCCCCCGCCAACACCUACAACAACAAC
AUCGAGGGCCAGGCCAUCGUGUACCAGUCCAAGUUCCUG
ACCCUGAACGGCAAGAAGUACUACUUCGACCAGAACUCC
AAGGCCGUGACCGGCCUGCAGACCAUCGACUCCAAGAAG
UACUACUUCAACACCAACACCGCCGAGGCCGCCACCGGC
UGGCAGACCAUCGACGGCAAGAAGUACUACUUCAACACC
AACACCGCCGAGGCCGCCACCGGCUGGCAGACCAUCGAC
GGCAAGAAGUACUACUUCAACACCAACACCGCCAUCGCC
UCCACCGGCUACACCAUCAUCAACGGCAAGCACUUCUAC
UUCAACACCGACGGCAUCAUGCAGAUCGGCGUGUUCAAG
GGCCCCAACGGCUUCGAGUACUUCGCCCCCGCCAACACC
GACGCCAACAACAUCGAGGGCCAGGCCAUCCUGUACCAG
AACGAGUUCCUGACCCUGAACGGCAAGAAGUACUACUUC
GGCUCCGACUCCAAGGCCGUGACCGGCUGGCGCAUCAUC
AACAACAAGAAGUACUACUUCAACCCCAACAACGCCAUC
GCCGCCAUCCACCUGUGCACCAUCAACAACGACAAGUAC
UACUUCUCCUACGACGGCAUCCUGCAGAACGGCUACAUC
ACCAUCGAGCGCAACAACUUCUACUUCGACGCCAACCAG
GAGUCCAAGAUGGUGACCGGCGUGUUCAAGGGCCCCAAC
GGCUUCGAGUACUUCGCCCCCGCCAACACCCACAACAAC
AACAUCGAGGGCCAGGCCAUCGUGUACCAGAACAAGUUC
CUGACCCUGAACGGCAAGAAGUACUACUUCGACCAGGAC
UCCAAGGCCGUGACCGGCUGGCAGACCAUCGACGGCAAG
AAGUACUACUUCAACCUGAACACCGCCGAGGCCGCCACC
GGCUGGCAGACCAUCGACGGCAAGAAGUACUACUUCAAC
CUGAACACCGCCGAGGCCGCCACCGGCUGGCAGACCAUC
GACGGCAAGAAGUACUACUUCAACACCAACACCUUCAUC
GCCUCCACCGGCUACACCUCCAUCAACGGCAAGCACUUC
UACUUCAACACCGACGGCAUCAUGCAGAUCGGCGUGUUC
AAGGGCCCCAACGGCUUCGAGUACUUCGCCCCCGCCAAC
ACCGACGCCAACAACAUCGAGGGCCAGGCCAUCCUGUAC
CAGAACAAGUUCCUGACCCUGAACGGCAAGAAGUACUAC
UUCGGCUCCGACUCCAAGGCCGUGACCGGCCUGCGCACC
AUCGACGGCAAGAAGUACUACUUCAACACCAACACCGCC
GUGGCCGUGACCGGCUGGCAGACCAUCAACGGCAAGAAG
UACUACUUCAACACCCAGACCUCCAUCGCCUCCACCGGC
UACACCAUCAUCUCCGGCAAGCACUUCUACUUCAACACC
GACGGCAUCAUGCAGAUCGGCGUGUUCAAGGGCCCCGAC
GGCUUCGAGUACUUCGCCCCCGCCAACACCGACGCCAAC
AACAUCGAGGGCCAGGCCAUCCGCUACCAGAACCGCUUC
CUGUACCUGCACGACAACAUCUACUACUUCGGCCAGAAC
UCCAAGGCCGCCACCGGCUGGGUGACCAUCGACGGCAAC
CGCUACUACUUCGAGCCCAACACCGCCAUGGGCGCCAAC
GGCUACAAGACCAUCGACAACAAGAACUUCUACUUCCGC
AACGGCCUGCCCCAGAUCGGCGUGUUCAAGGGCUCCAAC
GGCUUCGAGUACUUCGCCCCCGCCAACACCGACGCCAAC
AACAUCGAGGGCCAGGCCAUCCGCUACCAGAACCGCUUC
CUGCACCUGCUGGGCAAGAUCUACUACUUCGGCCAGAAC
UCCAAGGCCGUGACCGGCUGGCAGACCAUCAACGGCAAG
GUGUACUACUUCAUGCCCGACACCGCCAUGGCCGCCGCC
GGCGGCCUGUUCGAGAUCGACGGCGUGAUCUACUUCUUC
GGCGUGGACGGCGUGAAGGCCCCCGGCAUCUACGGCUAA
UAA
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TcdA RNA; | AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA | SEQID NO: 35
(5’UTR AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU

’ UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA
coding AAUUUUCACCAUUUACGAACGAUAGCGCUGCCACCAUGC
GCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCCcUGGe
CCUGGUGACCAACUCCUUCAACCUGGUGACCGGCUGGC
3’UTR and AGACCAUCAACGGCAAGAAGUACUACUUCGACAUCAACA
polyA: IL-2 CCGGCGCCGCCCUGACCUCCUACAAGAUCAUCAACGGCA

’ AGCACUUCUACUUCAACAACGACGGCGUGAUGCAGCUGG
coding GCGUGUUCAAGGGCCCCGACGGCUUCGAGUACUUCGCCC
CCGCCAACACCCAGAACAACAACAUCGAGGGCCAGGCCA
UCGUGUACCAGUCCAAGUUCCUGACCCUGAACGGCAAGA
bold) AGUACUACUUCGACCAGAACUCCAAGGCCGUGACCGGCU
GGCGCAUCAUCAACAACGAGAAGUACUACUUCAACCCCA
ACAACGCCAUCGCCGCCGUGGGCCUGCAGGUGAUCGACA
ACAACAAGUACUACUUCAACCCCGACACCGCCAUCAUCU
CCAAGGGCUGGCAGACCGUGCAGGGCUCCCGCUACUACU
UCGACACCGACACCGCCAUCGCCUUCAACGGCUACAAGA
CCAUCGACGGCAAGCACUUCUACUUCGACUCCGACUGCG
UGGUGAAGAUCGGCGUGUUCUCCACCUCCAACGGCUUCG
AGUACUUCGCCCCCGCCAACACCUACAACAACAACAUCG
AGGGCCAGGCCAUCGUGUACCAGUCCAAGUUCCUGACCC
UGAACGGCAAGAAGUACUACUUCGACCAGAACUCCAAGG
CCGUGACCGGCCUGCAGACCAUCGACUCCAAGAAGUACU
ACUUCAACACCAACACCGCCGAGGCCGCCACCAGGCUGGC
AGACCAUCGACGGCAAGAAGUACUACUUCAACACCAACA
CCGCCGAGGCCGCCACCGGCUGGCAGACCAUCGACGGCA
AGAAGUACUACUUCAACACCAACACCGCCAUCGCCUCCA
CCGGCUACACCAUCAUCAACGGCAAGCACUUCUACUUCA
ACACCGACGGCAUCAUGCAGAUCGGCGUGUUCAAGGGCC
CCAACGGCUUCGAGUACUUCGCCCCCGCCAACACCGACG
CCAACAACAUCGAGGGCCAGGCCAUCCUGUACCAGAACG
AGUUCCUGACCCUGAACGGCAAGAAGUACUACUUCGGCU
CCGACUCCAAGGCCGUGACCGGCUGGCGCAUCAUCAACA
ACAAGAAGUACUACUUCAACCCCAACAACGCCAUCGCCG
CCAUCCACCUGUGCACCAUCAACAACGACAAGUACUACU
UCUCCUACGACGGCAUCCUGCAGAACGGCUACAUCACCA
UCGAGCGCAACAACUUCUACUUCGACGCCAACCAGGAGU
CCAAGAUGGUGACCGGCGUGUUCAAGGGCCCCAACGGCU
UCGAGUACUUCGCCCCCGCCAACACCCACAACAACAACA
UCGAGGGCCAGGCCAUCGUGUACCAGAACAAGUUCCUGA
CCCUGAACGGCAAGAAGUACUACUUCGACCAGGACUCCA
AGGCCGUGACCGGCUGGCAGACCAUCGACGGCAAGAAGU
ACUACUUCAACCUGAACACCGCCGAGGCCGCCACCGGCU
GGCAGACCAUCGACGGCAAGAAGUACUACUUCAACCUGA
ACACCGCCGAGGCCGCCACCGGCUGGCAGACCAUCGACG
GCAAGAAGUACUACUUCAACACCAACACCUUCAUCGCCU
CCACCGGCUACACCUCCAUCAACGGCAAGCACUUCUACU
UCAACACCGACGGCAUCAUGCAGAUCGGCGUGUUCAAGG
GCCCCAACGGCUUCGAGUACUUCGCCCCCGCCAACACCG
ACGCCAACAACAUCGAGGGCCAGGCCAUCCUGUACCAGA
ACAAGUUCCUGACCCUGAACGGCAAGAAGUACUACUUCG
GCUCCGACUCCAAGGCCGUGACCGGCCUGCGCACCAUCG
ACGGCAAGAAGUACUACUUCAACACCAACACCGCCGUGG
CCGUGACCGGCUGGCAGACCAUCAACGGCAAGAAGUACU
ACUUCAACACCCAGACCUCCAUCGCCUCCACCGGCUACAC

sequence.

sequence in
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CAUCAUCUCCGGCAAGCACUUCUACUUCAACACCGACGG
CAUCAUGCAGAUCGGCGUGUUCAAGGGCCCCGACGGCUU
CGAGUACUUCGCCCCCGCCAACACCGACGCCAACAACAU
CGAGGGCCAGGCCAUCCGCUACCAGAACCGCUUCCUGUA
CCUGCACGACAACAUCUACUACUUCGGCCAGAACUCCAA
GGCCGCCACCGGCUGGGUGACCAUCGACGGCAACCGCUA
CUACUUCGAGCCCAACACCGCCAUGGGCGCCAACGGCUA
CAAGACCAUCGACAACAAGAACUUCUACUUCCGCAACGG
CCUGCCCCAGAUCGGCGUGUUCAAGGGCUCCAACGGCUU
CGAGUACUUCGCCCCCGCCAACACCGACGCCAACAACAU
CGAGGGCCAGGCCAUCCGCUACCAGAACCGCUUCCUGCA
CCUGCUGGGCAAGAUCUACUACUUCGGCCAGAACUCCAA
GGCCGUGACCGGCUGGCAGACCAUCAACGGCAAGGUGUA
CUACUUCAUGCCCGACACCGCCAUGGCCGCCGCCGGLGG
CCUGUUCGAGAUCGACGGCGUGAUCUACUUCUUCGGCGU
GGACGGCGUGAAGGCCCCCGGCAUCUACGGCUAAUAAAC
UAGUAGUGACUGACUAGGAUCUGGUUACCACUAAACCAG
CCUCAAGAACACCCGAAUGGAGUCUCUAAGCUACAUAAU
ACCAACUUACACUUACAAAAUGUUGUCCCCCAAAAUGUA
GCCAUUCGUAUCUGCUCCUAAUAAAAAGAAAGUUUCUUC
ACAUUCUAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

MutTcdA H | AUGCGCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCC | SEQID NO: 36
pylferritin UGGCCCUGGUGACCAACUCCUUCAACCUGGUGACCGGC
mRNA with | UGGCAGACCAUCAACGGCAAGAAGUACUACUUCGACAUC
modified IL-2 | AACACCGGCGCCGCCCUGACCUCCUACAAGAUCAUCAAC
signal GGCAAGCACUUCUACUUCAACAACGACGGCGUGAUGCAG
CUGGGCGUGUUCAAGGGCCCCGACGGCUUCGAGUACUUC
GCCCCCGCCAACACCCAGAACAACAACAUCGAGGGCCAG
GCCAUCGUGUACCAGUCCAAGUUCCUGACCCUGAACGGC
AAGAAGUACUACUUCGACCAGAACUCCAAGGCCGUGACC
GGCUGGCGCAUCAUCAACAACGAGAAGUACUACUUCAAC
CCCAACAACGCCAUCGCCGCCAGUGGGCCUGCAGGUGAUC
GACAACAACAAGUACUACUUCAACCCCGACACCGCCAUC
AUCUCCAAGGGCUGGCAGACCGUGCAGGGCUCCCGCUAC
UACUUCGACACCGACACCGCCAUCGCCUUCAACGGCUAC
AAGACCAUCGACGGCAAGCACUUCUACUUCGACUCCGAC
UGCGUGGUGAAGAUCGGCGUGUUCUCCACCUCCAACGGC
UUCGAGUACUUCGCCCCCGCCAACACCUACAACAACAAC
AUCGAGGGCCAGGCCAUCGUGUACCAGUCCAAGUUCCUG
ACCCUGAACGGCAAGAAGUACUACUUCGACCAGAACUCC
AAGGCCGUGACCGGCCUGCAGACCAUCGACUCCAAGAAG
UACUACUUCAACACCAACACCGCCGAGGCCGCCACCGGC
UGGCAGACCAUCGACGGCAAGAAGUACUACUUCAACACC
AACACCGCCGAGGCCGCCACCGGCUGGCAGACCAUCGAC
GGCAAGAAGUACUACUUCAACACCAACACCGCCAUCGCC
UCCACCGGCUACACCAUCAUCAACGGCAAGCACUUCUAC
UUCAACACCGACGGCAUCAUGCAGAUCGGCGUGUUCAAG
GGCCCCAACGGCUUCGAGUACUUCGCCCCCGCCAACACC
GACGCCAACAACAUCGAGGGCCAGGCCAUCCUGUACCAG
AACGAGUUCCUGACCCUGAACGGCAAGAAGUACUACUUC
GGCUCCGACUCCAAGGCCGUGACCGGCUGGCGCAUCAUC
AACAACAAGAAGUACUACUUCAACCCCAACAACGCCAUC
GCCGCCAUCCACCUGUGCACCAUCAACAACGACAAGUAC
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UACUUCUCCUACGACGGCAUCCUGCAGAACGGCUACAUC
ACCAUCGAGCGCAACAACUUCUACUUCGACGCCAACCAG
GAGUCCAAGAUGGUGACCGGCGUGUUCAAGGGCCCCAAC
GGCUUCGAGUACUUCGCCCCCGCCAACACCCACAACAAC
AACAUCGAGGGCCAGGCCAUCGUGUACCAGAACAAGUUC
CUGACCCUGAACGGCAAGAAGUACUACUUCGACCAGGAC
UCCAAGGCCGUGACCGGCUGGCAGACCAUCGACGGCAAG
AAGUACUACUUCAACCUGAACACCGCCGAGGCCGCCACC
GGCUGGCAGACCAUCGACGGCAAGAAGUACUACUUCAAC
CUGAACACCGCCGAGGCCGCCACCGGCUGGCAGACCAUC
GACGGCAAGAAGUACUACUUCAACACCAACACCUUCAUC
GCCUCCACCGGCUACACCUCCAUCAACGGCAAGCACUUC
UACUUCAACACCGACGGCAUCAUGCAGAUCGGCGUGUUC
AAGGGCCCCAACGGCUUCGAGUACUUCGCCCCCGCCAAC
ACCGACGCCAACAACAUCGAGGGCCAGGCCAUCCUGUAC
CAGAACAAGUUCCUGACCCUGAACGGCAAGAAGUACUAC
UUCGGCUCCGACUCCAAGGCCGUGACCGGCCUGCGCACC
AUCGACGGCAAGAAGUACUACUUCAACACCAACACCGCC
GUGGCCGUGACCGGCUGGCAGACCAUCAACGGCAAGAAG
UACUACUUCAACACCCAGACCUCCAUCGCCUCCACCGGC
UACACCAUCAUCUCCGGCAAGCACUUCUACUUCAACACC
GACGGCAUCAUGCAGAUCGGCGUGUUCAAGGGCCCCGAC
GGCUUCGAGUACUUCGCCCCCGCCAACACCGACGCCAAC
AACAUCGAGGGCCAGGCCAUCCGCUACCAGAACCGCUUC
CUGUACCUGCACGACAACAUCUACUACUUCGGCCAGAAC
UCCAAGGCCGCCACCGGCUGGGUGACCAUCGACGGCAAC
CGCUACUACUUCGAGCCCAACACCGCCAUGGGCGCCAAC
GGCUACAAGACCAUCGACAACAAGAACUUCUACUUCCGC
AACGGCCUGCCCCAGAUCGGCGUGUUCAAGGGCUCCAAC
GGCUUCGAGUACUUCGCCCCCGCCAACACCGACGCCAAC
AACAUCGAGGGCCAGGCCAUCCGCUACCAGAACCGCUUC
CUGCACCUGCUGGGCAAGAUCUACUACUUCGGCCAGAAC
UCCAAGGCCGUGACCGGCUGGCAGACCAUCAACGGCAAG
GUGUACUACUUCAUGCCCGACACCGCCAUGGCCGCCGCC
GGCGGCCUGUUCGAGAUCGACGGCGUGAUCUACUUCUUC
GGCGUGGACGGCGUGAAGGCCCCCGGCAUCUACGGCUCC
GGCGACAUCAUCAAGCUGCUGAACGAGCAGGUGAACAAG
GAGAUGAACUCCUCCAACCUGUACAUGUCCAUGUCCUCC
UGGUGCUACACCCACUCCCUGGACGGCGCCGGCCuGUUC
CUGUUCGACCACGCCGCCGAGGAGUACGAGCACGCCAAG
AAGCUGAUCAUCUUCCUGAACGAGAACAACGUGCCCGUG
CAGCUGACCUCCAUCUCCGCCCCCGAGCACAAGUUCGAG
GGCCUGACCCAGAUCUUCCAGAAGGCCUACGAGCACGAG
CAGCACAUCUCCGAGUCCAUCAACAACAUCGUGGACCAC
GCCAUCAAGUCCAAGGACCACGCCACCUUCAACUUCCUG
CAGUGGUACGUGGCCGAGCAGCACGAGGAGGAGGUGCUG
UUCAAGGACAUCCUGGACAAGAUCGAGCUGAUCGGCAAC
GAGAACCACGGCCUGUACCUGGCCGACCAGUACGUGAAG
GGCAUCGCCAAGUCCCGCAAGUCCCUGGAGGUGCUGUUC
CAGGGCCCCGGCUCCUAAUAA

MutTcdA H | AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA | SEQID NO: 37
pylferritin AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU
mRNA with | UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA
modified IL-2 | AAUUUUCACCAUUUACGAACGAUAGCGCUGCCACCAUGC
signal GCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCCUGGL
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CCUGGUGACCAACUCCUUCAACCUGGUGACCGGCUGGC
AGACCAUCAACGGCAAGAAGUACUACUUCGACAUCAACA
CCGGCGCCGCCCUGACCUCCUACAAGAUCAUCAACGGCA
AGCACUUCUACUUCAACAACGACGGCGUGAUGCAGCUGG
GCGUGUUCAAGGGCCCCGACGGCUUCGAGUACUUCGCCC
CCGCCAACACCCAGAACAACAACAUCGAGGGCCAGGCCA
UCGUGUACCAGUCCAAGUUCCUGACCCUGAACGGCAAGA
AGUACUACUUCGACCAGAACUCCAAGGCCGUGACCGGCU
GGCGCAUCAUCAACAACGAGAAGUACUACUUCAACCCCA
ACAACGCCAUCGCCGCCGUGGGCCUGCAGGUGAUCGACA
ACAACAAGUACUACUUCAACCCCGACACCGCCAUCAUCU
CCAAGGGCUGGCAGACCGUGCAGGGCUCCCGCUACUACU
UCGACACCGACACCGCCAUCGCCUUCAACGGCUACAAGA
CCAUCGACGGCAAGCACUUCUACUUCGACUCCGACUGCG
UGGUGAAGAUCGGCGUGUUCUCCACCUCCAACGGCUUCG
AGUACUUCGCCCCCGCCAACACCUACAACAACAACAUCG
AGGGCCAGGCCAUCGUGUACCAGUCCAAGUUCCUGACCC
UGAACGGCAAGAAGUACUACUUCGACCAGAACUCCAAGG
CCGUGACCGGCCUGCAGACCAUCGACUCCAAGAAGUACU
ACUUCAACACCAACACCGCCGAGGCCGCCACCGGCUGGC
AGACCAUCGACGGCAAGAAGUACUACUUCAACACCAACA
CCGCCGAGGCCGCCACCGGCUGGCAGACCAUCGACGGCA
AGAAGUACUACUUCAACACCAACACCGCCAUCGCCUCCA
CCGGCUACACCAUCAUCAACGGCAAGCACUUCUACUUCA
ACACCGACGGCAUCAUGCAGAUCGGCGUGUUCAAGGGCC
CCAACGGCUUCGAGUACUUCGCCCCCGCCAACACCGACG
CCAACAACAUCGAGGGCCAGGCCAUCCUGUACCAGAACG
AGUUCCUGACCCUGAACGGCAAGAAGUACUACUUCGGCU
CCGACUCCAAGGCCGUGACCGGCUGGCGCAUCAUCAACA
ACAAGAAGUACUACUUCAACCCCAACAACGCCAUCGCCG
CCAUCCACCUGUGCACCAUCAACAACGACAAGUACUACU
UCUCCUACGACGGCAUCCUGCAGAACGGCUACAUCACCA
UCGAGCGCAACAACUUCUACUUCGACGCCAACCAGGAGU
CCAAGAUGGUGACCGGCGUGUUCAAGGGCCCCAACGGCU
UCGAGUACUUCGCCCCCGCCAACACCCACAACAACAACA
UCGAGGGCCAGGCCAUCGUGUACCAGAACAAGUUCCUGA
CCCUGAACGGCAAGAAGUACUACUUCGACCAGGACUCCA
AGGCCGUGACCGGCUGGCAGACCAUCGACGGCAAGAAGU
ACUACUUCAACCUGAACACCGCCGAGGCCGCCACCGGCU
GGCAGACCAUCGACGGCAAGAAGUACUACUUCAACCUGA
ACACCGCCGAGGCCGCCACCGGCUGGCAGACCAUCGACG
GCAAGAAGUACUACUUCAACACCAACACCUUCAUCGCCU
CCACCGGCUACACCUCCAUCAACGGCAAGCACUUCUACU
UCAACACCGACGGCAUCAUGCAGAUCGGCGUGUUCAAGG
GCCCCAACGGCUUCGAGUACUUCGCCCCCGCCAACACCG
ACGCCAACAACAUCGAGGGCCAGGCCAUCCUGUACCAGA
ACAAGUUCCUGACCCUGAACGGCAAGAAGUACUACUUCG
GCUCCGACUCCAAGGCCGUGACCGGCCUGCGCACCAUCG
ACGGCAAGAAGUACUACUUCAACACCAACACCGCCGUGG
CCGUGACCGGCUGGCAGACCAUCAACGGCAAGAAGUACU
ACUUCAACACCCAGACCUCCAUCGCCUCCACCGGCUACAC
CAUCAUCUCCGGCAAGCACUUCUACUUCAACACCGACGG
CAUCAUGCAGAUCGGCGUGUUCAAGGGCCCCGACGGCUU
CGAGUACUUCGCCCCCGCCAACACCGACGCCAACAACAU
CGAGGGCCAGGCCAUCCGCUACCAGAACCGCUUCCUGUA
CCUGCACGACAACAUCUACUACUUCGGCCAGAACUCCAA
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GGCCGCCACCGGCUGGGUGACCAUCGACGGCAACCGCUA
CUACUUCGAGCCCAACACCGCCAUGGGCGCCAACGGCUA
CAAGACCAUCGACAACAAGAACUUCUACUUCCGCAACGG
CCUGCCCCAGAUCGGCGUGUUCAAGGGCUCCAACGGCUU
CGAGUACUUCGCCCCCGCCAACACCGACGCCAACAACAU
CGAGGGCCAGGCCAUCCGCUACCAGAACCGCUUCCUGCA
CCUGCUGGGCAAGAUCUACUACUUCGGCCAGAACUCCAA
GGCCGUGACCGGCUGGCAGACCAUCAACGGCAAGGUGUA
CUACUUCAUGCCCGACACCGCCAUGGCCGCCGCCGGCGG
CCUGUUCGAGAUCGACGGCGUGAUCUACUUCUUCGGCGU
GGACGGCGUGAAGGCCCCCGGCAUCUACGGCUCCGGCGA
CAUCAUCAAGCUGCUGAACGAGCAGGUGAACAAGGAGAU
GAACUCCUCCAACCUGUACAUGUCCAUGUCCUCCUGGUG
CUACACCCACUCCCUGGACGGCGLCCGGCcusUuuccuGuy
CGACCACGCCGCCGAGGAGUACGAGCACGCCAAGAAGCU
GAUCAUCUUCCUGAACGAGAACAACGUGCCCGUGCAGCU
GACCUCCAUCUCCGCCCCCGAGCACAAGUUCGAGGGCCU
GACCCAGAUCUUCCAGAAGGCCUACGAGCACGAGCAGCA
CAUCUCCGAGUCCAUCAACAACAUCGUGGACCACGCCAU
CAAGUCCAAGGACCACGCCACCUUCAACUUCCUGCAGUG
GUACGUGGCCGAGCAGCACGAGGAGGAGGUGCUGUUCAA
GGACAUCCUGGACAAGAUCGAGCUGAUCGGCAACGAGAA
CCACGGCCUGUACCUGGCCGACCAGUACGUGAAGGGCAU
CGCCAAGUCCCGCAAGUCCCUGGAGGUGCUGUUCCAGGG
CCCCGGCUCCUAAUAAACUAGUAGUGACUGACUAGGAUC
UGGUUACCACUAAACCAGCCUCAAGAACACCCGAAUGGA
GUCUCUAAGCUACAUAAUACCAACUUACACUUACAAAAU
GUUGUCCCCCAAAAUGUAGCCAUUCGUAUCUGCUCCUAA
UAAAAAGAAAGUUUCUUCACAUUCUAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAA

MutTcdA H | AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA | SEQIDNO: 38
pylferritin AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU
mRNA with | UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA
modified IL-2 | AAUUUUCACCAUUUACGAACGAUAGCGCUGCCACCAUGC
signal with GCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCCUGGC
6xH tag CCUGGUGACCAACUCCUUCAACCUGGUGACCGGCUGGC
AGACCAUCAACGGCAAGAAGUACUACUUCGACAUCAACA
CCGGCGCCGCCCUGACCUCCUACAAGAUCAUCAACGGCA
AGCACUUCUACUUCAACAACGACGGCGUGAUGCAGCUGG
GCGUGUUCAAGGGCCCCGACGGCUUCGAGUACUUCGCCC
CCGCCAACACCCAGAACAACAACAUCGAGGGCCAGGCCA
UCGUGUACCAGUCCAAGUUCCUGACCCUGAACGGCAAGA
AGUACUACUUCGACCAGAACUCCAAGGCCGUGACCGGCU
GGCGCAUCAUCAACAACGAGAAGUACUACUUCAACCCCA
ACAACGCCAUCGCCGCCGUGGGCCUGCAGGUGAUCGACA
ACAACAAGUACUACUUCAACCCCGACACCGCCAUCAUCU
CCAAGGGCUGGCAGACCGUGCAGGGCUCCCGCUACUACU
UCGACACCGACACCGCCAUCGCCUUCAACGGCUACAAGA
CCAUCGACGGCAAGCACUUCUACUUCGACUCCGACUGCG
UGGUGAAGAUCGGCGUGUUCUCCACCUCCAACGGCUUCG
AGUACUUCGCCCCCGCCAACACCUACAACAACAACAUCG
AGGGCCAGGCCAUCGUGUACCAGUCCAAGUUCCUGACCC
UGAACGGCAAGAAGUACUACUUCGACCAGAACUCCAAGG
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CCGUGACCGGCCUGCAGACCAUCGACUCCAAGAAGUACU
ACUUCAACACCAACACCGCCGAGGCCGCCACCGGCUGGC
AGACCAUCGACGGCAAGAAGUACUACUUCAACACCAACA
CCGCCGAGGCCGCCACCGGCUGGCAGACCAUCGACGGCA
AGAAGUACUACUUCAACACCAACACCGCCAUCGCCUCCA
CCGGCUACACCAUCAUCAACGGCAAGCACUUCUACUUCA
ACACCGACGGCAUCAUGCAGAUCGGCGUGUUCAAGGGCC
CCAACGGCUUCGAGUACUUCGCCCCCGCCAACACCGACG
CCAACAACAUCGAGGGCCAGGCCAUCCUGUACCAGAACG
AGUUCCUGACCCUGAACGGCAAGAAGUACUACUUCGGCU
CCGACUCCAAGGCCGUGACCGGCUGGCGCAUCAUCAACA
ACAAGAAGUACUACUUCAACCCCAACAACGCCAUCGCCG
CCAUCCACCUGUGCACCAUCAACAACGACAAGUACUACU
UCUCCUACGACGGCAUCCUGCAGAACGGCUACAUCACCA
UCGAGCGCAACAACUUCUACUUCGACGCCAACCAGGAGU
CCAAGAUGGUGACCGGCGUGUUCAAGGGCCCCAACGGCU
UCGAGUACUUCGCCCCCGCCAACACCCACAACAACAACA
UCGAGGGCCAGGCCAUCGUGUACCAGAACAAGUUCCUGA
CCCUGAACGGCAAGAAGUACUACUUCGACCAGGACUCCA
AGGCCGUGACCGGCUGGCAGACCAUCGACGGCAAGAAGU
ACUACUUCAACCUGAACACCGCCGAGGCCGCCACCGGCU
GGCAGACCAUCGACGGCAAGAAGUACUACUUCAACCUGA
ACACCGCCGAGGCCGCCACCGGCUGGCAGACCAUCGACG
GCAAGAAGUACUACUUCAACACCAACACCUUCAUCGCCU
CCACCGGCUACACCUCCAUCAACGGCAAGCACUUCUACU
UCAACACCGACGGCAUCAUGCAGAUCGGCGUGUUCAAGG
GCCCCAACGGCUUCGAGUACUUCGCCCCCGCCAACACCG
ACGCCAACAACAUCGAGGGCCAGGCCAUCCUGUACCAGA
ACAAGUUCCUGACCCUGAACGGCAAGAAGUACUACUUCG
GCUCCGACUCCAAGGCCGUGACCGGCCUGCGCACCAUCG
ACGGCAAGAAGUACUACUUCAACACCAACACCGCCGUGG
CCGUGACCGGCUGGCAGACCAUCAACGGCAAGAAGUACU
ACUUCAACACCCAGACCUCCAUCGCCUCCACCGGCUACAC
CAUCAUCUCCGGCAAGCACUUCUACUUCAACACCGACGG
CAUCAUGCAGAUCGGCGUGUUCAAGGGCCCCGACGGCUU
CGAGUACUUCGCCCCCGCCAACACCGACGCCAACAACAU
CGAGGGCCAGGCCAUCCGCUACCAGAACCGCUUCCUGUA
CCUGCACGACAACAUCUACUACUUCGGCCAGAACUCCAA
GGCCGCCACCGGCUGGGUGACCAUCGACGGCAACCGCUA
CUACUUCGAGCCCAACACCGCCAUGGGCGCCAACGGCUA
CAAGACCAUCGACAACAAGAACUUCUACUUCCGCAACGG
CCUGCCCCAGAUCGGCGUGUUCAAGGGCUCCAACGGCUU
CGAGUACUUCGCCCCCGCCAACACCGACGCCAACAACAU
CGAGGGCCAGGCCAUCCGCUACCAGAACCGCUUCCUGCA
CCUGCUGGGCAAGAUCUACUACUUCGGCCAGAACUCCAA
GGCCGUGACCGGCUGGCAGACCAUCAACGGCAAGGUGUA
CUACUUCAUGCCCGACACCGCCAUGGCCGCCGCCGGCGG
CCUGUUCGAGAUCGACGGCGUGAUCUACUUCUUCGGCGU
GGACGGCGUGAAGGCCCCCGGCAUCUACGGCUCCGGCGA
CAUCAUCAAGCUGCUGAACGAGCAGGUGAACAAGGAGAU
GAACUCCUCCAACCUGUACAUGUCCAUGUCCUCCUGGUG
CUACACCCACUCCCUGGACGGCGCCGGCcuGUuCccuGuy
CGACCACGCCGCCGAGGAGUACGAGCACGCCAAGAAGCU
GAUCAUCUUCCUGAACGAGAACAACGUGCCCGUGCAGCU
GACCUCCAUCUCCGCCCCCGAGCACAAGUUCGAGGGCCU
GACCCAGAUCUUCCAGAAGGCCUACGAGCACGAGCAGCA
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CAUCUCCGAGUCCAUCAACAACAUCGUGGACCACGCCAU
CAAGUCCAAGGACCACGCCACCUUCAACUUCCUGCAGUG
GUACGUGGCCGAGCAGCACGAGGAGGAGGUGCUGUUCAA
GGACAUCCUGGACAAGAUCGAGCUGAUCGGCAACGAGAA
CCACGGCCUGUACCUGGCCGACCAGUACGUGAAGGGCAU
CGCCAAGUCCCGCAAGUCCCUGGAGGUGCUGUUCCAGGG
CCCCGGCUCCCACCACCACCACCACCACUAAUAAACUAG
UAGUGACUGACUAGGAUCUGGUUACCACUAAACCAGCCU
CAAGAACACCCGAAUGGAGUCUCUAAGCUACAUAAUACC
AACUUACACUUACAAAAUGUUGUCCCCCAAAAUGUAGCC
AUUCGUAUCUGCUCCUAAUAAAAAGAAAGUUUCUUCACA
UUCUAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAA

MutTcdA AUGCGCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCC | SEQ ID NO:39
2XLSKHpylf | UGGCCCUGGUGACCAACUCCUUCAACCUGGUGACCGGC
erritin mMRNA | UGGCAGACCAUCAACGGCAAGAAGUACUACUUCGACAUC
with modified | AACACCGGCGCCGCCCUGACCUCCUACAAGAUCAUCAAC
IL-2 signal GGCAAGCACUUCUACUUCAACAACGACGGCGUGAUGCAG
CUGGGCGUGUUCAAGGGCCCCGACGGCUUCGAGUACUUC
GCCCCCGCCAACACCCAGAACAACAACAUCGAGGGCCAG
GCCAUCGUGUACCAGUCCAAGUUCCUGACCCUGAACGGC
AAGAAGUACUACUUCGACCAGAACUCCAAGGCCGUGACC
GGCUGGCGCAUCAUCAACAACGAGAAGUACUACUUCAAC
CCCAACAACGCCAUCGCCGCCGUGGGCCUGCAGGUGAUC
GACAACAACAAGUACUACUUCAACCCCGACACCGCCAUC
AUCUCCAAGGGCUGGCAGACCGUGCAGGGCUCCCGCUAC
UACUUCGACACCGACACCGCCAUCGCCUUCAACGGCUAC
AAGACCAUCGACGGCAAGCACUUCUACUUCGACUCCGAC
UGCGUGGUGAAGAUCGGCGUGUUCUCCACCUCCAACGGC
UUCGAGUACUUCGCCCCCGCCAACACCUACAACAACAAC
AUCGAGGGCCAGGCCAUCGUGUACCAGUCCAAGUUCCUG
ACCCUGAACGGCAAGAAGUACUACUUCGACCAGAACUCC
AAGGCCGUGACCGGCCUGCAGACCAUCGACUCCAAGAAG
UACUACUUCAACACCAACACCGCCGAGGCCGCCACCGGC
UGGCAGACCAUCGACGGCAAGAAGUACUACUUCAACACC
AACACCGCCGAGGCCGCCACCGGCUGGCAGACCAUCGAC
GGCAAGAAGUACUACUUCAACACCAACACCGCCAUCGCC
UCCACCGGCUACACCAUCAUCAACGGCAAGCACUUCUAC
UUCAACACCGACGGCAUCAUGCAGAUCGGCGUGUUCAAG
GGCCCCAACGGCUUCGAGUACUUCGCCCCCGCCAACACC
GACGCCAACAACAUCGAGGGCCAGGCCAUCCUGUACCAG
AACGAGUUCCUGACCCUGAACGGCAAGAAGUACUACUUC
GGCUCCGACUCCAAGGCCGUGACCGGCUGGCGCAUCAUC
AACAACAAGAAGUACUACUUCAACCCCAACAACGCCAUC
GCCGCCAUCCACCUGUGCACCAUCAACAACGACAAGUAC
UACUUCUCCUACGACGGCAUCCUGCAGAACGGCUACAUC
ACCAUCGAGCGCAACAACUUCUACUUCGACGCCAACCAG
GAGUCCAAGAUGGUGACCGGCGUGUUCAAGGGCCCCAAC
GGCUUCGAGUACUUCGCCCCCGCCAACACCCACAACAAC
AACAUCGAGGGCCAGGCCAUCGUGUACCAGAACAAGUUC
CUGACCCUGAACGGCAAGAAGUACUACUUCGACCAGGAC
UCCAAGGCCGUGACCGGCUGGCAGACCAUCGACGGCAAG
AAGUACUACUUCAACCUGAACACCGCCGAGGCCGCCACC
GGCUGGCAGACCAUCGACGGCAAGAAGUACUACUUCAAC
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CUGAACACCGCCGAGGCCGCCACCGGCUGGCAGACCAUC
GACGGCAAGAAGUACUACUUCAACACCAACACCUUCAUC
GCCUCCACCGGCUACACCUCCAUCAACGGCAAGCACUUC
UACUUCAACACCGACGGCAUCAUGCAGAUCGGCGUGUUC
AAGGGCCCCAACGGCUUCGAGUACUUCGCCCCCGCCAAC
ACCGACGCCAACAACAUCGAGGGCCAGGCCAUCCUGUAC
CAGAACAAGUUCCUGACCCUGAACGGCAAGAAGUACUAC
UUCGGCUCCGACUCCAAGGCCGUGACCGGCCUGCGCACC
AUCGACGGCAAGAAGUACUACUUCAACACCAACACCGCC
GUGGCCGUGACCGGCUGGCAGACCAUCAACGGCAAGAAG
UACUACUUCAACACCCAGACCUCCAUCGCCUCCACCGGC
UACACCAUCAUCUCCGGCAAGCACUUCUACUUCAACACC
GACGGCAUCAUGCAGAUCGGCGUGUUCAAGGGCCCCGAC
GGCUUCGAGUACUUCGCCCCCGCCAACACCGACGCCAAC
AACAUCGAGGGCCAGGCCAUCCGCUACCAGAACCGCUUC
CUGUACCUGCACGACAACAUCUACUACUUCGGCCAGAAC
UCCAAGGCCGCCACCGGCUGGGUGACCAUCGACGGCAAC
CGCUACUACUUCGAGCCCAACACCGCCAUGGGCGCCAAC
GGCUACAAGACCAUCGACAACAAGAACUUCUACUUCCGC
AACGGCCUGCCCCAGAUCGGCGUGUUCAAGGGCUCCAAC
GGCUUCGAGUACUUCGCCCCCGCCAACACCGACGCCAAC
AACAUCGAGGGCCAGGCCAUCCGCUACCAGAACCGCUUC
CUGCACCUGCUGGGCAAGAUCUACUACUUCGGCCAGAAC
UCCAAGGCCGUGACCGGCUGGCAGACCAUCAACGGCAAG
GUGUACUACUUCAUGCCCGACACCGCCAUGGCCGCCGCC
GGCGGCCUGUUCGAGAUCGACGGCGUGAUCUACUUCUUC
GGCGUGGACGGCGUGAAGGCCCCCGGCAUCUACGGCGGC
GGCUCCGGCGGCGGCGGCUCCGGCCUGUCCAAGGACAUC
AUCAAGCUGCUGAACGAGCAGGUGAACAAGGAGAUGAAC
UCCUCCAACCUGUACAUGUCCAUGUCCUCCUGGUGCUAC
ACCCACUCCCUGGACGGCGCCGGCCUGUUCCUGUUCGAC
CACGCCGCCGAGGAGUACGAGCACGCCAAGAAGCUGAUC
AUCUUCCUGAACGAGAACAACGUGCCCGUGCAGCUGACC
UCCAUCUCCGCCCCCGAGCACAAGUUCGAGGGCCUGACC
CAGAUCUUCCAGAAGGCCUACGAGCACGAGCAGCACAUC
UCCGAGUCCAUCAACAACAUCGUGGACCACGCCAUCAAG
UCCAAGGACCACGCCACCUUCAACUUCCUGCAGUGGUAC
GUGGCCGAGCAGCACGAGGAGGAGGUGCUGUUCAAGGAC
AUCCUGGACAAGAUCGAGCUGAUCGGCAACGAGAACCAC
GGCCUGUACCUGGCCGACCAGUACGUGAAGGGCAUCGCC
AAGUCCCGCAAGUCCCUGGAGGUGCUGUUCCAGGGCCCC
GGCUCCUAAUAA

MutTcdA AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA | SEQ ID NO:40
2XLSKHpylf | AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU
erritin mRNA | UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA
with modified | AAUUUUCACCAUUUACGAACGAUAGCGCUGCCACCAUGC
IL-2 signal GCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCCUGGC
CCUGGUGACCAACUCCUUCAACCUGGUGACCGGCUGGC
AGACCAUCAACGGCAAGAAGUACUACUUCGACAUCAACA
CCGGCGCCGCCCUGACCUCCUACAAGAUCAUCAACGGCA
AGCACUUCUACUUCAACAACGACGGCGUGAUGCAGCUGG
GCGUGUUCAAGGGCCCCGACGGCUUCGAGUACUUCGCCC
CCGCCAACACCCAGAACAACAACAUCGAGGGCCAGGCCA
UCGUGUACCAGUCCAAGUUCCUGACCCUGAACGGCAAGA
AGUACUACUUCGACCAGAACUCCAAGGCCGUGACCGGCU
GGCGCAUCAUCAACAACGAGAAGUACUACUUCAACCCCA
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ACAACGCCAUCGCCGCCGUGGGCCUGCAGGUGAUCGACA
ACAACAAGUACUACUUCAACCCCGACACCGCCAUCAUCU
CCAAGGGCUGGCAGACCGUGCAGGGCUCCCGCUACUACU
UCGACACCGACACCGCCAUCGCCUUCAACGGCUACAAGA
CCAUCGACGGCAAGCACUUCUACUUCGACUCCGACUGCG
UGGUGAAGAUCGGCGUGUUCUCCACCUCCAACGGCUUCG
AGUACUUCGCCCCCGCCAACACCUACAACAACAACAUCG
AGGGCCAGGCCAUCGUGUACCAGUCCAAGUUCCUGACCC
UGAACGGCAAGAAGUACUACUUCGACCAGAACUCCAAGG
CCGUGACCGGCCUGCAGACCAUCGACUCCAAGAAGUACU
ACUUCAACACCAACACCGCCGAGGCCGCCACCGGCUGGC
AGACCAUCGACGGCAAGAAGUACUACUUCAACACCAACA
CCGCCGAGGCCGCCACCGGCUGGCAGACCAUCGACGGCA
AGAAGUACUACUUCAACACCAACACCGCCAUCGCCUCCA
CCGGCUACACCAUCAUCAACGGCAAGCACUUCUACUUCA
ACACCGACGGCAUCAUGCAGAUCGGCGUGUUCAAGGGCC
CCAACGGCUUCGAGUACUUCGCCCCCGCCAACACCGACG
CCAACAACAUCGAGGGCCAGGCCAUCCUGUACCAGAACG
AGUUCCUGACCCUGAACGGCAAGAAGUACUACUUCGGCU
CCGACUCCAAGGCCGUGACCGGCUGGCGCAUCAUCAACA
ACAAGAAGUACUACUUCAACCCCAACAACGCCAUCGCCG
CCAUCCACCUGUGCACCAUCAACAACGACAAGUACUACU
UCUCCUACGACGGCAUCCUGCAGAACGGCUACAUCACCA
UCGAGCGCAACAACUUCUACUUCGACGCCAACCAGGAGU
CCAAGAUGGUGACCGGCGUGUUCAAGGGCCCCAACGGCU
UCGAGUACUUCGCCCCCGCCAACACCCACAACAACAACA
UCGAGGGCCAGGCCAUCGUGUACCAGAACAAGUUCCUGA
CCCUGAACGGCAAGAAGUACUACUUCGACCAGGACUCCA
AGGCCGUGACCGGCUGGCAGACCAUCGACGGCAAGAAGU
ACUACUUCAACCUGAACACCGCCGAGGCCGCCACCGGCU
GGCAGACCAUCGACGGCAAGAAGUACUACUUCAACCUGA
ACACCGCCGAGGCCGCCACCGGCUGGCAGACCAUCGACG
GCAAGAAGUACUACUUCAACACCAACACCUUCAUCGCCU
CCACCGGCUACACCUCCAUCAACGGCAAGCACUUCUACU
UCAACACCGACGGCAUCAUGCAGAUCGGCGUGUUCAAGG
GCCCCAACGGCUUCGAGUACUUCGCCCCCGCCAACACCG
ACGCCAACAACAUCGAGGGCCAGGCCAUCCUGUACCAGA
ACAAGUUCCUGACCCUGAACGGCAAGAAGUACUACUUCG
GCUCCGACUCCAAGGCCGUGACCGGCCUGCGCACCAUCG
ACGGCAAGAAGUACUACUUCAACACCAACACCGCCGUGG
CCGUGACCGGCUGGCAGACCAUCAACGGCAAGAAGUACU
ACUUCAACACCCAGACCUCCAUCGCCUCCACCGGCUACAC
CAUCAUCUCCGGCAAGCACUUCUACUUCAACACCGACGG
CAUCAUGCAGAUCGGCGUGUUCAAGGGCCCCGACGGCUU
CGAGUACUUCGCCCCCGCCAACACCGACGCCAACAACAU
CGAGGGCCAGGCCAUCCGCUACCAGAACCGCUUCCUGUA
CCUGCACGACAACAUCUACUACUUCGGCCAGAACUCCAA
GGCCGCCACCGGCUGGGUGACCAUCGACGGCAACCGCUA
CUACUUCGAGCCCAACACCGCCAUGGGCGCCAACGGCUA
CAAGACCAUCGACAACAAGAACUUCUACUUCCGCAACGG
CCUGCCCCAGAUCGGCGUGUUCAAGGGCUCCAACGGCUU
CGAGUACUUCGCCCCCGCCAACACCGACGCCAACAACAU
CGAGGGCCAGGCCAUCCGCUACCAGAACCGCUUCCUGCA
CCUGCUGGGCAAGAUCUACUACUUCGGCCAGAACUCCAA
GGCCGUGACCGGCUGGCAGACCAUCAACGGCAAGGUGUA
CUACUUCAUGCCCGACACCGCCAUGGCCGCCGCCGGCGG
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CCUGUUCGAGAUCGACGGCGUGAUCUACUUCUUCGGCGU
GGACGGCGUGAAGGCCCCCGGCAUCUACGGCGGLCGGCUC
CGGCGGCGGCGGCUCCGGCCUGUCCAAGGACAUCAUCAA
GCUGCUGAACGAGCAGGUGAACAAGGAGAUGAACUCCUC
CAACCUGUACAUGUCCAUGUCCUCCUGGUGCUACACCCA
CUCCCUGGACGGCGCCGGCCUGUUCCUGUUCGACCACGC
CGCCGAGGAGUACGAGCACGCCAAGAAGCUGAUCAUCUU
CCUGAACGAGAACAACGUGCCCGUGCAGCUGACCUCCAU
CUCCGCCCCCGAGCACAAGUUCGAGGGCCUGACCCAGAU
CUUCCAGAAGGCCUACGAGCACGAGCAGCACAUCUCCGA
GUCCAUCAACAACAUCGUGGACCACGCCAUCAAGUCCAA
GGACCACGCCACCUUCAACUUCCUGCAGUGGUACGUGGC
CGAGCAGCACGAGGAGGAGGUGCUGUUCAAGGACAUCCU
GGACAAGAUCGAGCUGAUCGGCAACGAGAACCACGGCCU
GUACCUGGCCGACCAGUACGUGAAGGGCAUCGCCAAGUC
CCGCAAGUCCCUGGAGGUGCUGUUCCAGGGCCCCGGCUC
CUAAUAAACUAGUAGUGACUGACUAGGAUCUGGUUACCA
CUAAACCAGCCUCAAGAACACCCGAAUGGAGUCUCUAAG
CUACAUAAUACCAACUUACACUUACAAAAUGUUGUCCCC
CAAAAUGUAGCCAUUCGUAUCUGCUCCUAAUAAAAAGAA
AGUUUCUUCACAUUCUAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAA

MutTcdA AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA | SEQID NO:41
2XLSKHpylf | AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU
erritin mRNA | UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA
with modified | AAUUUUCACCAUUUACGAACGAUAGCGCUGCCACCAUGC
IL-2 signal GCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCCUGGL
and 6xH tag | CCUGGUGACCAACUCCUUCAACCUGGUGACCGGCUGGC
AGACCAUCAACGGCAAGAAGUACUACUUCGACAUCAACA
CCGGCGCCGCCCUGACCUCCUACAAGAUCAUCAACGGCA
AGCACUUCUACUUCAACAACGACGGCGUGAUGCAGCUGG
GCGUGUUCAAGGGCCCCGACGGCUUCGAGUACUUCGCCC
CCGCCAACACCCAGAACAACAACAUCGAGGGCCAGGCCA
UCGUGUACCAGUCCAAGUUCCUGACCCUGAACGGCAAGA
AGUACUACUUCGACCAGAACUCCAAGGCCGUGACCGGCU
GGCGCAUCAUCAACAACGAGAAGUACUACUUCAACCCCA
ACAACGCCAUCGCCGCCGUGGGCCUGCAGGUGAUCGACA
ACAACAAGUACUACUUCAACCCCGACACCGCCAUCAUCU
CCAAGGGCUGGCAGACCGUGCAGGGCUCCCGCUACUACU
UCGACACCGACACCGCCAUCGCCUUCAACGGCUACAAGA
CCAUCGACGGCAAGCACUUCUACUUCGACUCCGACUGCG
UGGUGAAGAUCGGCGUGUUCUCCACCUCCAACGGCUUCG
AGUACUUCGCCCCCGCCAACACCUACAACAACAACAUCG
AGGGCCAGGCCAUCGUGUACCAGUCCAAGUUCCUGACCC
UGAACGGCAAGAAGUACUACUUCGACCAGAACUCCAAGG
CCGUGACCGGCCUGCAGACCAUCGACUCCAAGAAGUACU
ACUUCAACACCAACACCGCCGAGGCCGCCACCGGCUGGC
AGACCAUCGACGGCAAGAAGUACUACUUCAACACCAACA
CCGCCGAGGCCGCCACCGGCUGGCAGACCAUCGACGGCA
AGAAGUACUACUUCAACACCAACACCGCCAUCGCCUCCA
CCGGCUACACCAUCAUCAACGGCAAGCACUUCUACUUCA
ACACCGACGGCAUCAUGCAGAUCGGCGUGUUCAAGGGCC
CCAACGGCUUCGAGUACUUCGCCCCCGCCAACACCGACG

68



WO 2025/129186 PCT/US2024/060394

CCAACAACAUCGAGGGCCAGGCCAUCCUGUACCAGAACG
AGUUCCUGACCCUGAACGGCAAGAAGUACUACUUCGGCU
CCGACUCCAAGGCCGUGACCGGCUGGCGCAUCAUCAACA
ACAAGAAGUACUACUUCAACCCCAACAACGCCAUCGCCG
CCAUCCACCUGUGCACCAUCAACAACGACAAGUACUACU
UCUCCUACGACGGCAUCCUGCAGAACGGCUACAUCACCA
UCGAGCGCAACAACUUCUACUUCGACGCCAACCAGGAGU
CCAAGAUGGUGACCGGCGUGUUCAAGGGCCCCAACGGCU
UCGAGUACUUCGCCCCCGCCAACACCCACAACAACAACA
UCGAGGGCCAGGCCAUCGUGUACCAGAACAAGUUCCUGA
CCCUGAACGGCAAGAAGUACUACUUCGACCAGGACUCCA
AGGCCGUGACCGGCUGGCAGACCAUCGACGGCAAGAAGU
ACUACUUCAACCUGAACACCGCCGAGGCCGCCACCGGCU
GGCAGACCAUCGACGGCAAGAAGUACUACUUCAACCUGA
ACACCGCCGAGGCCGCCACCGGCUGGCAGACCAUCGACG
GCAAGAAGUACUACUUCAACACCAACACCUUCAUCGCCU
CCACCGGCUACACCUCCAUCAACGGCAAGCACUUCUACU
UCAACACCGACGGCAUCAUGCAGAUCGGCGUGUUCAAGG
GCCCCAACGGCUUCGAGUACUUCGCCCCCGCCAACACCG
ACGCCAACAACAUCGAGGGCCAGGCCAUCCUGUACCAGA
ACAAGUUCCUGACCCUGAACGGCAAGAAGUACUACUUCG
GCUCCGACUCCAAGGCCGUGACCGGCCUGCGCACCAUCG
ACGGCAAGAAGUACUACUUCAACACCAACACCGCCGUGG
CCGUGACCGGCUGGCAGACCAUCAACGGCAAGAAGUACU
ACUUCAACACCCAGACCUCCAUCGCCUCCACCGGCUACAC
CAUCAUCUCCGGCAAGCACUUCUACUUCAACACCGACGG
CAUCAUGCAGAUCGGCGUGUUCAAGGGCCCCGACGGCUU
CGAGUACUUCGCCCCCGCCAACACCGACGCCAACAACAU
CGAGGGCCAGGCCAUCCGCUACCAGAACCGCUUCCUGUA
CCUGCACGACAACAUCUACUACUUCGGCCAGAACUCCAA
GGCCGCCACCGGCUGGGUGACCAUCGACGGCAACCGCUA
CUACUUCGAGCCCAACACCGCCAUGGGCGCCAACGGCUA
CAAGACCAUCGACAACAAGAACUUCUACUUCCGCAACGG
CCUGCCCCAGAUCGGCGUGUUCAAGGGCUCCAACGGCUU
CGAGUACUUCGCCCCCGCCAACACCGACGCCAACAACAU
CGAGGGCCAGGCCAUCCGCUACCAGAACCGCUUCCUGCA
CCUGCUGGGCAAGAUCUACUACUUCGGCCAGAACUCCAA
GGCCGUGACCGGCUGGCAGACCAUCAACGGCAAGGUGUA
CUACUUCAUGCCCGACACCGCCAUGGCCGCCGCCGGLCGG
CCUGUUCGAGAUCGACGGCGUGAUCUACUUCUUCGGCGU
GGACGGCGUGAAGGCCCCCGGCAUCUACGGCGGCGGCUC
CGGCGGCGGCGGCUCCGGCCUGUCCAAGGACAUCAUCAA
GCUGCUGAACGAGCAGGUGAACAAGGAGAUGAACUCCUC
CAACCUGUACAUGUCCAUGUCCUCCUGGUGCUACACCCA
CUCCCUGGACGGCGCCGGCCUGUUCCUGUUCGACCACGC
CGCCGAGGAGUACGAGCACGCCAAGAAGCUGAUCAUCUU
CCUGAACGAGAACAACGUGCCCGUGCAGCUGACCUCCAU
CUCCGCCCCCGAGCACAAGUUCGAGGGCCUGACCCAGAU
CUUCCAGAAGGCCUACGAGCACGAGCAGCACAUCUCCGA
GUCCAUCAACAACAUCGUGGACCACGCCAUCAAGUCCAA
GGACCACGCCACCUUCAACUUCCUGCAGUGGUACGUGGC
CGAGCAGCACGAGGAGGAGGUGCUGUUCAAGGACAUCCU
GGACAAGAUCGAGCUGAUCGGCAACGAGAACCACGGCCU
GUACCUGGCCGACCAGUACGUGAAGGGCAUCGCCAAGUC
CCGCAAGUCCCUGGAGGUGCUGUUCCAGGGCCCCGGCUC
CCACCACCACCACCACCACUAAUAAACUAGUAGUGACU
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GACUAGGAUCUGGUUACCACUAAACCAGCCUCAAGAACA
CCCGAAUGGAGUCUCUAAGCUACAUAAUACCAACUUACA
CUUACAAAAUGUUGUCCCCCAAAAUGUAGCCAUUCGUAU
CUGCUCCUAAUAAAAAGAAAGUUUCUUCACAUUCUAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAAAAAA

MutTcdA _ AUGCGCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCC | SEQID NO:42
VRCHpyl UGGCCCUGGUGACCAACUCCUUCAACCUGGUGACCGGC
ferritin UGGCAGACCAUCAACGGCAAGAAGUACUACUUCGACAUC
mRNA with | AACACCGGCGCCGCCCUGACCUCCUACAAGAUCAUCAAC
modified IL-2 | GGCAAGCACUUCUACUUCAACAACGACGGCGUGAUGCAG
signal CUGGGCGUGUUCAAGGGCCCCGACGGCUUCGAGUACUUC
GCCCCCGCCAACACCCAGAACAACAACAUCGAGGGCCAG
GCCAUCGUGUACCAGUCCAAGUUCCUGACCCUGAACGGC
AAGAAGUACUACUUCGACCAGAACUCCAAGGCCGUGACC
GGCUGGCGCAUCAUCAACAACGAGAAGUACUACUUCAAC
CCCAACAACGCCAUCGCCGCCAUGGGCCUGCAGGUGAUC
GACAACAACAAGUACUACUUCAACCCCGACACCGCCAUC
AUCUCCAAGGGCUGGCAGACCGUGCAGGGCUCCCGCUAC
UACUUCGACACCGACACCGCCAUCGCCUUCAACGGCUAC
AAGACCAUCGACGGCAAGCACUUCUACUUCGACUCCGAC
UGCGUGGUGAAGAUCGGCGUGUUCUCCACCUCCAACGGC
UUCGAGUACUUCGCCCCCGCCAACACCUACAACAACAAC
AUCGAGGGCCAGGCCAUCGUGUACCAGUCCAAGUUCCUG
ACCCUGAACGGCAAGAAGUACUACUUCGACCAGAACUCC
AAGGCCGUGACCGGCCUGCAGACCAUCGACUCCAAGAAG
UACUACUUCAACACCAACACCGCCGAGGCCGCCACCGGC
UGGCAGACCAUCGACGGCAAGAAGUACUACUUCAACACC
AACACCGCCGAGGCCGCCACCGGCUGGCAGACCAUCGAC
GGCAAGAAGUACUACUUCAACACCAACACCGCCAUCGCC
UCCACCGGCUACACCAUCAUCAACGGCAAGCACUUCUAC
UUCAACACCGACGGCAUCAUGCAGAUCGGCGUGUUCAAG
GGCCCCAACGGCUUCGAGUACUUCGCCCCCGCCAACACC
GACGCCAACAACAUCGAGGGCCAGGCCAUCCUGUACCAG
AACGAGUUCCUGACCCUGAACGGCAAGAAGUACUACUUC
GGCUCCGACUCCAAGGCCGUGACCGGCUGGCGCAUCAUC
AACAACAAGAAGUACUACUUCAACCCCAACAACGCCAUC
GCCGCCAUCCACCUGUGCACCAUCAACAACGACAAGUAC
UACUUCUCCUACGACGGCAUCCUGCAGAACGGCUACAUC
ACCAUCGAGCGCAACAACUUCUACUUCGACGCCAACCAG
GAGUCCAAGAUGGUGACCGGCGUGUUCAAGGGCCCCAAC
GGCUUCGAGUACUUCGCCCCCGCCAACACCCACAACAAC
AACAUCGAGGGCCAGGCCAUCGUGUACCAGAACAAGUUC
CUGACCCUGAACGGCAAGAAGUACUACUUCGACCAGGAC
UCCAAGGCCGUGACCGGCUGGCAGACCAUCGACGGCAAG
AAGUACUACUUCAACCUGAACACCGCCGAGGCCGCCACC
GGCUGGCAGACCAUCGACGGCAAGAAGUACUACUUCAAC
CUGAACACCGCCGAGGCCGCCACCGGCUGGCAGACCAUC
GACGGCAAGAAGUACUACUUCAACACCAACACCUUCAUC
GCCUCCACCGGCUACACCUCCAUCAACGGCAAGCACUUC
UACUUCAACACCGACGGCAUCAUGCAGAUCGGCGUGUUC
AAGGGCCCCAACGGCUUCGAGUACUUCGCCCCCGCCAAC
ACCGACGCCAACAACAUCGAGGGCCAGGCCAUCCUGUAC
CAGAACAAGUUCCUGACCCUGAACGGCAAGAAGUACUAC

70



WO 2025/129186 PCT/US2024/060394

UUCGGCUCCGACUCCAAGGCCGUGACCGGCCUGCGCACC
AUCGACGGCAAGAAGUACUACUUCAACACCAACACCGCC
GUGGCCGUGACCGGCUGGCAGACCAUCAACGGCAAGAAG
UACUACUUCAACACCCAGACCUCCAUCGCCUCCACCGGC
UACACCAUCAUCUCCGGCAAGCACUUCUACUUCAACACC
GACGGCAUCAUGCAGAUCGGCGUGUUCAAGGGCCCCGAC
GGCUUCGAGUACUUCGCCCCCGCCAACACCGACGCCAAC
AACAUCGAGGGCCAGGCCAUCCGCUACCAGAACCGCUUC
CUGUACCUGCACGACAACAUCUACUACUUCGGCCAGAAC
UCCAAGGCCGCCACCGGCUGGGUGACCAUCGACGGCAAC
CGCUACUACUUCGAGCCCAACACCGCCAUGGGCGCCAAC
GGCUACAAGACCAUCGACAACAAGAACUUCUACUUCCGC
AACGGCCUGCCCCAGAUCGGCGUGUUCAAGGGCUCCAAC
GGCUUCGAGUACUUCGCCCCCGCCAACACCGACGCCAAC
AACAUCGAGGGCCAGGCCAUCCGCUACCAGAACCGCUUC
CUGCACCUGCUGGGCAAGAUCUACUACUUCGGCCAGAAC
UCCAAGGCCGUGACCGGCUGGCAGACCAUCAACGGCAAG
GUGUACUACUUCAUGCCCGACACCGCCAUGGCCGCCGCC
GGCGGCCUGUUCGAGAUCGACGGCGUGAUCUACUUCUUC
GGCGUGGACGGCGUGAAGGCCCCCGGCAUCUACUCCGGC
GGCGACAUCAUCAAGCUGCUGAACGAGCAGGUGAACAAG
GAGAUGCAGUCCUCCAACCUGUACAUGUCCAUGUCCUCC
UGGUGCUACACCCACUCCCUGGACGGCGCCGGCCUGUUC
CUGUUCGACCACGCCGCCGAGGAGUACGAGCACGCCAAG
AAGCUGAUCAUCUUCCUGAACGAGAACAACGUGCCCGUG
CAGCUGACCUCCAUCUCCGCCCCCGAGCACAAGUUCGAG
GGCCUGACCCAGAUCUUCCAGAAGGCCUACGAGCACGAG
CAGCACAUCUCCGAGUCCAUCAACAACAUCGUGGACCAC
GCCAUCAAGUCCAAGGACCACGCCACCUUCAACUUCCUG
CAGUGGUACGUGGCCGAGCAGCACGAGGAGGAGGUGCUG
UUCAAGGACAUCCUGGACAAGAUCGAGCUGAUCGGCAAC
GAGAACCACGGCCUGUACCUGGCCGACCAGUACGUGAAG
GGCAUCGCCAAGUCCCGCAAGUCCGGCUCCCUGGAGGUG
CUGUUCCAGGGCCCCGGCUCCUAAUAA

MutTcdA _ AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA | SEQID NO43
VRCHpyl AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU
ferritin UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA
mRNA with | AAUUUUCACCAUUUACGAACGAUAGCGCUGCCACCAUGC
modified IL-2 | GCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCCUGGC
signal CCUGGUGACCAACUCCUUCAACCUGGUGACCGGCUGGC
AGACCAUCAACGGCAAGAAGUACUACUUCGACAUCAACA
CCGGCGCCGCCCUGACCUCCUACAAGAUCAUCAACGGCA
AGCACUUCUACUUCAACAACGACGGCGUGAUGCAGCUGG
GCGUGUUCAAGGGCCCCGACGGCUUCGAGUACUUCGCCC
CCGCCAACACCCAGAACAACAACAUCGAGGGCCAGGCCA
UCGUGUACCAGUCCAAGUUCCUGACCCUGAACGGCAAGA
AGUACUACUUCGACCAGAACUCCAAGGCCGUGACCGGCU
GGCGCAUCAUCAACAACGAGAAGUACUACUUCAACCCCA
ACAACGCCAUCGCCGCCGUGGGCCUGCAGGUGAUCGACA
ACAACAAGUACUACUUCAACCCCGACACCGCCAUCAUCU
CCAAGGGCUGGCAGACCGUGCAGGGCUCCCGCUACUACU
UCGACACCGACACCGCCAUCGCCUUCAACGGCUACAAGA
CCAUCGACGGCAAGCACUUCUACUUCGACUCCGACUGCG
UGGUGAAGAUCGGCGUGUUCUCCACCUCCAACGGCUUCG
AGUACUUCGCCCCCGCCAACACCUACAACAACAACAUCG
AGGGCCAGGCCAUCGUGUACCAGUCCAAGUUCCUGACCC
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UGAACGGCAAGAAGUACUACUUCGACCAGAACUCCAAGG
CCGUGACCGGCCUGCAGACCAUCGACUCCAAGAAGUACU
ACUUCAACACCAACACCGCCGAGGCCGCCACCGGCUGGC
AGACCAUCGACGGCAAGAAGUACUACUUCAACACCAACA
CCGCCGAGGCCGCCACCGGCUGGCAGACCAUCGACGGCA
AGAAGUACUACUUCAACACCAACACCGCCAUCGCCUCCA
CCGGCUACACCAUCAUCAACGGCAAGCACUUCUACUUCA
ACACCGACGGCAUCAUGCAGAUCGGCGUGUUCAAGGGCC
CCAACGGCUUCGAGUACUUCGCCCCCGCCAACACCGACG
CCAACAACAUCGAGGGCCAGGCCAUCCUGUACCAGAACG
AGUUCCUGACCCUGAACGGCAAGAAGUACUACUUCGGCU
CCGACUCCAAGGCCGUGACCGGCUGGCGCAUCAUCAACA
ACAAGAAGUACUACUUCAACCCCAACAACGCCAUCGCCG
CCAUCCACCUGUGCACCAUCAACAACGACAAGUACUACU
UCUCCUACGACGGCAUCCUGCAGAACGGCUACAUCACCA
UCGAGCGCAACAACUUCUACUUCGACGCCAACCAGGAGU
CCAAGAUGGUGACCGGCGUGUUCAAGGGCCCCAACGGCU
UCGAGUACUUCGCCCCCGCCAACACCCACAACAACAACA
UCGAGGGCCAGGCCAUCGUGUACCAGAACAAGUUCCUGA
CCCUGAACGGCAAGAAGUACUACUUCGACCAGGACUCCA
AGGCCGUGACCGGCUGGCAGACCAUCGACGGCAAGAAGU
ACUACUUCAACCUGAACACCGCCGAGGCCGCCACCGGCU
GGCAGACCAUCGACGGCAAGAAGUACUACUUCAACCUGA
ACACCGCCGAGGCCGCCACCGGCUGGCAGACCAUCGACG
GCAAGAAGUACUACUUCAACACCAACACCUUCAUCGCCU
CCACCGGCUACACCUCCAUCAACGGCAAGCACUUCUACU
UCAACACCGACGGCAUCAUGCAGAUCGGCGUGUUCAAGG
GCCCCAACGGCUUCGAGUACUUCGCCCCCGCCAACACCG
ACGCCAACAACAUCGAGGGCCAGGCCAUCCUGUACCAGA
ACAAGUUCCUGACCCUGAACGGCAAGAAGUACUACUUCG
GCUCCGACUCCAAGGCCGUGACCGGCCUGCGCACCAUCG
ACGGCAAGAAGUACUACUUCAACACCAACACCGCCGUGG
CCGUGACCGGCUGGCAGACCAUCAACGGCAAGAAGUACU
ACUUCAACACCCAGACCUCCAUCGCCUCCACCGGCUACAC
CAUCAUCUCCGGCAAGCACUUCUACUUCAACACCGACGG
CAUCAUGCAGAUCGGCGUGUUCAAGGGCCCCGACGGCUU
CGAGUACUUCGCCCCCGCCAACACCGACGCCAACAACAU
CGAGGGCCAGGCCAUCCGCUACCAGAACCGCUUCCUGUA
CCUGCACGACAACAUCUACUACUUCGGCCAGAACUCCAA
GGCCGCCACCGGCUGGGUGACCAUCGACGGCAACCGCUA
CUACUUCGAGCCCAACACCGCCAUGGGCGCCAACGGCUA
CAAGACCAUCGACAACAAGAACUUCUACUUCCGCAACGG
CCUGCCCCAGAUCGGCGUGUUCAAGGGCUCCAACGGCUU
CGAGUACUUCGCCCCCGCCAACACCGACGCCAACAACAU
CGAGGGCCAGGCCAUCCGCUACCAGAACCGCUUCCUGCA
CCUGCUGGGCAAGAUCUACUACUUCGGCCAGAACUCCAA
GGCCGUGACCGGCUGGCAGACCAUCAACGGCAAGGUGUA
CUACUUCAUGCCCGACACCGCCAUGGCCGCCGCCGGCAG
CCUGUUCGAGAUCGACGGCGUGAUCUACUUCUUCGGCGU
GGACGGCGUGAAGGCCCCCGGCAUCUACUCCGGCGGCGA
CAUCAUCAAGCUGCUGAACGAGCAGGUGAACAAGGAGAU
GCAGUCCUCCAACCUGUACAUGUCCAUGUCCUCCUGGUG
CUACACCCACUCCCUGGACGGCGCCGGCcuGUuUCccuGuU
CGACCACGCCGCCGAGGAGUACGAGCACGCCAAGAAGCU
GAUCAUCUUCCUGAACGAGAACAACGUGCCCGUGCAGCU
GACCUCCAUCUCCGCCCCCGAGCACAAGUUCGAGGGCCU
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GACCCAGAUCUUCCAGAAGGCCUACGAGCACGAGCAGCA
CAUCUCCGAGUCCAUCAACAACAUCGUGGACCACGCCAU
CAAGUCCAAGGACCACGCCACCUUCAACUUCCUGCAGUG
GUACGUGGCCGAGCAGCACGAGGAGGAGGUGCUGUUCAA
GGACAUCCUGGACAAGAUCGAGCUGAUCGGCAACGAGAA
CCACGGCCUGUACCUGGCCGACCAGUACGUGAAGGGCAU
CGCCAAGUCCCGCAAGUCCGGCUCCCUGGAGGUGCUGUU
CCAGGGCCCCGGCUCCUAAUAAACUAGUAGUGACUGACU
AGGAUCUGGUUACCACUAAACCAGCCUCAAGAACACCCG
AAUGGAGUCUCUAAGCUACAUAAUACCAACUUACACUUA
CAAAAUGUUGUCCCCCAAAAUGUAGCCAUUCGUAUCUGC
UCCUAAUAAAAAGAAAGUUUCUUCACAUUCUAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAA

MutTcdA _ AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA | SEQ ID NO:44
VRCHpyl AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU
ferritin UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA
mRNA with | AAUUUUCACCAUUUACGAACGAUAGCGCUGCCACCAUGC
modified IL-2 | GCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCCUGGC
signal and CCUGGUGACCAACUCCUUCAACCUGGUGACCGGCUGGC
6xH tag AGACCAUCAACGGCAAGAAGUACUACUUCGACAUCAACA
CCGGCGCCGCCCUGACCUCCUACAAGAUCAUCAACGGCA
AGCACUUCUACUUCAACAACGACGGCGQUGAUGCAGCUGG
GCGUGUUCAAGGGCCCCGACGGCUUCGAGUACUUCGCCC
CCGCCAACACCCAGAACAACAACAUCGAGGGCCAGGCCA
UCGUGUACCAGUCCAAGUUCCUGACCCUGAACGGCAAGA
AGUACUACUUCGACCAGAACUCCAAGGCCGUGACCGGCU
GGCGCAUCAUCAACAACGAGAAGUACUACUUCAACCCCA
ACAACGCCAUCGCCGCCGUGGGCCUGCAGGUGAUCGACA
ACAACAAGUACUACUUCAACCCCGACACCGCCAUCAUCU
CCAAGGGCUGGCAGACCGUGCAGGGCUCCCGCUACUACU
UCGACACCGACACCGCCAUCGCCUUCAACGGCUACAAGA
CCAUCGACGGCAAGCACUUCUACUUCGACUCCGACUGCG
UGGUGAAGAUCGGCGUGUUCUCCACCUCCAACGGCUUCG
AGUACUUCGCCCCCGCCAACACCUACAACAACAACAUCG
AGGGCCAGGCCAUCGUGUACCAGUCCAAGUUCCUGACCC
UGAACGGCAAGAAGUACUACUUCGACCAGAACUCCAAGG
CCGUGACCGGCCUGCAGACCAUCGACUCCAAGAAGUACU
ACUUCAACACCAACACCGCCGAGGCCGCCACCGGCUGGC
AGACCAUCGACGGCAAGAAGUACUACUUCAACACCAACA
CCGCCGAGGCCGCCACCGGCUGGCAGACCAUCGACGGCA
AGAAGUACUACUUCAACACCAACACCGCCAUCGCCUCCA
CCGGCUACACCAUCAUCAACGGCAAGCACUUCUACUUCA
ACACCGACGGCAUCAUGCAGAUCGGCGUGUUCAAGGGCC
CCAACGGCUUCGAGUACUUCGCCCCCGCCAACACCGACG
CCAACAACAUCGAGGGCCAGGCCAUCCUGUACCAGAACG
AGUUCCUGACCCUGAACGGCAAGAAGUACUACUUCGGCU
CCGACUCCAAGGCCGUGACCGGCUGGCGCAUCAUCAACA
ACAAGAAGUACUACUUCAACCCCAACAACGCCAUCGCCG
CCAUCCACCUGUGCACCAUCAACAACGACAAGUACUACU
UCUCCUACGACGGCAUCCUGCAGAACGGCUACAUCACCA
UCGAGCGCAACAACUUCUACUUCGACGCCAACCAGGAGU
CCAAGAUGGUGACCGGCGUGUUCAAGGGCCCCAACGGCU
UCGAGUACUUCGCCCCCGCCAACACCCACAACAACAACA
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UCGAGGGCCAGGCCAUCGUGUACCAGAACAAGUUCCUGA
CCCUGAACGGCAAGAAGUACUACUUCGACCAGGACUCCA
AGGCCGUGACCGGCUGGCAGACCAUCGACGGCAAGAAGU
ACUACUUCAACCUGAACACCGCCGAGGCCGCCACCGGCU
GGCAGACCAUCGACGGCAAGAAGUACUACUUCAACCUGA
ACACCGCCGAGGCCGCCACCGGCUGGCAGACCAUCGACG
GCAAGAAGUACUACUUCAACACCAACACCUUCAUCGCCU
CCACCGGCUACACCUCCAUCAACGGCAAGCACUUCUACU
UCAACACCGACGGCAUCAUGCAGAUCGGCGUGUUCAAGG
GCCCCAACGGCUUCGAGUACUUCGCCCCCGCCAACACCG
ACGCCAACAACAUCGAGGGCCAGGCCAUCCUGUACCAGA
ACAAGUUCCUGACCCUGAACGGCAAGAAGUACUACUUCG
GCUCCGACUCCAAGGCCGUGACCGGCCUGCGCACCAUCG
ACGGCAAGAAGUACUACUUCAACACCAACACCGCCGUGG
CCGUGACCGGCUGGCAGACCAUCAACGGCAAGAAGUACU
ACUUCAACACCCAGACCUCCAUCGCCUCCACCGGCUACAC
CAUCAUCUCCGGCAAGCACUUCUACUUCAACACCGACGG
CAUCAUGCAGAUCGGCGUGUUCAAGGGCCCCGACGGCUU
CGAGUACUUCGCCCCCGCCAACACCGACGCCAACAACAU
CGAGGGCCAGGCCAUCCGCUACCAGAACCGCUUCCUGUA
CCUGCACGACAACAUCUACUACUUCGGCCAGAACUCCAA
GGCCGCCACCGGCUGGGUGACCAUCGACGGCAACCGCUA
CUACUUCGAGCCCAACACCGCCAUGGGCGCCAACGGCUA
CAAGACCAUCGACAACAAGAACUUCUACUUCCGCAACGG
CCUGCCCCAGAUCGGCGUGUUCAAGGGCUCCAACGGCUU
CGAGUACUUCGCCCCCGCCAACACCGACGCCAACAACAU
CGAGGGCCAGGCCAUCCGCUACCAGAACCGCUUCCUGCA
CCUGCUGGGCAAGAUCUACUACUUCGGCCAGAACUCCAA
GGCCGUGACCGGCUGGCAGACCAUCAACGGCAAGGUGUA
CUACUUCAUGCCCGACACCGCCAUGGCCGCCGCCGGCGG
CCUGUUCGAGAUCGACGGCGUGAUCUACUUCUUCGGCGU
GGACGGCGUGAAGGCCCCCGGCAUCUACUCCGGCGGCGA
CAUCAUCAAGCUGCUGAACGAGCAGGUGAACAAGGAGAU
GCAGUCCUCCAACCUGUACAUGUCCAUGUCCUCCUGGUG
CUACACCCACUCCCUGGACGGCGCCGGCCcUGUUCCUGUU
CGACCACGCCGCCGAGGAGUACGAGCACGCCAAGAAGCU
GAUCAUCUUCCUGAACGAGAACAACGUGCCCGUGCAGCU
GACCUCCAUCUCCGCCCCCGAGCACAAGUUCGAGGGCCU
GACCCAGAUCUUCCAGAAGGCCUACGAGCACGAGCAGCA
CAUCUCCGAGUCCAUCAACAACAUCGUGGACCACGCCAU
CAAGUCCAAGGACCACGCCACCUUCAACUUCCUGCAGUG
GUACGUGGCCGAGCAGCACGAGGAGGAGGUGCUGUUCAA
GGACAUCCUGGACAAGAUCGAGCUGAUCGGCAACGAGAA
CCACGGCCUGUACCUGGCCGACCAGUACGUGAAGGGCAU
CGCCAAGUCCCGCAAGUCCGGCUCCCUGGAGGUGCUGUU
CCAGGGCCCCGGCUCCCACCACCACCACCACCACUAAUA
AACUAGUAGUGACUGACUAGGAUCUGGUUACCACUAAAC
CAGCCUCAAGAACACCCGAAUGGAGUCUCUAAGCUACAU
AAUACCAACUUACACUUACAAAAUGUUGUCCCCCAAAAU
GUAGCCAUUCGUAUCUGCUCCUAAUAAAAAGAAAGUUUC
UUCACAUUCUAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

TcdB RNA

AUGCGCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCC | SEQIDNO45
UGGCCCUGGUGACCAACUCCAACCUGAUCACCGGCUUC
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GUGACCGUGGGCGACGACAAGUACUACUUCAACCCCAUC
AACGGCGGCGCCGCCUCCAUCGGCGAGACCAUCAUCGAC

GACAAGAACUACUACUUCCAGCAGUCCGGCGUGCUGCAG
ACCGGCGUGUUCUCCACCGAGGACGGCUUCAAGUACUUC
GCCCCCGCCAACACCCUGGACGAGAACCUGGAGGGCGAG

GCCAUCGACUUCACCGGCAAGCUGAUCAUCGACGAGAAC
AUCUACUACUUCGACGACAACUACCGCGGCGCCGUGGAG
UGGAAGGAGCUGGACGGCGAGAUGCACUACUUCUCCCCC
GAGACCGGCAAGGCCUUCAAGGGCCUGAACCAGAUCGGC
GACUACAAGUACUACUUCAACUCCGACGGCGUGAUGCAG
AAGGGCUUCGUGUCCAUCAACGACAACAAGCACUACUUC
GACGACUCCGGCGUGAUGAAGGUGGGCUACACCGAGAUC
GACGGCAAGCACUUCUACUUCGCCGAGAACGGCGAGAUG
CAGAUCGGCGUGUUCAACACCGAGGACGGCUUCAAGUAC
UUCGCCCACCACAACGAGGACCUGGGCAACGAGGAGGGC
GAGGAGAUCUCCUACUCCGGCAUCCUGAACUUCAACAAC
AAGAUCUACUACUUCGACGACUCCUUCACCGCCGUGGUG
GGCUGGAAGGACCUGGAGGACGGCUCCAAGUACUACUUC
GACGAGGACACCGCCGAGGCCUACAUCGGCCUGUCCCUG

AUCAACGACGGCCAGUACUACUUCAACGACGACGGCAUC
AUGCAGGUGGGCUUCGUGACCAUCAACGACAAGGUGUUC
UACUUCUCCGACUCCGGCAUCAUCGAGUCCGGCGUGCAG

AACAUCGACGACAACUACUUCUACAUCGACGACAACGGC
AUCGUGCAGAUCGGCGUGUUCGACACCUCCGACGGCUAC

AAGUACUUCGCCCCCGCCAACACCGUGAACGACAACAUC

UACGGCCAGGCCGUGGAGUACUCCGGCCUGGUGCGCGUG
GGCGAGGACGUGUACUACUUCGGCGAGACCUACACCAUC
GAGACCGGCUGGAUCUACGACAUGGAGCAGGAGUCCGAC
AAGUACUACUUCAACCCCGAGACCAAGAAGGCCUGCAAG
GGCAUCAACCUGAUCGACGACAUCAAGUACUACUUCGAC
GAGAAGGGCAUCAUGCGCACCGGCCUGAUCUCCUUCGAG
AACAACAACUACUACUUCAACGAGAACGGCGAGAUGCAG
UUCGGCUACAUCAACAUCGAGGACAAGAUGUUCUACUUC
GGCGAGGACGGCGUGAUGCAGAUCGGCGUGUUCAACACC
CCCGACGGCUUCAAGUACUUCGCCCACCAGAACACCCUG

GACGAGAACUUCGAGGGCGAGUCCAUCCAGUACACCGGC
UGGCUGGACCUGGACGAGAAGCGCUACUACUUCACCGAC
GAGUACAUCGCCGCCACCGGCUCCGUGAUCAUCGACGGC

GAGGAGUACUACUUCGACCCCGACACCGCCCAGCUGGUG

AUCUCCGAGUAAUAA
TcdB RNA: AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA | SEQ ID NO:46
(5°’UTR, AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU
coding UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA
sequence, AAUUUUCACCAUUUACGAACGAUAGCGCUAUGCGCAUG
3’UTR and CAGCUGCUGCUGCUGAUCGCCCUGUCCCUGGCCCUGG
polyA) UGACCAACUCCAACCUGAUCACCGGCUUCGUGACCGUGG

GCGACGACAAGUACUACUUCAACCCCAUCAACGGCGGCG
CCGCCUCCAUCGGCGAGACCAUCAUCGACGACAAGAACU

ACUACUUCCAGCAGUCCGGCGUGCUGCAGACCGGCGUGU
UCUCCACCGAGGACGGCUUCAAGUACUUCGCCCCCGCCA

ACACCCUGGACGAGAACCUGGAGGGCGAGGCCAUCGACU
UCACCGGCAAGCUGAUCAUCGACGAGAACAUCUACUACU
UCGACGACAACUACCGCGGCGCCGUGGAGUGGAAGGAGC
UGGACGGCGAGAUGCACUACUUCUCCCCCGAGACCGGCA
AGGCCUUCAAGGGCCUGAACCAGAUCGGCGACUACAAGU
ACUACUUCAACUCCGACGGCGUGAUGCAGAAGGGCUUCG
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UGUCCAUCAACGACAACAAGCACUACUUCGACGACUCCG
GCGUGAUGAAGGUGGGCUACACCGAGAUCGACGGCAAGC
ACUUCUACUUCGCCGAGAACGGCGAGAUGCAGAUCGGCG
UGUUCAACACCGAGGACGGCUUCAAGUACUUCGCCCACC
ACAACGAGGACCUGGGCAACGAGGAGGGCGAGGAGAUCU
CCUACUCCGGCAUCCUGAACUUCAACAACAAGAUCUACU
ACUUCGACGACUCCUUCACCGCCGUGGUGGGCUGGAAGG
ACCUGGAGGACGGCUCCAAGUACUACUUCGACGAGGACA
CCGCCGAGGCCUACAUCGGCCUGUCCCUGAUCAACGACG
GCCAGUACUACUUCAACGACGACGGCAUCAUGCAGGUGG
GCUUCGUGACCAUCAACGACAAGGUGUUCUACUUCUCCG
ACUCCGGCAUCAUCGAGUCCGGCGUGCAGAACAUCGACG
ACAACUACUUCUACAUCGACGACAACGGCAUCGUGCAGA
UCGGCGUGUUCGACACCUCCGACGGCUACAAGUACUUCG
CCCCCGCCAACACCGUGAACGACAACAUCUACGGCCAGG
CCGUGGAGUACUCCGGCCUGGUGCGCGUGGGCGAGGACG
UGUACUACUUCGGCGAGACCUACACCAUCGAGACCGGCU
GGAUCUACGACAUGGAGCAGGAGUCCGACAAGUACUACU
UCAACCCCGAGACCAAGAAGGCCUGCAAGGGCAUCAACC
UGAUCGACGACAUCAAGUACUACUUCGACGAGAAGGGCA
UCAUGCGCACCGGCCUGAUCUCCUUCGAGAACAACAACU
ACUACUUCAACGAGAACGGCGAGAUGCAGUUCGGCUACA
UCAACAUCGAGGACAAGAUGUUCUACUUCGGCGAGGACG
GCGUGAUGCAGAUCGGCGUGUUCAACACCCCCGACGGCU
UCAAGUACUUCGCCCACCAGAACACCCUGGACGAGAACU
UCGAGGGCGAGUCCAUCCAGUACACCGGCUGGCUGGACC
UGGACGAGAAGCGCUACUACUUCACCGACGAGUACAUCG
CCGCCACCGGCUCCGUGAUCAUCGACGGCGAGGAGUACU
ACUUCGACCCCGACACCGCCCAGCUGGUGAUCUCCGAGU
AAUAAACUAGUAGUGACUGACUAGGAUCUGGUUACCACU
AAACCAGCCUCAAGAACACCCGAAUGGAGUCUCUAAGCU
ACAUAAUACCAACUUACACUUACAAAAUGUUGUCCCCCA
AAAUGUAGCCAUUCGUAUCUGCUCCUAAUAAAAAGAAAG
UUUCUUCACAUUCUAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
A

MutTedB_Hp | AUGCGCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCC | SEQID NO:47
ylferritin UGGCCCUGGUGACCAACUCCAACCUGAUCACCGGCUUC
mRNA with | GUGACCGUGGGCGACGACAAGUACUACUUCAACCCCAUC
modified IL-2 | AACGGCGGCGCCGCCUCCAUCGGCGAGACCAUCAUCGAC
signal GACAAGAACUACUACUUCCAGCAGUCCGGCGUGCUGCAG
ACCGGCGUGUUCUCCACCGAGGACGGCUUCAAGUACUUC
GCCCCCGCCAACACCCUGGACGAGAACCUGGAGGGCGAG
GCCAUCGACUUCACCGGCAAGCUGAUCAUCGACGAGAAC
AUCUACUACUUCGACGACAACUACCGCGGCGCCGUGGAG
UGGAAGGAGCUGGACGGCGAGAUGCACUACUUCUCCCCC
GAGACCGGCAAGGCCUUCAAGGGCCUGAACCAGAUCGGC
GACUACAAGUACUACUUCAACUCCGACGGCGUGAUGCAG
AAGGGCUUCGUGUCCAUCAACGACAACAAGCACUACUUC
GACGACUCCGGCGUGAUGAAGGUGGGCUACACCGAGAUC
GACGGCAAGCACUUCUACUUCGCCGAGAACGGCGAGAUG
CAGAUCGGCGUGUUCAACACCGAGGACGGCUUCAAGUAC
UUCGCCCACCACAACGAGGACCUGGGCAACGAGGAGGGC
GAGGAGAUCUCCUACUCCGGCAUCCUGAACUUCAACAAC
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AAGAUCUACUACUUCGACGACUCCUUCACCGCCGUGGUG
GGCUGGAAGGACCUGGAGGACGGCUCCAAGUACUACUUC
GACGAGGACACCGCCGAGGCCUACAUCGGCCUGUCCCUG
AUCAACGACGGCCAGUACUACUUCAACGACGACGGCAUC
AUGCAGGUGGGCUUCGUGACCAUCAACGACAAGGUGUUC
UACUUCUCCGACUCCGGCAUCAUCGAGUCCGGCGUGCAG
AACAUCGACGACAACUACUUCUACAUCGACGACAACGGC
AUCGUGCAGAUCGGCGUGUUCGACACCUCCGACGGCUAC
AAGUACUUCGCCCCCGCCAACACCGUGAACGACAACAUC
UACGGCCAGGCCGUGGAGUACUCCGGCCUGGUGCGCGUG
GGCGAGGACGUGUACUACUUCGGCGAGACCUACACCAUC
GAGACCGGCUGGAUCUACGACAUGGAGCAGGAGUCCGAC
AAGUACUACUUCAACCCCGAGACCAAGAAGGCCUGCAAG
GGCAUCAACCUGAUCGACGACAUCAAGUACUACUUCGAC
GAGAAGGGCAUCAUGCGCACCGGCCUGAUCUCCUUCGAG
AACAACAACUACUACUUCAACGAGAACGGCGAGAUGCAG
UUCGGCUACAUCAACAUCGAGGACAAGAUGUUCUACUUC
GGCGAGGACGGCGUGAUGCAGAUCGGCGUGUUCAACACC
CCCGACGGCUUCAAGUACUUCGCCCACCAGAACACCCUG
GACGAGAACUUCGAGGGCGAGUCCAUCCAGUACACCGGC
UGGCUGGACCUGGACGAGAAGCGCUACUACUUCACCGAC
GAGUACAUCGCCGCCACCGGCUCCGUGAUCAUCGACGGC
GAGGAGUACUACUUCGACCCCGACACCGCCCAGCUGGUG
AUCUCCGAGGGCUCCGGCGACAUCAUCAAGCUGCUGAAC
GAGCAGGUGAACAAGGAGAUGAACUCCUCCAACCUGUAC
AUGUCCAUGUCCUCCUGGUGCUACACCCACUCCCUGGAC
GGCGCCGGCCUGUUCCUGUUCGACCACGCCGCCGAGGAG
UACGAGCACGCCAAGAAGCUGAUCAUCUUCCUGAACGAG
AACAACGUGCCCGUGCAGCUGACCUCCAUCUCCGCCCCC
GAGCACAAGUUCGAGGGCCUGACCCAGAUCUUCCAGAAG
GCCUACGAGCACGAGCAGCACAUCUCCGAGUCCAUCAAC
AACAUCGUGGACCACGCCAUCAAGUCCAAGGACCACGCC
ACCUUCAACUUCCUGCAGUGGUACGUGGCCGAGCAGCAC
GAGGAGGAGGUGCUGUUCAAGGACAUCCUGGACAAGAUC
GAGCUGAUCGGCAACGAGAACCACGGCCUGUACCUGGCC
GACCAGUACGUGAAGGGCAUCGCCAAGUCCCGCAAGUCC
CUGGAGGUGCUGUUCCAGGGCCCCGGCUCCUAAUAA

MutTcdB_Hp | AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA | SEQID NO:48
ylferritin AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU
mRNA with | UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA
modified IL-2 | AAUUUUCACCAUUUACGAACGAUAGCGCUGCCACCAUGC
signal GCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCCUGGL
CCUGGUGACCAACUCCAACCUGAUCACCGGCUUCGUGA
CCGUGGGCGACGACAAGUACUACUUCAACCCCAUCAACG
GCGGCGCCGCCUCCAUCGGCGAGACCAUCAUCGACGACA
AGAACUACUACUUCCAGCAGUCCGGCGUGCUGCAGACCG
GCGUGUUCUCCACCGAGGACGGCUUCAAGUACUUCGCCC
CCGCCAACACCCUGGACGAGAACCUGGAGGGCGAGGCCA
UCGACUUCACCGGCAAGCUGAUCAUCGACGAGAACAUCU
ACUACUUCGACGACAACUACCGCGGCGCCGUGGAGUGGA
AGGAGCUGGACGGCGAGAUGCACUACUUCUCCCCCGAGA
CCGGCAAGGCCUUCAAGGGCCUGAACCAGAUCGGCGACU
ACAAGUACUACUUCAACUCCGACGGCGUGAUGCAGAAGG
GCUUCGUGUCCAUCAACGACAACAAGCACUACUUCGACG
ACUCCGGCGUGAUGAAGGUGGGCUACACCGAGAUCGACG
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GCAAGCACUUCUACUUCGCCGAGAACGGCGAGAUGCAGA
UCGGCGUGUUCAACACCGAGGACGGCUUCAAGUACUUCG
CCCACCACAACGAGGACCUGGGCAACGAGGAGGGCGAGG
AGAUCUCCUACUCCGGCAUCCUGAACUUCAACAACAAGA
UCUACUACUUCGACGACUCCUUCACCGCCGUGGUGGGCU
GGAAGGACCUGGAGGACGGCUCCAAGUACUACUUCGACG
AGGACACCGCCGAGGCCUACAUCGGCCUGUCCCUGAUCA
ACGACGGCCAGUACUACUUCAACGACGACGGCAUCAUGC
AGGUGGGCUUCGUGACCAUCAACGACAAGGUGUUCUACU
UCUCCGACUCCGGCAUCAUCGAGUCCGGCGUGCAGAACA
UCGACGACAACUACUUCUACAUCGACGACAACGGCAUCG
UGCAGAUCGGCGUGUUCGACACCUCCGACGGCUACAAGU
ACUUCGCCCCCGCCAACACCGUGAACGACAACAUCUACG
GCCAGGCCGUGGAGUACUCCGGCCUGGUGCGCGUGGGCG
AGGACGUGUACUACUUCGGCGAGACCUACACCAUCGAGA
CCGGCUGGAUCUACGACAUGGAGCAGGAGUCCGACAAGU
ACUACUUCAACCCCGAGACCAAGAAGGCCUGCAAGGGCA
UCAACCUGAUCGACGACAUCAAGUACUACUUCGACGAGA
AGGGCAUCAUGCGCACCGGCCUGAUCUCCUUCGAGAACA
ACAACUACUACUUCAACGAGAACGGCGAGAUGCAGUUCG
GCUACAUCAACAUCGAGGACAAGAUGUUCUACUUCGGCG
AGGACGGCGUGAUGCAGAUCGGCGUGUUCAACACCCCCG
ACGGCUUCAAGUACUUCGCCCACCAGAACACCCUGGACG
AGAACUUCGAGGGCGAGUCCAUCCAGUACACCGGCUGGC
UGGACCUGGACGAGAAGCGCUACUACUUCACCGACGAGU
ACAUCGCCGCCACCGGCUCCGUGAUCAUCGACGGCGAGG
AGUACUACUUCGACCCCGACACCGCCCAGCUGGUGAUCU
CCGAGGGCUCCGGCGACAUCAUCAAGCUGCUGAACGAGC
AGGUGAACAAGGAGAUGAACUCCUCCAACCUGUACAUGU
CCAUGUCCUCCUGGUGCUACACCCACUCCCUGGACGGCG
CCGGCCUGUUCCUGUUCGACCACGCCGCCGAGGAGUACG
AGCACGCCAAGAAGCUGAUCAUCUUCCUGAACGAGAACA
ACGUGCCCGUGCAGCUGACCUCCAUCUCCGCCCCCGAGC
ACAAGUUCGAGGGCCUGACCCAGAUCUUCCAGAAGGCCU
ACGAGCACGAGCAGCACAUCUCCGAGUCCAUCAACAACA
UCGUGGACCACGCCAUCAAGUCCAAGGACCACGCCACCU
UCAACUUCCUGCAGUGGUACGUGGCCGAGCAGCACGAGG
AGGAGGUGCUGUUCAAGGACAUCCUGGACAAGAUCGAGC
UGAUCGGCAACGAGAACCACGGCCUGUACCUGGCCGACC
AGUACGUGAAGGGCAUCGCCAAGUCCCGCAAGUCCCUGG
AGGUGCUGUUCCAGGGCCCCGGCUCCUAAUAAACUAGUA
GUGACUGACUAGGAUCUGGUUACCACUAAACCAGCCUCA
AGAACACCCGAAUGGAGUCUCUAAGCUACAUAAUACCAA
CUUACACUUACAAAAUGUUGUCCCCCAAAAUGUAGCCAU
UCGUAUCUGCUCCUAAUAAAAAGAAAGUUUCUUCACAUU
CUAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAA

MutTcdB_Hp | AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA | SEQID NO:49
ylferritin AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU
mRNA  with | UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA
modified IL-2 | AAUUUUCACCAUUUACGAACGAUAGCGCUGCCACCAUGC
signal  with | GCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCCUGGC
6xH tag CCUGGUGACCAACUCCAACCUGAUCACCGGCUUCGUGA
CCGUGGGCGACGACAAGUACUACUUCAACCCCAUCAACG
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GCGGCGCCGCCUCCAUCGGCGAGACCAUCAUCGACGACA
AGAACUACUACUUCCAGCAGUCCGGCGUGCUGCAGACCG
GCGUGUUCUCCACCGAGGACGGCUUCAAGUACUUCGCCC
CCGCCAACACCCUGGACGAGAACCUGGAGGGCGAGGCCA
UCGACUUCACCGGCAAGCUGAUCAUCGACGAGAACAUCU
ACUACUUCGACGACAACUACCGCGGCGCCGUGGAGUGGA
AGGAGCUGGACGGCGAGAUGCACUACUUCUCCCCCGAGA
CCGGCAAGGCCUUCAAGGGCCUGAACCAGAUCGGCGACU
ACAAGUACUACUUCAACUCCGACGGCGUGAUGCAGAAGG
GCUUCGUGUCCAUCAACGACAACAAGCACUACUUCGACG
ACUCCGGCGUGAUGAAGGUGGGCUACACCGAGAUCGACG
GCAAGCACUUCUACUUCGCCGAGAACGGCGAGAUGCAGA
UCGGCGUGUUCAACACCGAGGACGGCUUCAAGUACUUCG
CCCACCACAACGAGGACCUGGGCAACGAGGAGGGCGAGG
AGAUCUCCUACUCCGGCAUCCUGAACUUCAACAACAAGA
UCUACUACUUCGACGACUCCUUCACCGCCGUGGUGGGCU
GGAAGGACCUGGAGGACGGCUCCAAGUACUACUUCGACG
AGGACACCGCCGAGGCCUACAUCGGCCUGUCCCUGAUCA
ACGACGGCCAGUACUACUUCAACGACGACGGCAUCAUGC
AGGUGGGCUUCGUGACCAUCAACGACAAGGUGUUCUACU
UCUCCGACUCCGGCAUCAUCGAGUCCGGCGUGCAGAACA
UCGACGACAACUACUUCUACAUCGACGACAACGGCAUCG
UGCAGAUCGGCGUGUUCGACACCUCCGACGGCUACAAGU
ACUUCGCCCCCGCCAACACCGUGAACGACAACAUCUACG
GCCAGGCCGUGGAGUACUCCGGCCUGGUGCGCGUGGGCG
AGGACGUGUACUACUUCGGCGAGACCUACACCAUCGAGA
CCGGCUGGAUCUACGACAUGGAGCAGGAGUCCGACAAGU
ACUACUUCAACCCCGAGACCAAGAAGGCCUGCAAGGGCA
UCAACCUGAUCGACGACAUCAAGUACUACUUCGACGAGA
AGGGCAUCAUGCGCACCGGCCUGAUCUCCUUCGAGAACA
ACAACUACUACUUCAACGAGAACGGCGAGAUGCAGUUCG
GCUACAUCAACAUCGAGGACAAGAUGUUCUACUUCGGCG
AGGACGGCGUGAUGCAGAUCGGCGUGUUCAACACCCCCG
ACGGCUUCAAGUACUUCGCCCACCAGAACACCCUGGACG
AGAACUUCGAGGGCGAGUCCAUCCAGUACACCGGCUGGC
UGGACCUGGACGAGAAGCGCUACUACUUCACCGACGAGU
ACAUCGCCGCCACCGGCUCCGUGAUCAUCGACGGCGAGG
AGUACUACUUCGACCCCGACACCGCCCAGCUGGUGAUCU
CCGAGGGCUCCGGCGACAUCAUCAAGCUGCUGAACGAGC
AGGUGAACAAGGAGAUGAACUCCUCCAACCUGUACAUGU
CCAUGUCCUCCUGGUGCUACACCCACUCCCUGGACGGCG
CCGGCCUGUUCCUGUUCGACCACGCCGCCGAGGAGUACG
AGCACGCCAAGAAGCUGAUCAUCUUCCUGAACGAGAACA
ACGUGCCCGUGCAGCUGACCUCCAUCUCCGCCCCCGAGC
ACAAGUUCGAGGGCCUGACCCAGAUCUUCCAGAAGGCCU
ACGAGCACGAGCAGCACAUCUCCGAGUCCAUCAACAACA
UCGUGGACCACGCCAUCAAGUCCAAGGACCACGCCACCU
UCAACUUCCUGCAGUGGUACGUGGCCGAGCAGCACGAGG
AGGAGGUGCUGUUCAAGGACAUCCUGGACAAGAUCGAGC
UGAUCGGCAACGAGAACCACGGCCUGUACCUGGCCGACC
AGUACGUGAAGGGCAUCGCCAAGUCCCGCAAGUCCCUGG
AGGUGCUGUUCCAGGGCCCCGGCUCCCACCACCACCACC
ACCACUAAUAAACUAGUAGUGACUGACUAGGAUCUGGU
UACCACUAAACCAGCCUCAAGAACACCCGAAUGGAGUCU
CUAAGCUACAUAAUACCAACUUACACUUACAAAAUGUUG
UCCCCCAAAAUGUAGCCAUUCGUAUCUGCUCCUAAUAAA
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AAGAAAGUUUCUUCACAUUCUAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAA

MutTcdB_2X | AUGCGCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCC | SEQ ID NO:50
LSKHpylferri | UGGCCCUGGUGACCAACUCCAACCUGAUCACCGGCUUC
tin with | GUGACCGUGGGCGACGACAAGUACUACUUCAACCCCAUC
modified IL-2 | AACGGCGGCGCCGCCUCCAUCGGCGAGACCAUCAUCGAC
signal GACAAGAACUACUACUUCCAGCAGUCCGGCGUGCUGCAG
ACCGGCGUGUUCUCCACCGAGGACGGCUUCAAGUACUUC
GCCCCCGCCAACACCCUGGACGAGAACCUGGAGGGCGAG
GCCAUCGACUUCACCGGCAAGCUGAUCAUCGACGAGAAC
AUCUACUACUUCGACGACAACUACCGCGGCGCCGUGGAG
UGGAAGGAGCUGGACGGCGAGAUGCACUACUUCUCCCCC
GAGACCGGCAAGGCCUUCAAGGGCCUGAACCAGAUCGGC
GACUACAAGUACUACUUCAACUCCGACGGCGUGAUGCAG
AAGGGCUUCGUGUCCAUCAACGACAACAAGCACUACUUC
GACGACUCCGGCGUGAUGAAGGUGGGCUACACCGAGAUC
GACGGCAAGCACUUCUACUUCGCCGAGAACGGCGAGAUG
CAGAUCGGCGUGUUCAACACCGAGGACGGCUUCAAGUAC
UUCGCCCACCACAACGAGGACCUGGGCAACGAGGAGGGC
GAGGAGAUCUCCUACUCCGGCAUCCUGAACUUCAACAAC
AAGAUCUACUACUUCGACGACUCCUUCACCGCCGUGGUG
GGCUGGAAGGACCUGGAGGACGGCUCCAAGUACUACUUC
GACGAGGACACCGCCGAGGCCUACAUCGGCCUGUCCCUG
AUCAACGACGGCCAGUACUACUUCAACGACGACGGCAUC
AUGCAGGUGGGCUUCGUGACCAUCAACGACAAGGUGUUC
UACUUCUCCGACUCCGGCAUCAUCGAGUCCGGCGUGCAG
AACAUCGACGACAACUACUUCUACAUCGACGACAACGGC
AUCGUGCAGAUCGGCGUGUUCGACACCUCCGACGGCUAC
AAGUACUUCGCCCCCGCCAACACCGUGAACGACAACAUC
UACGGCCAGGCCGUGGAGUACUCCGGCCUGGUGCGCGUG
GGCGAGGACGUGUACUACUUCGGCGAGACCUACACCAUC
GAGACCGGCUGGAUCUACGACAUGGAGCAGGAGUCCGAC
AAGUACUACUUCAACCCCGAGACCAAGAAGGCCUGCAAG
GGCAUCAACCUGAUCGACGACAUCAAGUACUACUUCGAC
GAGAAGGGCAUCAUGCGCACCGGCCUGAUCUCCUUCGAG
AACAACAACUACUACUUCAACGAGAACGGCGAGAUGCAG
UUCGGCUACAUCAACAUCGAGGACAAGAUGUUCUACUUC
GGCGAGGACGGCGUGAUGCAGAUCGGCGUGUUCAACACC
CCCGACGGCUUCAAGUACUUCGCCCACCAGAACACCCUG
GACGAGAACUUCGAGGGCGAGUCCAUCCAGUACACCGGC
UGGCUGGACCUGGACGAGAAGCGCUACUACUUCACCGAC
GAGUACAUCGCCGCCACCGGCUCCGUGAUCAUCGACGGC
GAGGAGUACUACUUCGACCCCGACACCGCCCAGCUGGUG
AUCUCCGAGGGCGGCGGCUCCGGCEGCEGCGGLUCCaGC
CUGUCCAAGGACAUCAUCAAGCUGCUGAACGAGCAGGUG
AACAAGGAGAUGAACUCCUCCAACCUGUACAUGUCCAUG
UCCUCCUGGUGCUACACCCACUCCCUGGACGGCGCCGGC
CUGUUCCUGUUCGACCACGCCGCCGAGGAGUACGAGCAC
GCCAAGAAGCUGAUCAUCUUCCUGAACGAGAACAACGUG
CCCGUGCAGCUGACCUCCAUCUCCGCCCCCGAGCACAAG
UUCGAGGGCCUGACCCAGAUCUUCCAGAAGGCCUACGAG
CACGAGCAGCACAUCUCCGAGUCCAUCAACAACAUCGUG
GACCACGCCAUCAAGUCCAAGGACCACGCCACCUUCAAC
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UUCCUGCAGUGGUACGUGGCCGAGCAGCACGAGGAGGAG
GUGCUGUUCAAGGACAUCCUGGACAAGAUCGAGCUGAUC
GGCAACGAGAACCACGGCCUGUACCUGGCCGACCAGUAC
GUGAAGGGCAUCGCCAAGUCCCGCAAGUCCCUGGAGGUG
CUGUUCCAGGGCCCCGGCUCCUAAUAA

MutTedB_2X | AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA | SEQ ID NO:51
LSKHpylferri | AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU
tin with | UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA
modified IL-2 | AAUUUUCACCAUUUACGAACGAUAGCGCUGCCACCAUGC
signal GCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCCUGGL
CCUGGUGACCAACUCCAACCUGAUCACCGGCUUCGUGA
CCGUGGGCGACGACAAGUACUACUUCAACCCCAUCAACG
GCGGCGCCGCCUCCAUCGGCGAGACCAUCAUCGACGACA
AGAACUACUACUUCCAGCAGUCCGGCGUGCUGCAGACCG
GCGUGUUCUCCACCGAGGACGGCUUCAAGUACUUCGCCC
CCGCCAACACCCUGGACGAGAACCUGGAGGGCGAGGCCA
UCGACUUCACCGGCAAGCUGAUCAUCGACGAGAACAUCU
ACUACUUCGACGACAACUACCGCGGCGCCGUGGAGUGGA
AGGAGCUGGACGGCGAGAUGCACUACUUCUCCCCCGAGA
CCGGCAAGGCCUUCAAGGGCCUGAACCAGAUCGGCGACU
ACAAGUACUACUUCAACUCCGACGGCGUGAUGCAGAAGG
GCUUCGUGUCCAUCAACGACAACAAGCACUACUUCGACG
ACUCCGGCGUGAUGAAGGUGGGCUACACCGAGAUCGACG
GCAAGCACUUCUACUUCGCCGAGAACGGCGAGAUGCAGA
UCGGCGUGUUCAACACCGAGGACGGCUUCAAGUACUUCG
CCCACCACAACGAGGACCUGGGCAACGAGGAGGGCGAGG
AGAUCUCCUACUCCGGCAUCCUGAACUUCAACAACAAGA
UCUACUACUUCGACGACUCCUUCACCGCCGUGGUGGGCU
GGAAGGACCUGGAGGACGGCUCCAAGUACUACUUCGACG
AGGACACCGCCGAGGCCUACAUCGGCCUGUCCCUGAUCA
ACGACGGCCAGUACUACUUCAACGACGACGGCAUCAUGC
AGGUGGGCUUCGUGACCAUCAACGACAAGGUGUUCUACU
UCUCCGACUCCGGCAUCAUCGAGUCCGGCGUGCAGAACA
UCGACGACAACUACUUCUACAUCGACGACAACGGCAUCG
UGCAGAUCGGCGUGUUCGACACCUCCGACGGCUACAAGU
ACUUCGCCCCCGCCAACACCGUGAACGACAACAUCUACG
GCCAGGCCGUGGAGUACUCCGGCCUGGUGCGCGUGGGCG
AGGACGUGUACUACUUCGGCGAGACCUACACCAUCGAGA
CCGGCUGGAUCUACGACAUGGAGCAGGAGUCCGACAAGU
ACUACUUCAACCCCGAGACCAAGAAGGCCUGCAAGGGCA
UCAACCUGAUCGACGACAUCAAGUACUACUUCGACGAGA
AGGGCAUCAUGCGCACCGGCCUGAUCUCCUUCGAGAACA
ACAACUACUACUUCAACGAGAACGGCGAGAUGCAGUUCG
GCUACAUCAACAUCGAGGACAAGAUGUUCUACUUCGGCG
AGGACGGCGUGAUGCAGAUCGGCGUGUUCAACACCCCCG
ACGGCUUCAAGUACUUCGCCCACCAGAACACCCUGGACG
AGAACUUCGAGGGCGAGUCCAUCCAGUACACCGGCUGGC
UGGACCUGGACGAGAAGCGCUACUACUUCACCGACGAGU
ACAUCGCCGCCACCGGCUCCGUGAUCAUCGACGGCGAGG
AGUACUACUUCGACCCCGACACCGCCCAGCUGGUGAUCU
CCGAGGGCGGCGGCUCCGGCGGCGGCGGCUCCGGCCUGU
CCAAGGACAUCAUCAAGCUGCUGAACGAGCAGGUGAACA
AGGAGAUGAACUCCUCCAACCUGUACAUGUCCAUGUCCU
CCUGGUGCUACACCCACUCCCUGGACGGCGCCGGLCUGU
UCCUGUUCGACCACGCCGCCGAGGAGUACGAGCACGCCA
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AGAAGCUGAUCAUCUUCCUGAACGAGAACAACGUGCCCG
UGCAGCUGACCUCCAUCUCCGCCCCCGAGCACAAGUUCG
AGGGCCUGACCCAGAUCUUCCAGAAGGCCUACGAGCACG
AGCAGCACAUCUCCGAGUCCAUCAACAACAUCGUGGACC
ACGCCAUCAAGUCCAAGGACCACGCCACCUUCAACUUCC
UGCAGUGGUACGUGGCCGAGCAGCACGAGGAGGAGGUGC
UGUUCAAGGACAUCCUGGACAAGAUCGAGCUGAUCGGCA
ACGAGAACCACGGCCUGUACCUGGCCGACCAGUACGUGA
AGGGCAUCGCCAAGUCCCGCAAGUCCCUGGAGGUGCUGU
UCCAGGGCCCCGGCUCCUAAUAAACUAGUAGUGACUGAC
UAGGAUCUGGUUACCACUAAACCAGCCUCAAGAACACCC
GAAUGGAGUCUCUAAGCUACAUAAUACCAACUUACACUU
ACAAAAUGUUGUCCCCCAAAAUGUAGCCAUUCGUAUCUG
CUCCUAAUAAAAAGAAAGUUUCUUCACAUUCUAAAAAAA
AAAAAAAAAAAAAAAAAAAANAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAA

MutTedB_2X | AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA | SEQ ID NO:52
LSKHpylferri | AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU
tin with | UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA
modified IL-2 | AAUUUUCACCAUUUACGAACGAUAGCGCUGCCACCAUGC
signal  with [ GCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCCUGGC
6xH tag CCUGGUGACCAACUCCAACCUGAUCACCGGCUUCGUGA
CCGUGGGCGACGACAAGUACUACUUCAACCCCAUCAACG
GCGGCGCCGCCUCCAUCGGCGAGACCAUCAUCGACGACA
AGAACUACUACUUCCAGCAGUCCGGCGUGCUGCAGACCG
GCGUGUUCUCCACCGAGGACGGCUUCAAGUACUUCGCCC
CCGCCAACACCCUGGACGAGAACCUGGAGGGCGAGGCCA
UCGACUUCACCGGCAAGCUGAUCAUCGACGAGAACAUCU
ACUACUUCGACGACAACUACCGCGGCGCCGUGGAGUGGA
AGGAGCUGGACGGCGAGAUGCACUACUUCUCCCCCGAGA
CCGGCAAGGCCUUCAAGGGCCUGAACCAGAUCGGCGACU
ACAAGUACUACUUCAACUCCGACGGCGUGAUGCAGAAGG
GCUUCGUGUCCAUCAACGACAACAAGCACUACUUCGACG
ACUCCGGCGUGAUGAAGGUGGGCUACACCGAGAUCGACG
GCAAGCACUUCUACUUCGCCGAGAACGGCGAGAUGCAGA
UCGGCGUGUUCAACACCGAGGACGGCUUCAAGUACUUCG
CCCACCACAACGAGGACCUGGGCAACGAGGAGGGCGAGG
AGAUCUCCUACUCCGGCAUCCUGAACUUCAACAACAAGA
UCUACUACUUCGACGACUCCUUCACCGCCGUGGUGGGCU
GGAAGGACCUGGAGGACGGCUCCAAGUACUACUUCGACG
AGGACACCGCCGAGGCCUACAUCGGCCUGUCCCUGAUCA
ACGACGGCCAGUACUACUUCAACGACGACGGCAUCAUGC
AGGUGGGCUUCGUGACCAUCAACGACAAGGUGUUCUACU
UCUCCGACUCCGGCAUCAUCGAGUCCGGCGUGCAGAACA
UCGACGACAACUACUUCUACAUCGACGACAACGGCAUCG
UGCAGAUCGGCGUGUUCGACACCUCCGACGGCUACAAGU
ACUUCGCCCCCGCCAACACCGUGAACGACAACAUCUACG
GCCAGGCCGUGGAGUACUCCGGCCUGGUGCGCGUGGGCG
AGGACGUGUACUACUUCGGCGAGACCUACACCAUCGAGA
CCGGCUGGAUCUACGACAUGGAGCAGGAGUCCGACAAGU
ACUACUUCAACCCCGAGACCAAGAAGGCCUGCAAGGGCA
UCAACCUGAUCGACGACAUCAAGUACUACUUCGACGAGA
AGGGCAUCAUGCGCACCGGCCUGAUCUCCUUCGAGAACA
ACAACUACUACUUCAACGAGAACGGCGAGAUGCAGUUCG
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GCUACAUCAACAUCGAGGACAAGAUGUUCUACUUCGGCG
AGGACGGCGUGAUGCAGAUCGGCGUGUUCAACACCCCCG
ACGGCUUCAAGUACUUCGCCCACCAGAACACCCUGGACG
AGAACUUCGAGGGCGAGUCCAUCCAGUACACCGGCUGGC
UGGACCUGGACGAGAAGCGCUACUACUUCACCGACGAGU
ACAUCGCCGCCACCGGCUCCGUGAUCAUCGACGGCGAGG
AGUACUACUUCGACCCCGACACCGCCCAGCUGGUGAUCU
CCGAGGGCGGCGGCUCCGGCGGEGGGaUCCaGecuGuU
CCAAGGACAUCAUCAAGCUGCUGAACGAGCAGGUGAACA
AGGAGAUGAACUCCUCCAACCUGUACAUGUCCAUGUCCU
CCUGGUGCUACACCCACUCCCUGGACGGCGCCGGCCUGU
UCCUGUUCGACCACGCCGCCGAGGAGUACGAGCACGCCA
AGAAGCUGAUCAUCUUCCUGAACGAGAACAACGUGCCCG
UGCAGCUGACCUCCAUCUCCGCCCCCGAGCACAAGUUCG
AGGGCCUGACCCAGAUCUUCCAGAAGGCCUACGAGCACG
AGCAGCACAUCUCCGAGUCCAUCAACAACAUCGUGGACC
ACGCCAUCAAGUCCAAGGACCACGCCACCUUCAACUUCC
UGCAGUGGUACGUGGCCGAGCAGCACGAGGAGGAGGUGC
UGUUCAAGGACAUCCUGGACAAGAUCGAGCUGAUCGGCA
ACGAGAACCACGGCCUGUACCUGGCCGACCAGUACGUGA
AGGGCAUCGCCAAGUCCCGCAAGUCCCUGGAGGUGCUGU
UCCAGGGCCCCGGCUCCCACCACCACCACCACCACUAAU
AAACUAGUAGUGACUGACUAGGAUCUGGUUACCACUAAA
CCAGCCUCAAGAACACCCGAAUGGAGUCUCUAAGCUACA
UAAUACCAACUUACACUUACAAAAUGUUGUCCCCCAAAA
UGUAGCCAUUCGUAUCUGCUCCUAAUAAAAAGAAAGUUU
CUUCACAUUCUAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

MutTcdB_V | AUGCGCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCC | SEQID NO:53
RCHpylferriti | UGGCCCUGGUGACCAACUCCAACCUGAUCACCGGCUUC

n with GUGACCGUGGGCGACGACAAGUACUACUUCAACCCCAUC
modified IL-2 | AACGGCGGCGCCGCCUCCAUCGGCGAGACCAUCAUCGAC
signal GACAAGAACUACUACUUCCAGCAGUCCGGCGUGCUGCAG

ACCGGCGUGUUCUCCACCGAGGACGGCUUCAAGUACUUC
GCCCCCGCCAACACCCUGGACGAGAACCUGGAGGGCGAG
GCCAUCGACUUCACCGGCAAGCUGAUCAUCGACGAGAAC
AUCUACUACUUCGACGACAACUACCGCGGCGCCGUGGAG
UGGAAGGAGCUGGACGGCGAGAUGCACUACUUCUCCCCC
GAGACCGGCAAGGCCUUCAAGGGCCUGAACCAGAUCGGC
GACUACAAGUACUACUUCAACUCCGACGGCGUGAUGCAG
AAGGGCUUCGUGUCCAUCAACGACAACAAGCACUACUUC
GACGACUCCGGCGUGAUGAAGGUGGGCUACACCGAGAUC
GACGGCAAGCACUUCUACUUCGCCGAGAACGGCGAGAUG
CAGAUCGGCGUGUUCAACACCGAGGACGGCUUCAAGUAC
UUCGCCCACCACAACGAGGACCUGGGCAACGAGGAGGGC
GAGGAGAUCUCCUACUCCGGCAUCCUGAACUUCAACAAC
AAGAUCUACUACUUCGACGACUCCUUCACCGCCGUGGUG
GGCUGGAAGGACCUGGAGGACGGCUCCAAGUACUACUUC
GACGAGGACACCGCCGAGGCCUACAUCGGCCUGUCCCUG
AUCAACGACGGCCAGUACUACUUCAACGACGACGGCAUC
AUGCAGGUGGGCUUCGUGACCAUCAACGACAAGGUGUUC
UACUUCUCCGACUCCGGCAUCAUCGAGUCCGGCGUGCAG
AACAUCGACGACAACUACUUCUACAUCGACGACAACGGC
AUCGUGCAGAUCGGCGUGUUCGACACCUCCGACGGCUAC
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AAGUACUUCGCCCCCGCCAACACCGUGAACGACAACAUC
UACGGCCAGGCCGUGGAGUACUCCGGCCUGGUGCGCGUG
GGCGAGGACGUGUACUACUUCGGCGAGACCUACACCAUC
GAGACCGGCUGGAUCUACGACAUGGAGCAGGAGUCCGAC
AAGUACUACUUCAACCCCGAGACCAAGAAGGCCUGCAAG
GGCAUCAACCUGAUCGACGACAUCAAGUACUACUUCGAC
GAGAAGGGCAUCAUGCGCACCGGCCUGAUCUCCUUCGAG
AACAACAACUACUACUUCAACGAGAACGGCGAGAUGCAG
UUCGGCUACAUCAACAUCGAGGACAAGAUGUUCUACUUC
GGCGAGGACGGCGUGAUGCAGAUCGGCGUGUUCAACACC
CCCGACGGCUUCAAGUACUUCGCCCACCAGAACACCCUG
GACGAGAACUUCGAGGGCGAGUCCAUCCAGUACACCGGC
UGGCUGGACCUGGACGAGAAGCGCUACUACUUCACCGAC
GAGUACAUCGCCGCCACCGGCUCCGUGAUCAUCGACGGC
GAGGAGUACUACUUCGACCCCGACACCGCCCAGCUGGUG
AUCUCCGAGUCCGGCGGCGACAUCAUCAAGCUGCUGAAC
GAGCAGGUGAACAAGGAGAUGCAGUCCUCCAACCUGUAC
AUGUCCAUGUCCUCCUGGUGCUACACCCACUCCCUGGAC
GGCGCCGGCCUGUUCCUGUUCGACCACGCCGCCGAGGAG
UACGAGCACGCCAAGAAGCUGAUCAUCUUCCUGAACGAG
AACAACGUGCCCGUGCAGCUGACCUCCAUCUCCGCCCCC
GAGCACAAGUUCGAGGGCCUGACCCAGAUCUUCCAGAAG
GCCUACGAGCACGAGCAGCACAUCUCCGAGUCCAUCAAC
AACAUCGUGGACCACGCCAUCAAGUCCAAGGACCACGCC
ACCUUCAACUUCCUGCAGUGGUACGUGGCCGAGCAGCAC
GAGGAGGAGGUGCUGUUCAAGGACAUCCUGGACAAGAUC
GAGCUGAUCGGCAACGAGAACCACGGCCUGUACCUGGCC
GACCAGUACGUGAAGGGCAUCGCCAAGUCCCGCAAGUCC
GGCUCCCUGGAGGUGCUGUUCCAGGGCCCCGGCUCCUAA
UAA

MutTcdB_V | AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA | SEQID NO:54
RCHpylferriti | AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU

n with UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA
modified IL-2 | AAUUUUCACCAUUUACGAACGAUAGCGCUGCCACCAUGC
signal GCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCCUGGC

CCUGGUGACCAACUCCAACCUGAUCACCGGCUUCGUGA
CCGUGGGCGACGACAAGUACUACUUCAACCCCAUCAACG
GCGGCGCCGCCUCCAUCGGCGAGACCAUCAUCGACGACA
AGAACUACUACUUCCAGCAGUCCGGCGUGCUGCAGACCG
GCGUGUUCUCCACCGAGGACGGCUUCAAGUACUUCGCCC
CCGCCAACACCCUGGACGAGAACCUGGAGGGCGAGGCCA
UCGACUUCACCGGCAAGCUGAUCAUCGACGAGAACAUCU
ACUACUUCGACGACAACUACCGCGGCGCCGUGGAGUGGA
AGGAGCUGGACGGCGAGAUGCACUACUUCUCCCCCGAGA
CCGGCAAGGCCUUCAAGGGCCUGAACCAGAUCGGCGACU
ACAAGUACUACUUCAACUCCGACGGCGUGAUGCAGAAGG
GCUUCGUGUCCAUCAACGACAACAAGCACUACUUCGACG
ACUCCGGCGUGAUGAAGGUGGGCUACACCGAGAUCGACG
GCAAGCACUUCUACUUCGCCGAGAACGGCGAGAUGCAGA
UCGGCGUGUUCAACACCGAGGACGGCUUCAAGUACUUCG
CCCACCACAACGAGGACCUGGGCAACGAGGAGGGCGAGG
AGAUCUCCUACUCCGGCAUCCUGAACUUCAACAACAAGA
UCUACUACUUCGACGACUCCUUCACCGCCGUGGUGGGCU
GGAAGGACCUGGAGGACGGCUCCAAGUACUACUUCGACG
AGGACACCGCCGAGGCCUACAUCGGCCUGUCCCUGAUCA
ACGACGGCCAGUACUACUUCAACGACGACGGCAUCAUGC
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AGGUGGGCUUCGUGACCAUCAACGACAAGGUGUUCUACU
UCUCCGACUCCGGCAUCAUCGAGUCCGGCGUGCAGAACA
UCGACGACAACUACUUCUACAUCGACGACAACGGCAUCG
UGCAGAUCGGCGUGUUCGACACCUCCGACGGCUACAAGU
ACUUCGCCCCCGCCAACACCGUGAACGACAACAUCUACG
GCCAGGCCGUGGAGUACUCCGGCCUGGUGCGCGUGGGCG
AGGACGUGUACUACUUCGGCGAGACCUACACCAUCGAGA
CCGGCUGGAUCUACGACAUGGAGCAGGAGUCCGACAAGU
ACUACUUCAACCCCGAGACCAAGAAGGCCUGCAAGGGCA
UCAACCUGAUCGACGACAUCAAGUACUACUUCGACGAGA
AGGGCAUCAUGCGCACCGGCCUGAUCUCCUUCGAGAACA
ACAACUACUACUUCAACGAGAACGGCGAGAUGCAGUUCG
GCUACAUCAACAUCGAGGACAAGAUGUUCUACUUCGGCG
AGGACGGCGUGAUGCAGAUCGGCGUGUUCAACACCCCCG
ACGGCUUCAAGUACUUCGCCCACCAGAACACCCUGGACG
AGAACUUCGAGGGCGAGUCCAUCCAGUACACCGGCUGGC
UGGACCUGGACGAGAAGCGCUACUACUUCACCGACGAGU
ACAUCGCCGCCACCGGCUCCGUGAUCAUCGACGGCGAGG
AGUACUACUUCGACCCCGACACCGCCCAGCUGGUGAUCU
CCGAGUCCGGCGGCGACAUCAUCAAGCUGCUGAACGAGC
AGGUGAACAAGGAGAUGCAGUCCUCCAACCUGUACAUGU
CCAUGUCCUCCUGGUGCUACACCCACUCCCUGGACGGCG
CCGGCCUGUUCCUGUUCGACCACGCCGCCGAGGAGUACG
AGCACGCCAAGAAGCUGAUCAUCUUCCUGAACGAGAACA
ACGUGCCCGUGCAGCUGACCUCCAUCUCCGCCCCCGAGC
ACAAGUUCGAGGGCCUGACCCAGAUCUUCCAGAAGGCCU
ACGAGCACGAGCAGCACAUCUCCGAGUCCAUCAACAACA
UCGUGGACCACGCCAUCAAGUCCAAGGACCACGCCACCU
UCAACUUCCUGCAGUGGUACGUGGCCGAGCAGCACGAGG
AGGAGGUGCUGUUCAAGGACAUCCUGGACAAGAUCGAGC
UGAUCGGCAACGAGAACCACGGCCUGUACCUGGCCGACC
AGUACGUGAAGGGCAUCGCCAAGUCCCGCAAGUCCGGCU
CCCUGGAGGUGCUGUUCCAGGGCCCCGGCUCCUAAUAAA
CUAGUAGUGACUGACUAGGAUCUGGUUACCACUAAACCA
GCCUCAAGAACACCCGAAUGGAGUCUCUAAGCUACAUAA
UACCAACUUACACUUACAAAAUGUUGUCCCCCAAAAUGU
AGCCAUUCGUAUCUGCUCCUAAUAAAAAGAAAGUUUCUU
CACAUUCUAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

MutTcdB_V | AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA | SEQ ID NO:55
RCHpylferriti | AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU
n with UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA
modified IL-2 | AAUUUUCACCAUUUACGAACGAUAGCGCUGCCACCAUGC
signal with GCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCCUGGC
6xH tag CCUGGUGACCAACUCCAACCUGAUCACCGGCUUCGUGA
CCGUGGGCGACGACAAGUACUACUUCAACCCCAUCAACG
GCGGCGCCGCCUCCAUCGGCGAGACCAUCAUCGACGACA
AGAACUACUACUUCCAGCAGUCCGGCGUGCUGCAGACCG
GCGUGUUCUCCACCGAGGACGGCUUCAAGUACUUCGCCC
CCGCCAACACCCUGGACGAGAACCUGGAGGGCGAGGCCA
UCGACUUCACCGGCAAGCUGAUCAUCGACGAGAACAUCU
ACUACUUCGACGACAACUACCGCGGCGCCGUGGAGUGGA
AGGAGCUGGACGGCGAGAUGCACUACUUCUCCCCCGAGA
CCGGCAAGGCCUUCAAGGGCCUGAACCAGAUCGGCGACU
ACAAGUACUACUUCAACUCCGACGGCGUGAUGCAGAAGG
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GCUUCGUGUCCAUCAACGACAACAAGCACUACUUCGACG
ACUCCGGCGUGAUGAAGGUGGGCUACACCGAGAUCGACG
GCAAGCACUUCUACUUCGCCGAGAACGGCGAGAUGCAGA
UCGGCGUGUUCAACACCGAGGACGGCUUCAAGUACUUCG
CCCACCACAACGAGGACCUGGGCAACGAGGAGGGCGAGG
AGAUCUCCUACUCCGGCAUCCUGAACUUCAACAACAAGA
UCUACUACUUCGACGACUCCUUCACCGCCGUGGUGGGCU
GGAAGGACCUGGAGGACGGCUCCAAGUACUACUUCGACG
AGGACACCGCCGAGGCCUACAUCGGCCUGUCCCUGAUCA
ACGACGGCCAGUACUACUUCAACGACGACGGCAUCAUGC
AGGUGGGCUUCGUGACCAUCAACGACAAGGUGUUCUACU
UCUCCGACUCCGGCAUCAUCGAGUCCGGCGUGCAGAACA
UCGACGACAACUACUUCUACAUCGACGACAACGGCAUCG
UGCAGAUCGGCGUGUUCGACACCUCCGACGGCUACAAGU
ACUUCGCCCCCGCCAACACCGUGAACGACAACAUCUACG
GCCAGGCCGUGGAGUACUCCGGCCUGGUGCGCGUGGGCG
AGGACGUGUACUACUUCGGCGAGACCUACACCAUCGAGA
CCGGCUGGAUCUACGACAUGGAGCAGGAGUCCGACAAGU
ACUACUUCAACCCCGAGACCAAGAAGGCCUGCAAGGGCA
UCAACCUGAUCGACGACAUCAAGUACUACUUCGACGAGA
AGGGCAUCAUGCGCACCGGCCUGAUCUCCUUCGAGAACA
ACAACUACUACUUCAACGAGAACGGCGAGAUGCAGUUCG
GCUACAUCAACAUCGAGGACAAGAUGUUCUACUUCGGCG
AGGACGGCGUGAUGCAGAUCGGCGUGUUCAACACCCCCG
ACGGCUUCAAGUACUUCGCCCACCAGAACACCCUGGACG
AGAACUUCGAGGGCGAGUCCAUCCAGUACACCGGCUGGC
UGGACCUGGACGAGAAGCGCUACUACUUCACCGACGAGU
ACAUCGCCGCCACCGGCUCCGUGAUCAUCGACGGCGAGG
AGUACUACUUCGACCCCGACACCGCCCAGCUGGUGAUCU
CCGAGUCCGGCGGCGACAUCAUCAAGCUGCUGAACGAGC
AGGUGAACAAGGAGAUGCAGUCCUCCAACCUGUACAUGU
CCAUGUCCUCCUGGUGCUACACCCACUCCCUGGACGGCG
CCGGCCUGUUCCUGUUCGACCACGCCGCCGAGGAGUACG
AGCACGCCAAGAAGCUGAUCAUCUUCCUGAACGAGAACA
ACGUGCCCGUGCAGCUGACCUCCAUCUCCGCCCCCGAGC
ACAAGUUCGAGGGCCUGACCCAGAUCUUCCAGAAGGCCU
ACGAGCACGAGCAGCACAUCUCCGAGUCCAUCAACAACA
UCGUGGACCACGCCAUCAAGUCCAAGGACCACGCCACCU
UCAACUUCCUGCAGUGGUACGUGGCCGAGCAGCACGAGG
AGGAGGUGCUGUUCAAGGACAUCCUGGACAAGAUCGAGC
UGAUCGGCAACGAGAACCACGGCCUGUACCUGGCCGACC
AGUACGUGAAGGGCAUCGCCAAGUCCCGCAAGUCCGGCU
CCCUGGAGGUGCUGUUCCAGGGCCCCGGCUCCCACCACC
ACCACCACCACUAAUAAACUAGUAGUGACUGACUAGGA
UCUGGUUACCACUAAACCAGCCUCAAGAACACCCGAAUG
GAGUCUCUAAGCUACAUAAUACCAACUUACACUUACAAA
AUGUUGUCCCCCAAAAUGUAGCCAUUCGUAUCUGCUCCU
AAUAAAAAGAAAGUUUCUUCACAUUCUAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAA
PPEP-1 AUGCGCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCC | SEQ ID NO:56
RNA; UGGCCCUGGUGACCAACUCCGACUCCACCACCAUCCAG
(5°’UTR, CAGAACAAGGACACCCUGUCCCAGAUCGUGGUGUUCCCC
coding ACCGGCAACUACGACAAGAACGAGGCCAACGCCAUGGUG
sequence, AACCGCCUGGCCAACAUCGACGGCAAGUACCUGAACGCC
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3’UTR
polyA)

and

CUGAAGCAGAACAACCUGAAGAUCAAGCUGCUGUCCGGC
AAGCUGACCGACGAGAAGGAGUACGCCUACCUGAAGGGC
GUGGUGCCCAAGGGCUGGGAGGGCACCGGCAAGACCUGG
GACGACGUGCCCGGCCUGGGCGGCUCCACCGUGGCCCUG
CGCAUCGGCUUCUCCAACAAGGGCAAGGGCCACGACGCC
AUCAACCUGGAGCUGCACGAGACCGCCCACGCCAUCGAC
CACAUCGUGCUGAACGACAUCUCCAAGUCCGCCCAGUUC
AAGCAGAUCUUCGCCAAGGAGGGCCGCUCCCUGGGCAAC
GUGAACUACCUGGGCGUGUACCCCGAGGAGUUCUUCGCC
GAGUCCUUCGCCUACUACUACCUGAACCAGGACACCAAC
UCCAAGCUGAAGUCCGCCUGCCCCCAGACCUACUCCUUC
CUGCAGAACCUGGCCAAGUAAUAA

PPEP-1

RNA;
(5°UTR,
coding
sequence,
3'UTR  and
polyA)

AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA

AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU
UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA
AAUUUUCACCAUUUACGAACGAUAGCGCUAUGCGCAUG
CAGCUGCUGCUGCUGAUCGCCCUGUCCCUGGCCCUGG
UGACCAACUCCGACUCCACCACCAUCCAGCAGAACAAGG
ACACCCUGUCCCAGAUCGUGGUGUUCCCCACCGGCAACU
ACGACAAGAACGAGGCCAACGCCAUGGUGAACCGCCUGG
CCAACAUCGACGGCAAGUACCUGAACGCCCUGAAGCAGA
ACAACCUGAAGAUCAAGCUGCUGUCCGGCAAGCUGACCG
ACGAGAAGGAGUACGCCUACCUGAAGGGCGUGGUGCCCA
AGGGCUGGGAGGGCACCGGCAAGACCUGGGACGACGUGC
CCGGCCUGGGCGGCUCCACCGUGGCCCUGCGCAUCGGCU
UCUCCAACAAGGGCAAGGGCCACGACGCCAUCAACCUGG
AGCUGCACGAGACCGCCCACGCCAUCGACCACAUCGUGC
UGAACGACAUCUCCAAGUCCGCCCAGUUCAAGCAGAUCU
UCGCCAAGGAGGGCCGCUCCCUGGGCAACGUGAACUACC
UGGGCGUGUACCCCGAGGAGUUCUUCGCCGAGUCCUUCG
CCUACUACUACCUGAACCAGGACACCAACUCCAAGCUGA
AGUCCGCCUGCCCCCAGACCUACUCCUUCCUGCAGAACC
UGGCCAAGUAAUAAACUAGUAGUGACUGACUAGGAUCU
GGUUACCACUAAACCAGCCUCAAGAACACCCGAAUGGAG
UCUCUAAGCUACAUAAUACCAACUUACACUUACAAAAUG
UUGUCCCCCAAAAUGUAGCCAUUCGUAUCUGCUCCUAAU
AAAAAGAAAGUUUCUUCACAUUCUAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAA

SEQ ID NO:57

PPEP-1_
Hpylferritin
mRNA  with
modified IL-2
signal

AUGCGCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCC
UGGCCCUGGUGACCAACUCCGACUCCACCACCAUCCAG
CAGAACAAGGACACCCUGUCCCAGAUCGUGGUGUUCCCC
ACCGGCAACUACGACAAGAACGAGGCCAACGCCAUGGUG
AACCGCCUGGCCAACAUCGACGGCAAGUACCUGAACGCC
CUGAAGCAGAACAACCUGAAGAUCAAGCUGCUGUCCGGC
AAGCUGACCGACGAGAAGGAGUACGCCUACCUGAAGGGC
GUGGUGCCCAAGGGCUGGGAGGGCACCGGCAAGACCUGG
GACGACGUGCCCGGCCUGGGCGGCUCCACCGUGGCCCUG
CGCAUCGGCUUCUCCAACAAGGGCAAGGGCCACGACGCC
AUCAACCUGGAGCUGCACGAGACCGCCCACGCCAUCGAC
CACAUCGUGCUGAACGACAUCUCCAAGUCCGCCCAGUUC
AAGCAGAUCUUCGCCAAGGAGGGCCGCUCCCUGGGCAAC

SEQ ID NO:58
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GUGAACUACCUGGGCGUGUACCCCGAGGAGUUCUUCGCC
GAGUCCUUCGCCUACUACUACCUGAACCAGGACACCAAC
UCCAAGCUGAAGUCCGCCUGCCCCCAGACCUACUCCUUC
CUGCAGAACCUGGCCAAGGGCUCCGGCGACAUCAUCAAG
CUGCUGAACGAGCAGGUGAACAAGGAGAUGAACUCCUCC
AACCUGUACAUGUCCAUGUCCUCCUGGUGCUACACCCAC
UCCCUGGACGGCGCCGGCCUGUUCCUGUUCGACCACGCC
GCCGAGGAGUACGAGCACGCCAAGAAGCUGAUCAUCUUC
CUGAACGAGAACAACGUGCCCGUGCAGCUGACCUCCAUC
UCCGCCCCCGAGCACAAGUUCGAGGGCCUGACCCAGAUC
UUCCAGAAGGCCUACGAGCACGAGCAGCACAUCUCCGAG
UCCAUCAACAACAUCGUGGACCACGCCAUCAAGUCCAAG
GACCACGCCACCUUCAACUUCCUGCAGUGGUACGUGGCC
GAGCAGCACGAGGAGGAGGUGCUGUUCAAGGACAUCCUG
GACAAGAUCGAGCUGAUCGGCAACGAGAACCACGGCCUG
UACCUGGCCGACCAGUACGUGAAGGGCAUCGCCAAGUCC
CGCAAGUCCCUGGAGGUGCUGUUCCAGGGCCCCGGCUCC
UAAUAA

PPEP-1_ AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA | SEQ ID NO:59
Hpylferritin | AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU
mRNA  with | GUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA
modified IL-2 | AAUUUUCACCAUUUACGAACGAUAGCGCUGCCACCAUGC
signal GCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCCUGGC
CCUGGUGACCAACUCCGACUCCACCACCAUCCAGCAGAA
CAAGGACACCCUGUCCCAGAUCGUGGUGUUCCCCACCGG
CAACUACGACAAGAACGAGGCCAACGCCAUGGUGAACCG
CCUGGCCAACAUCGACGGCAAGUACCUGAACGCCCUGAA
GCAGAACAACCUGAAGAUCAAGCUGCUGUCCGGCAAGCU
GACCGACGAGAAGGAGUACGCCUACCUGAAGGGCGUGGU
GCCCAAGGGCUGGGAGGGCACCGGCAAGACCUGGGACGA
CGUGCCCGGCCUGGGCGGCUCCACCGUGGCCCUGCGCAU
CGGCUUCUCCAACAAGGGCAAGGGCCACGACGCCAUCAA
CCUGGAGCUGCACGAGACCGCCCACGCCAUCGACCACAU
CGUGCUGAACGACAUCUCCAAGUCCGCCCAGUUCAAGCA
GAUCUUCGCCAAGGAGGGCCGCUCCCUGGGCAACGUGAA
CUACCUGGGCGUGUACCCCGAGGAGUUCUUCGCCGAGUC
CUUCGCCUACUACUACCUGAACCAGGACACCAACUCCAA
GCUGAAGUCCGCCUGCCCCCAGACCUACUCCUUCCUGCA
GAACCUGGCCAAGGGCUCCGGCGACAUCAUCAAGCUGCU
GAACGAGCAGGUGAACAAGGAGAUGAACUCCUCCAACCU
GUACAUGUCCAUGUCCUCCUGGUGCUACACCCACUCCCU
GGACGGCGCCGGCCUGUUCCUGUUCGACCACGCCGCCGA
GGAGUACGAGCACGCCAAGAAGCUGAUCAUCUUCCUGAA
CGAGAACAACGUGCCCGUGCAGCUGACCUCCAUCUCCGC
CCCCGAGCACAAGUUCGAGGGCCUGACCCAGAUCUUCCA
GAAGGCCUACGAGCACGAGCAGCACAUCUCCGAGUCCAU
CAACAACAUCGUGGACCACGCCAUCAAGUCCAAGGACCA
CGCCACCUUCAACUUCCUGCAGUGGUACGUGGCCGAGCA
GCACGAGGAGGAGGUGCUGUUCAAGGACAUCCUGGACAA
GAUCGAGCUGAUCGGCAACGAGAACCACGGCCUGUACCU
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GGCCGACCAGUACGUGAAGGGCAUCGCCAAGUCCCGCAA
GUCCCUGGAGGUGCUGUUCCAGGGCCCCGGCUCCUAAUA
AACUAGUAGUGACUGACUAGGAUCUGGUUACCACUAAAC
CAGCCUCAAGAACACCCGAAUGGAGUCUCUAAGCUACAU
AAUACCAACUUACACUUACAAAAUGUUGUCCCCCAAAAU
GUAGCCAUUCGUAUCUGCUCCUAAUAAAAAGAAAGUUUC
UUCACAUUCUAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

PPEP-1_ AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA | SEQ ID NO:60
Hpylferritin | AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU
mRNA  with | UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA
modified IL-2 | AAUUUUCACCAUUUACGAACGAUAGCGCUGCCACCAUGC
signal  with | GCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCCUGGC
OxH tag CCUGGUGACCAACUCCGACUCCACCACCAUCCAGCAGAA
CAAGGACACCCUGUCCCAGAUCGUGGUGUUCCCCACCGG
CAACUACGACAAGAACGAGGCCAACGCCAUGGUGAACCG
CCUGGCCAACAUCGACGGCAAGUACCUGAACGCCCUGAA
GCAGAACAACCUGAAGAUCAAGCUGCUGUCCGGCAAGCU
GACCGACGAGAAGGAGUACGCCUACCUGAAGGGCGUGGU
GCCCAAGGGCUGGGAGGGCACCGGCAAGACCUGGGACGA
CGUGCCCGGCCUGGGCGGCUCCACCGUGGCCCUGCGCAU
CGGCUUCUCCAACAAGGGCAAGGGCCACGACGCCAUCAA
CCUGGAGCUGCACGAGACCGCCCACGCCAUCGACCACAU
CGUGCUGAACGACAUCUCCAAGUCCGCCCAGUUCAAGCA
GAUCUUCGCCAAGGAGGGCCGCUCCCUGGGCAACGUGAA
CUACCUGGGCGUGUACCCCGAGGAGUUCUUCGCCGAGUC
CUUCGCCUACUACUACCUGAACCAGGACACCAACUCCAA
GCUGAAGUCCGCCUGCCCCCAGACCUACUCCUUCCUGCA
GAACCUGGCCAAGGGCUCCGGCGACAUCAUCAAGCUGCU
GAACGAGCAGGUGAACAAGGAGAUGAACUCCUCCAACCU
GUACAUGUCCAUGUCCUCCUGGUGCUACACCCACUCCCU
GGACGGCGCCGGCCUGUUCCUGUUCGACCACGCCGCCGA
GGAGUACGAGCACGCCAAGAAGCUGAUCAUCUUCCUGAA
CGAGAACAACGUGCCCGUGCAGCUGACCUCCAUCUCCGC
CCCCGAGCACAAGUUCGAGGGCCUGACCCAGAUCUUCCA
GAAGGCCUACGAGCACGAGCAGCACAUCUCCGAGUCCAU
CAACAACAUCGUGGACCACGCCAUCAAGUCCAAGGACCA
CGCCACCUUCAACUUCCUGCAGUGGUACGUGGCCGAGCA
GCACGAGGAGGAGGUGCUGUUCAAGGACAUCCUGGACAA
GAUCGAGCUGAUCGGCAACGAGAACCACGGCCUGUACCU
GGCCGACCAGUACGUGAAGGGCAUCGCCAAGUCCCGCAA
GUCCCUGGAGGUGCUGUUCCAGGGCCCCGGCUCCCACCA
CCACCACCACCACUAAUAAACUAGUAGUGACUGACUAG
GAUCUGGUUACCACUAAACCAGCCUCAAGAACACCCGAA
UGGAGUCUCUAAGCUACAUAAUACCAACUUACACUUACA
AAAUGUUGUCCCCCAAAAUGUAGCCAUUCGUAUCUGCUC
CUAAUAAAAAGAAAGUUUCUUCACAUUCUAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAA

PPEP-

1 2XLSKHp
ylferritin
mRNA  with
modified IL-2
signal

AUGCGCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCC
UGGCCCUGGUGACCAACUCCGACUCCACCACCAUCCAG
CAGAACAAGGACACCCUGUCCCAGAUCGUGGUGUUCCCC
ACCGGCAACUACGACAAGAACGAGGCCAACGCCAUGGUG
AACCGCCUGGCCAACAUCGACGGCAAGUACCUGAACGCC
CUGAAGCAGAACAACCUGAAGAUCAAGCUGCUGUCCGGC
AAGCUGACCGACGAGAAGGAGUACGCCUACCUGAAGGGC
GUGGUGCCCAAGGGCUGGGAGGGCACCGGCAAGACCUGG
GACGACGUGCCCGGCCUGGGCGGCUCCACCGUGGCCCUG
CGCAUCGGCUUCUCCAACAAGGGCAAGGGCCACGACGCC
AUCAACCUGGAGCUGCACGAGACCGCCCACGCCAUCGAC
CACAUCGUGCUGAACGACAUCUCCAAGUCCGCCCAGUUC
AAGCAGAUCUUCGCCAAGGAGGGCCGCUCCCUGGGCAAC
GUGAACUACCUGGGCGUGUACCCCGAGGAGUUCUUCGCC
GAGUCCUUCGCCUACUACUACCUGAACCAGGACACCAAC
UCCAAGCUGAAGUCCGCCUGCCCCCAGACCUACUCCUUC
CUGCAGAACCUGGCCAAGGGCGGCGGCUCCGGCGGCGGL
GGCUCCGGCCUGUCCAAGGACAUCAUCAAGCUGCUGAAC
GAGCAGGUGAACAAGGAGAUGAACUCCUCCAACCUGUAC
AUGUCCAUGUCCUCCUGGUGCUACACCCACUCCCUGGAC
GGCGCCGGCCUGUUCCUGUUCGACCACGCCGCCGAGGAG
UACGAGCACGCCAAGAAGCUGAUCAUCUUCCUGAACGAG
AACAACGUGCCCGUGCAGCUGACCUCCAUCUCCGCCCCC
GAGCACAAGUUCGAGGGCCUGACCCAGAUCUUCCAGAAG
GCCUACGAGCACGAGCAGCACAUCUCCGAGUCCAUCAAC
AACAUCGUGGACCACGCCAUCAAGUCCAAGGACCACGCC
ACCUUCAACUUCCUGCAGUGGUACGUGGCCGAGCAGCAC
GAGGAGGAGGUGCUGUUCAAGGACAUCCUGGACAAGAUC
GAGCUGAUCGGCAACGAGAACCACGGCCUGUACCUGGCC
GACCAGUACGUGAAGGGCAUCGCCAAGUCCCGCAAGUCC
CUGGAGGUGCUGUUCCAGGGCCCCGGCUCCUAAUAA

SEQ ID NO61

PPEP-

1 2XLSKHp
ylferritin
mRNA  with
modified IL-2
signal

AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA
AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU
UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA
AAUUUUCACCAUUUACGAACGAUAGCGCUGCCACCAUGC
GCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCCUGGL
CCUGGUGACCAACUCCGACUCCACCACCAUCCAGCAGAA
CAAGGACACCCUGUCCCAGAUCGUGGUGUUCCCCACCGG
CAACUACGACAAGAACGAGGCCAACGCCAUGGUGAACCG
CCUGGCCAACAUCGACGGCAAGUACCUGAACGCCCUGAA
GCAGAACAACCUGAAGAUCAAGCUGCUGUCCGGCAAGCU
GACCGACGAGAAGGAGUACGCCUACCUGAAGGGCGUGGU
GCCCAAGGGCUGGGAGGGCACCGGCAAGACCUGGGACGA
CGUGCCCGGCCUGGGCGGCUCCACCGUGGCCCUGCGCAU
CGGCUUCUCCAACAAGGGCAAGGGCCACGACGCCAUCAA
CCUGGAGCUGCACGAGACCGCCCACGCCAUCGACCACAU
CGUGCUGAACGACAUCUCCAAGUCCGCCCAGUUCAAGCA
GAUCUUCGCCAAGGAGGGCCGCUCCCUGGGCAACGUGAA
CUACCUGGGCGUGUACCCCGAGGAGUUCUUCGCCGAGUC
CUUCGCCUACUACUACCUGAACCAGGACACCAACUCCAA
GCUGAAGUCCGCCUGCCCCCAGACCUACUCCUUCCUGCA
GAACCUGGCCAAGGGCGGCGGCUCCGGCGGCGGLGGCUC

SEQ ID NO:62
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CGGCCUGUCCAAGGACAUCAUCAAGCUGCUGAACGAGCA
GGUGAACAAGGAGAUGAACUCCUCCAACCUGUACAUGUC
CAUGUCCUCCUGGUGCUACACCCACUCCCUGGACGGCGC
CGGCCUGUUCCUGUUCGACCACGCCGCCGAGGAGUACGA
GCACGCCAAGAAGCUGAUCAUCUUCCUGAACGAGAACAA
CGUGCCCGUGCAGCUGACCUCCAUCUCCGCCCCCGAGCAC
AAGUUCGAGGGCCUGACCCAGAUCUUCCAGAAGGCCUAC
GAGCACGAGCAGCACAUCUCCGAGUCCAUCAACAACAUC
GUGGACCACGCCAUCAAGUCCAAGGACCACGCCACCUUC
AACUUCCUGCAGUGGUACGUGGCCGAGCAGCACGAGGAG
GAGGUGCUGUUCAAGGACAUCCUGGACAAGAUCGAGCUG
AUCGGCAACGAGAACCACGGCCUGUACCUGGCCGACCAG
UACGUGAAGGGCAUCGCCAAGUCCCGCAAGUCCCUGGAG
GUGCUGUUCCAGGGCCCCGGCUCCUAAUAAACUAGUAGU
GACUGACUAGGAUCUGGUUACCACUAAACCAGCCUCAAG
AACACCCGAAUGGAGUCUCUAAGCUACAUAAUACCAACU
UACACUUACAAAAUGUUGUCCCCCAAAAUGUAGCCAUUC
GUAUCUGCUCCUAAUAAAAAGAAAGUUUCUUCACAUUCU
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAA

PPEP- AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA | SEQ ID NO:63
1 2XLSKHp | AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU
ylferritin UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA

mRNA  with | AAUUUUCACCAUUUACGAACGAUAGCGCUGCCACCAUGC
modified IL-2 | GCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCCUGGC
signal with | CCUGGUGACCAACUCCGACUCCACCACCAUCCAGCAGAA
6xH tag CAAGGACACCCUGUCCCAGAUCGUGGUGUUCCCCACCGG
CAACUACGACAAGAACGAGGCCAACGCCAUGGUGAACCG
CCUGGCCAACAUCGACGGCAAGUACCUGAACGCCCUGAA
GCAGAACAACCUGAAGAUCAAGCUGCUGUCCGGCAAGCU
GACCGACGAGAAGGAGUACGCCUACCUGAAGGGCGUGGU
GCCCAAGGGCUGGGAGGGCACCGGCAAGACCUGGGACGA
CGUGCCCGGCCUGGGCGGCUCCACCGUGGCCCUGCGCAU
CGGCUUCUCCAACAAGGGCAAGGGCCACGACGCCAUCAA
CCUGGAGCUGCACGAGACCGCCCACGCCAUCGACCACAU
CGUGCUGAACGACAUCUCCAAGUCCGCCCAGUUCAAGCA
GAUCUUCGCCAAGGAGGGCCGCUCCCUGGGCAACGUGAA
CUACCUGGGCGUGUACCCCGAGGAGUUCUUCGCCGAGUC
CUUCGCCUACUACUACCUGAACCAGGACACCAACUCCAA
GCUGAAGUCCGCCUGCCCCCAGACCUACUCCUUCCUGCA
GAACCUGGCCAAGGGCGGCGGCUCCGGLGGLGGLGGCUC
CGGCCUGUCCAAGGACAUCAUCAAGCUGCUGAACGAGCA
GGUGAACAAGGAGAUGAACUCCUCCAACCUGUACAUGUC
CAUGUCCUCCUGGUGCUACACCCACUCCCUGGACGGCGC
CGGCCUGUUCCUGUUCGACCACGCCGCCGAGGAGUACGA
GCACGCCAAGAAGCUGAUCAUCUUCCUGAACGAGAACAA
CGUGCCCGUGCAGCUGACCUCCAUCUCCGCCCCCGAGCAC
AAGUUCGAGGGCCUGACCCAGAUCUUCCAGAAGGCCUAC
GAGCACGAGCAGCACAUCUCCGAGUCCAUCAACAACAUC
GUGGACCACGCCAUCAAGUCCAAGGACCACGCCACCUUC
AACUUCCUGCAGUGGUACGUGGCCGAGCAGCACGAGGAG
GAGGUGCUGUUCAAGGACAUCCUGGACAAGAUCGAGCUG
AUCGGCAACGAGAACCACGGCCUGUACCUGGCCGACCAG
UACGUGAAGGGCAUCGCCAAGUCCCGCAAGUCCCUGGAG
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GUGCUGUUCCAGGGCCCCGGCUCCCACCACCACCACCAC
CACUAAUAAACUAGUAGUGACUGACUAGGAUCUGGUUA
CCACUAAACCAGCCUCAAGAACACCCGAAUGGAGUCUCU
AAGCUACAUAAUACCAACUUACACUUACAAAAUGUUGUC
CCCCAAAAUGUAGCCAUUCGUAUCUGCUCCUAAUAAAAA
GAAAGUUUCUUCACAUUCUAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAA

PPEP-1 AUGCGCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCC | SEQID NO:64
_VRCHpylfe | UGGCCCUGGUGACCAACUCCGACUCCACCACCAUCCAG
mitin mRNA | CAGAACAAGGACACCCUGUCCCAGAUCGUGGUGUUCCCC
with modified | ACCGGCAACUACGACAAGAACGAGGCCAACGCCAUGGUG
IL-2 signal AACCGCCUGGCCAACAUCGACGGCAAGUACCUGAACGCC
CUGAAGCAGAACAACCUGAAGAUCAAGCUGCUGUCCGGC
AAGCUGACCGACGAGAAGGAGUACGCCUACCUGAAGGGC
GUGGUGCCCAAGGGCUGGGAGGGCACCGGCAAGACCUGG
GACGACGUGCCCGGCCUGGGCGGCUCCACCGUGGCCCUG
CGCAUCGGCUUCUCCAACAAGGGCAAGGGCCACGACGCC
AUCAACCUGGAGCUGCACGAGACCGCCCACGCCAUCGAC
CACAUCGUGCUGAACGACAUCUCCAAGUCCGCCCAGUUC
AAGCAGAUCUUCGCCAAGGAGGGCCGCUCCCUGGGCAAC
GUGAACUACCUGGGCGUGUACCCCGAGGAGUUCUUCGCC
GAGUCCUUCGCCUACUACUACCUGAACCAGGACACCAAC
UCCAAGCUGAAGUCCGCCUGCCCCCAGACCUACUCCUUC
CUGCAGAACCUGGCCAAGUCCGGCGGCGACAUCAUCAAG
CUGCUGAACGAGCAGGUGAACAAGGAGAUGCAGUCCUCC
AACCUGUACAUGUCCAUGUCCUCCUGGUGCUACACCCAC
UCCCUGGACGGCGCCGGCCUGUUCCUGUUCGACCACGCC
GCCGAGGAGUACGAGCACGCCAAGAAGCUGAUCAUCUUC
CUGAACGAGAACAACGUGCCCGUGCAGCUGACCUCCAUC
UCCGCCCCCGAGCACAAGUUCGAGGGCCUGACCCAGAUC
UUCCAGAAGGCCUACGAGCACGAGCAGCACAUCUCCGAG
UCCAUCAACAACAUCGUGGACCACGCCAUCAAGUCCAAG
GACCACGCCACCUUCAACUUCCUGCAGUGGUACGUGGCC
GAGCAGCACGAGGAGGAGGUGCUGUUCAAGGACAUCCUG
GACAAGAUCGAGCUGAUCGGCAACGAGAACCACGGCCUG
UACCUGGCCGACCAGUACGUGAAGGGCAUCGCCAAGUCC
CGCAAGUCCGGCUCCCUGGAGGUGCUGUUCCAGGGCCCC
GGCUCCUAAUAA

PPEP-1 AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA | SEQ ID NO:65
_VRCHpylfe | AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU
mitin mRNA | UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA
with modified | AAUUUUCACCAUUUACGAACGAUAGCGCUGCCACCAUGC
IL-2 signal GCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCCUGGL
CCUGGUGACCAACUCCGACUCCACCACCAUCCAGCAGAA
CAAGGACACCCUGUCCCAGAUCGUGGUGUUCCCCACCGG
CAACUACGACAAGAACGAGGCCAACGCCAUGGUGAACCG
CCUGGCCAACAUCGACGGCAAGUACCUGAACGCCCUGAA
GCAGAACAACCUGAAGAUCAAGCUGCUGUCCGGCAAGCU
GACCGACGAGAAGGAGUACGCCUACCUGAAGGGCGUGGU
GCCCAAGGGCUGGGAGGGCACCGGCAAGACCUGGGACGA
CGUGCCCGGCCUGGGCGGCUCCACCGUGGCCCUGCGCAU
CGGCUUCUCCAACAAGGGCAAGGGCCACGACGCCAUCAA
CCUGGAGCUGCACGAGACCGCCCACGCCAUCGACCACAU
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CGUGCUGAACGACAUCUCCAAGUCCGCCCAGUUCAAGCA
GAUCUUCGCCAAGGAGGGCCGCUCCCUGGGCAACGUGAA
CUACCUGGGCGUGUACCCCGAGGAGUUCUUCGCCGAGUC
CUUCGCCUACUACUACCUGAACCAGGACACCAACUCCAA
GCUGAAGUCCGCCUGCCCCCAGACCUACUCCUUCCUGCA
GAACCUGGCCAAGUCCGGCGGCGACAUCAUCAAGCUGCU
GAACGAGCAGGUGAACAAGGAGAUGCAGUCCUCCAACCU
GUACAUGUCCAUGUCCUCCUGGUGCUACACCCACUCCCU
GGACGGCGCCGGCCUGUUCCUGUUCGACCACGCCGCCGA
GGAGUACGAGCACGCCAAGAAGCUGAUCAUCUUCCUGAA
CGAGAACAACGUGCCCGUGCAGCUGACCUCCAUCUCCGC
CCCCGAGCACAAGUUCGAGGGCCUGACCCAGAUCUUCCA
GAAGGCCUACGAGCACGAGCAGCACAUCUCCGAGUCCAU
CAACAACAUCGUGGACCACGCCAUCAAGUCCAAGGACCA
CGCCACCUUCAACUUCCUGCAGUGGUACGUGGCCGAGCA
GCACGAGGAGGAGGUGCUGUUCAAGGACAUCCUGGACAA
GAUCGAGCUGAUCGGCAACGAGAACCACGGCCUGUACCU
GGCCGACCAGUACGUGAAGGGCAUCGCCAAGUCCCGCAA
GUCCGGCUCCCUGGAGGUGCUGUUCCAGGGCCCCGGCUC
CUAAUAAACUAGUAGUGACUGACUAGGAUCUGGUUACCA
CUAAACCAGCCUCAAGAACACCCGAAUGGAGUCUCUAAG
CUACAUAAUACCAACUUACACUUACAAAAUGUUGUCCCC
CAAAAUGUAGCCAUUCGUAUCUGCUCCUAAUAAAAAGAA
AGUUUCUUCACAUUCUAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAA

PPEP-1 AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA | SEQ ID NO:66
_VRCHpylfe | AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU
rritin mRNA | UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA
with modified | AAUUUUCACCAUUUACGAACGAUAGCGCUGCCACCAUGC
IL-2 signal GCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCCUGGC
CCUGGUGACCAACUCCGACUCCACCACCAUCCAGCAGAA
CAAGGACACCCUGUCCCAGAUCGUGGUGUUCCCCACCGG
CAACUACGACAAGAACGAGGCCAACGCCAUGGUGAACCG
CCUGGCCAACAUCGACGGCAAGUACCUGAACGCCCUGAA
GCAGAACAACCUGAAGAUCAAGCUGCUGUCCGGCAAGCU
GACCGACGAGAAGGAGUACGCCUACCUGAAGGGCGUGGU
GCCCAAGGGCUGGGAGGGCACCGGCAAGACCUGGGACGA
CGUGCCCGGCCUGGGCGGCUCCACCGUGGCCCUGCGCAU
CGGCUUCUCCAACAAGGGCAAGGGCCACGACGCCAUCAA
CCUGGAGCUGCACGAGACCGCCCACGCCAUCGACCACAU
CGUGCUGAACGACAUCUCCAAGUCCGCCCAGUUCAAGCA
GAUCUUCGCCAAGGAGGGCCGCUCCCUGGGCAACGUGAA
CUACCUGGGCGUGUACCCCGAGGAGUUCUUCGCCGAGUC
CUUCGCCUACUACUACCUGAACCAGGACACCAACUCCAA
GCUGAAGUCCGCCUGCCCCCAGACCUACUCCUUCCUGCA
GAACCUGGCCAAGUCCGGCGGCGACAUCAUCAAGCUGCU
GAACGAGCAGGUGAACAAGGAGAUGCAGUCCUCCAACCU
GUACAUGUCCAUGUCCUCCUGGUGCUACACCCACUCCCU
GGACGGCGCCGGCCUGUUCCUGUUCGACCACGCCGCCGA
GGAGUACGAGCACGCCAAGAAGCUGAUCAUCUUCCUGAA
CGAGAACAACGUGCCCGUGCAGCUGACCUCCAUCUCCGC
CCCCGAGCACAAGUUCGAGGGCCUGACCCAGAUCUUCCA
GAAGGCCUACGAGCACGAGCAGCACAUCUCCGAGUCCAU
CAACAACAUCGUGGACCACGCCAUCAAGUCCAAGGACCA
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CGCCACCUUCAACUUCCUGCAGUGGUACGUGGCCGAGCA
GCACGAGGAGGAGGUGCUGUUCAAGGACAUCCUGGACAA
GAUCGAGCUGAUCGGCAACGAGAACCACGGCCUGUACCU
GGCCGACCAGUACGUGAAGGGCAUCGCCAAGUCCCGCAA
GUCCGGCUCCCUGGAGGUGCUGUUCCAGGGCCCCGGCUC
CCACCACCACCACCACCACUAAUAAACUAGUAGUGACU
GACUAGGAUCUGGUUACCACUAAACCAGCCUCAAGAACA

CCCGAAUGGAGUCUCUAAGCUACAUAAUACCAACUUACA

CUUACAAAAUGUUGUCCCCCAAAAUGUAGCCAUUCGUAU

CUGCUCCUAAUAAAAAGAAAGUUUCUUCACAUUCUAAAA

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAAAAAA

Wild type AUGGAGAACAAGAAGUACGCCAACGGCGGCUACUCCGAG | SEQ ID NO:67
(WT) CdeM | GACUGGUACGAGCGCGGCGAGUCCACCGCCAAGUGGUUC
mRNA CAGAACGACCGCGAGGAGUACGAGCGCGCCGCCUACGAC
sequence GAGGACCGCGAGCGCCGCGGCUCCAACUGCGGCUGCUCC
without GACUCCGGCGGCAACCGCCCCCGCAACUGCGAGAGGUUC
secretion CGCCGCGAGGCCGAGAUCCGCGAGCGCGAGGCCCGCGAG
signal GCCUUCUGCGAGUCCUCCGAGCGCAAGAAGGAGGCCCUG
(exosporium | GCCUACGAGUGCGAGGCCCGCAAGCUGUGGGAGGAGGCC
morphogenic | GAGAAGUACUGGGACGAGUACUCCAAGUACAACUACAAG
protein GGCAUCGAGUACCUGGCCGAGGCCGCCCGCCUGUUCGAC
CdeM) GAGGGCAUGGAGUGCGAGGCCCGCCGCAACGGCAACAAC
GGCGGCAACAACAACAACUGCUGCCACAAGUGCCACAAG
UGCAACUGCAACUGCUGCCGCAAGUAAUAA
Wild type AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA | SEQ ID NO:68
(WT) CdeM | AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU
mRNA UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA
sequence AAUUUUCACCAUUUACGAACGAUAGCGCUAUGGAGAACA
without AGAAGUACGCCAACGGCGGCUACUCCGAGGACUGGUACG
secretion AGCGCGGCGAGUCCACCGCCAAGUGGUUCCAGAACGACC
signal GCGAGGAGUACGAGCGCGCCGCCUACGACGAGGACCGCG
(exosporium | AGCGCCGCGGCUCCAACUGCGGCUGCUCCGACUCCGGCG
morphogenic | GCAACCGCCCCCGCAACUGCGAGAGGUUCCGCCGCGAGG
protein CCGAGAUCCGCGAGCGCGAGGCCCGCGAGGCCUUCUGCG
CdeM) AGUCCUCCGAGCGCAAGAAGGAGGCCCUGGCCUACGAGU

GCGAGGCCCGCAAGCUGUGGGAGGAGGCCGAGAAGUACU
GGGACGAGUACUCCAAGUACAACUACAAGGGCAUCGAGU
ACCUGGCCGAGGCCGCCCGCCUGUUCGACGAGGGCAUGG
AGUGCGAGGCCCGCCGCAACGGCAACAACGGCGGCAACA
ACAACAACUGCUGCCACAAGUGCCACAAGUGCAACUGCA
ACUGCUGCCGCAAGUAAUAAACUAGUAGUGACUGACUAG
GAUCUGGUUACCACUAAACCAGCCUCAAGAACACCCGAA
UGGAGUCUCUAAGCUACAUAAUACCAACUUACACUUACA
AAAUGUUGUCCCCCAAAAUGUAGCCAUUCGUAUCUGCUC
CUAAUAAAAAGAAAGUUUCUUCACAUUCUAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAA
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Wild type
(WT) CdeM
mRNA
sequence
with the
modificd IL-2
secretion
signal

AUGCGCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCC
UGGCCCUGGUGACCAACUCCGAGAACAAGAAGUACGCC
AACGGCGGCUACUCCGAGGACUGGUACGAGCGCGGCGAG
UCCACCGCCAAGUGGUUCCAGAACGACCGCGAGGAGUAC
GAGCGCGCCGCCUACGACGAGGACCGCGAGCGCCGLGGL
UCCAACUGCGGCUGCUCCGACUCCGGCGGCAACCGCCCCC
GCAACUGCGAGAGGUUCCGCCGCGAGGCCGAGAUCCGCG
AGCGCGAGGCCCGCGAGGCCUUCUGCGAGUCCUCCGAGC
GCAAGAAGGAGGCCCUGGCCUACGAGUGCGAGGCCCGCA
AGCUGUGGGAGGAGGCCGAGAAGUACUGGGACGAGUAC
UCCAAGUACAACUACAAGGGCAUCGAGUACCUGGCCGAG
GCCGCCCGCCUGUUCGACGAGGGCAUGGAGUGCGAGGCC
CGCCGCAACGGCAACAACGGCGGCAACAACAACAACUGC
UGCCACAAGUGCCACAAGUGCAACUGCAACUGCUGCCGC
AAGUAAUAA

SEQ ID NO:69

Wild type
(WT) CdeM
mRNA
sequence
with the
modified IL-2
sccrction
signal

AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA
AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU
UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA
AAUUUUCACCAUUUACGAACGAUAGCGCUAUGCGCAUG
CAGCUGCUGCUGCUGAUCGCCCUGUCCCUGGCCCUGG
UGACCAACUCCGAGAACAAGAAGUACGCCAACGGCGGC
UACUCCGAGGACUGGUACGAGCGCGGCGAGUCCACCGCC
AAGUGGUUCCAGAACGACCGCGAGGAGUACGAGCGCGCC
GCCUACGACGAGGACCGCGAGCGCCGCGGCUCCAACUGC
GGCUGCUCCGACUCCGGCGGCAACCGCCCCCGCAACUGC
GAGAGGUUCCGCCGCGAGGCCGAGAUCCGCGAGCGCGAG
GCCCGCGAGGCCUUCUGCGAGUCCUCCGAGCGCAAGAAG
GAGGCCCUGGCCUACGAGUGCGAGGCCCGCAAGCUGUGG
GAGGAGGCCGAGAAGUACUGGGACGAGUACUCCAAGUAC
AACUACAAGGGCAUCGAGUACCUGGCCGAGGCCGCCCGC
CUGUUCGACGAGGGCAUGGAGUGCGAGGCCCGCCGCAAC
GGCAACAACGGCGGCAACAACAACAACUGCUGCCACAAG
UGCCACAAGUGCAACUGCAACUGCUGCCGCAAGUAAUAA
ACUAGUAGUGACUGACUAGGAUCUGGUUACCACUAAACC
AGCCUCAAGAACACCCGAAUGGAGUCUCUAAGCUACAUA
AUACCAACUUACACUUACAAAAUGUUGUCCCCCAAAAUG
UAGCCAUUCGUAUCUGCUCCUAAUAAAAAGAAAGUUUCU
UCACAUUCUAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

SEQ ID NO:70

Modified
CdeM mRNA
sequence
without
secretion
signal

AUGGAGAACAAGAAGUACGCCAACGGCGGCUACUCCGAG
GACUGGUACGAGCGCGGCGAGUCCACCGCCAAGUGGUUC
CAGAACGACCGCGAGGAGUACGAGCGCGCCGCCUACGAC
GAGGACCGCGAGCGCCGCGGCUCCCAGUGLCGGLCUGCUCC
GACUCCGGCGGCAACCGCCCCCGCAACUGCGAGAGGUUC
CGCCGCGAGGCCGAGAUCCGCGAGCGCGAGGCCCGCGAG
GCCUUCUGCGAGUCCUCCGAGCGCAAGAAGGAGGCCCUG

SEQ ID NO:71
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GCCUACGAGUGCGAGGCCCGCAAGCUGUGGGAGGAGGCC
GAGAAGUACUGGGACGAGUACUCCAAGUACCAGUACAAG
GGCAUCGAGUACCUGGCCGAGGCCGCCCGCCUGUUCGAC

GAGGGCAUGGAGUGCGAGGCCCGCCGCAACGGCAACAAC
GGCGGCAACAACAACAACUGCUGCCACAAGUGCCACAAG
UGCAACUGCAACUGCUGCCGCAAGUAAUAA

Modified
CdeM mRNA
sequence
without
secretion
signal

AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA
AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU
UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA
AAUUUUCACCAUUUACGAACGAUAGCGCUAUGGAGAACA
AGAAGUACGCCAACGGCGGCUACUCCGAGGACUGGUACG
AGCGCGGCGAGUCCACCGCCAAGUGGUUCCAGAACGACC
GCGAGGAGUACGAGCGCGCCGCCUACGACGAGGACCGCG
AGCGCCGCGGCUCCCAGUGCGGCUGCUCCGACUCCGGCG
GCAACCGCCCCCGCAACUGCGAGAGGUUCCGCCGCGAGG
CCGAGAUCCGCGAGCGCGAGGCCCGCGAGGCCUUCUGCG
AGUCCUCCGAGCGCAAGAAGGAGGCCCUGGCCUACGAGU
GCGAGGCCCGCAAGCUGUGGGAGGAGGCCGAGAAGUACU
GGGACGAGUACUCCAAGUACCAGUACAAGGGCAUCGAGU
ACCUGGCCGAGGCCGCCCGCCUGUUCGACGAGGGCAUGG
AGUGCGAGGCCCGCCGCAACGGCAACAACGGCGGCAACA
ACAACAACUGCUGCCACAAGUGCCACAAGUGCAACUGCA
ACUGCUGCCGCAAGUAAUAAACUAGUAGUGACUGACUAG
GAUCUGGUUACCACUAAACCAGCCUCAAGAACACCCGAA
UGGAGUCUCUAAGCUACAUAAUACCAACUUACACUUACA
AAAUGUUGUCCCCCAAAAUGUAGCCAUUCGUAUCUGCUC
CUAAUAAAAAGAAAGUUUCUUCACAUUCUAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAA

SEQ ID NO:72

Modified
CdeM mRNA
sequence
with the
modified IL-2
secretion
signal

AUGCGCAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCC
UGGCCCUGGUGACCAACUCCGAGAACAAGAAGUACGCC
AACGGCGGCUACUCCGAGGACUGGUACGAGCGCGGCGAG
UCCACCGCCAAGUGGUUCCAGAACGACCGCGAGGAGUAC
GAGCGCGCCGCCUACGACGAGGACCGCGAGCGCCGCGGC
UCCCAGUGCGGCUGCUCCGACUCCGGCGGCAACCGCCCCC
GCAACUGCGAGAGGUUCCGCCGCGAGGCCGAGAUCCGCG
AGCGCGAGGCCCGCGAGGCCUUCUGCGAGUCCUCCGAGC
GCAAGAAGGAGGCCCUGGCCUACGAGUGCGAGGCCCGCA
AGCUGUGGGAGGAGGCCGAGAAGUACUGGGACGAGUAC
UCCAAGUACCAGUACAAGGGCAUCGAGUACCUGGCCGAG
GCCGCCCGCCUGUUCGACGAGGGCAUGGAGUGCGAGGCC
CGCCGCAACGGCAACAACGGCGGCAACAACAACAACUGC
UGCCACAAGUGCCACAAGUGCAACUGCAACUGCUGCCGC
AAGUAAUAA

SEQ ID NO:73

Modified
CdeM mRNA
sequence
with the
modified IL-2

AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA
AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU
UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA
AAUUUUCACCAUUUACGAACGAUAGCGCUAUGCGCAUG
CAGCUGCUGCUGCUGAUCGCCCUGUCCCUGGCCCUGG
UGACCAACUCCGAGAACAAGAAGUACGCCAACGGCGGC

SEQ ID NO:74
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secretion UACUCCGAGGACUGGUACGAGCGCGGCGAGUCCACCGCC
signal AAGUGGUUCCAGAACGACCGCGAGGAGUACGAGCGCGCC
GCCUACGACGAGGACCGCGAGCGCCGCGGCUCCCAGUGC
GGCUGCUCCGACUCCGGCGGCAACCGCCCCCGCAACUGC
GAGAGGUUCCGCCGCGAGGCCGAGAUCCGCGAGCGCGAG
GCCCGCGAGGCCUUCUGCGAGUCCUCCGAGCGCAAGAAG
GAGGCCCUGGCCUACGAGUGCGAGGCCCGCAAGCUGUGG
GAGGAGGCCGAGAAGUACUGGGACGAGUACUCCAAGUAC
CAGUACAAGGGCAUCGAGUACCUGGCCGAGGCCGCLCCGC
CUGUUCGACGAGGGCAUGGAGUGCGAGGCCCGCCGCAAC
GGCAACAACGGCGGCAACAACAACAACUGCUGCCACAAG
UGCCACAAGUGCAACUGCAACUGCUGCCGCAAGUAAUAA
ACUAGUAGUGACUGACUAGGAUCUGGUUACCACUAAACC
AGCCUCAAGAACACCCGAAUGGAGUCUCUAAGCUACAUA
AUACCAACUUACACUUACAAAAUGUUGUCCCCCAAAAUG
UAGCCAUUCGUAUCUGCUCCUAAUAAAAAGAAAGUUUCU
UCACAUUCUAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

CWP84 AUGCGGAAGUACAAGUCCAAGAAGCUGUCCAAGCUGCUG | SEQ ID NO:75
mRNA or GCCCUGCUGACCGUGUGCUUCCUGAUCGUGUCCACCAUC
cell surface CCCGUGUCCGCCGAGAACCACAAGACCCUGGACGGCGUG

protein GAGACCGCCGAGUACUCCGAGUCCUACCUGCAGUACCUG
cwp84 GAGGACGUGAAGAACGGCGACACCGCCAAGUACAACGGC
mRNA GUGAUCCCCUUCCCCCACGAGAUGGAGGGCACCACCCUG

CGGAACAAGGGCCGGUCCUCCCUGCCCUCCGCCUACAAG
UCCUCCGUGGCCUACAACCCCAUGGACCUGGGCCUGACC
ACCCCCGCCAAGAACCAGGGCUCCCUGAACACCUGCUGG
UCCUUCUCCGGCAUGUCCACCCUGGAGGCCUACCUGAAG
CUGAAGGGCUACGGCACCUACGACCUGUCCGAGGAGCAC
CUGCGGUGGUGGGCCACCGGCGGCAAGUACGGCUGGAAC
CUGGACGACAUGUCCGGCUCCUCCAACGUGACCGCCAUC
GGCUACCUGACCGCCUGGGCCGGCCCCAAGCUGGAGAAG
GACAUCCCCUACAACCUGAAGUCCGAGGCCCAGGGCGCC
ACCAAGCCCUCCAACAUGGACACCGCCCCCACCCAGUUCA
ACGUGACCGACGUGGUGCGGCUGAACAAGGACAAGGAGA
CCGUGAAGAACGCCAUCAUGCAGUACGGCUCCGUGACCU
CCGGCUACGCCCACUACUCCACCUACUUCAACAAGGACG
AGACCGCCUACAACUGCACCAACAAGCGGGCCCCCCUGA
ACCACGCCGUGGCCAUCGUGGGCUGGGACGACAACUACU
CCAAGGACAACUUCGCCUCCGACGUGAAGCCCGAGUCCA
ACGGCGCCUGGCUGGUGAAGUCCUCCUGGGGCGAGUUCA
ACUCCAUGAAGGGCUUCUUCUGGAUCUCCUACGAGGACA
AGACCCUGCUGACCGACACCGACAACUACGCCAUGAAGU
CCGUGUCCAAGCCCGACUCCGACAAGAAGAUGUACCAGC
UGGAGUACGCCGGCCUGUCCAAGAUCAUGUCCAACAAGG
UGACCGCCGCCAACGUGUUCGACUUCUCCCGGGACUCCG
AGAAGCUGGACUCCGUGAUGUUCGAGACCGACUCCGUGG
GCGCCAAGUACGAGGUGUACUACGCCCCCGUGGUGAACG
GCGUGCCCCAGAACAACUCCAUGACCAAGCUGGCCUCCG
GCACCGUGUCCUACUCCGGCUACAUCAACGUGCCCACCA
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ACUCCUACUCCCUGCCCAAGGGCAAGGGCGCCAUCGUGG
UGGUGAUCGACAACACCGCCAACCCCAACCGGGAGAAGU
CCACCCUGGCCUACGAGACCAACAUCGACGCCUACUACC
UGUACGAGGCCAAGGCCAACCUGGGCGAGUCCUACAUCC
UGCAGAACAACAAGUUCGAGGACAUCAACACCUACUCCG
AGUUCUCCCCCUGCAACUUCGUGAUCAAGGCCAUCACCA
AGACCUCCUCCGGCCAGGCCACCUCCGGCGAGUCCCUGA
CCGGCGCCGACCGGUACGAGACCGCCGUGAAGGUGUCCC
AGAAGGGCUGGACCUCCUCCCAGAACGCCGUGCUGGUGA
ACGGCGACGCCAUCGUGGACGCCCUGACCGCCACCCCCU
UCACCGCCGCCAUCGACUCCCCCAUCCUGCUGACCGGCAA
GGACAACCUGGACUCCAAGACCAAGGCCGAGCUGCAGCG
GCUGGGCACCAAGAAGGUGUACCUGAUCGGCGGCGAGAA
CUCCCUGUCCAAGAACGUGCAGACCCAGCUGUCCAACAU
GGGCAUCUCCGUGGAGCGGAUCUCCGGCUCCGACCGGUA
CAAGACCUCCAUCUCCCUGGCCCAGAAGCUGAACUCCAU
CAAGUCCGUGUCCCAGGUGGCCGUGGCCAACGGCGUGAA
CGGCCUGGCCGACGCCAUCUCCGUGGGCGCCGCCGCCGLC
GACAACAACAUGCCCAUCAUCCUGACCAACGAGAAGUCC
GAGCUGCAGGGCGCCGACGAGUUCCUGAACUCCUCCAAG
AUCACCAAGUCCUACAUCAUCGGCGGCACCGCCACCCUG
UCCUCCAACCUGGAGUCCAAGCUGUCCAACCCCACCCGG
CUGGCCGGCUCCAACCGGAACGAGACCAACGCCAAGAUC
AUCGACAAGUUCUACCCCUCCUCCGACCUGAAGUACGCC
UUCGUGGUGAAGGACGGCUCCAAGUCCCAGGGCGACCUG
AUCGACGGCCUGGCCGUGGGCGCCCUGGGCGCCAAGACC
GACUCCCCCGUGGUGCUGGUGGGCAACAAGCUGGACGAG
UCCCAGAAGAACGUGCUGAAGUCCAAGAAGAUCGAGACC
CCCAUCCGGGUGGGCGGCAACGGCAACGAGUCCGCCUUC
AACGAGCUGAACACCCUGCUGGGCAAGUAAUAA

CwPs4 AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA | SEQ ID NO:76
mRNA or AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU
cell surface UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA

protein AAUUUUCACCAUUUACGAACGAUAGCGCUGCCACCAUGC
cwp84 GGAAGUACAAGUCCAAGAAGCUGUCCAAGCUGCUGGCCC
mRNA UGCUGACCGUGUGCUUCCUGAUCGUGUCCACCAUCCCCG

UGUCCGCCGAGAACCACAAGACCCUGGACGGCGUGGAGA
CCGCCGAGUACUCCGAGUCCUACCUGCAGUACCUGGAGG
ACGUGAAGAACGGCGACACCGCCAAGUACAACGGCGUGA
UCCCCUUCCCCCACGAGAUGGAGGGCACCACCCUGCGGA
ACAAGGGCCGGUCCUCCCUGCCCUCCGCCUACAAGUCCU
CCGUGGCCUACAACCCCAUGGACCUGGGCCUGACCACCC
CCGCCAAGAACCAGGGCUCCCUGAACACCUGCUGGUCCU
UCUCCGGCAUGUCCACCCUGGAGGCCUACCUGAAGCUGA
AGGGCUACGGCACCUACGACCUGUCCGAGGAGCACCUGC
GGUGGUGGGCCACCGGCGGCAAGUACGGCUGGAACCUGG
ACGACAUGUCCGGCUCCUCCAACGUGACCGCCAUCGGCU
ACCUGACCGCCUGGGCCGGCCCCAAGCUGGAGAAGGACA
UCCCCUACAACCUGAAGUCCGAGGCCCAGGGCGCCACCA
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AGCCCUCCAACAUGGACACCGCCCCCACCCAGUUCAACG
UGACCGACGUGGUGCGGCUGAACAAGGACAAGGAGACCG
UGAAGAACGCCAUCAUGCAGUACGGCUCCGUGACCUCCG
GCUACGCCCACUACUCCACCUACUUCAACAAGGACGAGA
CCGCCUACAACUGCACCAACAAGCGGGCCCCCCUGAACC
ACGCCGUGGCCAUCGUGGGCUGGGACGACAACUACUCCA
AGGACAACUUCGCCUCCGACGUGAAGCCCGAGUCCAACG
GCGCCUGGCUGGUGAAGUCCUCCUGGGGCGAGUUCAACU
CCAUGAAGGGCUUCUUCUGGAUCUCCUACGAGGACAAGA
CCCUGCUGACCGACACCGACAACUACGCCAUGAAGUCCG
UGUCCAAGCCCGACUCCGACAAGAAGAUGUACCAGCUGG
AGUACGCCGGCCUGUCCAAGAUCAUGUCCAACAAGGUGA
CCGCCGCCAACGUGUUCGACUUCUCCCGGGACUCCGAGA
AGCUGGACUCCGUGAUGUUCGAGACCGACUCCGUGGGCG
CCAAGUACGAGGUGUACUACGCCCCCGUGGUGAACGGCG
UGCCCCAGAACAACUCCAUGACCAAGCUGGCCUCCGGCA
CCGUGUCCUACUCCGGCUACAUCAACGUGCCCACCAACU
CCUACUCCCUGCCCAAGGGCAAGGGCGCCAUCGUGGUGG
UGAUCGACAACACCGCCAACCCCAACCGGGAGAAGUCCA
CCCUGGCCUACGAGACCAACAUCGACGCCUACUACCUGU
ACGAGGCCAAGGCCAACCUGGGCGAGUCCUACAUCCUGC
AGAACAACAAGUUCGAGGACAUCAACACCUACUCCGAGU
UCUCCCCCUGCAACUUCGUGAUCAAGGCCAUCACCAAGA
CCUCCUCCGGCCAGGCCACCUCCGGCGAGUCCCUGACCGG
CGCCGACCGGUACGAGACCGCCGUGAAGGUGUCCCAGAA
GGGCUGGACCUCCUCCCAGAACGCCGUGCUGGUGAACGG
CGACGCCAUCGUGGACGCCCUGACCGCCACCCCCUUCACC
GCCGCCAUCGACUCCCCCAUCCUGCUGACCGGCAAGGAC
AACCUGGACUCCAAGACCAAGGCCGAGCUGCAGCGGCUG
GGCACCAAGAAGGUGUACCUGAUCGGCGGCGAGAACUCC
CUGUCCAAGAACGUGCAGACCCAGCUGUCCAACAUGGGC
AUCUCCGUGGAGCGGAUCUCCGGCUCCGACCGGUACAAG
ACCUCCAUCUCCCUGGCCCAGAAGCUGAACUCCAUCAAG
UCCGUGUCCCAGGUGGCCGUGGCCAACGGCGUGAACGGC
CUGGCCGACGCCAUCUCCGUGGGCGCCGCCGCCGCCGAC
AACAACAUGCCCAUCAUCCUGACCAACGAGAAGUCCGAG
CUGCAGGGCGCCGACGAGUUCCUGAACUCCUCCAAGAUC
ACCAAGUCCUACAUCAUCGGCGGCACCGCCACCCUGUCC
UCCAACCUGGAGUCCAAGCUGUCCAACCCCACCCGGCUG
GCCGGCUCCAACCGGAACGAGACCAACGCCAAGAUCAUC
GACAAGUUCUACCCCUCCUCCGACCUGAAGUACGCCUUC
GUGGUGAAGGACGGCUCCAAGUCCCAGGGCGACCUGAUC
GACGGCCUGGCCGUGGGCGCCCUGGGCGCCAAGACCGAC
UCCCCCGUGGUGCUGGUGGGCAACAAGCUGGACGAGUCC
CAGAAGAACGUGCUGAAGUCCAAGAAGAUCGAGACCCCC
AUCCGGGUGGGCGGCAACGGCAACGAGUCCGCCUUCAAC
GAGCUGAACACCCUGCUGGGCAAGUAAUAAACUAGUAGU
GACUGACUAGGAUCUGGUUACCACUAAACCAGCCUCAAG
AACACCCGAAUGGAGUCUCUAAGCUACAUAAUACCAACU
UACACUUACAAAAUGUUGUCCCCCAAAAUGUAGCCAUUC
GUAUCUGCUCCUAAUAAAAAGAAAGUUUCUUCACAUUCU
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
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AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAA

modified AUGCGGAAGUACAAGUCCAAGAAGCUGUCCAAGCUGCUG | SEQ ID NO:77
CWP84 GCCCUGCUGACCGUGUGCUUCCUGAUCGUGUCCACCAUC
mMRNA CCCGUGUCCGCCGAGAACCACAAGACCCUGGACGGCGUG
[Clostridioide | GAGACCGCCGAGUACUCCGAGUCCUACCUGCAGUACCUG
sdifficile] | GAGGACGUGAAGAACGGCGACACCGCCAAGUACAACGGC

GUGAUCCCCUUCCCCCACGAGAUGGAGGGCACCACCCUG
CGGAACAAGGGCCGGUCCUCCCUGCCCUCCGCCUACAAG
UCCUCCGUGGCCUACAACCCCAUGGACCUGGGCCUGACC
ACCCCCGCCAAGAACCAGGGCUCCCUGAACACCUGCUGG
UCCUUCUCCGGCAUGUCCACCCUGGAGGCCUACCUGAAG
CUGAAGGGCUACGGCACCUACGACCUGUCCGAGGAGCAC
CUGCGGUGGUGGGCCACCGGCGGCAAGUACGGCUGGAAC
CUGGACGACAUGUCCGGCUCCUCCCAGGUGACCGCCAUC
GGCUACCUGACCGCCUGGGCCGGCCCCAAGCUGGAGAAG
GACAUCCCCUACAACCUGAAGUCCGAGGCCCAGGGCGCC
ACCAAGCCCUCCAACAUGGACACCGCCCCCACCCAGUUCC
AGGUGACCGACGUGGUGCGGCUGAACAAGGACAAGGAGA
CCGUGAAGAACGCCAUCAUGCAGUACGGCUCCGUGACCU
CCGGCUACGCCCACUACUCCACCUACUUCAACAAGGACG
AGACCGCCUACCAGUGCACCAACAAGCGGGCCCCCCUGA
ACCACGCCGUGGCCAUCGUGGGCUGGGACGACCAGUACU
CCAAGGACAACUUCGCCUCCGACGUGAAGCCCGAGUCCA
ACGGCGCCUGGCUGGUGAAGUCCUCCUGGGGCGAGUUCA
ACUCCAUGAAGGGCUUCUUCUGGAUCUCCUACGAGGACA
AGACCCUGCUGACCGACACCGACAACUACGCCAUGAAGU
CCGUGUCCAAGCCCGACUCCGACAAGAAGAUGUACCAGC
UGGAGUACGCCGGCCUGUCCAAGAUCAUGUCCAACAAGG
UGACCGCCGCCAACGUGUUCGACUUCUCCCGGGACUCCG
AGAAGCUGGACUCCGUGAUGUUCGAGACCGACUCCGUGG
GCGCCAAGUACGAGGUGUACUACGCCCCCGUGGUGAACG
GCGUGCCCCAGAACAACUCCAUGACCAAGCUGGCCUCCG
GCACCGUGUCCUACUCCGGCUACAUCAACGUGCCCACCA
ACUCCUACUCCCUGCCCAAGGGCAAGGGCGCCAUCGUGG
UGGUGAUCGACAACACCGCCAACCCCAACCGGGAGAAGU
CCACCCUGGCCUACGAGACCAACAUCGACGCCUACUACC
UGUACGAGGCCAAGGCCAACCUGGGCGAGUCCUACAUCC
UGCAGAACAACAAGUUCGAGGACAUCAACACCUACUCCG
AGUUCUCCCCCUGCAACUUCGUGAUCAAGGCCAUCACCA
AGACCUCCUCCGGCCAGGCCACCUCCGGCGAGUCCCUGA
CCGGCGCCGACCGGUACGAGACCGCCGUGAAGGUGUCCC
AGAAGGGCUGGACCUCCUCCCAGAACGCCGUGCUGGUGA
ACGGCGACGCCAUCGUGGACGCCCUGACCGCCACCCCCU
UCACCGCCGCCAUCGACUCCCCCAUCCUGCUGACCGGCAA
GGACAACCUGGACUCCAAGACCAAGGCCGAGCUGCAGCG
GCUGGGCACCAAGAAGGUGUACCUGAUCGGCGGCGAGAA
CUCCCUGUCCAAGAACGUGCAGACCCAGCUGUCCAACAU
GGGCAUCUCCGUGGAGCGGAUCUCCGGCUCCGACCGGUA
CAAGACCUCCAUCUCCCUGGCCCAGAAGCUGAACUCCAU
CAAGUCCGUGUCCCAGGUGGCCGUGGCCAACGGCGUGAA
CGGCCUGGCCGACGCCAUCUCCGUGGGCGCCGCCGCCGCC
GACAACAACAUGCCCAUCAUCCUGACCAACGAGAAGUCC
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GAGCUGCAGGGCGCCGACGAGUUCCUGAACUCCUCCAAG
AUCACCAAGUCCUACAUCAUCGGCGGCACCGCCACCCUG
UCCUCCAACCUGGAGUCCAAGCUGUCCAACCCCACCCGG
CUGGCCGGCUCCAACCGGAACGAGACCAACGCCAAGAUC
AUCGACAAGUUCUACCCCUCCUCCGACCUGAAGUACGCC
UUCGUGGUGAAGGACGGCUCCAAGUCCCAGGGCGACCUG
AUCGACGGCCUGGCCGUGGGCGCCCUGGGCGCCAAGACC
GACUCCCCCGUGGUGCUGGUGGGCAACAAGCUGGACGAG
UCCCAGAAGAACGUGCUGAAGUCCAAGAAGAUCGAGACC
CCCAUCCGGGUGGGCGGCAACGGCCAGGAGUCCGCCUUC
AACGAGCUGAACACCCUGCUGGGCAAGUAAUAA

modified AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA | SEQ ID NO:78
CWP84 AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU
mRNA UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA
[Clostridioide | AAUUUUCACCAUUUACGAACGAUAGCGCUGCCACCAUGC
sdifficile] | GGAAGUACAAGUCCAAGAAGCUGUCCAAGCUGCUGGCCC

UGCUGACCGUGUGCUUCCUGAUCGUGUCCACCAUCCCCG
UGUCCGCCGAGAACCACAAGACCCUGGACGGCGUGGAGA
CCGCCGAGUACUCCGAGUCCUACCUGCAGUACCUGGAGG
ACGUGAAGAACGGCGACACCGCCAAGUACAACGGCGUGA
UCCCCUUCCCCCACGAGAUGGAGGGCACCACCCUGCGGA
ACAAGGGCCGGUCCUCCCUGCCCUCCGCCUACAAGUCCU
CCGUGGCCUACAACCCCAUGGACCUGGGCCUGACCACCC
CCGCCAAGAACCAGGGCUCCCUGAACACCUGCUGGUCCU
UCUCCGGCAUGUCCACCCUGGAGGCCUACCUGAAGCUGA
AGGGCUACGGCACCUACGACCUGUCCGAGGAGCACCUGC
GGUGGUGGGCCACCGGCGGCAAGUACGGCUGGAACCUGG
ACGACAUGUCCGGCUCCUCCCAGGUGACCGCCAUCGGCU
ACCUGACCGCCUGGGCCGGCCCCAAGCUGGAGAAGGACA
UCCCCUACAACCUGAAGUCCGAGGCCCAGGGCGCCACCA
AGCCCUCCAACAUGGACACCGCCCCCACCCAGUUCCAGG
UGACCGACGUGGUGCGGCUGAACAAGGACAAGGAGACCG
UGAAGAACGCCAUCAUGCAGUACGGCUCCGUGACCUCCG
GCUACGCCCACUACUCCACCUACUUCAACAAGGACGAGA
CCGCCUACCAGUGCACCAACAAGCGGGCCCCCCUGAACC
ACGCCGUGGCCAUCGUGGGCUGGGACGACCAGUACUCCA
AGGACAACUUCGCCUCCGACGUGAAGCCCGAGUCCAACG
GCGCCUGGCUGGUGAAGUCCUCCUGGGGCGAGUUCAACU
CCAUGAAGGGCUUCUUCUGGAUCUCCUACGAGGACAAGA
CCCUGCUGACCGACACCGACAACUACGCCAUGAAGUCCG
UGUCCAAGCCCGACUCCGACAAGAAGAUGUACCAGCUGG
AGUACGCCGGCCUGUCCAAGAUCAUGUCCAACAAGGUGA
CCGCCGCCAACGUGUUCGACUUCUCCCGGGACUCCGAGA
AGCUGGACUCCGUGAUGUUCGAGACCGACUCCGUGGGCG
CCAAGUACGAGGUGUACUACGCCCCCGUGGUGAACGGCG
UGCCCCAGAACAACUCCAUGACCAAGCUGGCCUCCGGCA
CCGUGUCCUACUCCGGCUACAUCAACGUGCCCACCAACU
CCUACUCCCUGCCCAAGGGCAAGGGCGCCAUCGUGGUGG
UGAUCGACAACACCGCCAACCCCAACCGGGAGAAGUCCA
CCCUGGCCUACGAGACCAACAUCGACGCCUACUACCUGU
ACGAGGCCAAGGCCAACCUGGGCGAGUCCUACAUCCUGC
AGAACAACAAGUUCGAGGACAUCAACACCUACUCCGAGU
UCUCCCCCUGCAACUUCGUGAUCAAGGCCAUCACCAAGA
CCUCCUCCGGCCAGGCCACCUCCGGCGAGUCCCUGACCGG
CGCCGACCGGUACGAGACCGCCGUGAAGGUGUCCCAGAA
GGGCUGGACCUCCUCCCAGAACGCCGUGCUGGUGAACGG
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CGACGCCAUCGUGGACGCCCUGACCGCCACCCCCUUCACC
GCCGCCAUCGACUCCCCCAUCCUGCUGACCGGCAAGGAC
AACCUGGACUCCAAGACCAAGGCCGAGCUGCAGCGGCUG
GGCACCAAGAAGGUGUACCUGAUCGGCGGCGAGAACUCC
CUGUCCAAGAACGUGCAGACCCAGCUGUCCAACAUGGGC
AUCUCCGUGGAGCGGAUCUCCGGCUCCGACCGGUACAAG
ACCUCCAUCUCCCUGGCCCAGAAGCUGAACUCCAUCAAG
UCCGUGUCCCAGGUGGCCGUGGCCAACGGCGUGAACGGC
CUGGCCGACGCCAUCUCCGUGGGCGCCGCCGCCGCCGAC
AACAACAUGCCCAUCAUCCUGACCAACGAGAAGUCCGAG
CUGCAGGGCGCCGACGAGUUCCUGAACUCCUCCAAGAUC
ACCAAGUCCUACAUCAUCGGCGGCACCGCCACCCUGUCC
UCCAACCUGGAGUCCAAGCUGUCCAACCCCACCCGGCUG
GCCGGCUCCAACCGGAACGAGACCAACGCCAAGAUCAUC
GACAAGUUCUACCCCUCCUCCGACCUGAAGUACGCCUUC
GUGGUGAAGGACGGCUCCAAGUCCCAGGGCGACCUGAUC
GACGGCCUGGCCGUGGGCGCCCUGGGCGCCAAGACCGAC
UCCCCCGUGGUGCUGGUGGGCAACAAGCUGGACGAGUCC
CAGAAGAACGUGCUGAAGUCCAAGAAGAUCGAGACCCCC
AUCCGGGUGGGCGGCAACGGCCAGGAGUCCGCCUUCAAC
GAGCUGAACACCCUGCUGGGCAAGUAAUAAACUAGUAGU
GACUGACUAGGAUCUGGUUACCACUAAACCAGCCUCAAG
AACACCCGAAUGGAGUCUCUAAGCUACAUAAUACCAACU
UACACUUACAAAAUGUUGUCCCCCAAAAUGUAGCCAUUC
GUAUCUGCUCCUAAUAAAAAGAAAGUUUCUUCACAUUCU
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAA

Modified AUGAACAUCUCCAAGCAGAUCGUGUCCCUGCUGACCAUG | SEQID NO:79
CWP66 ACCUUCCUGACCGUGACCCUGUACGGCAACACCUCCAAC
mRNA GCCUCCACCAAGGACACCCUGACCGGCUCCGGCCGGUGG

GAGACCGCCAUCAAGAUCUCCCAGGCCGGCUGGACCAAG
UCCGAGUCCGCCGUGCUGGUGAACGACAACUCCAUCGCC
GACGCCCUGUCCGCCACCCCCUUCGCCAAGGCCAAGGAC
GCCCCCAUCCUGCUGACCCAGUCCAACAAGCUGGACUCC
CGGACCAAGGCCGAGCUGAAGCGGCUGGGCGUGAAGAAC
GUGUACCUGAUCGGCGGCUCCAUCGCCCUGUCCUCCGAG
AUCGAGAAGCAGCUGAACGCCGAGAACAUCAACUUCGAG
CGGAUCUCCGGCAACUCCCGGUACGACACCUCCCUGAAG
CUGGCCGAGAAGCUGGACCGGGAGAAGUCCAUCUCCAAG
AUCGUGGUGGUGAACGGCGAGAAGGGCCUGGCCGACGCC
GUGUCCGUGGGCGCCAUCGCCGCCCAGGAGAACAUGCCC
AUCAUCCUGUCCGACUCCGAGAACGGCACCGAGGUGGCC
GACAACUUCAUCGACUCCAAGGACAUCGCCAAGUCCUAC
GUGAUCGGCGGCACCUACUCCAUCUCCAACUCCGUGGAG
CGGUCCCUGCCCCAGGCCACCCGGAUCGCCGGLUCCUCCC
GGUCCGAGACCAACGCCAAGAUCAUCGAGGAGUUCUACA
AGGACACCGACAUCAAGAACAUCUACGUGACCAAGGACG
GCACCAAGAACAAGAACGACCUGAUCGACUCCCUGGCCG
UGGGCGUGCUGGCCGCCAAGAACUCCUCCCCCAUCGUGC
UGGCCGGCAACAAGCUGGACACCACCCAGAAGGACGUGC
UGAACACCAAGAUCAUCGACAAGGUGACCCAGAUCGGCG
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GCCUGGGCAACGAGAACGUGGUGGAGGACAUCCUGGACA
UCCAGGAGGAGACCAAGUACACCGUGGAGACCAUCGACG
AGCUGAACGCCGCCAUCAAGCGGGCCGACGCCAACGACA
UCAUCAAGUUCAAGCCCGAGAAGGAGAAGACCAUCAACA
ACUCCUUCUCCAUCGAGACCAAGAAGACCGUGACCAUCG
AGCUGGACGGCCGGUACCGGCAGACCAUCACCCUGGACA
UCCCCAACGGCAAGUUCAACAACUACGCCGAGAUCGAGG
GCGGCGUGAAGCUGAAGAACAUCAAGAACGAGUCCCUGG
UGAACAAGGGCUCCAUCCAGGACCUGGACAUCUACGACG
AGAACGGCUGCAAGAUCGAGAACGAGUCCUCCGGCGAGA
UCUGGUUCGUGACCAUCGUGGAGGAGGCCAACGACGUGU
ACAUCGUGAACUCCGGCGACAUCACCAAGAUCUCCAACA
ACUCCUCCUCCACCAUCAUCCGGAACUCCGGCAACAUCG
ACACCGUGACCGGCAAGAAGGAGCCCGCCAUCUCCGGCA
ACAAGCCCAAGGUGAACGACACCGAGAAGGAGACCAAGG
CCGCCCGGGGCCUGAACCCCCGGGUGGAGGCCUGLCUCCG
UGCCCAAGAAGGACUACGUGAUGAUCACCAUCCCCAACU
CCCCCAAGGACUCCCGGUACAAGAUCUACUACCGGGUGG
UGUACAACAAGCCCUACGCCAUGGACGUGGGCGACAAGA
UCAACAUCGGCGAGUGGACCGUGGCCCCCACCGACGAGG
AGCCCUUCCUGGAGAAGGCCAAGAACGGCUGCUACGUGG
AGGCCGUGGAGGUGAACACCUCCACCAAGGAGGUGUCCC
GGUGGGGCCGGACCCAGGCCACCGACGACGGCUUCUAAU

AA
Modified AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA | SEQ ID NO:80
CWP66 AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU

mRNA UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA

AAUUUUCACCAUUUACGAACGAUAGCGCUGCCACCAUGA
ACAUCUCCAAGCAGAUCGUGUCCCUGCUGACCAUGACCU
UCCUGACCGUGACCCUGUACGGCAACACCUCCAACGCCU
CCACCAAGGACACCCUGACCGGCUCCGGCCGGUGGGAGA
CCGCCAUCAAGAUCUCCCAGGCCGGCUGGACCAAGUCCG
AGUCCGCCGUGCUGGUGAACGACAACUCCAUCGCCGACG
CCCUGUCCGCCACCCCCUUCGCCAAGGCCAAGGACGCCCC
CAUCCUGCUGACCCAGUCCAACAAGCUGGACUCCCGGAC
CAAGGCCGAGCUGAAGCGGCUGGGCGUGAAGAACGUGUA
CCUGAUCGGCGGCUCCAUCGCCCUGUCCUCCGAGAUCGA
GAAGCAGCUGAACGCCGAGAACAUCAACUUCGAGCGGAU
CUCCGGCAACUCCCGGUACGACACCUCCCUGAAGCUGGC
CGAGAAGCUGGACCGGGAGAAGUCCAUCUCCAAGAUCGU
GGUGGUGAACGGCGAGAAGGGCCUGGCCGACGCCGUGUC
CGUGGGCGCCAUCGCCGCCCAGGAGAACAUGCCCAUCAU
CCUGUCCGACUCCGAGAACGGCACCGAGGUGGCCGACAA
CUUCAUCGACUCCAAGGACAUCGCCAAGUCCUACGUGAU
CGGCGGCACCUACUCCAUCUCCAACUCCGUGGAGCGGUC
CCUGCCCCAGGCCACCCGGAUCGCCGGCUCCUCCcCcaaUCCC
GAGACCAACGCCAAGAUCAUCGAGGAGUUCUACAAGGAC
ACCGACAUCAAGAACAUCUACGUGACCAAGGACGGCACC
AAGAACAAGAACGACCUGAUCGACUCCCUGGCCGUGGGC
GUGCUGGCCGCCAAGAACUCCUCCCCCAUCGUGCUGGCC
GGCAACAAGCUGGACACCACCCAGAAGGACGUGCUGAAC
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ACCAAGAUCAUCGACAAGGUGACCCAGAUCGGCGGCCUG
GGCAACGAGAACGUGGUGGAGGACAUCCUGGACAUCCAG
GAGGAGACCAAGUACACCGUGGAGACCAUCGACGAGCUG
AACGCCGCCAUCAAGCGGGCCGACGCCAACGACAUCAUC
AAGUUCAAGCCCGAGAAGGAGAAGACCAUCAACAACUCC
UUCUCCAUCGAGACCAAGAAGACCGUGACCAUCGAGCUG
GACGGCCGGUACCGGCAGACCAUCACCCUGGACAUCCCC
AACGGCAAGUUCAACAACUACGCCGAGAUCGAGGGCGGC
GUGAAGCUGAAGAACAUCAAGAACGAGUCCCUGGUGAAC
AAGGGCUCCAUCCAGGACCUGGACAUCUACGACGAGAAC
GGCUGCAAGAUCGAGAACGAGUCCUCCGGCGAGAUCUGG
UUCGUGACCAUCGUGGAGGAGGCCAACGACGUGUACAUC
GUGAACUCCGGCGACAUCACCAAGAUCUCCAACAACUCC
UCCUCCACCAUCAUCCGGAACUCCGGCAACAUCGACACC
GUGACCGGCAAGAAGGAGCCCGCCAUCUCCGGCAACAAG
CCCAAGGUGAACGACACCGAGAAGGAGACCAAGGCCGCC
CGGGGCCUGAACCCCCGGGUGGAGGCCUGCUCCGUGCCC
AAGAAGGACUACGUGAUGAUCACCAUCCCCAACUCCCCC
AAGGACUCCCGGUACAAGAUCUACUACCGGGUGGUGUAC
AACAAGCCCUACGCCAUGGACGUGGGCGACAAGAUCAAC
AUCGGCGAGUGGACCGUGGCCCCCACCGACGAGGAGCCC
UUCCUGGAGAAGGCCAAGAACGGCUGCUACGUGGAGGCC
GUGGAGGUGAACACCUCCACCAAGGAGGUGUCCCGGUGG
GGCCGGACCCAGGCCACCGACGACGGCUUCUAAUAAACU
AGUAGUGACUGACUAGGAUCUGGUUACCACUAAACCAGC
CUCAAGAACACCCGAAUGGAGUCUCUAAGCUACAUAAUA
CCAACUUACACUUACAAAAUGUUGUCCCCCAAAAUGUAG
CCAUUCGUAUCUGCUCCUAAUAAAAAGAAAGUUUCUUCA
CAUUCUAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

ZupT mRNA | AUGAACAACGUGAUCUUCGCCUUCCUGAUCACCCUGCUG | SEQID NO: 81
GCCGGCCUGUCCACCGGCAUCGGCUCCUGCAUCGCCUUC
UUCGCCAAGAAGACCAACACCAAGUUCCUGUCCAUCUCC
CUGGGCUUCUCCGCCGGCGUGAUGAUCUACGUGUCCAUG
AUCGAGAUCUUCCCCAAGGCCCAGGACGCCCUGACCAAG
UCCAUGGGCGAGAAGCUGGGCUCCUGGUCCACCGUGAUC
GCCUUCUUCAUCGGCAUGGCCAUCAUCGCCGUGAUCGAC
AAGCUGAUCCCCCAGGAGGAGAACCCCCACGAGAUCAAG
AAGAUGGAGAACAUCGAGGAGAAGAACAUCAAGAAGAA
CAAGUCCCUGCUGCGGACCGGCAUCUUCACCGCCAUGGC
CAUCGCCAUCCACAACUUCCCCGAGGGCCUGGCCACCUU
CAUCUCCGCCCUGGACGACGUGACCAUCGCCAUCCCCAU
CGCCAUCGCCAUCGCCAUCCACAACAUCCCCGAGGGCAU
CUCCGUGUCCGUGCCCGUGUACUACGCCACCGGCGACAA
GAAGAAGGCCUUCUACUACUCCUUCCUGUCCGGCAUGUC
CGAGCCCCUGGGCGCCAUCAUCGGCUACGUGCUGCUGCG
GAACUUCCUGAACGACAUCACCCUGGGCAUCGUGUUCGC
CAUCGUGGGCGGCAUCAUGGUGUUCAUCUCCCUGGACGA
GCUGCUGCCCUCCGCCCGGGAGUACGGCGAGCACCACCU
GUCCAUCUACGGCCUGAUCGCCGGCAUGGGCGUGAUGGC
CAUCUCCCUGCUGCUGUUCAAGUAAUAA
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ZupT mRNA | AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA | SEQID NO: 82
AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU
UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA
AAUUUUCACCAUUUACGAACGAUAGCGCUGCCACCAUGA
ACAACGUGAUCUUCGCCUUCCUGAUCACCCUGCUGGCCG
GCCUGUCCACCGGCAUCGGCUCCUGCAUCGCCUUCUUCG
CCAAGAAGACCAACACCAAGUUCCUGUCCAUCUCCCUGG
GCUUCUCCGCCGGCGUGAUGAUCUACGUGUCCAUGAUCG
AGAUCUUCCCCAAGGCCCAGGACGCCCUGACCAAGUCCA
UGGGCGAGAAGCUGGGCUCCUGGUCCACCGUGAUCGCCU
UCUUCAUCGGCAUGGCCAUCAUCGCCGUGAUCGACAAGC
UGAUCCCCCAGGAGGAGAACCCCCACGAGAUCAAGAAGA
UGGAGAACAUCGAGGAGAAGAACAUCAAGAAGAACAAG
UCCCUGCUGCGGACCGGCAUCUUCACCGCCAUGGCCAUC
GCCAUCCACAACUUCCCCGAGGGCCUGGCCACCUUCAUC
UCCGCCCUGGACGACGUGACCAUCGCCAUCCCCAUCGCC
AUCGCCAUCGCCAUCCACAACAUCCCCGAGGGCAUCUCC
GUGUCCGUGCCCGUGUACUACGCCACCGGCGACAAGAAG
AAGGCCUUCUACUACUCCUUCCUGUCCGGCAUGUCCGAG
CCCCUGGGCGCCAUCAUCGGCUACGUGCUGCUGCGGAAC
UUCCUGAACGACAUCACCCUGGGCAUCGUGUUCGCCAUC
GUGGGCGGCAUCAUGGUGUUCAUCUCCCUGGACGAGCUG
CUGCCCUCCGCCCGGGAGUACGGCGAGCACCACCUGUCC
AUCUACGGCCUGAUCGCCGGCAUGGGCGUGAUGGCCAUC
UCCCUGCUGCUGUUCAAGUAAUAAACUAGUAGUGACUGA
CUAGGAUCUGGUUACCACUAAACCAGCCUCAAGAACACC
CGAAUGGAGUCUCUAAGCUACAUAAUACCAACUUACACU
UACAAAAUGUUGUCCCCCAAAAUGUAGCCAUUCGUAUCU
GCUCCUAAUAAAAAGAAAGUUUCUUCACAUUCUAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAAAA
Bile acid AUGGAGAAGUCCUACUGCAUCAUCUACCAGGGCGACAUC | SEQ ID NO: 83
germinant GAGUCCGCCCUGCAGGAGAACGGCAUCAACCGCUACAUG
receptor GUGCUGAACUCCCAGCUGGCCGUGAUCUACGUGCCCCUG
pseudoprotea | GACUUCGACGAGACCAUCCUGAACAACAUCAUCCAGGUG
se CspC GCCUGGUGGGAGGAGUCCGAGCCCAUGUCCUCCCUGAUC
mRNA GAGAUCACCAACAACGUGAACAACGGCGAGACCAUCACC

ACCGCCGCCGAGACCGACUACAUCUACGAGAACCCCUAC
AACGACAUCACCGGCCGCGGCAUCCUGCUGGCCGUGAUC
GACUCCGGCAUCGACUACCUGCACCCCGACUUCAUCAAC
GACGACGGCACCUCCAAGGUGCUGUACCUGUGGGACCAG
GAGGCCAACACCAACCCCCCCCCCGAGGGCUUCAUCUUC
GGCUCCGAGUUCACCCGCUCCGAGCUGAACAUCGCCAUC
AACCGCAACGACGGCUCCCUGUCCCAGGACAACAUCGGC
ACCGGCACCCUGGUGUCCGGCAUCCUGGUGGGCAACGGC
CGCAUCAACUCCCAGUACCGCGGCAUCACCACCGAGUCC
GACCUGAUCGUGGUGAAGCUGAAGUCCUACACCGACACC
UACUACGCCGGCCGCAUCAACUACUCCGUGUCCGACUUC
CUGGCCGCCAUCACCUACGUGACCAACAUCGCCCGCACC
GAGAACAAGCCCCUGAUCAUCAACCUGACCAUCGGCGUG
AAGUCCUCCGCCGUGGCCACCACCUCCAUCCUGGACACC
UUCAACAUCCUGUCCUCCGCCGGCGUGGUGGUGGUGUCC
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GGCGCCGGCAACCAGGGCAACACCGACAUCCACUACUCC
GGCCGCUUCUCCUCCGUGGGCGAGGUGCAGGACGUGAUC
AUCCAGGACGGCGACGACUACGCCCUGGACAUCACCCUG
AACACCAACGGCCCCGACAAGGUGGGCGCCCAGAUCAUC
UCCCCCUCCGGCGAGGUGUCCCACGACAUCCGCUACUCCC
CCGACUUCUACAUCUACCGCGGCAAGUUCAACCUGGAGA
ACACCACCUACGCCAUGCGCUUCAUCUACCCCUACAUCA
CCUCCGGCAAGGAGAACCUGGAGAUCCGCCUGCGCGACA
UCAAGCCCGGCGUGUGGAUCCUGCGCCUGACCUCCGAGC
UGAUCAUCAACGGCGAGUACGACAUCUACCUGCCCAACA
AGAACCUGAUCGCCCCCGACACCCGCUUCCUGGACCCCG
ACUCCGUGGCCACCAUCACCAUGUACGCCGCCUCCGACG
ACGUGAUCACCGUGGGCACCUUCAACAACAAGACCGACU
CCAUGUGGAUCGGCUCCUCCAAGGGCCCCAUCCGCGGCC
GCGGCAUCAAGCCCGACAUCGUGGCCUCCGGCGUGGACA
UCAUCUCCACCUACAAGAACGGCACCUACAACACCGGCA
CCGGCACCGGCGUGUCCUCCUCCAUCGUGACCGGCGUGC
UGGCCCUGCUGAUGGAGUACCUGGAGAAGCAGGACAACG
UGCCCCGCCUGUCCCUGUUCACCCAGGUGCUGAAGACCU
ACCUGAUCCUGGGCGCCACCAAGCUGGAGAUCUACACCU
ACCCCAACGUGUCCCAGGGCUACGGCAUCCUGAACCUGA
AGAACACCAUCCAGCAGAUCGCCAACACCCUGUAAUAA

Bile acid AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA | SEQID NO:84
germinant AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU
receptor UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA
pseudoprotea | AAUUUUCACCAUUUACGAACGAUAGCGCUGCCACCAUGG
se CspC AGAAGUCCUACUGCAUCAUCUACCAGGGCGACAUCGAGU
mRNA CCGCCCUGCAGGAGAACGGCAUCAACCGCUACAUGGUGC

UGAACUCCCAGCUGGCCGUGAUCUACGUGCCCCUGGACU
UCGACGAGACCAUCCUGAACAACAUCAUCCAGGUGGCCU
GGUGGGAGGAGUCCGAGCCCAUGUCCUCCCUGAUCGAGA
UCACCAACAACGUGAACAACGGCGAGACCAUCACCACCG
CCGCCGAGACCGACUACAUCUACGAGAACCCCUACAACG
ACAUCACCGGCCGCGGCAUCCUGCUGGCCGUGAUCGACU
CCGGCAUCGACUACCUGCACCCCGACUUCAUCAACGACG
ACGGCACCUCCAAGGUGCUGUACCUGUGGGACCAGGAGG
CCAACACCAACCCCCCCCCCGAGGGCUUCAUCUUCGGCUC
CGAGUUCACCCGCUCCGAGCUGAACAUCGCCAUCAACCG
CAACGACGGCUCCCUGUCCCAGGACAACAUCGGCACCGG
CACCCUGGUGUCCGGCAUCCUGGUGGGCAACGGCCGCAU
CAACUCCCAGUACCGCGGCAUCACCACCGAGUCCGACCU
GAUCGUGGUGAAGCUGAAGUCCUACACCGACACCUACUA
CGCCGGCCGCAUCAACUACUCCGUGUCCGACUUCCUGGC
CGCCAUCACCUACGUGACCAACAUCGCCCGCACCGAGAA
CAAGCCCCUGAUCAUCAACCUGACCAUCGGCGUGAAGUC
CUCCGCCGUGGCCACCACCUCCAUCCUGGACACCUUCAAC
AUCCUGUCCUCCGCCGGCGUGGUGGUGGUGUCCGEGCGECC
GGCAACCAGGGCAACACCGACAUCCACUACUCCGGCCGC
UUCUCCUCCGUGGGCGAGGUGCAGGACGUGAUCAUCCAG
GACGGCGACGACUACGCCCUGGACAUCACCCUGAACACC
AACGGCCCCGACAAGGUGGGCGCCCAGAUCAUCUCCCCC
UCCGGCGAGGUGUCCCACGACAUCCGCUACUCCCCCGAC
UUCUACAUCUACCGCGGCAAGUUCAACCUGGAGAACACC
ACCUACGCCAUGCGCUUCAUCUACCCCUACAUCACCUCC
GGCAAGGAGAACCUGGAGAUCCGCCUGCGCGACAUCAAG
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CCCGGCGUGUGGAUCCUGCGCCUGACCUCCGAGCUGAUC
AUCAACGGCGAGUACGACAUCUACCUGCCCAACAAGAAC
CUGAUCGCCCCCGACACCCGCUUCCUGGACCCCGACUCCG
UGGCCACCAUCACCAUGUACGCCGCCUCCGACGACGUGA
UCACCGUGGGCACCUUCAACAACAAGACCGACUCCAUGU
GGAUCGGCUCCUCCAAGGGCCCCAUCCGCGGCCGCGGCA
UCAAGCCCGACAUCGUGGCCUCCGGCGUGGACAUCAUCU
CCACCUACAAGAACGGCACCUACAACACCGGCACCGGCA
CCGGCGUGUCCUCCUCCAUCGUGACCGGCGUGCUGGLCCC
UGCUGAUGGAGUACCUGGAGAAGCAGGACAACGUGCCCC
GCCUGUCCCUGUUCACCCAGGUGCUGAAGACCUACCUGA
UCCUGGGCGCCACCAAGCUGGAGAUCUACACCUACCCCA
ACGUGUCCCAGGGCUACGGCAUCCUGAACCUGAAGAACA
CCAUCCAGCAGAUCGCCAACACCCUGUAAUAAACUAGUA
GUGACUGACUAGGAUCUGGUUACCACUAAACCAGCCUCA
AGAACACCCGAAUGGAGUCUCUAAGCUACAUAAUACCAA
CUUACACUUACAAAAUGUUGUCCCCCAAAAUGUAGCCAU
UCGUAUCUGCUCCUAAUAAAAAGAAAGUUUCUUCACAUU
CUAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAA

Modified AUGGAGAAGUCCUACUGCAUCAUCUACCAGGGCGACAUC | SEQ ID NO: 85
Cspc mRNA [ GAGUCCGCCCUGCAGGAGAACGGCAUCAACCGGUACAUG
GUGCUGAACUCCCAGCUGGCCGUGAUCUACGUGCCCCUG
GACUUCGACGAGACCAUCCUGAACAACAUCAUCCAGGUG
GCCUGGUGGGAGGAGUCCGAGCCCAUGUCCUCCCUGAUC
GAGAUCACCAACAACGUGAACAACGGCGAGACCAUCACC
ACCGCCGCCGAGACCGACUACAUCUACGAGAACCCCUAC
AACGACAUCACCGGCCGGGGCAUCCUGCUGGCCGUGAUC
GACUCCGGCAUCGACUACCUGCACCCCGACUUCAUCAAC
GACGACGGCACCUCCAAGGUGCUGUACCUGUGGGACCAG
GAGGCCAACACCAACCCCCCCCCCGAGGGCUUCAUCUUC
GGCUCCGAGUUCACCCGGUCCGAGCUGAACAUCGCCAUC
AACCGGAACGACGGCUCCCUGUCCCAGGACAACAUCGGC
ACCGGCACCCUGGUGUCCGGCAUCCUGGUGGGCAACGGC
CGGAUCAACUCCCAGUACCGGGGCAUCACCACCGAGUCC
GACCUGAUCGUGGUGAAGCUGAAGUCCUACACCGACACC
UACUACGCCGGCCGGAUCGGCUACUCCGUGUCCGACUUC
CUGGCCGCCAUCACCUACGUGACCAACAUCGCCCGGACC
GAGAACAAGCCCCUGAUCAUCGGCCUGACCAUCGGCGUG
AAGUCCUCCGCCGUGGCCACCACCUCCAUCCUGGACACC
UUCAACAUCCUGUCCUCCGCCGGCGUGGUGGUGGUGUCC
GGCGCCGGCAACCAGGGCAACACCGACAUCCACUACUCC
GGCCGGUUCUCCUCCGUGGGCGAGGUGCAGGACGUGAUC
AUCCAGGACGGCGACGACUACGCCCUGGACAUCACCCUG
AACACCAACGGCCCCGACAAGGUGGGCGCCCAGAUCAUC
UCCCCCUCCGGCGAGGUGUCCCACGACAUCCGGUACUCC
CCCGACUUCUACAUCUACCGGGGCAAGUUCAACCUGGAG
AACACCACCUACGCCAUGCGGUUCAUCUACCCCUACAUC
ACCUCCGGCAAGGAGAACCUGGAGAUCCGGCUGCGGGAC
AUCAAGCCCGGCGUGUGGAUCCUGCGGCUGACCUCCGAG
CUGAUCAUCAACGGCGAGUACGACAUCUACCUGCCCAAC
AAGAACCUGAUCGCCCCCGACACCCGGUUCCUGGACCCC
GACUCCGUGGCCACCAUCACCAUGUACGCCGCCUCCGAC
GACGUGAUCACCGUGGGCACCUUCAACAACAAGACCGAC
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UCCAUGUGGAUCGGCUCCUCCAAGGGCCCCAUCCGGGGC
CGGGGCAUCAAGCCCGACAUCGUGGCCUCCGGCGUGGAC
AUCAUCUCCACCUACAAGAACGGCACCUACAACACCGGC
ACCGGCACCGGCGUGUCCUCCUCCAUCGUGACCGGCGUG
CUGGCCCUGCUGAUGGAGUACCUGGAGAAGCAGGACAAC
GUGCCCCGGCUGUCCCUGUUCACCCAGGUGCUGAAGACC
UACCUGAUCCUGGGCGCCACCAAGCUGGAGAUCUACACC
UACCCCAACGUGUCCCAGGGCUACGGCAUCCUGAACCUG
AAGAACACCAUCCAGCAGAUCGCCAACACCCUGUAAUAA

Modified AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA | SEQ ID NO: 86
Cspc mRNA [ AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU
UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA
AAUUUUCACCAUUUACGAACGAUAGCGCUGCCACCAUGG
AGAAGUCCUACUGCAUCAUCUACCAGGGCGACAUCGAGU
CCGCCCUGCAGGAGAACGGCAUCAACCGGUACAUGGUGC
UGAACUCCCAGCUGGCCGUGAUCUACGUGCCCCUGGACU
UCGACGAGACCAUCCUGAACAACAUCAUCCAGGUGGCCU
GGUGGGAGGAGUCCGAGCCCAUGUCCUCCCUGAUCGAGA
UCACCAACAACGUGAACAACGGCGAGACCAUCACCACCG
CCGCCGAGACCGACUACAUCUACGAGAACCCCUACAACG
ACAUCACCGGCCGGGGCAUCCUGCUGGCCGUGAUCGACU
CCGGCAUCGACUACCUGCACCCCGACUUCAUCAACGACG
ACGGCACCUCCAAGGUGCUGUACCUGUGGGACCAGGAGG
CCAACACCAACCCCCCCCCCGAGGGCUUCAUCUUCGGCUC
CGAGUUCACCCGGUCCGAGCUGAACAUCGCCAUCAACCG
GAACGACGGCUCCCUGUCCCAGGACAACAUCGGCACCGG
CACCCUGGUGUCCGGCAUCCUGGUGGGCAACGGCCGGAU
CAACUCCCAGUACCGGGGCAUCACCACCGAGUCCGACCU
GAUCGUGGUGAAGCUGAAGUCCUACACCGACACCUACUA
CGCCGGCCGGAUCGGCUACUCCGUGUCCGACUUCCUGGC
CGCCAUCACCUACGUGACCAACAUCGCCCGGACCGAGAA
CAAGCCCCUGAUCAUCGGCCUGACCAUCGGCGUGAAGUC
CUCCGCCGUGGCCACCACCUCCAUCCUGGACACCUUCAAC
AUCCUGUCCUCCGCCGGCGUGGUGGUGGUGUCCGGCGCC
GGCAACCAGGGCAACACCGACAUCCACUACUCCGGCCGG
UUCUCCUCCGUGGGCGAGGUGCAGGACGUGAUCAUCCAG
GACGGCGACGACUACGCCCUGGACAUCACCCUGAACACC
AACGGCCCCGACAAGGUGGGCGCCCAGAUCAUCUCCCCC
UCCGGCGAGGUGUCCCACGACAUCCGGUACUCCCCCGAC
UUCUACAUCUACCGGGGCAAGUUCAACCUGGAGAACACC
ACCUACGCCAUGCGGUUCAUCUACCCCUACAUCACCUCC
GGCAAGGAGAACCUGGAGAUCCGGCUGCGGGACAUCAAG
CCCGGCGUGUGGAUCCUGCGGCUGACCUCCGAGCUGAUC
AUCAACGGCGAGUACGACAUCUACCUGCCCAACAAGAAC
CUGAUCGCCCCCGACACCCGGUUCCUGGACCCCGACUCCG
UGGCCACCAUCACCAUGUACGCCGCCUCCGACGACGUGA
UCACCGUGGGCACCUUCAACAACAAGACCGACUCCAUGU
GGAUCGGCUCCUCCAAGGGCCCCAUCCGGGGCCGGGGLA
UCAAGCCCGACAUCGUGGCCUCCGGCGUGGACAUCAUCU
CCACCUACAAGAACGGCACCUACAACACCGGCACCGGCA
CCGGCGUGUCCUCCUCCAUCGUGACCGGCGUGCUGGCCC
UGCUGAUGGAGUACCUGGAGAAGCAGGACAACGUGCCCC
GGCUGUCCCUGUUCACCCAGGUGCUGAAGACCUACCUGA
UCCUGGGCGCCACCAAGCUGGAGAUCUACACCUACCCCA
ACGUGUCCCAGGGCUACGGCAUCCUGAACCUGAAGAACA

108



WO 2025/129186 PCT/US2024/060394

CCAUCCAGCAGAUCGCCAACACCCUGUAAUAAACUAGUA
GUGACUGACUAGGAUCUGGUUACCACUAAACCAGCCUCA
AGAACACCCGAAUGGAGUCUCUAAGCUACAUAAUACCAA
CUUACACUUACAAAAUGUUGUCCCCCAAAAUGUAGCCAU
UCGUAUCUGCUCCUAAUAAAAAGAAAGUUUCUUCACAUU
CUAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAA

Modified AUGCGGAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCC | SEQ ID NO:87
CspC with UGGCCCUGGUGACCAACUCCGAGAAGUCCUACUGCAUC
IL-2 signal AUCUACCAGGGCGACAUCGAGUCCGCCCUGCAGGAGAAC
MRNA GGCAUCAACCGGUACAUGGUGCUGAACUCCCAGCUGGCC
GUGAUCUACGUGCCCCUGGACUUCGACGAGACCAUCCUG
AACAACAUCAUCCAGGUGGCCUGGUGGGAGGAGUCCGAG
CCCAUGUCCUCCCUGAUCGAGAUCACCAACAACGUGAAC
AACGGCGAGACCAUCACCACCGCCGCCGAGACCGACUAC
AUCUACGAGAACCCCUACAACGACAUCACCGGCCGGGGC
AUCCUGCUGGCCGUGAUCGACUCCGGCAUCGACUACCUG
CACCCCGACUUCAUCAACGACGACGGCACCUCCAAGGUG
CUGUACCUGUGGGACCAGGAGGCCAACACCAACCCCCCC
CCCGAGGGCUUCAUCUUCGGCUCCGAGUUCACCCGGUCC
GAGCUGAACAUCGCCAUCAACCGGAACGACGGCUCCCUG
UCCCAGGACAACAUCGGCACCGGCACCCUGGUGUCCGGC
AUCCUGGUGGGCAACGGCCGGAUCAACUCCCAGUACCGG
GGCAUCACCACCGAGUCCGACCUGAUCGUGGUGAAGCUG
AAGUCCUACACCGACACCUACUACGCCGGCCGGAUCGGC
UACUCCGUGUCCGACUUCCUGGCCGCCAUCACCUACGUG
ACCAACAUCGCCCGGACCGAGAACAAGCCCCUGAUCAUC
GGCCUGACCAUCGGCGUGAAGUCCUCCGCCGUGGCCACC
ACCUCCAUCCUGGACACCUUCAACAUCCUGUCCUCCGCC
GGCGUGGUGGUGGUGUCCGGCGCCGGCAACCAGGGCAAC
ACCGACAUCCACUACUCCGGCCGGUUCUCCUCCGUGGGC
GAGGUGCAGGACGUGAUCAUCCAGGACGGCGACGACUAC
GCCCUGGACAUCACCCUGAACACCAACGGCCCCGACAAG
GUGGGCGCCCAGAUCAUCUCCCCCUCCGGCGAGGUGUCC
CACGACAUCCGGUACUCCCCCGACUUCUACAUCUACCGG
GGCAAGUUCAACCUGGAGAACACCACCUACGCCAUGCGG
UUCAUCUACCCCUACAUCACCUCCGGCAAGGAGAACCUG
GAGAUCCGGCUGCGGGACAUCAAGCCCGGCGUGUGGAUC
CUGCGGCUGACCUCCGAGCUGAUCAUCAACGGCGAGUAC
GACAUCUACCUGCCCAACAAGAACCUGAUCGCCCCCGAC
ACCCGGUUCCUGGACCCCGACUCCGUGGCCACCAUCACC
AUGUACGCCGCCUCCGACGACGUGAUCACCGUGGGCACC
UUCAACAACAAGACCGACUCCAUGUGGAUCGGCUCCUCC
AAGGGCCCCAUCCGGGGCCGGGGCAUCAAGCCCGACAUC
GUGGCCUCCGGCGUGGACAUCAUCUCCACCUACAAGAAC
GGCACCUACAACACCGGCACCGGCACCGGCGUGUCCUCC
UCCAUCGUGACCGGCGUGCUGGCCCUGCUGAUGGAGUAC
CUGGAGAAGCAGGACAACGUGCCCCGGCUGUCCcuGUUC
ACCCAGGUGCUGAAGACCUACCUGAUCCUGGGCGCCACC
AAGCUGGAGAUCUACACCUACCCCAACGUGUCCCAGGGC
UACGGCAUCCUGAACCUGAAGAACACCAUCCAGCAGAUC
GCCAACACCCUGUAAUAA

Modified AGCAUAAAAGUCUCAACACAACAUAUACAAAACAAACGA | SEQ ID NO: 88
CspC with AUCUCAAGCAAUCAAGCAUUCUACUUCUAUUGCAGCAAU

109



WO 2025/129186 PCT/US2024/060394

IL-2 signal UUAAAUCAUUUCUUUUAAAGCAAAAGCAAUUUUCUGAA
MRNA AAUUUUCACCAUUUACGAACGAUAGCGCUGCCACCAUGC
GGAUGCAGCUGCUGCUGCUGAUCGCCCUGUCCCUGGC
CCUGGUGACCAACUCCGAGAAGUCCUACUGCAUCAUCU
ACCAGGGCGACAUCGAGUCCGCCCUGCAGGAGAACGGCA
UCAACCGGUACAUGGUGCUGAACUCCCAGCUGGCCGUGA
UCUACGUGCCCCUGGACUUCGACGAGACCAUCCUGAACA
ACAUCAUCCAGGUGGCCUGGUGGGAGGAGUCCGAGCCCA
UGUCCUCCCUGAUCGAGAUCACCAACAACGUGAACAACG
GCGAGACCAUCACCACCGCCGCCGAGACCGACUACAUCU
ACGAGAACCCCUACAACGACAUCACCGGCCGGGGCAUCC
UGCUGGCCGUGAUCGACUCCGGCAUCGACUACCUGCACC
CCGACUUCAUCAACGACGACGGCACCUCCAAGGUGCUGU
ACCUGUGGGACCAGGAGGCCAACACCAACCCCCCCCCCG
AGGGCUUCAUCUUCGGCUCCGAGUUCACCCGGUCCGAGC
UGAACAUCGCCAUCAACCGGAACGACGGCUCCCUGUCCC
AGGACAACAUCGGCACCGGCACCCUGGUGUCCGGCAUCC
UGGUGGGCAACGGCCGGAUCAACUCCCAGUACCGGGGCA
UCACCACCGAGUCCGACCUGAUCGUGGUGAAGCUGAAGU
CCUACACCGACACCUACUACGCCGGCCGGAUCGGCUACU
CCGUGUCCGACUUCCUGGCCGCCAUCACCUACGUGACCA
ACAUCGCCCGGACCGAGAACAAGCCCCUGAUCAUCGGCC
UGACCAUCGGCGUGAAGUCCUCCGCCGUGGCCACCACCU
CCAUCCUGGACACCUUCAACAUCCUGUCCUCCGCCGGCG
UGGUGGUGGUGUCCGGCGCCGGCAACCAGGGCAACACCG
ACAUCCACUACUCCGGCCGGUUCUCCUCCGUGGGCGAGG
UGCAGGACGUGAUCAUCCAGGACGGCGACGACUACGCCC
UGGACAUCACCCUGAACACCAACGGCCCCGACAAGGUGG
GCGCCCAGAUCAUCUCCCCCUCCGGCGAGGUGUCCCACG
ACAUCCGGUACUCCCCCGACUUCUACAUCUACCGGGGCA
AGUUCAACCUGGAGAACACCACCUACGCCAUGCGGUUCA
UCUACCCCUACAUCACCUCCGGCAAGGAGAACCUGGAGA
UCCGGCUGCGGGACAUCAAGCCCGGCGUGUGGAUCCUGC
GGCUGACCUCCGAGCUGAUCAUCAACGGCGAGUACGACA
UCUACCUGCCCAACAAGAACCUGAUCGCCCCCGACACCC
GGUUCCUGGACCCCGACUCCGUGGCCACCAUCACCAUGU
ACGCCGCCUCCGACGACGUGAUCACCGUGGGCACCUUCA
ACAACAAGACCGACUCCAUGUGGAUCGGCUCCUCCAAGG
GCCCCAUCCGGGGCCGGGGCAUCAAGCCCGACAUCGUGG
CCUCCGGCGUGGACAUCAUCUCCACCUACAAGAACGGCA
CCUACAACACCGGCACCGGCACCGGCGUGGUCCUCCUCCA
UCGUGACCGGCGUGCUGGCCCUGCUGAUGGAGUACCUGG
AGAAGCAGGACAACGUGCCCCGGCUGUCCCUGUUCACCC
AGGUGCUGAAGACCUACCUGAUCCUGGGCGCCACCAAGC
UGGAGAUCUACACCUACCCCAACGUGUCCCAGGGCUACG
GCAUCCUGAACCUGAAGAACACCAUCCAGCAGAUCGCCA
ACACCCUGUAAUAAACUAGUAGUGACUGACUAGGAUCUG
GUUACCACUAAACCAGCCUCAAGAACACCCGAAUGGAGU
CUCUAAGCUACAUAAUACCAACUUACACUUACAAAAUGU
UGUCCCCCAAAAUGUAGCCAUUCGUAUCUGCUCCUAAUA
AAAAGAAAGUUUCUUCACAUUCUAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAANAAAAAAAAAAAAAAAAAA
AAAAAAAAA
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In some embodiments, an RNA encoding a TcdA antigen
comprises a nucleic acid sequence of SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36,
SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:41, SEQ
ID NO:42, SEQ ID NO:43, or SEQ ID NO:44, or a fragment or variant thereof. In some
embodiments, an RNA encoding a TcdA antigen comprises a nucleoside modified RNA
molecule comprising a sequence corresponding to a nucleic acid sequence of SEQ ID
NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID
NO:39, SEQ ID NO:40, SEQ ID NO:41, SEQ ID NO:42, SEQ ID NO:43, or SEQ ID
NO:44, or a fragment or variant thereof, wherein one or more “t” nucleotides is
substituted with a pseudouridine or 1-methy-pseudouridine. In some embodiments, a
nucleic acid molecule encoding a TcdA antigen comprises a nucleic acid sequence having
at least 75%, 80%, 85%, 86%., 87%, 88%, 89%. 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or more sequence identity to SEQ ID NO:34, SEQ ID NQO:35, SEQ ID
NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID
NO:41, SEQ ID NO:42, SEQ ID NO:43, or SEQ ID NO:44, or a nucleoside modified
RNA corresponding to SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37,
SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:41, SEQ ID NO:42, SEQ
ID NO:43, or SEQ ID NO:44. In some embodiments, an RNA molecule encoding a TcdA
antigen comprises at least a fragment of SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36,
SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:41, SEQ
ID NO:42, SEQ ID NO:43, or SEQ ID NO:44 comprising at least 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% of the full length of SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36,
SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:41, SEQ
ID NO:42, SEQ ID NO:43, or SEQ ID NO:44, or a nucleoside modified RNA
corresponding to a fragment of SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID
NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:41, SEQ ID
NO:42, SEQ ID NO:43, or SEQ ID NO:44.

In some embodiments, an RNA encoding a TcdB antigen comprises a
nucleic acid sequence of SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID
NO:48, SEQ TD NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ ID
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NO:53, SEQ ID NO:54, or SEQ ID NO:55, or a fragment or variant thereof. In some
embodiments, an RNA encoding a TcdB antigen comprises a nucleoside modified RNA
molecule comprising a sequence corresponding to a nucleic acid sequence of SEQ ID
NO:45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ 1D
NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:54, or SEQ ID
NO:55, or a fragment or variant thereof, wherein one or more “t” nucleotides is
substituted with a pseudouridine or 1-methy-pseudouridine. In some embodiments, a
nucleic acid molecule encoding a TcdB antigen comprises a nucleic acid sequence having
at least 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or more sequence identity to SEQ ID NO:45, SEQ ID NO:46, SEQ ID
NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID
NO:52, SEQ ID NO:53, SEQ ID NO:54, or SEQ ID NO:55, or a nucleoside modified
RNA corresponding to SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48,
SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ
ID NO:54, or SEQ ID NO:55. In some embodiments, an RNA molecule encoding a TcdB
antigen comprises at least a fragment of SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO:47,
SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ
ID NO:53, SEQ ID NO:54, or SEQ ID NO:55 comprising at least 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% of the full length of SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO:47,
SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ
ID NO:53, SEQ ID NO:54, or SEQ ID NO:55, or a nucleoside modified RNA
corresponding to a fragment of SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID
NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ ID
NO:53, SEQ ID NO:54, or SEQ ID NO:55.

In some embodiments, an RNA encoding a PPEP-1 antigen comprises a
nucleic acid sequence of SEQ ID NO:56, SEQ ID NO:57, SEQ ID NO:58, SEQ ID
NO:59, SEQ ID NO:60, SEQ ID NO:61, SEQ ID NO:62, SEQ ID NO:63, SEQ ID
NO:64, SEQ ID NO:65, or SEQ ID NO:66, or a fragment or variant thereof. In some
embodiments, an RNA encoding a PPEP-1 antigen comprises a nucleoside modified

RNA molecule comprising a sequence corresponding to a nucleic acid sequence of SEQ
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ID NO:56, SEQ ID NO:57, SEQ ID NO:58, SEQ ID NO:59, SEQ ID NO:60, SEQ ID
NO:61, SEQ ID NO:62, SEQ ID NO:63, SEQ ID NO:64, SEQ ID NO:65, or SEQ ID
NO:66, or a fragment or variant thereof, wherein one or more “t” nucleotides is
substituted with a pseudouridine or 1-methy-pseudouridine. In some embodiments, a
nucleic acid molecule encoding a PPEP-1 antigen comprises a nucleic acid sequence
having at least 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%.,
95%, 96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NO:56, SEQ ID
NO:57, SEQ ID NO:58, SEQ ID NO:59, SEQ ID NO:60, SEQ ID NO:61, SEQ ID
NO:62, SEQ ID NO:63, SEQ ID NO:64, SEQ ID NQO:65, or SEQ ID NO:66, or a
nucleoside modified RNA corresponding to SEQ ID NO:56, SEQ ID NO:57, SEQ ID
NO:58, SEQ ID NO:59, SEQ ID NO:60, SEQ ID NO:61, SEQ ID NO:62, SEQ ID
NO:63, SEQ ID NO:64, SEQ ID NO:65, or SEQ ID NO:66. In some embodiments, an
RNA molecule encoding a PPEP-1 antigen comprises at least a fragment of SEQ ID
NO:56, SEQ ID NO:57, SEQ ID NO:58, SEQ ID NO:59, SEQ ID NO:60, SEQ ID
NO:61, SEQ ID NO:62, SEQ ID NO:63, SEQ ID NO:64, SEQ ID NO:65, or SEQ ID
NO:66 comprising at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% of the full length
of SEQ ID NO:56, SEQ ID NO:57, SEQ ID NO:58, SEQ ID NO:59, SEQ ID NO:60,
SEQ ID NO:61, SEQ ID NO:62, SEQ ID NO:63, SEQ ID NO:64, SEQ ID NO:65, or
SEQ ID NO:66, or a nucleoside modified RNA corresponding to a fragment of SEQ ID
NO:56, SEQ ID NO:57, SEQ ID NO:58, SEQ ID NO:59, SEQ ID NO:60, SEQ ID
NO:61, SEQ ID NO:62, SEQ ID NO:63, SEQ ID NO:64, SEQ ID NO:65, or SEQ ID
NO:66.

In some embodiments, an RNA encoding a CdeM antigen comprises a
nucleic acid sequence of SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:69, SEQ ID
NO:70, SEQ ID NO:71, SEQ ID NO:72, SEQ ID NO:73, or SEQ ID NO:74, or a
fragment or variant thereof. In some embodiments, an RNA encoding a CdeM antigen
comprises a nucleoside modified RNA molecule comprising a sequence corresponding to
a nucleic acid sequence of SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:69, SEQ ID
NO:70, SEQ ID NO:71, SEQ ID NO:72, SEQ ID NO:73, or SEQ ID NO:74, or a

fragment or variant thereof, wherein one or more “t” nucleotides is substituted with a
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pseudouridine or 1-methy-pseudouridine. In some embodiments, a nucleic acid molecule
encoding a CdeM antigen comprises a nucleic acid sequence having at least 75%, 80%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
more sequence identity to SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:69, SEQ ID
NO:70, SEQ ID NO:71, SEQ ID NO:72, SEQ ID NO:73, or SEQ ID NO:74, or a
nucleoside modified RNA corresponding to SEQ ID NO:67, SEQ ID NO:68, SEQ ID
NO:69, SEQ ID NO:70, SEQ ID NO:71, SEQ ID NO:72, SEQ ID NO:73, or SEQ ID
NO:74. In some embodiments, an RNA molecule encoding a CdeM antigen comprises at
least a fragment of SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:69, SEQ ID NO:70,
SEQ ID NO:71, SEQ ID NO:72, SEQ ID NO:73, or SEQ ID NO:74 comprising at least
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99% of the full length of SEQ ID NO:67, SEQ ID
NO:68, SEQ ID NO:69, SEQ ID NO:70, SEQ ID NO:71, SEQ ID NO:72, SEQ ID
NO:73, or SEQ ID NO:74, or a nucleoside modified RNA corresponding to a fragment of
SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:69, SEQ ID NO:70, SEQ ID NO:71, SEQ
ID NO:72, SEQ ID NO:73, or SEQ ID NO:74.

In some embodiments, an RNA encoding a CWP84 antigen comprises a
nucleic acid sequence of SEQ ID NO:75, SEQ ID NO:76, SEQ ID NO:77 or SEQ ID
NO:78, or a fragment or variant thereof. In some embodiments, an RNA encoding a
CWP84 antigen comprises a nucleoside modified RNA molecule comprising a sequence
corresponding to a nucleic acid sequence of SEQ ID NO:75, SEQ ID NO:76, SEQ ID
NO:77 or SEQ ID NO:78, or a fragment or variant thereof, wherein one or more “t”
nucleotides is substituted with a pseudouridine or 1-methy-pseudouridine. In some
embodiments, a nucleic acid molecule encoding a CWP84 antigen comprises a nucleic
acid sequence having at least 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or more sequence identity to SEQ ID NO:75,
SEQ ID NO:76, SEQ ID NO:77 or SEQ ID NO:78, or a nucleoside modified RNA
corresponding to SEQ ID NO:75, SEQ ID NO:76, SEQ ID NO:77 or SEQ ID NO:78. In
some embodiments, an RNA molecule encoding a CWP84 antigen comprises at least a
fragment of SEQ ID NO:75, SEQ ID NO:76, SEQ ID NO:77 or SEQ ID NO:78
comprising at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%,
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90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% of the full length of SEQ ID
NO:75, SEQ ID NO:76, SEQ ID NO:77 or SEQ ID NO:78, or a nucleoside modified
RNA corresponding to a fragment of SEQ ID NO:75, SEQ ID NO:76, SEQ ID NO:77 or
SEQ ID NO:78.

In some embodiments, an RNA encoding a CWP66 antigen comprises a
nucleic acid sequence of SEQ ID NO:79 or SEQ ID NO:80, or a fragment or variant
thereof. In some embodiments, an RNA encoding a CWP66 antigen comprises a
nucleoside modified RNA molecule comprising a sequence corresponding to a nucleic
acid sequence of SEQ ID NO:79 or SEQ ID NO:80, or a fragment or variant thereof,
wherein one or more “t” nucleotides is substituted with a pseudouridine or 1-methy-
pseudouridine. In some embodiments, a nucleic acid molecule encoding a CWP66
antigen comprises a nucleic acid sequence having at least 75%, 80%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more sequence
identity to SEQ ID NO:79 or SEQ ID NO:80, or a nucleoside modified RNA
corresponding to SEQ ID NO:79 or SEQ ID NO:80. In some embodiments, an RNA
molecule encoding a CWP06 antigen comprises at least a fragment of SEQ ID NO:79 or
SEQ ID NO:80 comprising at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%. 93%. 94%, 95%, 96%, 97%, 98%. or 99% of the full
length of SEQ ID NO:79 or SEQ ID NO:80, or a nucleoside modified RNA
corresponding to a fragment of SEQ ID NO:79 or SEQ ID NO:80.

In some embodiments, an RNA encoding a ZupT antigen comprises a
nucleic acid sequence of SEQ ID NO:81 or SEQ ID NO:82, or a fragment or variant
thereof. In some embodiments, an RNA encoding a ZupT antigen comprises a nucleoside
modified RNA molecule comprising a sequence corresponding to a nucleic acid sequence
of SEQ ID NO:81 or SEQ ID NO:82, or a fragment or variant thereof, wherein one or
more “t” nucleotides is substituted with a pseudouridine or 1-methy-pseudouridine. In
some embodiments, a nucleic acid molecule encoding a ZupT antigen comprises a
nucleic acid sequence having at least 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%., 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more sequence identity to SEQ ID
NO:81 or SEQ ID NO:82, or a nucleoside modified RNA corresponding SEQ ID NO:81
or SEQ ID NO:82. In some embodiments, an RNA molecule encoding a ZupT antigen
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comprises at least a fragment of SEQ ID NO:81 or SEQ ID NO:82 comprising at least
50%, 55%, 60%, 65%, 70%, 75%, 80%., 85%., 86%, 87%, 88%., 89%. 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99% of the full length of SEQ ID NO:81 or SEQ ID
NO:82, or a nucleoside modified RNA corresponding to a fragment of SEQ ID NO:81 or
SEQ ID NO:82.

In some embodiments, an RNA encoding a CspC antigen comprises a
nucleic acid sequence of SEQ ID NO:83, SEQ ID NO:84, SEQ ID NO:85, SEQ ID
NO:86, SEQ ID NO:87 or SEQ ID NO:88, or a fragment or variant thereof. In some
embodiments, an RNA encoding a CspC antigen comprises a nucleoside modified RNA
molecule comprising a sequence corresponding to a nucleic acid sequence of SEQ ID
NO:83, SEQ ID NO:84, SEQ ID NO:85, SEQ ID NO:86, SEQ ID NO:87 or SEQ ID
NO:88, or a fragment or variant thereof, wherein one or more “t” nucleotides is
substituted with a pseudouridine or 1-methy-pseudouridine. In some embodiments, a
nucleic acid molecule encoding a CspC antigen comprises a nucleic acid sequence having
at least 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or more sequence identity to SEQ ID NO:83, SEQ ID NO:84, SEQ ID
NO:85, SEQ ID NO:86, SEQ ID NO:87 or SEQ ID NO:88, or a nucleoside modified
RNA corresponding to SEQ ID NO:83, SEQ ID NO:84, SEQ ID NO:85, SEQ ID NO:86,
SEQ ID NO:87 or SEQ ID NO:88. In some embodiments, an RNA molecule encoding a
CspC antigen comprises at least a fragment of SEQ ID NO:83, SEQ ID NO:84, SEQ ID
NO:85, SEQ ID NO:86, SEQ ID NO:87 or SEQ ID NO:88 comprising at least 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% of the full length of SEQ ID NO:83, SEQ ID NO:84,
SEQ ID NO:85, SEQ ID NO:86, SEQ ID NO:87 or SEQ ID NO:88, or a nucleoside
modified RNA corresponding to a fragment of SEQ ID NO:83, SEQ ID NO:84, SEQ ID
NO:85, SEQ ID NO:86, SEQ ID NO:87 or SEQ ID NO:88.

An RNA described herein can be made using any methodology in the art,
including, but not limited to, in vitro transcription, chemical synthesis, or the like. In
some embodiments, an RNA molecule is an RNA molecule made by in vitro transcription
in the presence of a mixture of nucleotides comprising pseudouridine triphosphate in

place of uridine triphosphate. In some embodiments, a pseudouridine is m'acp®¥ (1-
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methyl-3-(3-amino-3-carboxypropyl) pseudouridine). In some embodiments, a
pseudouridine is m'"¥ (1-methylpseudouridine). In some embodiments, a pseudouridine
is ¥m (2’-O-methylpseudouridine). In some embodiments, a pseudouridine is m°D (5-
methyldihydrouridine). In some embodiments, a pseudouridine is m*¥ (3-
methylpseudouridine). In some embodiments, a pseudouridine is a pseudouridine moiety
that is not further modified.

An RNA sequence encoding at least one C. difficile antigen as described
herein can alternatively comprise sequence variations with respect to an original
nucleotide sequence, for example, substitutions, insertions and/or deletions of one or
more nucleotides, with a condition that a resulting polynucleotide encodes a polypeptide
according to the present disclosure. Therefore, the scope of the present disclosureincludes
nucleotide sequences that are substantially homologous or substantially identical to the
nucleotide sequences recited herein and encode C. difficile antigens of the present
disclosure.

A nucleotide sequence that is substantially homologous to an RNA
molecule encoding an antigen can typically be isolated from a producer organism of the
antigen based on information contained in a nucleotide sequence by means of introducing
conservative or non-conservative substitutions, for example. In some embodiments,
modifications include insertion of one or more nucleotides in a sequence, addition of one
or more nucleotides in any end of a sequence, or deletion of one or more nucleotides in
any end or inside a sequence. A degree of identity between two polyribonucleotides is
determined using computer algorithms and methods that are widely known for the
persons skilled in the art.

In some embodiments, an RNA molecule is operatively bound to a
translational control element. In some embodiments, an RNA molecule further comprises
an operatively bound regulatory sequence for expression of an RNA molecule, thus

forming an expression cassette.

Vectors
A nucleic acid sequence(s) coding for C. difficile antigen(s) of the present

disclosure can be obtained using recombinant methods known in the art, such as, for
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example by screening libraries from cells expressing a gene, by deriving a gene from a
vector known to include the same, or by isolating directly from cells and tissues
containing the same, using standard techniques. Alternatively, a gene of interest can be
produced synthetically.

In some embodiments, nucleic acid molecules can be cloned into a number
of types of vectors. For example, a nucleic acid can be cloned into a vector including, but
not limited to a plasmid, a phagemid, a phage derivative, an animal virus, a PCR-
generated linear DNA sequence, and a cosmid. In some embodiments, a vector is an
expression vector, replication vector, probe generation vector, sequencing vector and a
vector optimized for in vitro transcription.

In some embodiments, nucleic acid molecules can be introduced into a
host cell via methods known in the art including, colloidal dispersion systems, such as
macromolecule complexes, nanocapsules, microspheres, beads, and lipid-based systems
including oil-in-water emulsions, micelles, mixed micelles, carbohydrates, peptides,
cationic polymers, and liposomes. In some embodiments, a colloidal system for use as a
delivery vehicle in vitro and in vivo is a liposome (e.g., an artificial membrane vesicle).

In some embodiments, a non-viral delivery system is utilized. In some
embodiments, a non-viral delivery system is a liposome. In some embodiments, a lipid
formulation is used for introduction of nucleic acids (e.g., RNA) into a host cell (in vitro,
ex vivo or in vivo). In some embodiments, a nucleic acid (e.g., RNA) may be associated
with a lipid. In some embodiments, a nucleic acid (e.g., RNA) associated with a lipid may
be encapsulated in an aqueous interior of a liposome, interspersed within a lipid bilayer
of a liposome, attached to a liposome via a linking molecule that is associated with both a
liposome and an oligonucleotide, entrapped in a liposome, complexed with a liposome,
dispersed in a solution containing a lipid, mixed with a lipid, combined with a lipid,
contained as a suspension in a lipid, contained or complexed with a micelle, or otherwise
associated with a lipid. In some embodiments, lipid, lipid/RNA or lipid/expression vector
associated compositions are not limited to any particular structure in solution. In some
embodiments, they may be present in a bilayer structure, as micelles, or with a
“collapsed” structure, they may also simply be interspersed in a solution, possibly

forming aggregates that are not uniform in size or shape. In some embodiments, a lipids
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is a fatty substance which may be naturally occurring or a synthetic lipid. In some
embodiments, lipids include fatty droplets that naturally occur in a cytoplasm as well as a
class of compounds which contain long-chain aliphatic hydrocarbons and their
derivatives, such as fatty acids, alcohols, amines, amino alcohols, and aldehydes.

In some embodiments, lipids suitable for use in accordance with the
present disclosure can be obtained from commercial sources. For example, dimyristyl
phosphatidylcholine (“DMPC”) can be obtained from Sigma, St. Louis, MO; dicetyl
phosphate (“DCP”) can be obtained from K & K Laboratories (Plainview, NY);,
cholesterol (“Choi”) can be obtained from Calbiochem-Behring; dimyristyl
phosphatidylglycerol (‘DMPG”) and other lipids may be obtained from Avanti Polar
Lipids, Inc. (Birmingham, AL). In some embodiments, stock solutions of lipids in
chloroform or chloroform/methanol can be stored at about -20°C. In some embodiments,
chloroform is used as it is more readily evaporated than methanol.

A variety of assays to confirm presence of an RNA sequence in a host cell
may be performed. In some embodiments, such assays include, for example, “molecular
biological” assays well known to those of skill in the art, such as Northern blotting and
RT-PCR; “biochemical” assays, such as detecting presence or absence of a particular
peptide, e.g., by immunogenic means (ELISAs and Western blots) or by assays described

herein to identify agents falling within the scope of the present disclosure.

In vitro transcribed RNA

In some embodiments, a composition of the present disclosure comprises a
combination of in vitro transcribed (IVT) RNA molecules encoding C. difficile antigens
of the present disclosure. In some embodiments, an IVT RNA can be introduced to a cell
as a form of transient transfection. RNA is produced by in vitro transcription using a
plasmid DNA template generated synthetically. DNA of interest from any source can be
directly converted by PCR into a template for in vitro RNA synthesis using appropriate
primers and RNA polymerase. A source of DNA can be, for example, genomic DNA,
plasmid DNA, phage DNA, cDNA, synthetic DNA sequence or any other appropriate
source of DNA. In some embodiments, a desired template for in vitro transcription is a C.

difficile antigen capable of inducing an adaptive immune response. In some
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embodiments, a desired template for in vitro transcription is an adjuvant capable of
enhancing an adaptive immune response.

In some embodiments, DNA to be used for PCR contains an open reading
frame. DNA can be from a naturally occurring DNA sequence from the genome of an
organism. In some embodiments, DNA is a full-length gene of interest of a portion of a
gene. A gene can include some or all of the 5° and/or 3’ untranslated regions (UTRs). A
gene can include exons and introns. In some embodiments, DNA to be used for PCR is a
human gene. In another embodiment, DNA to be used for PCR is a human gene,
including 5’ and 3’ UTRs. In another embodiment, DNA to be used for PCR is a gene
from a pathogenic or commensal organism, including bacteria, viruses, parasites, and
fungi. In another embodiment, DNA to be used for PCR is from a pathogenic or
commensal organism, including bacteria, viruses, parasites, and fungi, including 5’ and 3’
UTRs. DNA can alternatively be an artificial DNA sequence that is not normally
expressed in a naturally occurring organism. An exemplary artificial DNA sequence is
one that contains portions of genes that are ligated together to form an open reading
frame that encodes a fusion protein. Portions of DNA that are ligated together can be
from a single organism or from more than one organism.

Genes that can be used as sources of DNA for PCR include genes that
encode polypeptides that induce or enhance an adaptive immune response in an
organism. In some instances, genes are useful for a short-term treatment. In some
instances, genes have limited safety concerns regarding dosage of an expressed gene.

In some embodiments, a plasmid is used to generate a template for in vitro
transcription of RNA, which is used for transfection.

Chemical structures with the ability to promote stability and/or translation
efficiency may also be used. In some embodiments, RNA has 5 and 3’ UTRs. In some
embodiments, a 5° UTR is between zero and 3000 nucleotides in length. A length of 5’
and 3’ UTR sequences to be added to the coding region can be altered by different
methods, including, but not limited to, designing primers for PCR that anneal to different
regions of UTRs. Using this approach, one of ordinary skill in the art can modify 5’ and
3’ UTR lengths required to achieve optimal translation efficiency following transfection

of a transcribed RNA.
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5’ and 3° UTRs can be the naturally occurring, endogenous 5’ and 3’
UTRs for the gene of interest. Alternatively, UTR sequences that are not endogenous to a
gene of interest can be added by incorporating UTR sequences into the forward and
reverse primers or by any other modifications of the template. The use of UTR sequences
that are not endogenous to a gene of interest can be useful for modifying the stability
and/or translation efficiency of an RNA. For example, AU-rich elements in 3’ UTR
sequences can decrease the stability of RNA. Therefore, 3° UTRs can be selected or
designed to increase the stability of the transcribed RNA based on properties of UTRs
that are well known in the art.

In some embodiments, a 5> UTR can contain a Kozak sequence of an
endogenous gene. Alternatively, when a 5 UTR that is not endogenous to a gene of
interest is being added by PCR as described above, a consensus Kozak sequence can be
redesigned by adding a 5> UTR sequence. Kozak sequences can increase the efficiency of
translation of some RNA transcripts but does not appear to be required for all RNAs to
enable efficient translation. In some embodiments, a 5 UTR can be derived from an
RNA virus whose RNA genome is stable in cells. In some embodiments, various
nucleotide analogues can be used in a 3” or 5 UTR to impede exonuclease degradation of
the RNA.

To enable synthesis of RNA from a DNA template, a promoter of
transcription should be attached to the DNA template upstream of the sequence to be
transcribed. When a sequence that functions as a promoter for an RNA polymerase is
added to the 5° end of the forward primer, a RNA polymerase promoter becomes
incorporated into the PCR product upstream of the open reading frame that is to be
transcribed. In some embodiments, a promoter is a T7 RNA polymerase promoter, as
described elsewhere herein. Other useful promoters include, but are not limited to, T3 and
SP6 RNA polymerase promoters. Consensus nucleotide sequences for T7, T3 and SP6
promoters are known in the art.

In some embodiments, RNA has both a cap on the 5” end and a 3’ poly(A)
tail, which can determine ribosome binding, initiation of translation and stability of RNA
in the cell. On a circular DNA template, for instance, plasmid DNA, RNA polymerase

produces a long concatameric product, which is not suitable for expression in eukaryotic
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cells. Transcription of plasmid DNA linearized at the end of a 3° UTR results in normal
sized RNA, which is effective in eukaryotic transfection when it is polyadenylated after
transcription.

On a linear DNA template, phage T7 RNA polymerase can extend the 3’
end of the transcript beyond the last base of the template (Schenborn and Mierendorf,
Nuc Acids Res., 13:6223-36 (1985); Nacheva and Berzal-Herranz, Eur. J. Biochem.,
270:1485-65 (2003)).

One conventional method of integration of polyA/T stretches into a DNA
template is molecular cloning. However, polyA/T sequence integrated into plasmid DNA
can cause plasmid instability, which can be ameliorated through the use of recombination
incompetent bacterial cells for plasmid propagation.

Poly(A) tails of RNAs can be further extended following in vitro
transcription with the use of a poly(A) polymerase, such as E. coli polyA polymerase (E-
PAP) or yeast polyA polymerase. In some embodiments, increasing the length of a
poly(A) tail from 100 nucleotides to between 300 and 400 nucleotides results in about a
two-fold increase in the translation efficiency of the RNA. Additionally, attachment of
different chemical groups to the 3 end can increase RNA stability. Such attachment can
contain modified/artificial nucleotides, aptamers and other compounds. For example,
ATP analogs can be incorporated into the poly(A) tail using poly(A) polymerase. ATP
analogs can further increase the stability of the RNA.

5’ caps also provide stability to RNA molecules. In some embodiments,
RNAs produced by the methods to include a 5° capl structure. Such cap1 structure can be
generated using Vaccinia capping enzyme and 2’-O-methyltransferase enzymes
(CellScript, Madison, WI). Alternatively, 5° cap is provided using techniques known in
the art and described herein (Cougot, et al., Trends in Biochem. Sci., 29:436-444 (2001);,
Stepinski, et al., RNA, 7:1468-95 (2001); Elango, et al., Biochim. Biophys. Res.
Commun., 330:958-966 (2005)).

RNA can be introduced into target cells using any of a number of different
methods, for instance, commercially available methods which include, but are not limited
to, electroporation (Amaxa Nucleofector-1I (Amaxa Biosystems, Cologne, Germany)),

(ECM 830 (BTX) (Harvard Instruments, Boston, Mass.) or the Gene Pulser II (BioRad,

122



WO 2025/129186 PCT/US2024/060394

10

15

20

25

30

Denver, Colo.), Multiporator (Eppendort, Hamburg Germany), cationic liposome
mediated transfection using lipofection, polymer encapsulation, peptide mediated
transfection, or biolistic particle delivery systems such as “gene guns” (see, for example,
Nishikawa, et al. Hum Gene Ther., 12(8):861-70 (2001)). In some embodiments RNA of
the present disclosure is introduced to a cell with a method comprising the use of
TransIT®-mRNA transfection Kit (Mirus, Madison W1I), which, in some instances,

provides high efficiency, low toxicity, transfection.

Nucleoside-modified RNA

In some embodiments, a composition of the present disclosure comprises a
nucleoside-modified nucleic acid encoding a C. difficile antigen as described herein. In
some embodiments, a composition of the present disclosure comprises a plurality of
nucleoside-modified nucleic acid molecules encoding a plurality of C. difficile antigens
as described herein.

For example, in some embodiments, a composition comprises a
nucleoside-modified RNA. In some embodiments, a composition comprises a nucleoside-
modified RNA. Nucleoside-modified RNA have particular advantages over non-modified
RNA, including for example, increased stability, low or absent innate immunogenicity,
and enhanced translation. Nucleoside-modified RNA useful in the present disclosure is
further described in U.S. Patent Nos. 8,278,036, 8,691,966, and 8,835,108, each of which
is incorporated by reference herein in its entirety.

In some embodiments, nucleoside-modified RNA does not activate any
pathophysiologic pathways, translates very efficiently and almost immediately following
delivery, and serve as templates for continuous protein production in vivo lasting for
several days to weeks (Kariko et al., 2008, Mol Ther 16:1833-1840; Kariko et al., 2012,
Mol Ther 20:948-953). The amount of RNA required to exert a physiological effect is
small, making it applicable for human therapy. For example, as described herein,
nucleoside-modified RNA encoding an antigen has demonstrated the ability to induce
antigen-specific antibody production. For example, in some instances, antigen encoded
by nucleoside-modified RNA induces greater production of antigen-specific antibody

production as compared to antigen encoded by non-modified RNA.
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In some instances, expressing a protein by delivering the encoding RNA
has many benefits over methods that use protein, plasmid DNA or viral vectors. During
RNA transfection, the coding sequence of the desired protein is the only substance
delivered to cells, thus avoiding all the side effects associated with plasmid backbones,
viral genes, and viral proteins. More importantly, unlike DNA- and viral-based vectors,
the RNA does not carry the risk of being incorporated into the genome and protein
production starts immediately after RNA delivery. For example, high levels of circulating
proteins have been measured within 15 to 30 minutes of in vivo injection of the encoding
RNA. In some embodiments, using RNA rather than the protein also has many
advantages. Half-lives of proteins in the circulation or in tissues are often short, thus
protein treatment would need frequent dosing, while RNA provides a template for
continuous protein production for several days to weeks. Purification of proteins is
problematic, and they can contain aggregates and other impurities that cause adverse
effects (Kromminga and Schellekens, 2005, Ann NY Acad Sci 1050:257-265).

In some embodiments, the nucleoside-modified RNA comprises the
naturally occurring modified-nucleoside pseudouridine. In some embodiments, inclusion
of pseudouridine makes the RNA more stable, non-immunogenic, and highly translatable
(Karik¢ et al., 2008, Mol Ther 16:1833-1840; Anderson et al., 2010, Nucleic Acids Res
38:5884-5892; Anderson et al., 2011, Nucleic Acids Research 39:9329-9338; Kariko et
al., 2011, Nucleic Acids Research 39:e142; Kariko et al., 2012, Mol Ther 20:948-953;
Kariko et al., 2005, Immunity 23:165-175).

It has been demonstrated that the presence of modified nucleosides,
including pseudouridines in RNA suppress their innate immunogenicity (Kariko et al.,
2005, Immunity 23:165-175). Further, protein-encoding, in vitro-transcribed RNA
containing pseudouridine can be translated more efficiently than RNA containing no or
other modified nucleosides (Kariko et al., 2008, Mol Ther 16:1833-1840). Subsequently,
it is shown that the presence of pseudouridine improves the stability of RNA (Anderson
et al., 2011, Nucleic Acids Research 39:9329-9338) and abates both activation of PKR
and inhibition of translation (Anderson et al., 2010, Nucleic Acids Res 38:5884-5892).

Similar effects as described for pseudouridine have also been observed for

RNA containing 1-methyl-pseudouridine.
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In some embodiments, a nucleoside-modified nucleic acid molecule is a
purified nucleoside-modified nucleic acid molecule. For example, in some embodiments,
a composition is purified to remove double-stranded contaminants. In some instances, a
preparative high-performance liquid chromatography (HPLC) purification procedure is
used to obtain pseudouridine-containing RNA that has superior translational potential and
no innate immunogenicity (Kariko et al., 2011, Nucleic Acids Research 39:¢142).
Administering HPLC-purified, pseudouridine-containing RNA coding for erythropoietin
into mice and macaques resulted in a significant increase of serum EPO levels (Kariko et
al., 2012, Mol Ther 20:948-953), thus confirming that pseudouridine-containing RNA is
suitable for in vivo protein therapy. In some embodiments, a nucleoside-modified nucleic
acid molecule is purified using non-HPLC methods. In some instances, a nucleoside-
modified nucleic acid molecule is purified using chromatography methods, including but
not limited to HPLC and fast protein liquid chromatography (FPLC). An exemplary
FPLC-based purification procedure is described in Weissman et al., 2013, Methods Mol
Biol, 969: 43-54. Exemplary purification procedures are also described in U.S. Patent
Application Publication No. US2016/0032316, which is hereby incorporated by reference
in its entirety.

The present disclosure encompasses RNA, oligoribonucleotide, and
polyribonucleotide molecules comprising pseudouridine or a modified nucleoside. In
some embodiments, a composition comprises an isolated nucleic acid encoding an
antigen, wherein a nucleic acid comprises a pseudouridine or a modified nucleoside. In
some embodiments, a composition comprises a vector, comprising an isolated nucleic
acid encoding an antigen, adjuvant, or combination thereof, wherein the nucleic acid
comprises a pseudouridine or a modified nucleoside.

In some embodiments, the nucleoside-modified RNA of the present
disclosure 1s IVT RNA, as described elsewhere herein. For example, in some
embodiments, a nucleoside-modified RNA is synthesized by T7 phage RNA polymerase.
In some embodiments, a nucleoside-modified RNA is synthesized by SP6 phage RNA
polymerase. In some embodiments, a nucleoside-modified RNA is synthesized by T3
phage RNA polymerase.

In some embodiments, a modified nucleoside is m'acp®¥ (1-methyl-3-(3-
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amino-3-carboxypropyl) pseudouridine. In some embodiments, a modified nucleoside is
m'W (1-methylpseudouridine). In some embodiments, the modified nucleoside is ¥m (2’-
O-methylpseudouridine). In some embodiments, a modified nucleoside is m°D (5-
methyldihydrouridine). In some embodiments, a modified nucleoside is m*¥ (3-
methylpseudouridine). In some embodiments, a modified nucleoside is a pseudouridine
moiety that is not further moditfied. In some embodiments, a modified nucleoside is a
monophosphate, diphosphate, or triphosphate of any of the above pseudouridines. In
some embodiments, a modified nucleoside is any other pseudouridine-like nucleoside
known in the art.

In some embodiments, a nucleoside that is modified in a nucleoside-
modified RNA of the present disclosure is uridine (U). In some embodiments, a modified
nucleoside is cytidine (C). In some embodiments, a modified nucleoside is adenosine (A).
In some embodiments, a modified nucleoside is guanosine (QG).

In some embodiments, a modified nucleoside of the present disclosure is
m°C (5-methylcytidine). In some embodiments, a modified nucleoside is m°U (5-
methyluridine). In some embodiments, a modified nucleoside is m°®A (N°-
methyladenosine). In some embodiments, a modified nucleoside is s*U (2-thiouridine). In
some embodiments, a modified nucleoside is ¥ (pseudouridine). In some embodiments, a
modified nucleoside is Um (2’-O-methyluridine).

In some embodiments, a modified nucleoside is m'A (1-methyladenosine);
m2A (2-methyladenosine); Am (2’-O-methyladenosine); ms?’m®A (2-methylthio-N¢-
methyladenosine); i°’A (N°-isopentenyladenosine); ms%6A (2-methylthio-
NSisopentenyladenosine); i0°A (N°-(cis-hydroxyisopentenyl)adenosine); ms?ic®A (2-
methylthio-N®-(cis-hydroxyisopentenyl) adenosine); gbA (IN®-
glycinylcarbamoyladenosine); t°A (N®-threonylcarbamoyladenosine); ms*®A (2-
methylthio-N®-threonyl carbamoyladenosine); m*°A (N®-methyl-N°-
threonylcarbamoyladenosine); hn®A(N®-hydroxynorvalylcarbamoyladenosine); ms*hn®A
(2-methylthio-N®-hydroxynorvalyl carbamoyladenosine); Ar(p) (2’-O-ribosyladenosine
(phosphate)); I (inosine); m'I (1-methylinosine); m'Im (1,2’-O-dimethylinosine); m*C (3-
methylcytidine); Cm (2’-O-methylcytidine); sC (2-thiocytidine); ac*C (N*-
acetylcytidine); £°C (5-formylcytidine); m°Cm (5,2’-O-dimethylcytidine); ac*Cm (N*-
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acetyl-2’-O-methylcytidine); k*C (lysidine); m'G (1-methylguanosine); m*G (N*-
methylguanosine); m’G (7-methylguanosine); Gm (2’-O-methylguanosine); m%G

(N? N2-dimethylguanosine); m?Gm (N2,2’-O-dimethylguanosine); m?2Gm (N2 N2,2’-O-
trimethylguanosine); Gr(p) (2’-O-ribosylguanosine (phosphate)); yW (wybutosine);
02y W (peroxywybutosine); OHyW (hydroxywybutosine); OHyW* (undermodified
hydroxywybutosine); imG (wyosine); mimG (methylwyosine); Q (queuosine); oQ
(epoxyqueuosine); galQ (galactosyl-queuosine); manQQ (mannosyl-queuosine); preQo (7-
cyano-7-deazaguanosine); preQi (7-aminomethyl-7-deazaguanosine); G' (archaeosine),
D (dihydrouridine); m°Um (5,2’-O-dimethyluridine); s*U (4-thiouridine); m’s?U (5-
methyl-2-thiouridine); s?Um (2-thio-2’-O-methyluridine); acp*U (3-(3-amino-3-
carboxypropyl)uridine); ho’U (5-hydroxyuridine); mo°U (5-methoxyuridine); cmo’U
(uridine 5-oxyacetic acid); mecmo’U (uridine 5-oxyacetic acid methyl ester); chm’U (5-
(carboxyhydroxymethyl)uridine)); mchm’U (5-(carboxyhydroxymethyl)uridine methyl
ester); mem°U (5-methoxycarbonylmethyluridine); mem®Um (5-
methoxycarbonylmethyl-2’-O-methyluridine); mem’s?U (5-methoxycarbonylmethyl-2-
thiouridine); nm’s*U (5-aminomethyl-2-thiouridine); mnm>U (5-
methylaminomethyluridine); mnm’s?U (5-methylaminomethyl-2-thiouridine); mnm’se’U
(5-methylaminomethyl-2-selenouridine); ncm°U (5-carbamoylmethyluridine); ncm®Um
(5-carbamoylmethyl-2’-O-methyluridine); cmnm®U (5-
carboxymethylaminomethyluridine); cmnm’Um (5-carboxymethylaminomethyl-2’-O-
methyluridine); cmnms*U (5-carboxymethylaminomethyl-2-thiouridine); m®A (N® N°-
dimethyladenosine); Im (2’-O-methylinosine); m*C (N*-methylcytidine); m*Cm (N*2’-
O-dimethylcytidine); hm>C (5-hydroxymethylcytidine); m*U (3-methyluridine); cm>U (5-
carboxymethyluridine); m®Am (N 2’-O-dimethyladenosine); m®2Am (N N® 0-2’-
trimethyladenosine); m*’G (N?,7-dimethylguanosine); m**’G (N?,N?,7-
trimethylguanosine); m*Um (3,2’-O-dimethyluridine); m°D (5-methyldihydrouridine);
f°Cm  (5-formyl-2’-O-methylcytidine); m'Gm (1,2’-O-dimethylguanosine); m' Am
(1,2’-O-dimethyladenosine); tm°U (5-taurinomethyluridine); tm’s?U (5-taurinomethyl-2-
thiouridine)); imG-14 (4-demethylwyosine); imG2 (isowyosine); or ac’A (N°-
acetyladenosine).

In some embodiments, a nucleoside-modified RNA of the present
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disclosure comprises a combination of 2 or more of the above modifications. In some
embodiments, a nucleoside-modified RNA comprises a combination of 3 or more of the
above modifications. In some embodiments, a nucleoside-modified RNA comprises a
combination of more than 3 of the above modifications.

In some embodiments, between 0.1% and 100% of residuesin a
nucleoside-modified RNA of the present disclosure are modified (e.g., either by the
presence of pseudouridine, 1-methyl-pseudouridine, 5-methyl-uridine or another
modified nucleoside base). In some embodiments, a fraction of modified residues is
0.1%. In some embodiments, a fraction of modified residues is 0.2%. In some
embodiments, a fraction is 0.3%. In some embodiments, a fraction is 0.4%. In some
embodiments, a fraction is 0.5%. In some embodiments, a fraction is 0.6%. In some

embodiments, a fraction is 0.7%. In some embodiments, a fraction is 0.8%. In some

embodiments, a fraction is 0.9%
embodiments, a fraction is 1.5%

embodiments, a fraction is 2.5%

. In some embodiments, a fraction is 1%. In some

. In some embodiments, a fraction is 2%. In some

. In some embodiments, a fraction is 3%. In some

embodiments, a fraction is 4%. In some embodiments, a fraction is 5%. In some

embodiments, a fraction is 6%. In some embodiments, a fraction is 7%. In some

embodiments, a fraction is 8%. In some embodiments, a fraction is 9%. In some

embodiments, a fraction is 10%.
embodiments, a fraction is 14%.
embodiments, a fraction is 18%.
embodiments, a fraction is 25%.
embodiments, a fraction is 35%.
embodiments, a fraction is 45%.
embodiments, a fraction is 55%.
embodiments, a fraction is 65%.
embodiments, a fraction is 75%.
embodiments, a fraction is 85%.
embodiments, a fraction is 91%.

embodiments, a fraction is 93%.

embodiments, a fraction is 95%.

In some embodiments, a fraction is 12%.
In some embodiments, a fraction is 16%.
In some embodiments, a fraction is 20%.
In some embodiments, a fraction is 30%.
In some embodiments, a fraction is 40%.
In some embodiments, a fraction is 50%.
In some embodiments, a fraction is 60%.
In some embodiments, a fraction is 70%.
In some embodiments, a fraction is 80%.
In some embodiments, a fraction is 90%.
In some embodiments, a fraction is 92%.
In some embodiments, a fraction is 94%.

In some embodiments, a fraction is 96%.
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embodiments, a fraction is 97%. In some embodiments, a fraction is 98%. In some
embodiments, a fraction is 99%. In some embodiments, a fraction is 100%.

In some embodiments, a fraction is less than 5%. In some embodiments, a
fraction is less than 3%. In some embodiments, a fraction is less than 1%. In some
embodiments, a fraction is less than 2%. In some embodiments, a fraction is less than
4%. In some embodiments, a fraction is less than 6%. In some embodiments, a fraction is
less than 8%. In some embodiments, a fraction is less than 10%. In some embodiments, a
fraction is less than 12%. In some embodiments, a fraction is less than 15%. In some
embodiments, a fraction is less than 20%. In some embodiments, a fraction is less than
30%. In some embodiments, a fraction is less than 40%. In some embodiments, a fraction
is less than 50%. In some embodiments, a fraction is less than 60%. In some
embodiments, a fraction is less than 70%.

In some embodiments, 0.1% of the residues of a given nucleoside (i.e.,
uridine, cytidine, guanosine, or adenosine) are modified. In some embodiments, a fraction
of modified residues is 0.2%. In some embodiments, a fraction is 0.3%. In some
embodiments, a fraction is 0.4%. In some embodiments, a fraction is 0.5%. In some
embodiments, a fraction is 0.6%. In some embodiments, a fraction is 0.7%. In some
embodiments, a fraction is 0.8%. In some embodiments, a fraction is 0.9%. In some
embodiments, a fraction is 1%. In some embodiments, a fraction is 1.5%. In some
embodiments, a fraction is 2%. In some embodiments, a fraction is 2.5%. In some
embodiments, a fraction is 3%. In some embodiments, a fraction is 4%. In some
embodiments, a fraction is 5%. In some embodiments, a fraction is 6%. In some
embodiments, a fraction is 7%. In some embodiments, a fraction is 8%. In some
embodiments, a fraction is 9%. In some embodiments, a fraction is 10%. In some
embodiments, a fraction is 12%. In some embodiments, a fraction is 14%. In some
embodiments, a fraction is 16%. In some embodiments, a fraction is 18%. In some
embodiments, a fraction is 20%. In some embodiments, a fraction is 25%. In some
embodiments, a fraction is 30%. In some embodiments, a fraction is 35%. In some
embodiments, a fraction is 40%. In some embodiments, a fraction is 45%. In some
embodiments, a fraction is 50%. In some embodiments, a fraction is 55%. In some

embodiments, a fraction is 60%. In some embodiments, a fraction is 65%. In some
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embodiments, a fraction is 70%. In some embodiments, a fraction is 75%. In some
embodiments, a fraction is 80%. In some embodiments, a fraction is 85%. In some
embodiments, a fraction is 90%. In some embodiments, a fraction is 91%. In some
embodiments, a fraction is 92%. In some embodiments, a fraction is 93%. In some
embodiments, a fraction is 94%. In some embodiments, a fraction is 95%. In some
embodiments, a fraction is 96%. In some embodiments, a fraction is 97%. In some
embodiments, a fraction is 98%. In some embodiments, a fraction is 99%. In some
embodiments, a fraction is 100%. In some embodiments, a fraction of a given nucleotide
that is modified is less than 8%. In some embodiments, a fraction is less than 10%. In
some embodiments, a fraction is less than 5%. In some embodiments, a fraction is less
than 3%. In some embodiments, a fraction is less than 1%. In some embodiments, a
fraction is less than 2%. In some embodiments, a fraction is less than 4%. In some
embodiments, a fraction is less than 6%. In some embodiments, a fraction is less than
12%. In some embodiments, a fraction is less than 15%. In some embodiments, a fraction
is less than 20%. In some embodiments, a fraction is less than 30%. In some
embodiments, a fraction is less than 40%. In some embodiments, a fraction is less than
50%. In some embodiments, a fraction is less than 60%. In some embodiments, a fraction
is less than 70%.

In some embodiments, a composition comprises a purified preparation of
single-stranded nucleoside modified RNA. For example, in some embodiments, a
purified preparation of single-stranded nucleoside modified RNA is substantially free of
double stranded RNA (dsRNA). In some embodiments, a purified preparation is at least
90%, or at least 91%, or at least 92%, or at least 93 % or at least 94%, or at least 95%, or
at least 96%, or at least 97%, or at least 98%, or at least 99%, or at least 99.5%, or at least
99.9% single stranded nucleoside modified RNA, relative to all other nucleic acid
molecules (DNA, dsRNA, etc.).

In some embodiments, a nucleoside-modified RNA of the present
disclosure is translated in a cell more efficiently than an unmodified RNA molecule with
a same sequence. In some embodiments, a nucleoside-modified RNA exhibits enhanced
ability to be translated by a target cell. In some embodiments, translation is enhanced by

a factor of 2-fold relative to its unmodified counterpart. In some embodiments, translation
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is enhanced by a 3-fold factor. In some embodiments, translation is enhanced by a 4-fold
factor. In some embodiments, translation is enhanced by a 5-fold factor. In some
embodiments, translation is enhanced by a 6-fold factor. In some embodiments,
translation is enhanced by a 7-fold factor. In some embodiments, translation is enhanced
by an 8-fold factor. In some embodiments, translation is enhanced by a 9-fold factor. In
some embodiments, translation is enhanced by a 10-fold factor. In some embodiments,
translation is enhanced by a 15-fold factor. In some embodiments, translation is enhanced
by a 20-fold factor. In some embodiments, translation is enhanced by a 50-fold factor. In
some embodiments, translation is enhanced by a 100-fold factor. In some embodiments,
translation is enhanced by a 200-fold factor. In some embodiments, translation is
enhanced by a 500-fold factor. In some embodiments, translation is enhanced by a 1000-
fold factor. In some embodiments, translation is enhanced by a 2000-fold factor. In some
embodiments, a factor is 10-1000-fold. In some embodiments, a factor is 10-100-fold. In
some embodiments, a factor is 10-200-fold. In some embodiments, a factor is 10-300-
fold. In some embodiments, a factor is 10-500-fold. In some embodiments, a factor is 20-
1000-fold. In some embodiments, a factor is 30-1000-fold. In some embodiments, a
factor is 50-1000-fold. In some embodiments, a factor is 100-1000-fold. In some
embodiments, a factor is 200-1000-fold. In some embodiments, translation is enhanced
by any other significant amount or range of amounts.

In some embodiments, a nucleoside-modified antigen-encoding RNA of
the present disclosure induces a significantly more robust adaptive immune response as
compared with an unmodified in vitro-synthesized RNA molecule of the same sequence.
In some embodiments, a modified RNA molecule induces an adaptive immune response
that is 2-fold greater than its unmodified counterpart. In some embodiments, an adaptive
immune response is increased by a 3-fold factor. In some embodiments, an adaptive
immune response is increased by a 4-fold factor. In some embodiments, an adaptive
immune response is increased by a 5-fold factor. In some embodiments, an adaptive
immune response is increased by a 6-fold factor. In some embodiments, an adaptive
immune response is increased by a 7-fold factor. In some embodiments, an adaptive
immune response is increased by an 8-fold factor. In some embodiments, an adaptive

immune response is increased by a 9-fold factor. In some embodiments, an adaptive
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immune response is increased by a 10-fold factor. In some embodiments, an adaptive
immune response is increased by a 15-fold factor. In some embodiments, an adaptive
immune response is increased by a 20-fold factor. In some embodiments, an adaptive
immune response is increased by a 50-fold factor. In some embodiments, an adaptive
immune response is increased by a 100-fold factor. In some embodiments, an adaptive
immune response is increased by a 200-fold factor. In some embodiments, an adaptive
immune response is increased by a S00-fold factor. In some embodiments, an adaptive
immune response is increased by a 1000-fold factor. In some embodiments, an adaptive
immune response is increased by a 2000-fold factor. In some embodiments, an adaptive
immune response is increased by another fold difference.

In some embodiments, “induces significantly more robust adaptive
immune response” refers to a detectable increase in an adaptive immune response. In
some embodiments, the term refers to a fold increase in the adaptive immune response
(e.g., 1 of the fold increases enumerated above). In some embodiments, the term refers to
an increase such that the nucleoside-modified RNA can be administered at a lower dose
or frequency than an unmodified RNA molecule while still inducing a similarly effective
adaptive immune response. In some embodiments, the increase is such that the
nucleoside-modified RNA can be administered using a single dose to induce an effective
adaptive immune response.

In some embodiments, the nucleoside-modified RNA of the present
disclosure exhibits significantly less innate immunogenicity than an unmodified in vitro-
synthesized RNA molecule of the same sequence. In some embodiments, the modified
RNA molecule exhibits an innate immune response that is 2-fold less than its unmodified
counterpart. In some embodiments, innate immunogenicity is reduced by a 3-fold factor.
In some embodiments, innate immunogenicity is reduced by a 4-fold factor. In some
embodiments, innate immunogenicity is reduced by a 5-fold factor. In some
embodiments, innate immunogenicity is reduced by a 6-fold factor. In some
embodiments, innate immunogenicity is reduced by a 7-fold factor. In some
embodiments, innate immunogenicity is reduced by an 8-fold factor. In some
embodiments, innate immunogenicity is reduced by a 9-fold factor. In some

embodiments, innate immunogenicity is reduced by a 10-fold factor. In some
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embodiments, innate immunogenicity is reduced by a 15-fold factor. In some
embodiments, innate immunogenicity is reduced by a 20-fold factor. In some
embodiments, innate immunogenicity is reduced by a 50-fold factor. In some
embodiments, innate immunogenicity is reduced by a 100-fold factor. In some
embodiments, innate immunogenicity is reduced by a 200-fold factor. In some
embodiments, innate immunogenicity is reduced by a 500-fold factor. In some
embodiments, innate immunogenicity is reduced by a 1000-fold factor. In some
embodiments, innate immunogenicity is reduced by a 2000-fold factor. In some
embodiments, innate immunogenicity is reduced by another fold difference.

In some embodiments, “exhibits significantly less innate immunogenicity”
refers to a detectable decrease in innate immunogenicity. In some embodiments, the term
refers to a fold decrease in innate immunogenicity (e.g., 1 of the fold decreases
enumerated above). In some embodiments, the term refers to a decrease such that an
effective amount of the nucleoside-modified RNA can be administered without triggering
a detectable innate immune response. In some embodiments, the term refers to a decrease
such that the nucleoside-modified RNA can be repeatedly administered without eliciting
an innate immune response sufficient to detectably reduce production of the protein
encoded by the modified RNA. In some embodiments, the decrease is such that the
nucleoside-modified RNA can be repeatedly administered without eliciting an innate
immune response sufficient to eliminate detectable production of the protein encoded by

the modified RNA.

Lipid Nanoparticle

In some embodiments, delivery of nucleoside-modified RNA comprises
any suitable delivery method, including exemplary RNA transfection methods described
elsewhere herein. In some embodiments, delivery of a nucleoside-modified RNA to a
subject comprises mixing the nucleoside-modified RNA with a transfection reagent prior
to the step of contacting. In some embodiments, a method of present disclosure further
comprises administering nucleoside-modified RNA together with a transfection reagent.
In some embodiments, a transfection reagent is a cationic lipid reagent. In some

embodiments, a transfection reagent is a cationic polymer reagent.
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In some embodiments, a transfection reagent is a lipid-based transfection
reagent. In some embodiments, a transfection reagent is a protein-based transfection
reagent. In some embodiments, a transfection reagent is a carbohydrate-based
transfection reagent. In some embodiments, a transfection reagent is a cationic lipid-
based transfection reagent. In some embodiments, a transfection reagent is a cationic
polymer-based transfection reagent. In some embodiments, a transfection reagent is a
polyethyleneimine based transfection reagent. In some embodiments, a transfection
reagent is calcium phosphate. In some embodiments, a transfection reagent is
Lipofectin®, Lipofectamine®, or TransIT®. In some embodiments, a transfection reagent
is any other transfection reagent known in the art.

In some embodiments, a transfection reagent forms a liposome. In some
embodiments, liposomes increase intracellular stability, increase uptake efficiency and
improve biological activity. In some embodiments, liposomes are hollow spherical
vesicles composed of lipids arranged in a similar fashion as those lipids, which make up a
cell membrane. In some embodiments, liposomes have an internal aqueous space for
entrapping water-soluble compounds and range in size from 0.05 to several microns in
diameter. In some embodiments, liposomes can deliver RNA to cells in a biologically
active form.

In some embodiments, a composition comprises a LNP comprising one or
more nucleic acid molecules described herein. In some embodiments, a composition
comprises an LNP and one or more nucleoside-modified RNA molecules encoding one or
more antigens, adjuvants, or a combination thereof. Exemplary adjuvants include, but are
not limited to, alpha-interferon, gamma-interferon, platelet derived growth factor
(PDGF), TNFa, TNFB, GM-CSF, epidermal growth factor (EGF), cutaneous T cell-
attracting chemokine (CTACK), epithelial thymus-expressed chemokine (TECK), A
proliferation-inducing ligand (APRIL), IL-2, mucosae-associated epithelial chemokine
(MEC), IL-12, IL-15, IL-21, MHC, CD80, CD86. Other genes which may be useful
adjuvants include those encoding: MCP-1, MIP-Ia, MIP-Ip, IL-8, RANTES, L-selectin, P-
selectin, E-selectin, CD34, GlyCAM-1, MadCAM-1, LFA-I, VLA-I, Mac-1, pl50.95,
PECAM, ICAM-I, ICAM-2, ICAM-3, CD2, LFA-3, M-CSF, G-CSF, IL-4, mutant forms
of IL-18, CD40, CD40L, vascular growth factor, fibroblast growth factor, IL.-7, nerve
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growth factor, vascular endothelial growth factor, Fas, TNF receptor, Fit, Apo-1, p55,
WSL-I, DR3, TRAMP, Apo-3, AIR, LARD, NGRF, DR4, DR5, KILLER, TRAIL-R2,
TRICK2, DR6, Caspase ICE, Fos, c-jun, Sp-1, Ap-I, Ap-2, p38, p65Rel, MyD88, IRAK,
TRAF6, IkB, Inactive NIK, SAP K, SAP-I, INK, interferon response genes, NFkB, Bax,
TRAIL, TRAILrec, TRAILrecDRCS5, TRAIL-R3, TRAIL-R4, RANK, RANK LIGAND,
0x40, Ox40 LIGAND, NKG2D, MICA, MICB, NKG2A, NKG2B, NKG2C, NKG2E,
NKG2F, TAP 1, TAP2, anti-CTLA4-sc, anti-LAG3-Ig, anti-TIM3-Ig, and functional
fragments thereof.

In some embodiments, the adjuvant comprises an RNA molecule (e.g., an
mRNA) encoding alpha-interferon, gamma-interferon, platelet derived growth factor
(PDGF), TNFa, TNFB, GM-CSF, epidermal growth factor (EGF), cutaneous T cell-
attracting chemokine (CTACK), epithelial thymus-expressed chemokine (TECK), A
proliferation-inducing ligand (APRIL), IL-2, mucosae-associated epithelial chemokine
(MEC), IL-12, IL-15, IL-21, MHC, CD80, CD86. Other genes which may be usetul
adjuvants include those encoding: MCP-I, MIP-1a, MIP-Ip, IL-8, RANTES, L-selectin, P-
selectin, E-selectin, CD34, GlyCAM-1, MadCAM-1, LFA-I, VLA-I, Mac-1, pl50.95,
PECAM, ICAM-I, ICAM-2, ICAM-3, CD2, LFA-3, M-CSF, G-CSF, IL-4, mutant forms
of IL-18, CD40, CD40L, vascular growth factor, fibroblast growth factor, IL-7, nerve
growth factor, vascular endothelial growth factor, Fas, TNF receptor, Fit, Apo-1, p55,
WSL-I, DR3, TRAMP, Apo-3, AIR, LARD, NGRF, DR4, DRS, KILLER, TRAIL-R2,
TRICK?2, DR6, Caspase ICE, Fos, c-jun, Sp-1, Ap-1, Ap-2, p38, p65Rel, MyD88, IRAK,
TRAF6, IkB, Inactive NIK, SAP K, SAP-I, JNK, interferon response genes, NFkB, Bax,
TRAIL, TRAILrec, TRAILrecDRCS, TRAIL-R3, TRAIL-R4, RANK, RANK LIGAND,
0x40, Ox40 LIGAND, NKG2D, MICA, MICB, NKG2A, NKG2B, NKG2C, NKG2E,
NKG2F, TAP 1, TAP2, anti-CTLA4-sc, anti-LAG3-Ig, or anti-TIM3-Ig, or functional
fragments thereof. In some embodiments, the adjuvant is ASO3, Squalene, liposomes,
chitosan, or Matrix M. In some embodiments, the adjuvant is alum.

In some embodiments, the LNP is a particle having at least one dimension
on the order of nanometers (e.g., 1-1,000 nm). In some embodiments, a lipid nanoparticle

comprises one or more lipids. In some embodiments, a lipid comprises a lipid of Formula

(D), (II) or (1II).
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In some embodiments, lipid nanoparticles are included in a formulation
comprising a nucleoside-modified RNA as described herein. In some embodiments, such
lipid nanoparticles comprise a cationic lipid (e.g., a lipid of Formula (I), (IT) or (IIT)) and
one or more excipient selected from neutral lipids, charged lipids, steroids and polymer
conjugated lipids (e.g., a pegylated lipid such as a pegylated lipid of structure (IV). In
some embodiments, the nucleoside-modified RNA is encapsulated in the lipid portion of
a lipid nanoparticle or an aqueous space enveloped by some or all of the lipid portion of a
lipid nanoparticle, thereby protecting it from enzymatic degradation or other undesirable
effects induced by the mechanisms of the host organism or cells, e.g., an adverse immune
response.

In some embodiments, lipid nanoparticles have a mean diameter of from
about 30 nm to about 150 nm, from about 40 nm to about 150 nm, from about 50 nm to
about 150 nm, from about 60 nm to about 130 nm, from about 70 nm to about 110 nm,
from about 70 nm to about 100 nm, from about 80 nm to about 100 nm, from about 90
nm to about 100 nm, from about 70 to about 90 nm, from about 80 nm to about 90 nm,
from about 70 nm to about 80 nm, or about 30 nm, 35 nm, 40 nm, 45 nm, 50 nm, 55 nm,
60 nm, 65 nm, 70 nm, 75 nm, 80 nm, 85 nm, 90 nm, 95 nm, 100 nm, 105 nm, 110 nm,
115 nm, 120 nm, 125 nm, 130 nm, 135 nm, 140 nm, 145 nm, or 150 nm, and are
substantially non-toxic. In some embodiments, a nucleoside-modified RNA, when
present in the lipid nanoparticles, is resistant in aqueous solution to degradation with a
nuclease.

In some embodiments, an LNP may comprise any lipid capable of forming
a particle to which the one or more RNA molecules are attached, or in which one or more
RNA molecules are encapsulated.

In some embodiments, an LNP comprises one or more cationic lipids, and
one or more stabilizing lipids. Stabilizing lipids include neutral lipids and pegylated
lipids.

In some embodiments, an LNP comprises a cationic lipid. In some
embodiments, a cationic lipid comprises any of a number of lipid species which carry a
net positive charge at a selective pH, such as physiological pH. In some embodiments,

such lipids include, but are not limited to, N N-dioleyl-N,N-dimethylammonium chloride
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(DODAC); N-(2,3-dioleyloxy)propyl)-N,N,N-trimethylammonium chloride (DOTMA);
N,N-distearyl-N,N-dimethylammonium bromide (DDAB); N-(2,3-dioleoyloxy )propyl)-
N,N,N-trimethylammonium chloride (DOTAP); 3-(N—(N’,N'-dimethylaminoethane)-
carbamoyl)cholesterol (DC-Chol), N-(1-(2,3-dioleoyloxy)propyl)-N-2-
(sperminecarboxamido)ethyl)-N,N-dimethylammonium trifluoracetate (DOSPA),
dioctadecylamidoglycyl carboxyspermine (DOGS), 1,2-dioleoyl-3-dimethylammonium
propane (DODAP), N,N-dimethyl-2,3-dioleoyloxy)propylamine (DODMA), and N-(1,2-
dimyristyloxyprop-3-yl)-N,N-dimethyl-N-hydroxyethyl ammonium bromide (DMRIE).
Additionally, a number of commercial preparations of cationic lipids are available which
can be used in the present disclosure. In some embodiments, these include
LIPOFECTIN® (commercially available cationic liposomes comprising DOTMA and
1,2-dioleoyl-sn-3-phosphoethanolamine (DOPE), from GIBCO/BRL, Grand Island,
N.Y.); LIPOFECTAMINE®™ (commercially available cationic liposomes comprising N-
(1-(2,3-dioleyloxy)propyl)-N-(2-(sperminecarboxamido)ethyl)-N,N-dimethylammonium
trifluoroacetate (DOSPA) and (DOPE), from GIBCO/BRL); and TRANSFECTAM®™
(commercially available cationic lipids comprising dioctadecylamidoglycyl
carboxyspermine (DOGS) in ethanol from Promega Corp., Madison, Wis.). In some
embodiments, the following lipids are cationic and have a positive charge at below
physiological pH: DODAP, DODMA, DMDMA, 1,2-dilinoleyloxy-N,N-
dimethylaminopropane (DLinDMA), 1,2-dilinolenyloxy-N,N-dimethylaminopropane
(DLenDMA).

In some embodiments, a cationic lipid is an amino lipid. Suitable amino
lipids useful in the present disclosure include those described in WO 2012/016184,
incorporated herein by reference in its entirety. Representative amino lipids include, but
are not limited to, 1,2-dilinoleyoxy-3-(dimethylamino)acetoxypropane (DLin-DAC), 1,2-
dilinoleyoxy-3-morpholinopropane (DLin-MA), 1,2-dilinoleoyl-3-dimethylaminopropane
(DLinDAP), 1,2-dilinoleylthio-3-dimethylaminopropane (DLin-S-DMA), 1-linoleoyl-2-
linoleyloxy-3-dimethylaminopropane (DLin-2-DMAP), 1,2-dilinoleyloxy-3-
trimethylaminopropane chloride salt (DLin-TMA.Cl), 1,2-dilinoleoyl-3-
trimethylaminopropane chloride salt (DLin-TAP.CI), 1,2-dilinoleyloxy-3-(N-
methylpiperazino)propane (DLin-MPZ), 3-(N,N-dilinoleylamino)-1,2-propanediol
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(DLinAP), 3-(N,N-dioleylamino)-1,2-propanediol (DOAP), 1,2-dilinoleyloxo-3-(2-N,N-
dimethylamino)ethoxypropane (DLin-EG-DMA), and 2,2-dilinoleyl-4-
dimethylaminomethyl-[1,3]-dioxolane (DLin-K-DMA).

In some embodiments, suitable amino lipids include those having the

formula:

Rs

Ry—N—CH,),

Ry

wherein Ri and Rz are either the same or different and independently
optionally substituted Ci0-C24 alkyl, optionally substituted Ci0-Ca4 alkenyl, optionally
substituted C10-Ca4 alkynyl, or optionally substituted C10-C24 acyl,

Rs and R4 are either the same or different and independently optionally
substituted C1-Cs alkyl, optionally substituted C2-Cs alkenyl, or optionally substituted Ca-
Ce alkynyl or Rz and R4 may join to form an optionally substituted heterocyclic ring of 4
to 6 carbon atoms and 1 or 2 heteroatoms chosen from nitrogen and oxygen;

Rsis either absent or present and when present is hydrogen or C1-Cs alkyl;

m, n, and p are either the same or different and independently either O or 1
with the proviso that m, n, and p are not simultaneously 0;

qis0, 1,2, 3, or4; and

Y and Z are either the same or different and independently O, S, or NH.

In some embodiments, R1 and Rz are each linoleyl, and the amino lipid is a
dilinoleyl amino lipid. In some embodiments, the amino lipid is a dilinoleyl amino lipid.

In some embodiments, a representative useful dilinoleyl amino lipid has

the formula:

138



WO 2025/129186 PCT/US2024/060394

(cm{E d (=" =

lY
PN

DEin-K-DMaA

whereinnis 0, 1, 2, 3, or 4.
In some embodiments, a cationic lipid is a DLin-K-DMA.. In some

embodiments, a cationic lipid is DLin-KC2-DMA (DLin-K-DMA above, wherein n is 2).

5 In some embodiments, a cationic lipid component of a LNP has the

structure of Formula (I):
R1a R2a R3a R4a R1a R2a R3a R4a

R5%L1%N{ELZ%R6 RVQ:;TU iéd N/ﬂjgl_z/i\é;m
R7/d%\N/R8 R7/d%\N/R8
s s
M
or a pharmaceutically acceptable salt, tautomer, prodrug or stereoisomer
10 thereof, wherein:

L! and L? are each independently ~O(C=0)-, -(C=0)O- or a carbon-
carbon double bond;

R'"and R are, at each occurrence, independently either (a) H or C1-C12
alkyl, or (b) R!*is H or C1-C12 alkyl, and R'® together with the carbon atom to which it is

15 bound is taken together with an adjacent R'® and the carbon atom to which it is bound to
form a carbon-carbon double bond;

R?* and R?” are, at each occurrence, independently either (a) H or C1-Ci2
alkyl, or (b) R?is H or C1-C12 alkyl, and R? together with the carbon atom to which it is
bound is taken together with an adjacent R* and the carbon atom to which it is bound to

20  form a carbon-carbon double bond;
R3* and R* are, at each occurrence, independently either (a) H or C1-Ci2

alkyl, or (b) R*is H or C1-C12 alkyl, and R* together with the carbon atom to which it is
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bound is taken together with an adjacent R* and the carbon atom to which it is bound to
form a carbon-carbon double bond;

R* and R* are, at each occurrence, independently either (a) H or Ci-Ci2
alkyl, or (b) R* is H or C1-C12 alkyl, and R*" together with the carbon atom to which it is
bound is taken together with an adjacent R* and the carbon atom to which it is bound to
form a carbon-carbon double bond,;

R’ and R® are each independently methyl or cycloalkyl;

R’ is, at each occurrence, independently H or C1-C12 alkyl,

R® and R’ are each independently C1-C12 alkyl; or R* and R?, together with
the nitrogen atom to which they are attached, form a 5, 6 or 7-membered heterocyclic
ring comprising one nitrogen atom;

a and d are each independently an integer from O to 24;

b and ¢ are each independently an integer from 1 to 24; and

eis 1or2.

In some embodiments of Formula (I), at least one of R'?, R?% R* or R* is
Ci1-C12 alkyl, or at least one of L! or L? is —O(C=0)- or ((C=0)O-. In some embodiments,
R!'?and R'® are not isopropyl when a is 6 or n-butyl when a is 8.

In some embodiments of Formula (I), at least one of R'®, R%* R% or R* is
Ci-C12 alkyl, or at least one of L! or L? is —=O(C=0)- or -(C=0)O-; and

R'* and R are not isopropyl when a is 6 or n-butyl when a is 8.

In some embodiments of Formula (I), R® and R are each independently
unsubstituted C1-C12 alkyl; or R® and R®, together with the nitrogen atom to which they
are attached, form a 5, 6 or 7-membered heterocyclic ring comprising one nitrogen atom;

In some embodiments of Formula (I), any one of L! or L? may be
—-0O(C=0)- or a carbon-carbon double bond. L' and L? may each be ~O(C=0)- or may
each be a carbon-carbon double bond.

In some embodiments of Formula (I), one of L! or L? is -O(C=0)-. In
some embodiments, both L! and L? are ~-O(C=0)-.

In some embodiments of Formula (I), one of L' or L? is <(C=0)O-. In

some embodiments, both L! and L? are -(C=0)0-.
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In some embodiments of Formula (1), one of L! or L? is a carbon-carbon
double bond. In some embodiments, both L' and L? are a carbon-carbon double bond.
In some embodiments of Formula (I), one of L' or L? is -O(C=0)- and the
other of L' or L? is =(C=0)O-. In some embodiments, one of L' or L? is -O(C=0)- and
5  the other of L! or L?is a carbon-carbon double bond. In some embodiments, one of L! or
L% is -(C=0)O- and the other of L' or L.? is a carbon-carbon double bond.
In some embodiments “carbon-carbon” double bond, as used throughout

the present disclosure, refers to one of a following structure:

b
R? RP = R
_ a >_<M
T XU LR \
10 wherein R* and R® are, at each occurrence, independently H or a

substituent. For example, in some embodiments R* and R are, at each occurrence,
independently H, Ci-Ciz alkyl or cycloalkyl, for example H or Ci-Ci2 alkyl.
In some embodiments, a lipid compounds of Formula (I) have the

following structure (Ia):

R1 a R2a R3a R4a
RSa — N — R6a
R1b R2b R3b R4b
A R®
R? N~
I
9
15 R
(la)

In some embodiments, a lipid compounds of Formula (T) have the

following structure (Ib):

O R2a R3a O
R1a R4a
O N O
a R2b R3b d
R1 b /d%\ RS R4b
R7 N~
Lo
20 (Ib)

In some embodiments, a lipid compounds of Formula (I) have the
following structure (Ic):
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RZa R3a
R1a R4a
RSa o) 'e) R6a
N
a R2b R3b d
R1b /d%\ R4b
7
R N s
R9
(Ic)

In some embodiments, a lipid compound of Formula (I), comprises a, b, ¢
and d, wherein each are independently an integer from 2 to 12 or an integer from 4 to 12.
In some embodiments, a, b, ¢ and d are each independently an integer from 8 to 12 or 5 to
9. In some embodiments, a is 0. In some embodiments, a is 1. In some embodiments, a is
2. In more embodiments, a is 3. In some embodiments, a is 4. In some embodiments, a is
5. In some embodiments, a is 6. In some embodiments, a is 7. In some embodiments, a is
8. In some embodiments, a is 9. In some embodiments, a is 10. In some embodiments, a
is 11. In some embodiments, a is 12. In some embodiments, ais 13. In some
embodiments, a is 14. In some embodiments, a is 15. In some embodiments, a is 16.

In some embodiments of Formula (I), b is 1. In some embodiments, b is 2.
In some embodiments, b is 3. In some embodiments, b is 4. In some embodiments, b is 5.
In some embodiments, b is 6. In some embodiments, b is 7. In some embodiments, b is 8.
In some embodiments, b is 9. In some embodiments, b is 10. In some embodiments, b is
11. In some embodiments, b is 12. In some embodiments, b is 13. In some embodiments,
b is 14. In some embodiments, b is 15. In some embodiments, b is 16.

In some embodiments of Formula (I), cis 1. In some embodiments, ¢ is 2.
In some embodiments, ¢ is 3. In some embodiments, ¢ is 4. In some embodiments, ¢ is 5.
In some embodiments, c is 6. In some embodiments, ¢ is 7. In some embodiments, ¢ is 8.
In some embodiments, ¢ is 9. In some embodiments, ¢ is 10. In some embodiments, ¢ is
11. In some embodiments, ¢ is 12. In some embodiments, ¢ is 13. In some embodiments,
cis 14. In some embodiments, ¢ is 15. In some embodiments, ¢ is 16.

In some embodiments of Formula (I), d is 0. In some embodiments, d is 1.
In some embodiments, d is 2. In some embodiments, d is 3. In some embodiments, d is 4.

In some embodiments, d is 5. In some embodiments, d is 6. In some embodiments, d is 7.
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In some embodiments, d is 8. In some embodiments, d is 9. In some embodiments, d is
10. In some embodiments, d is 11. In some embodiments, d is 12. In some embodiments,
dis 13. In some embodiments, d is 14. In some embodiments, d is 15. In some
embodiments, d is 16.

In some embodiments, a and d of Formula (I) are the same. In some
embodiments, b and ¢ are the same. In some embodiments, a and d are the same and b
and c are the same.

In some embodiments, the sum of a and b and sum of ¢ and d in Formula
(I) are factors which may be varied to obtain a lipid of Formula (I) having desired
properties. In some embodiments, a and b are chosen such that their sum is an integer
ranging from 14 to 24. In some embodiments, ¢ and d are chosen such that their sum is an
integer ranging from 14 to 24. In some embodiments, the sum of a and b and the sum of ¢
and d are the same. In some embodiments, the sum of a and b and the sum of ¢ and d are
both the same integer which may range from 14 to 24. In some embodiments, a. b, ¢ and
d are selected such the sum of a and b and the sum of ¢ and d is 12 or greater.

In some embodiments, e is 1. In some embodiments, e is 2.

In some embodiments, I substituents at R'#, R* R** and R* of Formula (I)
are not particularly limited. In some embodiments, R'*, R** R* and R** are H at each
occurrence. In some embodiments, at least one of R'3, R?? R3 and R* is C1-C12 alkyl. In
some embodiments, at least one of R'* R* R* and R** is C1-Cs alkyl. In some
embodiments, at least one of R'*, R** R* and R* is C1-Cs alkyl. In some embodiments,
the C1-Cs alkyl is methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl, n-
hexyl or n-octyl.

In some embodiments, of Formula (I), R'*, R'*, R* and R* are C1-C12
alkyl at each occurrence.

In some embodiments, of Formula (1), at least one of R, R? R3? and R*
is H or R'", R® R* and R* are H at each occurrence.

In some embodiments, of Formula (I), R!® together with the carbon atom
to which it is bound is taken together with an adjacent R'® and the carbon atom to which

it is bound to form a carbon-carbon double bond. In some embodiments of the foregoing
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R* together with the carbon atom to which it is bound is taken together with an adjacent
R* and the carbon atom to which it is bound to form a carbon-carbon double bond.

The substituents at R* and R® of Formula (I) are not particularly limited in
the foregoing embodiments. In some embodiments, one or both of R> or R® is methyl. In
some embodiments one or both of R” or R® is cycloalkyl for example cyclohexyl. In some
embodiments, a cycloalkyl may be substituted or not substituted. In some embodiments a
cycloalkyl is substituted with C1-Ciz2 alkyl, for example tert-butyl.

The substituents at R” are not particularly limited in the foregoing
embodiments of Formula (I). In some embodiments, at least one R is H. In some
embodiments, R” is H at each occurrence. In some embodiments R” is C1-C12 alkyl.

In some embodiments of Formula (I), one of R?® or R’ is methyl. In some
embodiments, both R® and R” are methyl.

In some embodiments of Formula (I), R® and R®, together with the
nitrogen atom to which they are attached, form a 5, 6 or 7-membered heterocyclic ring. In
some embodiments, R® and R?, together with the nitrogen atom to which they are
attached, form a S-membered heterocyclic ring, for example a pyrrolidinyl ring.

In some embodiments, the lipid of Formula (I) has one of the structures set

forth in Table 3 below.

Table 3: Representative Lipids of Formula (I).

Prep.
Method

No. Structure
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In some embodiments, LNPs comprise a lipid of Formula (I), a
nucleoside-modified RNA and one or more excipients selected from neutral lipids,
steroids and pegylated lipids. In some embodiments, a lipid of Formula (I) is compound

5 I-5. In some embodiments, a lipid of Formula (I) is compound I-6.

In some embodiments, a cationic lipid component of an LNP has the

structure of Formula (IT):
Rla R2a R3a R4a

(II)
10 or a pharmaceutically acceptable salt, tautomer, prodrug or stereoisomer thereof,

wherein:

L' and L? are each independently -O(C=0)-, -(C=0)0O-, -C(=0)-, -O-,

151



WO 2025/129186

10

15

20

25

30

-S(O)x-, -S-S-, -C(=0)S-, -SC(=0)-, -NR*C(=0)-, -C(=O)NR?*-, -NR*C(=0
INR?,

-OC(=0O)NR?-, -NR*C(=0)O-, or a direct bond,;

G! is C1-Cz alkylene, -(C=0)-, -O(C=0)-, -SC(=0)-, -NR*C(=0)- or a
direct bond;

G?is -C(=0)-, -(C=0)0-, -C(=0)S-, -C(=0)NR? or a direct bond;

G* is C1-Cs alkylene;

R*is H or C1-C12 alkyl;

R'* and R are, at each occurrence, independently either: (a) H or C1-C12
alkyl; or (b) R is H or C1-C12 alkyl, and R® together with the carbon atom to which it is
bound is taken together with an adjacent R'® and the carbon atom to which it is bound to
form a carbon-carbon double bond;

R? and R? are, at each occurrence, independently either: (a) H or C1-C12
alkyl; or (b) R*is H or C1-C12 alkyl, and R? together with the carbon atom to which it is
bound is taken together with an adjacent R? and the carbon atom to which it is bound to
form a carbon-carbon double bond;

R and R* are, at each occurrence, independently either: (a) H or C1-C12
alkyl; or (b) R* is H or C1-C12 alkyl, and R*® together with the carbon atom to which it is
bound is taken together with an adjacent R* and the carbon atom to which it is bound to
form a carbon-carbon double bond;

R* and R* are, at each occurrence, independently either: (a) H or C1-C12
alkyl; or (b) R* is H or C1-C12 alkyl, and R*" together with the carbon atom to which it is
bound is taken together with an adjacent R* and the carbon atom to which it is bound to
form a carbon-carbon double bond;

R’ and R® are each independently H or methyl;

R’ is C4-Cao alkyl;

R? and R are each independently C1-Ci2 alkyl; or R* and R’, together with
the nitrogen atom to which they are attached, form a 5, 6 or 7-membered heterocyclic
ring;

a, b, ¢ and d are each independently an integer from 1 to 24; and
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In some embodiments of Formula (II), L! and L? are each independently
—O(C=0)-, -(C=0)0- or a direct bond. In some embodiments, G! and G*
are each independently -(C=0)- or a direct bond. In some embodiments, L! and L? are
each independently —O(C=0)-, -(C=0)0- or a direct bond; and G' and G? are each
independently —(C=0)- or a direct bond.
In some embodiments of Formula (II), L! and L? are each
independently -C(=0)-, -O-, -S(O)x-, -S-S-, -C(=0)S-, -SC(=0)-, -NR?-, -NR*C(=0)-,
-C(=0)NR?-, -NR*C(=O)NR?, -OC(=O)NR?-, -NR*C(=0)O-, -NR*S(0)xN
R?-,
-NR?S(O)x- or -S(O)sNR?-.
In some embodiments of Formula (II), a lipid compound has one of the

following structures (ITA) or (IIB):

R‘la 3a R4a
R1a 2a 3a R4a /4%\ /4\)3\
L RS
R']b 3b R4b
R1b 3b R4b
G3’

I

97 s 8

R R or R
(IIA) (IIB)

In some embodiments of Formula (II), a lipid compound has structure
(ITA). In some embodiments, a lipid compound has structure (IIB).

In some embodiments of Formula (II), one of L! or L? is -O(C=0)-. For
example, in some embodiments, each of L! and L? are -O(C=0)-.

In some embodiments of Formula (II), one of L! or L? is (C=0)O-. For
example, in some embodiments, each of L' and L? is -(C=0)O-.

In some embodiments of Formula (II), one of L' or L? is a direct bond. As
used herein, a “direct bond” means the group (e.g., L' or L?) is absent. For example, in
some embodiments each of L! and L? is a direct bond.

In some embodiments of Formula (II), for at least one occurrence of R
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and R'®, R is H or C1-Ci2 alkyl, and R'® together with the carbon atom to which it is
bound is taken together with an adjacent R'® and the carbon atom to which it is bound to
form a carbon-carbon double bond.

In some embodiments of Formula (II), for at least one occurrence of R*

5 and R*® R*is H or Ci-C12 alkyl, and R* together with the carbon atom to which it is
bound is taken together with an adjacent R* and the carbon atom to which it is bound to
form a carbon-carbon double bond.

In some embodiments of Formula (II), for at least one occurrence of R%
and R?®, R? is H or C1-C12 alkyl, and R? together with the carbon atom to which it is

10 bound is taken together with an adjacent R?* and the carbon atom to which it is bound to
form a carbon-carbon double bond.

In some embodiments of Formula (II), for at least one occurrence of R*
and R R* is H or C1-C12 alkyl, and R* together with the carbon atom to which it is
bound is taken together with an adjacent R*® and the carbon atom to which it is bound to

15  form a carbon-carbon double bond.
In some embodiments of Formula (II), a lipid compound has one of the

following structures (IIC) or (IID):
R1a

R2a R3a R4a

R1a R2a R3a R4a

20 R®
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wherein e, f, g and h are each independently an integer from 1 to 12.

In some embodiments of Formula (II), the lipid compound has structure
(IIC). In some embodiments, the lipid compound has structure (IID).

In some embodiments of structures (IIC) or (IID), e, f, g and h are each
independently an integer from 4 to 10.

In some embodiments of Formula (II), a, b, ¢c and d are each independently
an integer from 2 to 12 or an integer from 4 to 12. In some embodiments, a, b, ¢ and d are
each independently an integer from 8 to 12 or 5 to 9. In some embodiments, a is 0. In
some embodiments, a is 1. In some embodiments, a is 2. In more embodiments, ais 3. In
some embodiments, a is 4. In some embodiments, a is 5. In some embodiments, a is 6. In
more embodiments, ais 7. In some embodiments, a is 8. In some embodiments, a is 9. In
some embodiments, a is 10. In some embodiments, a is 11. In some embodiments, ais 12.
In some embodiments, a is 13. In some embodiments, a is 14. In some embodiments, a is
15. In some embodiments, ais 16.

In some embodiments of Formula (II), b is 1. In some embodiments, b is
2. In some embodiments, b is 3. In yet some embodiments, b is 4. In some embodiments,
b is 5. In some embodiments, b is 6. In some embodiments, b is 7. In some embodiments,
b is 8. In some embodiments, b is 9. In some embodiments, b is 10. In some
embodiments, b is 11. In some embodiments, b is 12. In some embodiments, b is 13. In
some embodiments, b is 14. In some embodiments, b is 15. In some embodiments, b is
16.

In some embodiments of Formula (II), ¢ is 1. In some embodiments, ¢ is 2.
In some embodiments, ¢ is 3. In some embodiments, ¢ is 4. In some embodiments, ¢ is 5.
In some embodiments, ¢ is 6. In some embodiments, ¢ is 7. In some embodiments, ¢ is 8.
In some embodiments, ¢ is 9. In some embodiments, ¢ is 10. In some embodiments, cis
11. In some embodiments, ¢ is 12. In some embodiments, ¢ is 13. In some embodiments,
¢ 1s 14. In some embodiments, ¢ is 15. In some embodiments, ¢ is 16.

In some embodiments of Formula (I), d is 0. In some embodiments, d is
1. In some embodiments, d is 2. In some embodiments, d is 3. In some embodiments, d is

4. In some embodiments, d is 5. In some embodiments, d is 6. In some embodiments, d is
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7. In some embodiments, d is 8. In some embodiments, d is 9. In some embodiments, d is
10. In some embodiments, d is 11. In some embodiments, d is 12. In some embodiments,
dis 13. In some embodiments, d is 14. In some embodiments, d is 15. In some
embodiments, d is 16.

In some embodiments of Formula (II), e is 1. In some embodiments, e is 2.
In some embodiments, e is 3. In some embodiments, e is 4. In some embodiments, e is 5.
In some embodiments, e is 6. In some embodiments, e is 7. In some embodiments, e is 8.
In some embodiments, e is 9. In some embodiments, e is 10. In some embodiments, e is
11. In some embodiments, eis 12.

In some embodiments of Formula (IT), fis 1. In some embodiments, f'is 2.
In some embodiments, fis 3. In some embodiments, fis 4. In some embodiments, fis 5.
In some embodiments, fis 6. In some embodiments, fis 7. In some embodiments, fis 8.
In some embodiments, fis 9. In some embodiments, fis 10. In some embodiments, f'is
11. In some embodiments, fis 12.

In some embodiments of Formula (I), g is 1. In some embodiments, g is
2. In some embodiments, g is 3. In some embodiments, g is 4. In some embodiments, g is
5. In some embodiments, g is 6. In some embodiments, g is 7. In some embodiments, g is
8. In some embodiments, g is 9. In some embodiments, g is 10. In some embodiments, g
is 11. In some embodiments, g is 12.

In some embodiments of Formula (II), h is 1. In some embodiments, ¢ is 2.
In some embodiments, h is 3. In some embodiments, h is 4. In some embodiments, e is 5.
In some embodiments, h is 6. In some embodiments, h is 7. In some embodiments, h is 8.
In some embodiments, h is 9. In some embodiments, h is 10. In some embodiments, h is
11. In some embodiments, h is 12.

In some embodiments of Formula (II), a and d are the same. In some
embodiments, b and ¢ are the same. In some embodiments and a and d are the same and b
and c are the same.

In some embodiments, the sum of a and b and the sum of ¢ and d of
Formula (IT) are factors which may be varied to obtain a lipid having the desired

properties. In some embodiments, a and b are chosen such that their sum is an integer
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ranging from 14 to 24. In some embodiments, ¢ and d are chosen such that their sum is an
integer ranging from 14 to 24. In some embodiments, the sum of a and b and the sum of ¢
and d are the same. In some embodiments, the sum of a and b and the sum of ¢ and d are
both the same integer which may range from 14 to 24. In some embodiments, a. b, ¢ and
d are selected such that the sum of a and b and the sum of ¢ and d is 12 or greater.

In some embodiments, the substituents at R'*, R%, R** and R* of Formula
(IT) are not particularly limited. In some embodiments, at least one of R'*, R?*, R* and
R*is H. In some embodiments R'*, R* R and R* are H at each occurrence. In some
embodiments at least one of R'*, R?*, R* and R* is C1-C12 alkyl. In some embodiments at
least one of R'*, R** R** and R* is C1-Cs alkyl. In some embodiments at least one of R'?,
R?* R¥ and R* is C1-Cs alkyl. In some of the foregoing embodiments, the Ci-Cs alkyl is
methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl, n-hexyl or n-octyl.

In some embodiments of Formula (IT), R'*, R® R* and R* are Ci-C12
alkyl at each occurrence.

In some embodiments of Formula (II), at least one of R'®, R%® R3" and R*
is Hor R™ R R and R* are H at each occurrence.

In some embodiments of Formula (IT), R'® together with the carbon atom
to which it is bound is taken together with an adjacent R'® and the carbon atom to which
it is bound to form a carbon-carbon double bond. In some embodiments of the foregoing
R* together with the carbon atom to which it is bound is taken together with an adjacent
R* and the carbon atom to which it is bound to form a carbon-carbon double bond.

In some embodiments, the substituents at R* and R® of Formula (II) are not
particularly limited in the foregoing embodiments. In some embodiments, one of R or R¢
is methyl. In some embodiments each of R® or R® is methyl.

In some embodiments, the substituents at R” of Formula (II) are not
particularly limited in the foregoing embodiments. In some embodiments R is Cs-Cis
alkyl. In some embodiments, R” is Cs-Co alkyl. In some embodiments, R” is substituted
with -(C=0)OR®, ~O(C=0)R®, -C(=0)R®, -OR®, -S(O)R", -S-SR®, -C(=0)SR?,

-SC(=O)R", -NR*R®, -NR*C(=0)R", -C(=O)NR*R®, -NR*C(=0)NR’R?,

-OC(=0)NRR®, -NR*C(=0)OR®, -NR*S(0)sNR*R®, -NR*S(O).R"
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or -S(0)xNR*R®, wherein: R*is H or C1-C12 alkyl; R is C1-C1s alkyl; and x is 0, 1 or 2.
For example, in some embodiments, R” is substituted with -(C=0)OR® or -O(C=0)R®.
In some embodiments of Formula (IT), R® is branched C1-Cis alkyl. For

example, in some embodiments R® has one of the following structures:

X X

5 2 2
2 X X o
*
In some embodiments of Formula (II), one of R® or R” is methyl. In some
embodiments, both R® and R’ are methyl.
10 In some embodiments of Formula (IT), R® and R®, together with the

nitrogen atom to which they are attached, form a 5, 6 or 7-membered heterocyclic ring. In
some embodiments, R® and R?, together with the nitrogen atom to which they are
attached, form a 5-membered heterocyclic ring, for example a pyrrolidinyl ring. In some
embodiments, R® and R’, together with the nitrogen atom to which they are attached,

15  form a 6-membered heterocyclic ring, for example a piperazinyl ring.

In some embodiments , G* is C2-C4 alkylene, for example C3 alkylene.
In some embodiments, a lipid compound has one of the structures set forth

in Table 4 below.

20  Table 4: Representative Lipids of Formula (II).
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In some embodiments, LNPs comprise a lipid of Formula (II), a nucleoside-

modified RNA and one or more excipient selected from neutral lipids, steroids and

pegylated lipids. In some embodiments, a lipid of Formula (II) is compound I1-9. In some

embodiments, a lipid of Formula (IT) is compound II-10. In some embodiments, a lipid of

Formula (1I) is compound 1I-11. In some embodiments, a lipid of Formula (1I) is

compound II-12. In some embodiments, a lipid of Formula (II) is compound II-32.

In some embodiments, a cationic lipid component of the LNPs has the structure of

Formula (III):
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R3
\G3

L l|\| L2
R1/ \G1/ \GZ/ \RZ

(1I0)
or a pharmaceutically acceptable salt, tautomer, prodrug or stereoisomer thereof,
wherein:
5 one of L! or L? is —-O(C=0)-, -(C=0)0-, -C(=0)-, -O-, -S(0)x-, -S-S-,

-C(=0)S-, SC(=0)-, -NR*C(=0)-, -C(=0)NR?*-, NR*C(=0O)NR?-, -OC(=0)NR*-
or
-NR*C(=0)O0-, and the other of L! or L2 is -O(C=0)-, -(C=0)0-, -C(=0)-, -O-, -
S(O)x-,
10 -S-S-, -C(=0)S-, SC(=0)-, -NR*C(=0)-, -C(=O)NR?*-, NR*C(=0)NR*-, -
OC(=O)NR?- or -NR*C(=0)O- or a direct bond;
G' and G? are each independently unsubstituted C1-C12 alkylene or C1-C12
alkenylene;
G? is C1-Ca4 alkylene, C1-C24 alkenylene, C3-Cs cycloalkylene, C3-Cs
15 cycloalkenylene;
R*is H or C1-Ci2 alkyl;
R! and R? are each independently Cs-C24 alkyl or Cs-C24 alkenyl;
R*is H, OR’, CN, -C(=0)OR*, -OC(=0)R* or -NR’C(=0)R*;
R*is C1-C12 alkyl;
20 R’ is H or C1-Cs alkyl; and
xis0, 1 or 2.
In some of the foregoing embodiments of Formula (III), the lipid has one of the

following structures (IITA) or (ITIIB):
R3 RE
R3 RS

\mg
L1 N L2 1 |_2

RY N6 N6 SR L RT D6 N6 DSR2
25 (IIA) (IIIB)

wherein:
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Ais a 3 to 8-membered cycloalkyl or cycloalkylene ring;

R is, at each occurrence, independently H, OH or C1-C24 alkyl;

n is an integer ranging from 1 to 15.

In some embodiments of Formula (I1I), the lipid has structure (IIIA), and in some
5 embodiments, the lipid has structure (IT1IB).

In some embodiments of Formula (III), the lipid has one of the following

structures (IIIC) or (I1ID):
R3 R6

R3 R®
R
R1/|_1\97N\92/|_2\R2 . R1/L1\Hy/N\Hz/L2\R2
(I1IC) (11ID)
10 wherein y and z are each independently integers ranging from 1 to 12,
In any of the foregoing embodiments of Formula (III), one of L! or L?
is -O(C=0)-. For example, in some embodiments each of L' and L? are -O(C=0)-. In
some embodiments of any of the foregoing, L! and L? are each
independently -(C=0)O- or -O(C=0)-. For example, in some embodiments each of L'
15 and L?is-(C=0)O-.
In some embodiments of Formula (III), the lipid has one of the following

structures (IIIE) or (IIIF):

R3\G3
R O\Gv'l'\Gz/o )J\ \G3 J\
\ﬂ/ \Q/ or \o o N N
(IOE) (I1IF)
20 In some embodiments of Formula (III), the lipid has one of the following

structures (IIG), (IITH), (IIII), or (I11J):
R3 R6

ha
\H/\H/\H/T )L;Q)k
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(IMG) (ITTH)
R3 Ré
R3 RE
R (0] N 0 R2 O O
\ﬂ/ \(\ay/ \92/ \H/ - %N\H)k R2
y V4
or .
(I (I11)

In some of Formula (III), n is an integer ranging from 2 to 12, for example from 2
5 to 8 orfrom 2 to 4. For example, in some embodiments, nis 3, 4, 5 or 6. In some
embodiments, n is 3. In some embodiments, nis 4. In some embodiments, n is 5. In some
embodiments, n is 6.
In some embodiments of Formula (1), y and z are each independently an integer
ranging from 2 to 10. For example, in some embodiments, y and z are each independently
10 an integer ranging from 4 to 9 or from 4 to 6.
In some embodiments of Formula (IIT), R® is H. In other of the foregoing
embodiments, R® is C1-Cz4 alkyl. In some embodiments, R® is OH.
In some embodiments of Formula (III), G* is unsubstituted. In some
embodiments, G3 is substituted. In some embodiments, G* is linear C1-C24 alkylene or
15 linear C1-Cz4 alkenylene.
In some embodiments of Formula (IIT), R! or R?, or both, is Cs-C24 alkenyl. For

example, in some embodiments, R! and R? each, independently have the following

structure:
R?a
Hj%_
R?b
20 wherein:

R and R™ are, at each occurrence, independently H or C1-C12 alkyl; and

a is an integer from 2 to 12,

wherein R” R and a are each selected such that R! and R? each independently
comprise from 6 to 20 carbon atoms. For example, in some embodiments a is an integer

25  ranging from 5 to 9 or from 8 to 12.
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In some embodiments of Formula (111), at least one occurrence of R’*is H. For
example, in some embodiments, R is H at each occurrence. In other some embodiments
of the foregoing, at least one occurrence of R” is C1-Cs alkyl. For example, in some
embodiments, Ci-Cs alkyl is methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-
butyl, n-hexyl or n-octyl.

In some embodiments of Formula (III), R! or R?, or both, has one of the following

structures:
wCi/\/. = fm;

¥ : 3
IOCUNSOPUNGOOOUN O

2 2

. OO SOUNGSOS:

In some of the foregoi;lg embodiments of F’ormula (I11D), R* is OH,
CN, -C(=0)OR*, -OC(=0)R* or -NHC(=0)R*. In some embodiments, R* is methyl or
ethyl.

In various some embodiments, the cationic lipid of Formula (II1) has one of the

structures set forth in Table 5 below.

Table 5: Representative Compounds of Formula (I1I).

Prep.
Method

No. Structure
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In some embodiments, LNPs comprise a lipid of Formula (II1), a nucleoside-

modified RNA and one or more excipient selected from neutral lipids, steroids and

pegylated lipids. In some embodiments, a lipid of Formula (IIT) is compound III-3. In

some embodiments, a lipid of Formula (III) is compound III-7.

In some embodiments, a cationic lipid is present in a LNP in an amount from

about 30 to about 95 mole percent. In some embodiments, a cationic lipid is present in a

LNP in an amount from about 30 to about 70 mole percent. In some embodiments, a

cationic lipid is present in a LNP in an amount from about 40 to about 60 mole percent.

In some embodiments, a cationic lipid is present in a LNP in an amount of about 50 mole

percent. In some embodiments, a LNP comprises only cationic lipids.

In some embodiments, a LNP comprises one or more additional lipids which
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stabilize the formation of particles during their formation.

In some embodiments, suitable stabilizing lipids include neutral lipids and anionic
lipids.

In some embodiments, exemplary anionic lipids include, but are not limited to,
phosphatidylglycerol, cardiolipin, diacylphosphatidylserine, diacylphosphatidic acid, N-
dodecanoylphosphatidylethanolamines, N-succinylphosphatidylethanolamines, N-
glutarylphosphatidylethanolamines, lysylphosphatidylglycerols,
palmitoyloleyolphosphatidylglycerol (POPG), and other anionic modifying groups joined
to neutral lipids.

In some embodiments, exemplary neutral lipids include, for example,
distearoylphosphatidylcholine (DSPC), dioleoylphosphatidylcholine (DOPC),
dipalmitoylphosphatidylcholine (DPPC), dioleoylphosphatidylglycerol (DOPG),
dipalmitoylphosphatidylglycerol (DPPQG), dioleoyl-phosphatidylethanolamine (DOPE),
palmitoyloleoylphosphatidylcholine (POPC), palmitoyloleoyl-phosphatidylethanolamine
(POPE) and dioleoyl-phosphatidylethanolamine 4-(N-maleimidomethyl)-cyclohexane-1-
carboxylate (DOPE-mal), dipalmitoyl phosphatidyl ethanolamine (DPPE),
dimyristoylphosphoethanolamine (DMPE), distearoyl-phosphatidylethanolamine
(DSPE), 16-O-monomethyl PE, 16-O-dimethyl PE, 18-1-trans PE, 1-stearioyl-2-oleoyl-
phosphatidyethanol amine (SOPE), and 1,2-dielaidoyl-sn-glycero-3-phophoethanolamine
(transDOPE). In some embodiments, the neutral lipid is 1,2-distearoyl-sn-glycero-3-
phosphocholine (DSPC).

In some embodiments, LNPs comprise a neutral lipid selected from DSPC, DPPC,
DMPC, DOPC, POPC, DOPE and SM. In some embodiments, the molar ratio of the
cationic lipid (e.g., lipid of Formula (I)) to the neutral lipid ranges from about 2:1 to
about 8:1.

In some embodiments, LNPs further comprise a steroid or steroid analogue. In

some embodiments, a “steroid” is a compound comprising the following carbon skeleton:
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In some embodiments, a steroid or steroid analogue is cholesterol. In
embodiments, the molar ratio of the cationic lipid (e.g., lipid of Formula (I)) to
cholesterol ranges from about 2:1 to 1:1.

In some embodiments, a LNP comprises glycolipids (e.g., monosialoganglioside
GM)). In some embodiments, a LNP comprises a sterol, such as cholesterol.

In some embodiments, LNPs comprise a polymer conjugated lipid.

In some embodiments, a LNP comprises an additional, stabilizing -lipid which is
a polyethylene glycol-lipid (pegylated lipid). Suitable polyethylene glycol-lipids include
PEG-modified phosphatidylethanolamine, PEG-modified phosphatidic acid, PEG-
modified ceramides (e.g., PEG-CerC14 or PEG-CerC20), PEG-modified dialkylamines,
PEG-modified diacylglycerols, PEG-modified dialkylglycerols. Representative
polyethylene glycol-lipids include PEG-c-DOMG, PEG-c-DMA, and PEG-s-DMG. In
some embodiments, a polyethylene glycol-lipid is N-[(methoxy poly(ethylene
glycol)zo00)carbamyl]-1,2-dimyristyloxlpropyl-3-amine (PEG-c-DMA). In some
embodiments, a polyethylene glycol-lipid is PEG-c-DOMG). In some embodiments,
LNPs comprise a pegylated diacylglycerol (PEG-DAG) such as
1-(monomethoxy-polyethyleneglycol)-2,3-dimyristoylglycerol (PEG-DMG), a pegylated
phosphatidylethanoloamine (PEG-PE), a PEG succinate diacylglycerol (PEG-S-DAG)
such as 4-O-(2’,3’-di(tetradecanoyloxy)propyl-1-O-(©-
methoxy(polyethoxy)ethyl)butanedioate (PEG-S-DMG), a pegylated ceramide (PEG-
cer), or a PEG dialkoxypropylcarbamate such as w-methoxy(polyethoxy)ethyl-N-(2,3-
di(tetradecanoxy )propyl)carbamate or 2,3-di(tetradecanoxy )propyl-N-(m-
methoxy(polyethoxy)ethyl)carbamate. In some embodiments, the molar ratio of the
cationic lipid to the pegylated lipid ranges from about 100:1 to about 25:1.

In some embodiments, LNPs comprise a pegylated lipid having the following

0]
o) R10
\o/év MN/
z |
R11

Iv)

structure (I1V):
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or a pharmaceutically acceptable salt, tautomer or stereoisomer thereof, wherein:

R!'% and R!! are each independently a straight or branched, saturated or
unsaturated alkyl chain containing from 10 to 30 carbon atoms, wherein the alkyl chain is
optionally interrupted by one or more ester bonds; and

z has mean value ranging from 30 to 60.

In some embodiments of the pegylated lipid (IV), R'® and R!'! are not both n-
octadecyl when z is 42. In some some embodiments, R'® and R!! are each independently
a straight or branched, saturated or unsaturated alkyl chain containing from 10 to 18
carbon atoms. In some embodiments, R'® and R'! are each independently a straight or
branched, saturated or unsaturated alkyl chain containing from 12 to 16 carbon atoms. In
some embodiments, R'® and R!! are each independently a straight or branched, saturated
or unsaturated alkyl chain containing 12 carbon atoms. In some embodiments, R'® and
R!! are each independently a straight or branched, saturated or unsaturated alkyl chain
containing 14 carbon atoms. In some embodiments, R!° and R!! are each independently a
straight or branched, saturated or unsaturated alkyl chain containing 16 carbon atoms. In
some embodiments, R'? and R"" are each independently a straight or branched, saturated
or unsaturated alkyl chain containing 18 carbon atoms. In still some embodiments, R is
a straight or branched, saturated or unsaturated alkyl chain containing 12 carbon atoms
and R'! is a straight or branched, saturated or unsaturated alkyl chain containing 14
carbon atoms.

In some embodiments, z spans a range that is selected such that the PEG portion
of (IT) has an average molecular weight of about 400 to about 6000 g/mol. In some
embodiments, the average z is about 45.

In some embodiments, a pegylated lipid has one of the following structures:
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wherein n is an integer selected such that the average molecular weight of the

11

pegylated lipid is about 2500 g/mol.
In some embodiments, an additional lipid is present in a LNP in an amount from
5 about 1 to about 10 mole percent. In some embodiments, the additional lipid is present in
a LNP in an amount from about 1 to about 5 mole percent. In some embodiments, an
additional lipid is present in a LNP in about 1 mole percent or about 1.5 mole percent.
In some embodiments, LNPs comprise a lipid of Formula (I), a nucleoside-
modified RNA, a neutral lipid, a steroid and a pegylated lipid. In some embodiments, a
10 lipid of Formula (I)is compound I-6. In some embodiments, the neutral lipid is DSPC. In
some embodiments, a steroid is cholesterol. In still some embodiments, a pegylated lipid
is compound IVa.
In some embodiments, a LNP comprises one or more targeting moieties, which
are capable of targeting a LNP to a cell or cell population. For example, in some
15  embodiments, a targeting moiety is a ligand, which directs a LNP to a receptor found on a
cell surface.
In some embodiments, a LNP comprises one or more internalization domains. For
example, in some embodiments, a LNP comprises one or more domains, which bind to a
cell to induce internalization of thae LNP. For example, in some embodiments, one or
20  more internalization domains bind to a receptor found on a cell surface to induce
receptor-mediated uptake of a LNP. In some embodiments, a LNP is capable of binding a

biomolecule in vivo, where a LNP-bound biomolecule can then be recognized by a cell-
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surface receptor to induce internalization. For example, in some embodiments, a LNP
binds systemic ApoE, which leads to the uptake of the LNP and associated cargo.

Other exemplary LNPs and their manufacture are described in the art, for example
in U.S. Patent Application Publication No. US20120276209, Semple et al., 2010, Nat
Biotechnol ., 28(2):172-176; Akinc et al., 2010, Mol Ther., 18(7): 1357-1364; Basha et
al., 2011, Mol Ther, 19(12): 2186-2200; Leung et al., 2012, J Phys Chem C Nanomater
Interfaces, 116(34): 18440-18450; Lee et al., 2012, Int J Cancer., 131(5): E781-90;
Belliveau et al., 2012, Mol Ther nucleic Acids, 1: €37; Jayaraman et al., 2012, Angew
Chem Int Ed Engl., 51(34): 8529-8533; Mui et al., 2013, Mol Ther Nucleic Acids. 2,
e139; Maier et al., 2013, Mol Ther., 21(8): 1570-1578; and Tam et al., 2013,
Nanomedicine, 9(5): 665-74, each of which are incorporated by reference in their
entirety.

The following Reaction Schemes illustrate methods to make lipids of Formula (1),
(I1) or (III).

GENERAL REACTION SCHEME 1

Os__OR
o) ROH o NWNHz N j;
Br%OH A-2 Br% oR W\F%(OR

@)
A-5

Embodiments of the lipid of Formula (I) (e.g., compound A-5) can be prepared
according to General Reaction Scheme 1 (“Method A”), wherein R is a saturated or
unsaturated Ci-Ca4 alkyl or saturated or unsaturated cycloalkyl, m is O or 1 and n is an
integer from 1 to 24. Referring to General Reaction Scheme 1, compounds of structure A-
1 can be purchased from commercial sources or prepared according to methods familiar
to one of ordinary skill in the art. A mixture of A-1, A-2 and DMAP is treated with DCC
to give the bromide A-3. A mixture of the bromide A-3, a base (e.g., N,N-
diisopropylethylamine) and the N,N-dimethyldiamine A-4 is heated at a temperature and
time sufficient to produce A-5 after any necessarily workup and or purification step.

GENERAL REACTION SCHEME 2
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B-2
HOﬁ?ﬁOH >~ O*/@)m

Some embodiments of the compound of Formula (I) (e.g., compound B-5) can be
prepared according to General Reaction Scheme 2 (“Method B”), wherein R is a
saturated or unsaturated C1-Cz4 alkyl or saturated or unsaturated cycloalkyl, m is O or 1
5 and nis an integer from 1 to 24. As shown in General Reaction Scheme 2, compounds of
structure B-1 can be purchased from commercial sources or prepared according to
methods familiar to one of ordinary skill in the art. A solution of B-1 (1 equivalent) is
treated with acid chloride B-2 (1 equivalent) and a base (e.g., triethylamine). A crude
product is treated with an oxidizing agent (e.g., pyridinum chlorochromate) and
10 intermediate product B-3 is recovered. A solution of crude B-3, an acid (e.g., acetic acid),
and N,N-dimethylaminoamine B-4 is then treated with a reducing agent (e.g., sodium
triacetoxyborohydride) to obtain B-5 after any necessary work up and/or purification.
It should be noted that although starting materials A-1 and B-1 are depicted above
as including only saturated methylene carbons, starting materials which include carbon-
15  carbon double bonds may also be employed for preparation of compounds which include
carbon-carbon double bonds.

GENERAL REACTION SCHEME 3
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Some embodiments of the lipid of Formula (I) (e.g., compound C-7 or C9) can be

prepared according to General Reaction Scheme 3 (“Method C”), wherein R is a

saturated or unsaturated C1-Cz4 alkyl or saturated or unsaturated cycloalkyl, mis 0 or 1

and n is an integer from 1 to 24. Referring to General Reaction Scheme 3, compounds of

structure C-1 can be purchased from commercial sources or prepared according to

methods familiar to one of ordinary skill in the art.

GENERAL REACTION SCHEME 4
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f 7

8/ NR9
D-7
Embodiments of the compound of Formula (IT) (e.g., compounds D-5 and D-7)
can be prepared according to General Reaction Scheme 4 (“Method D”), wherein R12,
R!®, R% R? R3 R R% R* R3 RS R% R° L! L% G', G2 G’ a b, cand d are as
5  defined herein, and R” represents R’ or a C3-Ci9 alkyl. Referring to General Reaction
Scheme 1, compounds of structure D-1 and D-2 can be purchased from commercial
sources or prepared according to methods familiar to one of ordinary skill in the art. A
solution of D-1 and D-2 is treated with a reducing agent (e.g., sodium
triacetoxyborohydride) to obtain D-3 after any necessary work up. A solution of D-3 and
10 abase (e.g. trimethylamine, DMAP) is treated with acyl chloride D-4 (or carboxylic acid
and DCC) to obtain D-5 after any necessary work up and/or purification. D-5 can be
reduced with LiAlH4 D-6 to give D-7 after any necessary work up and/or purification.
GENERAL REACTION SCHEME 5
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Embodiments of the lipid of Formula (II) (e.g., compound E-5) can be prepared
according to General Reaction Scheme 5 (“Method E”), wherein R'?, R!®, R% R® R
R¥® R* R*® R3 RS R7 R¥ R° L' L% G a,b, cand d are as defined herein. Referring

5 to General Reaction Scheme 2, compounds of structure E-1 and E-2 can be purchased
from commercial sources or prepared according to methods familiar to one of ordinary
skill in the art. A mixture of E-1 (in excess), E-2 and a base (e.g., potassium carbonate) is
heated to obtain E-3 after any necessary work up. A solution of E-3 and a base (e.g.
trimethylamine, DMAP) is treated with acyl chloride E-4 (or carboxylic acid and DCC)
10 to obtain E-5 after any necessary work up and/or purification.

GENERAL REACTION SCHEME 6
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General Reaction Scheme 6 provides an exemplary method (Method F) for
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preparation of Lipids of Formula (IIT). G', G, R! and R? in General Reaction Scheme 6
are as defined herein for Formula (III), and G1’ refers to a one-carbon shorter homologue
of G1. Compounds of structure F-1 are purchased or prepared according to methods
known in the art. Reaction of F-1 with diol F-2 under appropriate condensation
conditions (e.g., DCC) yields ester/alcohol F-3, which can then be oxidized (e.g., PCC) to
aldehyde F-4. Reaction of F-4 with amine F-5 under reductive amination conditions
yields a lipid of Formula (III).

It should be noted that various alternative strategies for preparation of
lipids of Formula (III) are available to those of ordinary skill in the art. For example,
other lipids of Formula (IIT) wherein L! and L? are other than ester can be prepared
according to analogous methods using the appropriate starting material. Further, General
Reaction Scheme 6 depicts preparation of a lipids of Formula (III), wherein G' and G* are
the same; however, this is not a required aspect of the present disclosure and
modifications to the above reaction scheme are possible to yield compounds wherein G'
and G? are different.

It will be appreciated by those skilled in the art that in the process
described herein the functional groups of intermediate compounds may need to be
protected by suitable protecting groups. In some embodiments, such functional groups
include hydroxy, amino, mercapto and carboxylic acid. In some embodiments, suitable
protecting groups for hydroxy include trialkylsilyl or diarylalkylsilyl (for example, #-
butyldimethylsilyl, #-butyldiphenylsilyl or trimethylsilyl), tetrahydropyranyl, benzyl, and
the like. In some embodiments, suitable protecting groups for amino, amidino and
guanidino include 7-butoxycarbonyl, benzyloxycarbonyl, and the like. In some
embodiments, suitable protecting groups for mercapto include -C(O)-R" (where R" is
alkyl, aryl or arylalkyl), p-methoxybenzyl, trityl and the like. In some embodiments,
suitable protecting groups for carboxylic acid include alkyl, aryl or arylalkyl esters. In
some embodiments, protecting groups may be added or removed in accordance with
standard techniques, which are known to one skilled in the art and as described herein.
The use of protecting groups is described in detail in Green, T W. and P.GM. Wutz,
Protective Groups in Organic Synthesis (1999), 3rd Ed., Wiley. As one of skill in the art

would appreciate, the protecting group may also be a polymer resin such as a Wang resin,
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Rink resin or a 2-chlorotrityl-chloride resin.

In some embodiments, an LNP comprises a cationic lipid. In some
embodiments, a cationic lipid may comprise from about 10 mol % to about 100 mol %,
about 20 mol % to about 100 mol %, about 30 mol % to about 100 mol %, about 40 mol
% to about 100 mol %, or about 50 mol % to about 100 mol % of total lipid present in a
lipid composition utilized in accordance with the present disclosure.

In some embodiments, an LNP comprises a PEG lipid. In some
embodiments, a PEG lipid may comprise from about 10 mol % to about 100 mol %,
about 20 mol % to about 100 mol %, about 30 mol % to about 100 mol %, about 40 mol
% to about 100 mol %, or about 50 mol % to about 100 mol % of total lipid present in a
lipid composition utilized in accordance with the present disclosure.

In some embodiments, an LNP comprises a phospholipid. In some
embodiments, a phospholipid may comprise from about 10 mol % to about 100 mol %,
about 20 mol % to about 100 mol %, about 30 mol % to about 100 mol %, about 40 mol
% to about 100 mol %, or about 50 mol % to about 100 mol % of total lipid present in a
lipid composition utilized in accordance with the present disclosure.

In some embodiments, an LNP comprises cholesterol. In some
embodiments, cholesterol may comprise from about 10 mol % to about 100 mol %, about
20 mol % to about 100 mol %, about 30 mol % to about 100 mol %, about 40 mol % to
about 100 mol %, or about 50 mol % to about 100 mol % of total lipid present in a lipid

composition utilized in accordance with the present disclosure.

Self-Assembling Nanoparticles

In one embodiment, one or more C. difficile antigen is incorporated into a
self-assembling peptide nanoparticle (SAPN). Self-assembling protein nanoparticles
(SAPN) may be formed by the assembly of one or more polypeptide chains comprising at
least one antigen and at least one protein oligomerization domain. Without limitation, the
SAPN of the invention may self-assemble into a tetrahedron, a cube, an octahedron, a
dodecahedron, or an icosahedron. The SAPN of the invention may be used as an efficient
means for presenting one or more C.difficile antigen. In one embodiment, the invention

exploits ferritin, a ubiquitous iron storage protein, that self-assembles into spherical
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nanoparticles and serves as a scaffold to express a C. difficile antigen. Therefore, in one
embodiment, the invention includes compositions comprises a fusion molecule
comprising a C. difficile antigen described herein linked to an oligomerization domain. In
some embodiments, the fusion molecule comprises a polypeptide fusion molecule
comprising a fusion of a C. difficile antigen described herein linked to an oligomerization
domain. In some embodiments, the fusion molecule comprises a polynucleotide fusion
molecule comprising a fusion of a nucleic acid molecule encoding a C. difficile antigen
described herein (e.g, an mRNA) linked to a nucleic acid molecule encoding an
oligomerization domain. In some embodiments, the oligomerization domain comprises

ferritin, or a fragment or variant thereof.

Pharmaceutical Compositions

The present disclosure provides compositions, €.g., pharmaceutical
compositions (e.g., immunogenic compositions, €.g., vaccines) comprising one or more
RNA molecules described herein. In some embodiments, pharmaceutical compositions
described herein may be prepared by any method known or hereafter developed in the art
of pharmacology. In some embodiments, such preparatory methods include a step of
bringing an RNA molecule into association with a carrier or one or more other accessory
ingredients, and then, if necessary or desirable, shaping or packaging a composition into a
desired single- or multi-dose unit.

Although description of pharmaceutical compositions provided herein are
principally directed to pharmaceutical compositions which are suitable for ethical
administration to humans, it will be understood by the skilled artisan that such
compositions are generally suitable for administration to subjects of all sorts.
Modification of pharmaceutical compositions suitable for administration to humans in
order to render the compositions suitable for administration to various subjects is well
understood, and the ordinarily skilled veterinary pharmacologist can design and perform
such modification with merely ordinary, if any, experimentation. In some embodiments, a
pharmaceutical composition is administered to a human or other primate, or another
mammal including commercially relevant mammals such as non-human primates, cattle,

pigs, horses, sheep, cats, and dogs.
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In some embodiments, pharmaceutical compositions described herein may
be prepared, packaged, or sold in formulations suitable for ophthalmic, oral, rectal,
vaginal, parenteral, topical, pulmonary, intranasal, buccal, intravenous,
intracerebroventricular, intradermal, intramuscular, or another route of administration. In
some embodiments, a pharmaceutical composition is formulated to include projected
nanoparticles, liposomal preparations, resealed erythrocytes containing an active
ingredient, and immunogenic-based formulations.

In some embodiments, a pharmaceutical composition may be prepared,
packaged, or sold in bulk, as a single unit dose, or as a plurality of single unit doses. As
used herein, a “unit dose” is a discrete amount of a pharmaceutical composition
comprising a predetermined amount of an active ingredient (e.g., an RNA molecule). In
some embodiments, an amount of an active ingredient is generally equal to a dosage of an
active ingredient, which would be administered to a subject, or a convenient fraction of
such a dosage such as, for example, one-half or one-third of such a dosage.

In some embodiments, relative amounts of an active ingredient, the
pharmaceutically acceptable carrier, and any additional ingredients in a pharmaceutical
composition of the present disclosure will vary, depending upon identity, size, and
condition of a subject treated and further depending upon a route by which a composition
is to be administered. In some embodiments, a composition may comprise between 0.1%
and 100% (w/w) active ingredient.

In some embodiments, in addition to an active ingredient, a
pharmaceutical composition of the present disclosure may further comprise one or more
additional pharmaceutically active agents.

In addition to the active ingredient, a pharmaceutical composition of the
invention may further comprise one or more additional adjuvants. Exemplary adjuvants
include, but are not limited to, aluminum-based adjuvant and monophosphoryl lipid A.

In still further embodiments, a pharmaceutical composition of the
invention may further comprise a biological response modifier, a chemokine, a cytokine,
a y-chain receptor cytokine, A proliferation-inducing ligand (APRIL), IL-2, IL-7, IL-12,
IL-15, and IL-21, or an immune checkpoint agonist or antagonist, or a nucleic acid

molecule encoding the same.
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In some embodiments, a pharmaceutical composition is or comprises a
controlled- or sustained -release formulation. Controlled- or sustained-release
formulations of a pharmaceutical composition of the present disclosure may be made
using conventional technology.

As described herein, “parenteral administration” of a pharmaceutical
composition includes any route of administration characterized by physical breaching of
a tissue of a subject and administration of a pharmaceutical composition through a breach
in a tissue. In some embodiments, parenteral administration thus includes, but is not
limited to, administration of a pharmaceutical composition by injection of a composition,
by application of a composition through a surgical incision, by application of a
composition through a tissue-penetrating non-surgical wound, and the like. In some
embodiments,, parenteral administration comprises intraocular, intravitreal,
subcutaneous, intraperitoneal, intramuscular, intradermal, intrasternal injection,
intratumoral, intravenous, intracerebroventricular and kidney dialytic infusion techniques.

In some embodiments, formulations of a pharmaceutical composition
suitable for parenteral administration comprise an active ingredient combined with a
pharmaceutically acceptable carrier, such as sterile water or sterile isotonic saline. In
some embodiments, a formulation may be prepared, packaged, or sold in a form suitable
for bolus administration or for continuous administration. Injectable formulations may be
prepared, packaged, or sold in unit dosage form, such as in ampules or in multi-dose
containers containing a preservative. In some embodiments, a pharmaceutical
composition comprises suspensions, solutions, emulsions in oily or aqueous vehicles,
pastes, and implantable sustained-release or biodegradable formulations. In some
embodiments, a pharmaceutical composition further comprises one or more additional
ingredients including, but not limited to, suspending, stabilizing, or dispersing agents. In
some embodiments, a pharmaceutical composition formulated for parenteral
administration, comprises an active ingredient provided in dry (i.e. powder or granular)
form for reconstitution with a suitable vehicle (e.g. sterile pyrogen-free water) prior to
parenteral administration of a reconstituted composition.

In some embodiments, a pharmaceutical composition may be prepared,

packaged, or sold in a form of a sterile injectable aqueous or oily suspension or solution.
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In some embodiments, a suspension or solution may be formulated according to the
known art, and may comprise, in addition to an active ingredient, additional ingredients
such as the dispersing agents, wetting agents, or suspending agents described herein. In
some embodiments, a sterile injectable formulation may be prepared using a non-toxic
parenterally-acceptable diluent or solvent, such as water or 1,3-butane diol, for example.
In some embodiments, acceptable diluents and solvents comprise Ringer’s solution,
isotonic sodium chloride solution, and fixed oils such as synthetic mono- or di-glycerides.
In some embodiments, a parentally administrable formulation of a pharmaceutical
composition comprises an active ingredient in microcrystalline form, in a liposomal
preparation, or as a component of a biodegradable polymer systems. In some
embodiments, compositions for sustained release or implantation may comprise
pharmaceutically acceptable polymeric or hydrophobic materials such as an emulsion, an
ion exchange resin, a sparingly soluble polymer, or a sparingly soluble salt.

In some embodiments, a pharmaceutical composition may be prepared,
packaged, or sold in a formulation suitable for pulmonary administration via a buccal
cavity. In some embodiments, a pharmaceutical composition suitable for pulmonary
administration comprises dry particles which comprise the active ingredient and which
have a diameter in the range from about 0.5 to about 7 nanometers. In some
embodiments, a formulation may comprise dry particles which comprise an active
ingredient and which have a diameter in the range from about 1 to about 6 nanometers. In
some embodiments, compositions are in a form of dry powders for administration using a
device comprising a dry powder reservoir to which a stream of propellant may be
directed to disperse a powder or using a self-propelling solvent/powder-dispensing
container such as a device comprising an active ingredient dissolved or suspended in a
low-boiling propellant in a sealed container. In some embodiments, such powders
comprise particles wherein at least 98% of the particles by weight have a diameter greater
than 0.5 nanometers and at least 95% of the particles by number have a diameter less than
7 nanometers. In some embodiments, at least 95% of particles by weight have a diameter
greater than 1 nanometer and at least 90% of particles by number have a diameter less
than 6 nanometers. In some embodiments, dry powder compositions include a solid fine

powder diluent such as sugar and are conveniently provided in a unit dose form.
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In some embodiments, low boiling propellants generally include liquid
propellants having a boiling point of below 65°F at atmospheric pressure. In some
embodiments, a propellant may constitute 50 to 99.9% (w/w) of the composition, and an
active ingredient may constitute 0.1 to 20% (w/w) of the composition. In some
embodiments, a propellant may further comprise additional ingredients such as a liquid
non-ionic or solid anionic surfactant or a solid diluent (in some instances having a
particle size of the same order as particles comprising the active ingredient).

In some embodiments, formulations of a pharmaceutical composition
suitable for parenteral administration comprise an active ingredient combined with a
pharmaceutically acceptable carrier, such as sterile water or sterile isotonic saline. In
some embodiments, such formulations may be prepared, packaged, or sold in a form
suitable for bolus administration or for continuous administration. In some embodiments,
injectable formulations may be prepared, packaged, or sold in unit dosage form, such as
in ampules or in multi-dose containers containing a preservative. In some embodiments,
formulations for parenteral administration include, but are not limited to, suspensions,
solutions, emulsions in oily or aqueous vehicles, pastes, and implantable sustained-
release or biodegradable formulations. In some embodiments, such formulations may
further comprise one or more additional ingredients including, but not limited to,
suspending, stabilizing, or dispersing agents. In some embodiments, a formulation for
parenteral administration, comprise an active ingredient in dry (i.e., powder or granular)
form for reconstitution with a suitable vehicle (e.g., sterile pyrogen-free water) prior to
parenteral administration of the reconstituted composition.

In some embodiments, a pharmaceutical compositions may be prepared,
packaged, or sold in a form of a sterile injectable aqueous or oily suspension or solution.
In some embodiments, a suspension or solution may be formulated according to the
known art, and may comprise, in addition to an active ingredient, additional ingredients
such as the dispersing agents, wetting agents, or suspending agents described herein. In
some embodiments, a sterile injectable formulation may be prepared using a non-toxic
parenterally-acceptable diluent or solvent, such as water or 1,3-butane diol, for example.
In some embodiments, other acceptable diluents and solvents include, but are not limited

to, Ringer’s solution, isotonic sodium chloride solution, and fixed oils such as synthetic
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mono- or di-glycerides. In some embodiments, other parentally administrable
formulations that are useful include those that comprise an active ingredient in
microcrystalline form, in a liposomal preparation, or as a component of a biodegradable
polymer system. In some embodiments, compositions for sustained release or
implantation may comprise pharmaceutically acceptable polymeric or hydrophobic
materials such as an emulsion, an ion exchange resin, a sparingly soluble polymer, or a

sparingly soluble salt.

Methods of Treatment or Prevention

Among other things, in some embodiments, technologies of the present
disclosure are used to treat a disease or disorder. In some embodiments, the present
disclosure provides methods of treating C'. difficile infection or treating or preventing a
disease or disorder associated with C. difficile infection using compositions of the present
disclosure. In some embodiments, the present disclosure provides methods of treating C.
difficile infection. In some embodiments, the present disclosure provides methods for
treating or preventing a disease or disorder associated with C. difficile infection. In some
embodiment, compositions described herein can induce an immune response in a subject.

In some embodiments, provided methods include administering a
composition comprising at least one lipid nanoparticle (LNP) comprising at least one
nucleoside-modified RNA molecule encoding at least one antigen, wherein the at least
one antigen comprises toxin A (TcdA) or a fragment thereof comprising at least a
receptor binding domain (RBD), toxin B (TcdB) or a fragment thereof comprising at least
a RBD, Pro-Pro endopeptidase 1 (PPEP-1/Zmp1), exosporium morphogenic protein
CdeM, cell surface protein cwp84 (CWP84), CWP66, ZupT, Bile acid germinant receptor
pseudoprotease CspC (CspC), or any combination thereof to a subject in need thereof to
treat a disease or disorder or to prevent or reduce at least one symptom of a disease
associated with C. difficile infection.

Exemplary diseases that can be treated or prevented according to methods
of the present disclosure include, but are not limited to, colitis and diarrhea.

In some embodiments, the present disclosure provides methods of

inducing an adaptive immune response against C. difficile in a subject comprising
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administering at least one RNA molecule (e.g., a nucleoside modified RNA molecule)
encoding a C difficile antigen or a composition (e.g., an LNP) comprising at least one
RNA molecule (e.g., a nucleoside modified RNA molecule) encoding a C. difficile
antigen.

In some embodiments, provided methods provide immunity in a subject to
multiple strains of C. difficile, C. difficile infection, or to a disease or disorder associated
with C. difficile including, but not limited to, colitis and diarrhea. The present disclosure
thus provides a method of treating or preventing the infection, disease, or disorder
associated with C. difficile.

In some embodiments, a composition is administered to a human subject
having an infection, disease, or disorder associated with C. difficile. In some
embodiments, a composition is administered to a subject at risk for developing an
infection, disease, or disorder associated with C. difficile. In some embodiments, a
composition may be administered to a subject who is at risk for being in contact with C.
difficile. In some embodiments, a composition is administered to a subject who is on
antibiotics that increase risk of contracting C. difficile. Populations of interest for
administration of a composition described herein (e.g., an immunogenic composition,
e.g., a vaccine) include, but are not limited to, older adults (e.g., over 65 years of age),
those with a recent stay at a hospital or nursing home, those with a weakened immune
system, such as people with HIV/AIDS, cancer, organ transplant patients taking
immunosuppressive drugs, individuals taking high-risk antibiotics, hospitalized
individuals, individuals with gastrointestinal or autoimmune disorders that heighten risk
of C. difficile infection (e.g. inflammatory bowel disease), those with repeated episodes
of recurrent and/or refractory C. difficile infection, children, or gravid subjects, and other
populations at heightened risk for developing C . difficile infection.

In some embodiments, a composition is administered to a non-human
animal subject having an infection, disease, or disorder associated with C. difficile. In
some embodiments, a composition is administered to a non-human animal subject at risk
for developing an infection, disease, or disorder associated with C. difficile. In some
embodiments, a composition may be administered to a subject who is at risk for being in

contact with C. difficile. In some embodiments, a composition is administered to a non-
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human animal subject who is on antibiotics that increase the risk of contracting C.
difficile. Non-human animal subjects of interest for administration of an exemplary RNA-
LNP a composition described herein (e.g., an immunogenic composition, €.g., a vaccine)
include, but are not limited to, dogs, cats, horses, pigs, calves, hamsters, guinea pigs, rats,
and rabbits.

In some embodiments, provided methods comprise administering a
composition comprising one or more nucleoside-modified nucleic acid molecules
encoding one or more C. difficile antigens selected from TcdA, TcdB, PPEP-1, CdeM,
CWP84, CWP66, ZupT, or CspC, a fragment or variant thereof, and any combination
thereof. In some embodiments, provided methods comprise administering a composition
comprising nucleoside-modified nucleic acid molecules encoding TcdA, TcdB, PPEP-1,
and CdeM, or fragments or variants thereof. In some embodiments, provided methods
comprise administering a composition comprising nucleoside-modified nucleic acid
molecules encoding TcdA and TcdB or fragments or variants thereof. In some
embodiments, provided methods comprise administering a composition comprising
nucleoside-modified nucleic acid molecules encoding TcdA, TcdB, and PPEP-1 or
fragments or variants thereof.

In some embodiments, provided methods comprise administering one or
more compositions, each composition comprising one or more nucleoside-modified
nucleic acid molecules encoding one or more (. difficile antigens comprising TcdA,
TcdB, PPEP-1, CdeM, CWP84, CWP66, ZupT, CspC, or fragment thereof, or any
combination thereof. In some embodiments, provided methods comprise administering a
first composition comprising one or more nucleoside-modified nucleic acid molecules
encoding one or more C. difficile antigens that comprise TcdA, TcdB, PPEP-1, CdeM,
CWP84, CWP66, ZupT, CspC, or fragment thereof, or any combination thereof, and
administering a second composition comprising one or more nucleoside-modified nucleic
acid molecules encoding one or more C. difficile antigens that comprise TcdA, TcdB,
PPEP-1, CdeM, CWP84, CWP66, ZupT, CspC, or fragment thereof, or any combination
thereof. In some embodiments, provided methods comprise administering a single
composition. In some embodiments, provided methods comprise administering a plurality

of compositions, each composition comprising one or more nucleoside-modified nucleic
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acid molecules encoding one or more (. difficile antigens described herein. In some
embodiments, provided methods comprise a staggered administration of a plurality of
compositions.

In some embodiments, provided methods comprise administering a first
LNP comprising a nucleoside-modified RNA molecule encoding TcdA, or a fragment
thereof, and a second LNP comprising a nucleoside-modified RNA molecule encoding
TcdB, or a fragment thereof. In some embodiments, provided methods comprise
administering a first LNP comprising a nucleoside-modified RNA molecule encoding
TcdA, or a fragment thereof, a second LNP comprising a nucleoside-modified RNA
molecule encoding TcdB, or a fragment thereof, and a third LNP comprising a
nucleoside-modified RNA molecule encoding PPEP-1, or a fragment thereof. In some
embodiments, provided methods comprise administering a single composition
comprising a plurality of LNPs. In some embodiments, provides methods comprise
administering a plurality of compositions comprising a plurality of LNPs. In some
embodiments, the method comprises a staggered administration of a plurality of
compositions comprising a plurality of LNPs.

In some embodiments, provided methods comprise administering a first
LNP comprising a nucleoside-modified RNA comprising a nucleotide sequence
corresponding to SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ
ID NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:41, SEQ ID NO:42, SEQ ID
NO:43, or SEQ ID NO:44, or a fragment or variant thereof, and a second LNP
comprising a nucleoside-modified RNA molecule comprising a nucleotide sequence
corresponding to SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ
ID NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ ID
NO:54, or SEQ ID NO:55, or a fragment or variant thereof. In some embodiments,
provided methods comprise administering a first LNP comprising a nucleoside-modified
RNA molecule comprising a nucleotide sequence corresponding to SEQ ID NO:34, SEQ
ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID
NO:40, SEQ ID NO:41, SEQ ID NO:42, SEQ ID NO:43, or SEQ ID NO:44, or a
fragment or variant thereof, a second LNP comprising a nucleoside-modified RNA

comprising a nucleotide sequence corresponding to SEQ ID NO:45, SEQ ID NO:46, SEQ
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D NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ TD NO:50, SEQ ID NO:51, SEQ ID
NO:52, SEQ ID NO:53, SEQ ID NO:54, or SEQ ID NO:55, or a fragment or variant
thereof, and a third LNP comprising a nucleoside-modified RNA molecule comprising a
nucleotide sequence corresponding to SEQ ID NO:56, SEQ ID NO:57, SEQ ID NO:58,
SEQ ID NO:59, SEQ ID NO:60, SEQ ID NO:61, SEQ ID NO:62, SEQ ID NO:63, SEQ
ID NO:64, SEQ ID NO:65, or SEQ ID NO:66, or a fragment or variant thereof.
In some embodiments, provided methods comprise administering a first

LNP comprising a nucleoside-modified RNA comprising a nucleotide sequence
corresponding to SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ
ID NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:41, SEQ ID NO:42, SEQ ID
NO:43, or SEQ ID NO:44, or a fragment or variant thereof, and a second LNP
comprising a nucleoside-modified RNA molecule comprising a nucleotide sequence
corresponding to SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ
ID NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ ID
NO:54, or SEQ ID NO:55, or a fragment or variant thereof. In some embodiments,
provided methods comprise administering a first LNP comprising a nucleoside-modified
RNA molecule comprising a nucleotide sequence corresponding to SEQ ID NO:34, SEQ
ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID
NO:40, SEQ ID NO:41, SEQ ID NO:42, SEQ ID NO:43, or SEQ ID NO:44, or a
fragment or variant thereof, a second LNP comprising a nucleoside-modified RNA
comprising a nucleotide sequence corresponding to SEQ ID NO:45, SEQ ID NO:46, SEQ
ID NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID
NO:52, SEQ ID NO:53, SEQ ID NO:54, or SEQ ID NO:55, or a fragment or variant
thereof, and a third LNP comprising a nucleoside-modified RNA molecule comprising a
nucleotide sequence corresponding to SEQ ID NO:56, SEQ ID NO:57, SEQ ID NO:58,
SEQ ID NO:59, SEQ ID NO:60, SEQ ID NO:61, SEQ ID NO:62, SEQ ID NO:63, SEQ
ID NO:64, SEQ ID NO:65, or SEQ ID NO:66, or a fragment or variant thereof .

In some embodiments, provided methods comprise administering a single
composition comprising a plurality of LNPs. In some embodiments, provided methods
comprise administering a plurality of compositions. In some embodiments, provided

methods comprises a staggered administration of a plurality of compositions.
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In some embodiments, provided methods comprise sustained expression
of a C. difficile antigen described herein for at least several days following
administration. In some embodiments, provided methods comprise sustained expression
of a C. difficile antigen described herein for at least 2 weeks following administration. In
some embodiments, provided methods comprise sustained expression of a C. difficile
described herein for at least 1 month following administration. In some embodiments,
provided methods comprise transient expression of a C. difficile antigen described herein.

In some embodiments, provided methods comprises administering
nucleoside-modified RNA, which provides stable expression of a C. difficile antigen
described herein in a subject. In some embodiments, administration of nucleoside-
modified RNA results in little to no innate immune response, while inducing an effective
adaptive immune response in a subject.

In some embodiments, a method described herein provides sustained
protection against C. difficile in a subject. In some embodiments, a method provides
sustained protection against C. difficile in a subject for more than 2 weeks. In some
embodiments, the method provides sustained protection against C. difficile in a subject
for 1 month or more. In some embodiments, a method provides sustained protection
against C. difficile in a subject for 2 months or more. In some embodiments, a method
provides sustained protection against C. difficile in a subject for 3 months or more. In
some embodiments, a method provides sustained protection against (. difficile in a
subject for 4 months or more. In some embodiments, a method provides sustained
protection against C. difficile in a subject for S months or more. In some embodiments, a
method provides sustained protection against C. difficile in a subject for 6 months or
more. In some embodiments, a method provides sustained protection against C. difficile
in a subject for 1 year or more.

In some embodiments, a single immunization of a composition induces a
sustained protection against C. difficile in a subject for 1 month or more, 2 months or
more, 3 months or more, 4 months or more, 5 months or more, 6 months or more, or 1
year or more.

Administration of a composition described herein can be achieved in a

number of different ways, using methods known in the art. In some embodiments, a
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method comprises systemic administration of a subject, including for example enteral or
parenteral administration. In some embodiments, a method comprises intradermal
delivery of a composition. In some embodiments, a method comprises intravenous
delivery of a composition. In some embodiments, a method comprises intramuscular
delivery of a composition. In some embodiments, a method comprises subcutaneous
delivery of a composition. In some embodiment, a method comprises inhalation of a
composition. In some embodiments, a method comprises intranasal delivery of a
composition.

In some embodiments, a composition is administered to a subject in
conjunction with another agent.

Among other things, in some embodiments, technologies of the present
disclosure may be administered to a subject according to a particular dosing regimen.

In some embodiments, provided compositions (e.g., pharmaceutical
compositions) are administered to deliver a dose of from 1 ng/kg/day to 100 mg/kg/day.
In some embodiments, a composition is administered at a dose, which results in a
concentration of from 10 nM to 10 uM in a subject.

In some embodiments, provided compositions are administered in RNA
doses from 0.01 pug to about 50 mg per kilogram of body weight of a subject. In some
embodiments, provided compositions are administered in RNA doses from about 0.1 pg
to about 10 mg per kilogram of body weight of a subject. In some embodiments, the
dosage will vary from about 1 g to about 1 mg per kilogram of body weight of the
mammal. Among other things, a dosage administered may depend upon any number of
factors, including but not limited to, a type of subject (e.g., mammal) and type of disease
state being treated, age of a subject and route of administration.

In some embodiments, a composition may be administered as frequently
as several times daily, or it may be administered less frequently, such as once a day, once
a week, once every two weeks, once a month, or even less frequently, such as once every
several months, several years, or even less frequently, such as every 10-20 years, 15-30
years, or even less frequently, such as every 50-100 years. A suitable frequency of a dose
will be readily apparent to a skilled artisan and will depend upon any number of factors,

such as, but not limited to, type and severity of a disease being treated, type and age of a
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mammal, etc.

In some embodiments, administration of a composition described herein
(e.g., an immunogenic composition, pharmaceutical composition, or vaccine) comprises
a single administration. In some embodiments, administration of a composition is
boosted by multiple administrations.

In some embodiments, provided compositions may be administered
prophylactically (i.e., to prevent a disease or disorder) or therapeutically (i.e., to treat a
disease or disorder) to subjects suffering from, or at risk of (or susceptible to) developing
a disease or disorder. In some embodiments, such subjects may be identified using
standard clinical methods. In some embodiments, prophylactic administration occurs
prior to manifestation of overt clinical symptoms of disease, such that a disease or
disorder is prevented or alternatively delayed in its progression. In some embodiments,
the term “prevent” encompasses any activity, which reduces burden of mortality or
morbidity from disease. In some embodiments, prevention can occur at primary,
secondary and tertiary prevention levels. In some embodiments, while primary prevention
avoids the development of a disease, secondary and tertiary levels of prevention
encompass activities aimed at preventing progression of a disease and the emergence of
symptoms as well as reducing negative impact of an already established disease by

restoring function and reducing disease-related complications.

EXPERIMENTAL EXAMPLES

The present disclosure is further described in detail by reference to the
following experimental examples. These examples are provided for purposes of
illustration only, and are not intended to be limiting unless otherwise specified. Thus, the
present disclosure should in no way be construed as being limited to the following
examples, but rather should be construed to encompass any and all variations which
become evident as a result of the teaching provided herein.

Without further description, it is believed that one of ordinary skill in the
art can, using the preceding description and the following illustrative examples, make and
utilize the present disclosure and practice the claimed methods. The following working

examples therefore are not to be construed as limiting in any way the remainder of the
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disclosure.

Example 1: Production of an exemplary multi-valent modified RNA-LNP vaccine to

protect against Clostridioides difficile infection.

The present Example describes identification, selection and/or
characterization of compositions and related methods useful for inducing an immune
response against C. difficile infection (CDI) in a subject as described herein. Moreover,
the present Example describes development of an RNA-LNP vaccine useful for inducing
an immune response against C. difficile infection (CDI) in a subject.

Presented herein is development of a nucleoside-modified RNA-LNP
vaccine against an enteric pathogen using a multivalent strategy targeting secreted
virulence factors. This work is also the first examination of an anti-C. difficile RNA-LNP
vaccine on the composition of the intestinal microbiota. This approach was designed to
prevent C. difficile-associated disease by targeting TcdA and TcdB, as well as the
metalloprotease and virulence factor, Pro-Pro endopeptidase 1 (PPEP-1/Zmpl). A
multivalent strategy against C. difficile toxins and PPEP-1 induces a robust cellular and
humoral immune response that eftectively protects mice from lethal toxin and bacterial
challenges and hinders C. difficile colonization and virulence in a mouse model. In
addition, despite vaccination eliciting a humoral response and transcytosis of antibodies

into the gut lumen, this is not be associated with changes in the microbiota.

Study design

LNP-encapsulated RNA molecules encoding TcdA, TcdB, and PPEP-
lwere generated. Design of RNA molecules used in the present Example comprised
optimizing nucleotide sequences for efficient translation and stability.

A series of murine studies were conducted to assess efficacy of an
exemplary RNA-LNP vaccination strategy in inducing a protective immune response
against C. difficile infection. First, cellular and humoral immune responses at systemic
and mucosal sites following vaccination using flow cytometry and ELISA were
evaluated. Two well-established in vivo murine models of toxin challenge and C. difficile

infection were employed. Mice were randomly assigned to different experimental groups,
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with a minimum of five and a maximum of ten mice per group. This random assignment
ensured an unbiased distribution of animals across groups. All experiments were repeated
independently two to three times to ensure reproducibility. Investigators were not blinded
to treatment groups.

To assess safety of exemplary RNA-LNP vaccines on composition of
intestinal microbiota, 16S rRNA gene sequencing was performed on fecal samples from
each experimental group. Microbiota samples were collected from two independent
experiments and a minimum of two and maximum of 5 cages per group to minimize cage
and litter effects. This analysis allowed for detection of any alterations in gut microbiota
associated with vaccination strategies used in the present Example.

Ethical considerations were strictly followed throughout the study. The
animal experiments were approved by the Animal Care and Use Committees of the
Children's Hospital of Philadelphia (IAC 18-001316) and the University of Pennsylvania
(TACUC-803941).

RNA design and production

Amino acid sequences of a TcdA and TcdB receptor binding domain
(RBD) containing a combined repetitive oligopeptides (CROP) motifs were obtained
from GenBank accession numbers P16154.2 and P18177.3 respectively. Putative N-
glycosylation sites were disrupted by substituting an asparagine residue at a predicted N-
glycolysation site with a glutamine (N to Q) to prevent posttranslational epitopes masking
in eucaryotic cells. Sequences underwent codon optimization and GC enrichment using a
proprietary algorithm to improve expression and reduce potential immunogenicity of in
vitro transcribed RNA. Codon optimized sequences were gene synthetized by Genscript
with an optimized and modified IL-2 secretion signal, cloned into a proprietary in vitro
transcription template containing an optimized T7 promoter, 3’UTR, S’UTR and a 100-
adenine tail. TcdA, TcdB and PPEP-1 nucleoside modified RNA sequences were
prepared using a MegaScript transcription kit (ThermoFisher Scientific), co-
transcriptionally capped using a CleanCap™ system (TriLink Biotechnologies) and
purified using a modified cellulose base chromatography method (M. Baiersdorter, et al

Mol Ther Nucleic Acids. 2019;(15):26-35), precipitated, eluted in nuclease free water,
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and quantified using the NanoDrop One system. Length and integrity were determined
using an Agilent BioAnalyzer 2100 system. Endotoxin content was measured using a
GenScript Toxisensor chromogenic assay, and values were below detection levels. RNA

was frozen at -20°C until formulation.

Production and characterization of RNA-LNP vaccines

Hydrodynamic size, polydispersity index (PDI) and zeta potential of
RNA-LNPs were measured using a Zetasizer Nano ZS90 (Malvern Instruments, Malvern,
UK). RNA encapsulation efficiency of LNP was determined using a modified Quant-iT
RiboGreen RNA assay (Invitrogen). Endotoxin levels were determined using a Limulus

Amebocyte Lysate (LAL) chromogenic assay found to be <0.5 endotoxin unit (EU)/mL.

Phylogenomic analyses

Genomic analyses were conducted on 108 C. difficile isolates sourced
from the work of Bushman, Frederic D, et al (F. D. Bushman, et al., Cell Host Microbe.
2020;(28):422-433) and 30 pairs of raw sequencing reads in this study. Initial quality
control was implemented with FastQC v0.12.1 and MultiQC v1.14 (P. Ewels, et al.,
Bioinformatics. 2016;(32):3047-3048). Subsequently, de novo assembly was performed
on the quality-assessed raw reads utilizing Shovill v1.1.0 (github.com/tseemann/shovill).
Genome assemblies were subjected to quality evaluation with CheckM v1.1.6 and
BUSCO v5.4.7 (M. Manni, et al., Mol Biol Evol. 2021;(38):4647-4654; D. H. Parks, et
al., Genome Res. 2015,(25):1043-1055). Genome annotations were then performed
employing bakta v1.8.1 (O. Schwengers, et al., Microb Genom. 2021;(7)). The core-
genome alignment was carried out using Roary v3.13.0 (A. J. Page, et al., Bioinformatics.
2015;(31):3691-3693), which subsequently served as the input for phylogenomic tree
inference through RAXML-NG v1.1 (A. M. Kozlov, et al., Bioinformatics.
2019;(35):4453-4455). Phylogeny was rooted at the midpoint using the Tree Of Life
(1iTOL) v6.8 interactive tool (I. Letunic, P. Bork, Nucleic Acids Res. 2021;(49):W293-
W296). For subsequent visualization and annotation of phylogeny, ggplot2, and ggtree
were utilized (G. Yu, Curr Protoc Bioinformatics. 2020,(69):¢96; G. Yu, et al., Mol Biol
Evol 2018;(35):3041-3043; G. Yu, Data Integration, Manipulation and Visualization of
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Phylogenetic Trees. CRC Press, 2022; S. Xu, et al., iMeta. 2022;(4):€56; G. Yu, et al ,
Methods in Ecology and Evolution. 2017;(8):28-36; H. Wickham, ggplor2: Elegant
Graphics for Data Analysis. Springer-Verlag New York. 2016).

Comparative Genomic Analysis of Protein Domains

Amino acid sequences for the TcdA CROP domain, TcdB CROP domain,
and PPEP-1 (excluding the IL-2 secretion signal domain) were extracted from a
VPI10463 strain. Sequences served as seed sequences for constructing a protein-type
BLAST database. Subsequently, BlastX was applied to execute a comparative analysis of
amino acid sequences in the database against 138 genomes included in a phylogenetic
assessment. The hits with the highest bit score from BlastX were utilized to determine the
percentage of coverage and identity (S. F. Altschul, et al., J Mol Biol. 1990;(215):403-
410; S. F. Altschul, et al., Nucleic Acids Res. 1997,(25):3389-3402; G. M. Boratyn, et al.,
Biol Direct. 2012;(7):12; G. M. Boratyn, et al., BMC Bioinformatics. 2019;(20):405; C.
Camacho, et al., BMC Bioinformatics. 2023,(24):117, C. Camacho, et al., BMC
Bioinformatics. 2009;(10):421; A. Morgulis, et al., Bioinformatics. 2008;(24):1757-1764,
Z. Zhang, et al., J Comput Biol. 2000;(7):203-214).

Identification of Toxigenic Strains via Comparative Genomic Analysis

Coding sequences for tcdA, tcdB, tcdC, tcdE, tedR, cdul, and cdd1 were
sourced from the comprehensively annotated complete genome of C. difficile 630 (NCBI
Reference Sequence: NC 009089.1). The nucleotide sequence for the PalLoc region was
inferred and extracted by the locations of the flank genes cdul and cdd1. These
nucleotide sequences served to construct an original nucleotide-specific BLAST
database. To enhance the likelihood of detecting diverse toxin genes, additional
sequences of toxin genes and the PalLoc region were incorporated into the database. The
raw sequencing reads from 54 representative toxigenic strains were downloaded and
assembled (K. E. Dingle, et al., Genome Biol Evol. 2014;(6):36-52). The initial round of
blastn was conducted against the genomes of these 54 toxigenic strains using the original
database, setting the parameters to accommodate more gaps and mismatches to boost the

coverage of hits. The sequences from the highest-scoring hits were subsequently
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extracted and used as seed sequences in a new BLAST database. Genomes of good
quality were also used to infer and extract sequences from the Pal.oc region using
flanking genes cddl and cdul. A conserved non-coding region of 115 bp was employed
as a marker for non-toxigenic strains (V. Braun, et al., Gene. 1996;(181):29-38). A
second round of blastn was performed against the 138 genomes included in the previous
phylogenetic analysis, using sequences from the new BLAST database. An arbitrary
threshold of 80% coverage and 80% identity was applied to the highest-scoring hits and
used as criteria for determining the presence or absence of genes. Strains were classified
as non-toxigenic if they exhibited in the 115 bp conserved region and lacked toxin genes

or the Pal.oc region, and vice versa.

In vitro transfection of exemplary RNA LNPs and Western blot

Neuro2a cells were seeded in 12-well plates at a density of 0.2x1076 cells
per well, and transfected 24 hours post seeding at a confluence of around 80%. RNA-
LNPs (1 mg/mL) were diluted (1:10) in PBS and added to each well at a final dose of
2.5ug/well. Medium was aspirated, and cells were directly lysed 24 hours post
transfection using the EZLys tissue protein extraction reagent (BioVision #8002-500)
supplemented with 1X protease inhibitors (Sigma-Aldrich, #0493116001). Untreated
cells were used as controls. Lysate was clarified at 15000 rpm for 5 minutes using a
refrigerated centrifuge to pellet cell debris, and protein concentration in the supernatant
was determined using the Pierce microBCA assay. A total of twelve (12) micrograms of
cell lysate was loaded into a 4-15% precast polyacrylamide gel (Bio-Rad #4561083),
transferred to a PVDF membrane using the ThermoFisher iBlot system (dry transfer).
Membranes were blocked with 5% skimmed milk extract, washed and incubated for 2
hours with primary antibodies against TcdA and TcdB (Abcam 19953 and 252712) ata
final concentration of 4pg/mL. Zmp-1 (PPEP-1) was detected using a polyclonal serum
from immunized mice (Boosted sera at 1:100 dilution, incubation 4 hours). Membranes
were then washed three times using 1X TBST and incubated for 1 hour in the presence of
an HRP conjugated donkey anti-goat IgG (Abcam 97040) to detect TcdA and TcdB.
Zmp-1 (PPEP-1) was detected using an anti-mouse IgG (Abcam 97040). Proteins were
visualized using ECL detection reagent (Cytiva #RPN2209) on a GE ImageQuant™
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system.

Generation of recombinant TcdA, 1cdB, PPEP-1 proteins

A region encoding the TcdA and TcdB CROP domain and a full length
PPEP-1 encoding sequence was codon optimized for expression in . coli, gene
synthesized at Genscript, and cloned into the pET30a vector. An N terminal 6XHIS tag
followed by the TEV recognition/cleavage site was introduced after the start (ATG)
codon of all three constructs to allow for purification using affinity chromatography. £.
coli BL21 (DE3) form NEB was transformed, and positive clone expanded at a 1L scale,
and the recombinant proteins from the supernatant was concentrated, and purified using
the NI-IDA column on an AKTA Avant 150 system. Purified proteins were cleaved with
the TEV protease buffer exchanged into PBS and 5% sucrose (pH 7.4), filter sterilized,
quantified using the micro-BCA assay (Pierce), aliquoted and stored at -80C. Aliquots
were tested for precipitation following for multiple freeze and thaw cycles and the purity
was determined using densitometric analysis of a Coomassie blue stained SDS-PAGE gel
under reducing conditions. All proteins displayed more than 90% purity and had the

predicted molecular weights using western blot.

Production of fluorescently labeled proteins recombinant proteins for antigen specific B
cells.

Fluorescently labeled recombinant TcdA, TcdB and PPEP-1 protein were
prepared using the Lightning-Link R-Phycoerythrin (R-PE) and Lightning-Link (R)
Rapid Alexa Fluor 647 conjugation reagents (Novus Biologicals, 703-0010 and 336-
0005). TcdA, TcdB and PPEP-1 were diluted to 0.5 mg/mL in PBS and 50pg reacted in
the presence of 1:10 (v/v) of LL modifier for 3 hours at room temperature. The labeling
reaction was stopped in the presence of 1:10 (v/v) LL quencher for 30 minutes and stored

at 4°C until use.

Mice and immunization regiments
C57BL/6 mice were purchased from Jackson Laboratories. BALB/c mice

were obtained from Charles River and used where indicated. All animals were
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maintained under specific pathogen-free conditions at either the Children's Hospital of
Philadelphia or the University of Pennsylvania. Exemplary vaccines were prepared by
thawing RNA-LNPs, diluting them with sterile PBS, and administering intra-muscular
immunizations (50uL) within two hours. Mice were boosted 2 weeks after an initial
prime vaccination where indicated. Recombinant proteins in sucrose buffer (8% w/v)
were thawed, mixed at target dose, resuspended in PBS to a final volume of 25uL before
adding 25uL of Alhydrogel (Aluminum hydroxide 2% w/v). Adjuvanted recombinant

vaccine were slowly mixed using a pipette and used withing two hours.

Detection of antibodies in mouse serum and feces

96-well High Bind Stripwell™ Corning 96 Well Clear Polystyrene
Microplates plates were coated overnight with 1 pg/mL of purified TcdA (CROP), TcdB
(CROP), or PPEP-1. Plates were washed once with wash buffer (0.5% Tween-20 in PBS)
and blocked for two hours at room temperature using a solution of heat inactivated, IgG
depleted, protease free bovine serum albumin (2% w/v BSA in PBS). After blocking,
plates were washed three times, and mouse sera or feces was serially diluted in the
blocking solution and incubated for two hours at room temperature. Plates were washed
three times before the addition of horseradish peroxidase-conjugated anti-mouse
secondary antibody specific to total IgG (1:10,000) and IgA (1:5,000) in blocking buffer.
Plates were incubated for 1.5 hours, washed three times before the addition of
tetramethylbenzidine (TMB) substrate solution. The reaction was stopped by adding
S0uL of 2N sulfuric acid, and the absorbance was measured at 450 nm using a
SpectraMax'™ 190 microplate reader. Antigen-specific antibody end-point dilution titer
was defined as the highest dilution of serum or feces to give an OD greater than the cut-
off OD value determined using the Frey Method (A. Frey, et al., J Immunol Methods.
1998;(221):35-41)

Lxperimental model of C. difficile infection, C. difficile enumeration, and toxin titers
8-week-old mice were infected with C. difficile as previously described (J.
P. Zackular, et al., Nat Med. 2016;(22):1330-1334). Antibiotic treatment was

administered by providing 0.5g/1. cefoperazone in their drinking water ad libitum for 5

204



WO 2025/129186 PCT/US2024/060394

10

15

20

25

days, followed by a 2-day recovery period before C. difficile infection via oral gavage.
Two different C. difficile strains were utilized where indicated: VPI10463 at a dose of
1x10° spores and CD196 at a dose of 1x10° spores. Mice were monitored daily for
survival and weight loss, and mice were euthanized when weight loss exceeded 20% of
their original body weight. C. difficile burdens were quantified by collecting fecal
samples at indicated timepoints and plating on taurocholate cycloserine cefoxitin fructose
agar (TCCFA). C. difficile toxin titers were quantified in the stool using a previously
described Vero cell cytotoxicity assay (J. P. Zackular, et al., Nat Med. 2016,(22):1330-
1334). Briefly, fecal samples were homogenized in sterile PBS, pelleted, and supernatant
was filtered through a 0.2um filter. Supernatant was diluted along a tenfold series and
incubated overnight with Vero monolayers. Toxin titers in stool were calculated as the
reciprocal value of the highest dilution that rounded 100% of the cells and normalized per

gram of feces.

Determination of antigen specific CD4 and CDS8 T cells, and their polyfunctionality.
Flow cytometry analysis of T and B cells

Memory B cells: Spleens were collected, processed as single cells, filtered

using a 40 um cell strainers in complete RPMI 1640, centrifuged at 300g for 5 minutes,
and red blood cells lysed with ACK (1 min), washed twice, counted and 2 million cells
per sample incubated with anti-mouse CD16/32 antibody for 20 min at 4 °C. Cells were
then washed with FACS buffer (1% BSA in PBS), and stained for 1 h using antibodies
(Table S1). Following staining, cells were washed twice, fixed with 300 uL (1%
paraformaldehyde) and samples were acquired on a BD LSR 1II equipped with 4 laser
lines and 18 PMTs. The gating strategy, as well as the antibody list, fluorescent RBD

probes, and catalog numbers are provided (Table 3).

Table 3: Gating strategy, antibody list, fluorescent RBD probes, and catalog numbers for
flow cytometry analysis of B cells (GC-B cells and MBCs).

Dilution
Marker Fluorophore | (1:x) Clone Company Cat#:
B220 BVv421 200 RaA3-6B2 | Biolegend 103239
B220 AF488 200 RaA3-6B2 | Biolegend 103225
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GL7 AF488 200 GL7 Thermo Fisher | 53-5902-82
GL7 PECy7 200 GL7 Biolegend 144620
IgD BV605 300 11-26¢c.2a | Biolegend 405727
IgM PECF594 200 R6-60.2 BD 562565
CD4 PECyS 800 H129.19 Biolegend 130312
CD8 PECyS 400 53-6.7 BD 553034
Gr-1 PECyS 800 RB6-8C5 | Biolegend 108410
F4/80 PECyS5 800 BMS Thermo Fisher | 15-4801-82
CD38 AF700 100 90 Thermo Fisher | 56-0381-82
CD19 BV785 100 6D5 Biolegend 115543
Zombie Aqua | V515 400 n/a Biolegend 423102
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20

T cells: Spleens were collected, processed, as single cells, filtered using a
70 um cell strainers in complete RPMI 1640, centrifuged, and red blood cells lysed in
ACK lysis buffer to obtain a clear single cell suspension. To measure antigen-specific T
cells, 2 million splenocytes were stimulated with 2.5 ug/mL of TcdA CROP, or TcdB
CROP, or PPEP-1 peptide pools (15 mers, 4 amino acid overlapping peptide pool) in a
FACS tube for 6 h at 37 oC, 5% CO2 with 2 mg/mL anti-CD28 (Tonbo, 40-0281-M001)
providing co-stimulation. Stimulations proceeded for 1 h before adding 5 mg/mL
brefeldin A (Biolegend, 420601), 2 mM monensin (Biolegend, 420701), and 5 mg/mL
anti-CD107a (Biolegend, 121610) Alexa Fluor 647 for 5 h. DMSO served as a negative
control and the combination of 50 mg/mL phorbol 12-myristate 13-acetate and 1 mg/mL
ionomycin served as a positive control. After a total of 6 h, samples were washed with
PBS, stained with Live/Dead Aqua for 5 minutes, blocked using anti-mouse CD16/32
antibody for 20 min, and stained extracellularly for 30 min using antibodies (Table 4).
Cells were washed in FACS buffer, fixed and permeabilized using the Cytofix/Cytoperm
kit (BD Biosciences, 554714), and stained intracellularly using antibodies for 30 min
(Table 4). Following intracellular staining, cells were washed twice, fixed with 300 puL
(1% paraformaldehyde) and samples were acquired on a BD LSR II equipped with 4 laser
lines and 18 PMTs. The gating strategy, as well as the antibody list and catalog numbers
are provided (Table 4).

Table 4: Gating strategy, antibody list, fluorescent RBD probes, and catalog numbers for

flow cytometry analysis of T cells.
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Dilution

Marker Fluorophore | (1:x) Clone Company Cat#:

CD107s FITC 1:100 1D4B BD 553793
Ch4 PerCP-Cy5.5 | 1:100 GK1.5 Biolegend 100434
CD8a Pac Blue 1:100 53-6.7 Biolegend 100725
L/D Aquablue 1:60 - Thermo Fisher | 1.34966
{D3e BV605 1:100 145-2C11 | Biolegend 100351
IL-4 BV786 11B11 BD 564006
-2 APC 1:100 JES6-5H4 | BD 554429
IFN-g AF700 1:100 XMGl1.2 | BD 557998
iL-17 ApC/cy7 | 1100 ?scfﬁm BD 506940
IL-5 PE 1:100 TRFKS5 BD 504304
TNF-a PE/Cy7 1:100 MP6-XT22 | BD 557644

Histology and scoring

10

20

Samples were fixed in 10% neutral buffered formalin (NBF) prefilled
HistoTainer™ II, dehydrated in graded ethanol series, cleared with xylene and embedded
in paraffin. Sections (5 um) were collected on Superfrost™ Plus stain slides (Fisher
Scientific, Ottawa, ON, Canada), and stained with Hematoxylin and Eosin. Slides were
scanned using a NanoZoomer digital slide scanner (Hamamatsu, Boston, MA, USA) and

visualized using the NDP® view 2.0 software (Hamamatsu, Boston, MA, USA)

DNA extraction and 168 rRNA gene sequencing
Mice were co-housed for one week before experimental manipulation.
Stool samples were collected at indicated timepoints for microbiota analysis. Microbial

genomic DNA was extracted using DNeasy Power Soil Kit (Qiagen).

TcdA, TedB and PPEP-1 RNA-LNP vaccines meet quality criteria and are expressed at
high levels in vitro

The approach was based on the high potency of RNA-LNP vaccines
compared to adjuvanted vaccine platforms (M. Ghattas, et al., Vaccines (Basel).
2021;9(12):1490; M. G. Alameh, et al., Immunity. 2022;55(6):1136-1138). Receptor
binding domains were targeted including combined repetitive oligopeptide (CROPs)
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domains of TcdA and TcdB due to a predicted role these domains play in toxin
interaction and entry into cells (G. Carter, et al., Gut Microbes. 2010;(1):58-64), lack of
cell cytotoxic effects (no cytotoxic domain), and length (863 and 516 instead of 2710 and
2366 amino acids for the full toxins) rendering them amenable for easy RNA
manufacturing. A secreted proline-proline endopeptidase 1 (PPEP-1) was selected as a
vaccine target due to its predicted role in C. difficile adhesion, colonization, and
dissemination (J. Corver, et al., Mol Microbiol. 2017,(105):663-673; P. J. Hensbergen, et
al., Mol Cell Proteomics. 2014;(13):1231-1244). This zinc-metalloprotease cleaves
multiple adhesion factors on a C. difficile cell surface, providing an opportunity to impact
multiple cellular factors and processes involved in C. difficile fitness in the gut. To
maximize humoral immune response against these immunogens, putative N-
glycosylation sites were identified and replaced, sequences were codon optimized for
improved intracellular expression, and an engineered secretion signal was added
upstream of the open reading frames (Figl. A). To test cross-coverage of the RNA
constructs across diverse C. difficile strains, a comparative genomic analysis was
conducted to assess the shared amino acid sequence identity of the TcdA, TcdB, and
PPEP-1 sequences in the RNA constructs to sequences from 138 unique C. difficile
strains, across five different clades from both adults and children (Fig 1B). The construct
for PPEP-1 has 100% identity across the C. difficile strains examined, and high identity
of TcdA and TcdB associated with phylogenomic clade. Resulting RNA sequences were
synthetized and encapsulated into lipid nanoparticles (LNPs) using a proprietary
ionizable lipid shown to be potent for vaccine application in multiple preclinical models
including rodents and non-human primates (REF). The average hydrodynamic diameter
(size) of TcdA, TcdB and PPEP-1 RNA -LNPs was 80 nm, and particle formulations
homogenous with polydispersity index below 0.2 (Fig 1D) Encapsulation efficiency (EE),
and payload integrity were determined using the Ribogreen™ reagent, and microfluidic
based electrophoresis respectively. The EE of all RNAs were high (>95%), and the
payload integrity remained unchanged pre and post encapsulation (Fig 1D). Transfection
of TcdA, TcdB and PPEP-1 RNA-LNPs into Neuro2A cells was used to assess protein
expression. Both supernatant and cell pellets were found to contain TcdA CROP, TcdB

CROP, and PPEP-1 confirming that all three proteins were expressed and secreted (Fig
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1F).

Immunization against C. difficile proteins supports antigen-specific cellular and humoral
immune responses.

The present Example provides compositions and related methods that
show protection against (. difficile infection in a subject. Moreover, the present Example
demonstrates that an exemplary multivalent RNA-LNP vaccine induces a robust cellular
and humoral immune response in a subject.

Immunogenicity of RNA-LNP constructs was assessed by vaccinating
mice twice intramuscularly (IM) with either aTcdA/TcdB (bivalent) or a
TcdA/TcdB/PPEPI (trivalent) RNA-LNPs, a trivalent recombinant protein with alum as
an adjuvant, or a luciferase RNA-LNP as a control. Two weeks after a last immunization,
antigen-specific antibody titers were analyzed by endpoint ELISA. Both bivalent and
trivalent RNA-LNP vaccination induced robust anti-toxin immunoglobulin (IgG)
responses that were modestly higher compared to those elicited by a recombinant protein
+ alum (Figure 2A). IgG against PPEP-1 was also detected in serum of trivalent
vaccinated mice, although to a lesser extent compared to anti-toxin IgG (Figure 2A).
Notably, anti-PPEP-1 IgG was significantly higher in mice vaccinated with RNA-LNP
vaccine compared to a recombinant protein + alum.

Antibody responses in both C5S7BL6 (Figure 2A) and Balb/c (Figure 11A)
mice were relatively high compared to Alum adjuvanted vaccines and showed dose
dependent increase following a single immunization (Figure 11B). Administration of a
second dose increased overall antibody titers by around a factor of 15 (Figure 12). Total
IgG responses against PPEP-1 were generally very low and required at least one
additional vaccination to increase significantly above baseline levels indicating that
PPEP-1 protein is a poor humoral immunogen. In contrast to IgG, IgA responses in
circulation (serum) were significantly lower for all immunogens tested and require at
least two immunizations (Figure 12C and 12D). The comparison between a monovalent,
bivalent, and trivalent RNA-LNP vaccines show no reduction in antibody titers with
increased valency indicating absence of immune competition and corroborating previous

results we, and others, obtained with multivalent influenza vaccines (C. P. Arevalo, et al ,
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Science. 2022;(378):899-904; N. Pardi et al., Nat Commun. 2022;(13):4677).

Ability of exemplary bivalent and trivalent RNA-LNP vaccines to induce
Tth cell differentiation was tested. Mice were immunized IM with either a 1ug (low) or
Spg (high) dose and compared total Tth responses to animals that received a trivalent
recombinant protein plus alum (Figure 2B). Total Tth increased significantly compared to
naive mice and mice treated with a Sug of luciferase RNA-LNP control, suggesting that
observed Tth responses are mainly antigen specific, and not due to spontaneous
activation in draining lymph nodes (dLNs). An increase in the number of Tth cells
following RNA-LNP vaccinations and their role in supporting B cell responses in a
germinal center (GC) suggests this would correlate with a strong GC B cell response in
dLNs. Indeed, bivalent and trivalent RNA-LNP vaccines induced a dose-dependent,
antigen-specific GC B cell response, and animals vaccinated with a bivalent or trivalent
RNA-LNP presented higher numbers of antigen specific B cells compared to animals
vaccinated with a luciferase RNA-LNP controls (Figure 2). Notably, a trivalent RNA-
LNP vaccination induced PPEP-1 specific B cells to a lesser extent compared to anti-
toxin specific responses (Figure 2C). GC B cell responses in spleen showed similar
increase in numbers compared to naive mice, and antigen specific GC B cell responses
were significantly higher than alum adjuvanted recombinant protein groups (Figure 11).
Antigen specific B cells showed similar result patterns as observed in dLNs with a dose
dependent increase in number and frequency following vaccination with bivalent and
trivalent RNA-LNP vaccines. Despite a modest increase (~3-4X) in IgG antibodies in
mice treated with RNA-LNP vaccines compared to those receiving alum adjuvanted
recombinant proteins, antigen specific B and GC B cells were significantly higher in
RNA-LNP vaccine groups compared to alum adjuvanted recombinant vaccine groups
(Figure 2C, Figure 2D).

Among other things it is an insight of the present disclosure that RNA-
LNP vaccination activates all arms of adaptive immunity, including antigen specific
CD4" and CD8" T cells. Moreover, CD4" T cell responses and skewing are associated
with improved outcomes to CDI. Vaccine induced T cell responses and their
polyfunctionality were assessed. Mice were immunized IM with a one or two doses of

either 1 pg (low) or Sug (high) of a bivalent or a trivalent RNA-LNP, a bivalent
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recombinant protein with alum adjuvant, or a luciferase RNA-LNP as a control. Two
weeks post-immunization, lymphocytes were harvested from spleen and dLN, cultured
cells ex-vivo with TcdA, TcdB, or PPEP-1 peptide pools, CD4+ and CD8+ responses
were assessed by flow cytometry. Antigen specific T cell responses increased with
vaccine doses and were significantly higher in RNA-LNP vaccines compared to alum
adjuvanted recombinant protein vaccines (Figure 2D, Figure 2D, and Figure SA). Higher
frequency of antigen specific T cell responses were observed with increasing vaccine
valency. Antigen specific CD4+ responses against TcdA and B were higher than CD8+
responses and were mainly [L-2, and TNF-a +. In contrast, PPEP-1 showed very poor
CD4+ responses but significant higher CD8+ responses when compared to TcdA and B.
The experiment was repeated and stimulation with peptide pools versus recombinant
whole proteins were compared to exclude effects of spleenocyte stimulation method.
There was no difference between the two methods of stimulation (Figure 13). The study
was repeated in Balb/c mice to exclude effects of MHC restriction, and similar results
with TcdA and B inducing a strong antigen specific CD4+ T response while PPEP-1
induces a strong CD8+ response were observed (Figure 14).

Frequency of CD4+ and CD8+ T cells that express one, two or multiple
cytokines were determined using boolean gating given that polyfunctional T cells have
been associated with improved protection. Frequency of polyfunctional cells was high
with double positive being the most abundant followed by triple positive cells (Figure
17). In sum, humoral and cellular immunogenicity data demonstrate that a RNA-LNP
vaccine provide greater immunization relative to alum adjuvanted recombinant vaccines
in multiple strains of mice, providing an improved platform for vaccination against C.
difficile.

Accordingly, the present Example demonstrates that RNA-LNP
vaccination against C. difficile proteins induces Tth and GC B cell responses in

accordance with robust antigen-specific antibody responses in mice.

RNA-LNP vaccines elicit protective immunity against C. difficile toxins
The present Example provides compositions and related methods that

show protective immunity against C. difficile infection in a subject.
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A lethal dose 100 (I.D10o) of intraperitoneally (IP) injected recombinant
TcdA and TcdB was determined to test whether anti-toxin antibodies elicited by
exemplary RNA-LNP vaccines would neutralize C. difficile toxins in vivo (Figure 14).
Mice were then immunized with either monovalent TcdA or TcdB RNA-LNP vaccines or
phosphate buffered saline (PBS) as a control. Mice were terminally bled 2 weeks after
immunization, and sera from vaccinated mice were incubated with either recombinant
TcdA or TcdB. Naive mice were then challenged with either recombinant TcdA or TcdB
alone or recombinant TcdA or TcdB that was treated with sera from vaccinated mice.
Mice were monitored for survival over 72 hours (Figure 5B). Mice that were challenged
with toxins incubated with sera from PBS-immunized control animals behaved similarly
to the mice that received recombinant toxin alone and all died within 4 hours post-
challenge. However, no mortality was observed in mice treated with monovalent
immunized sera and toxin.

In a second parallel strategy to test neutralization response following
RNA-LNP vaccination, mice were immunized with either monovalent TcdA or TcdB
RNA-LNP vaccines. As controls, mice were also immunized with TcdA or TcdB
recombinant proteins with or without adjuvant. All mice were immunized twice. Two
weeks after second immunization, mice were challenged with five times the LD1oo of I[P
injected recombinant TcdA or TcdB via IP and monitored daily for survival (Figure 5C).
Mice that received TcdA or TcdB recombinant protein vaccination without adjuvant all
died within 1 day-post toxin challenge. Inclusion of alum as an adjuvant improved
survival only 20%; however, immunization with monovalent TcdA or TcdB RNA-LNP
vaccines significantly improved survival to 100%. Collectively, these data support highly
reported success of RNA-LNP vaccines as a platform for inducing high titers of
circulating, neutralizing antibodies and highlight this platform’s utility in targeting
bacterial proteins and toxins.

Accordingly, the present Example demonstrates that a RNA-LNP vaccine

described herein provides protective immunity in a subject.

RNA-LNP vaccines protect mice from severe C. difficile infection.

The present Example provides compositions and related methods that
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show protection from severe C. difficile infection in a subject.

Mice were immunized twice prior to C. difficile infection (CDI) (Figure
6A). All unvaccinated control animals lost weight rapidly. By day 2 post-infection,
unvaccinated mice were either deceased or moribund. All mice that received bivalent or
trivalent RNA-LNP vaccines were protected from lethal infection (Figure 6B). In
accordance with survival data, by day 2 post-infection, vaccinated mice presented with
mild disease; they lost an average of 5% body weight and were alert and active in the
cage (Figure 6C and Figure 6D). A single administration of a trivalent or bivalent vaccine
was sufficient to protect mice from lethal CDI (Figure 3). Additionally, vaccination
against C. difficile toxin was necessary for protection since immunization with PPEP-1
RNA-LNP alone did not protect mice from lethal infection (Figure 13). To define impact
of vaccination on (. difficile virulence and dynamics, bacterial burdens of C. difficile and
toxin titers in the stool of mice were evaluated over the course of infection. Both bivalent
and trivalent vaccination led to clearance of C. difficile from the GI tract at similar rates
(Figure 6E). However, mice vaccinated with an exemplary trivalent vaccine showed
significantly reduced toxin titers in their stool on days 7-, 12-, and 14-post infection
compared to mice vaccinated against toxin alone (Figure 6F). Together, these data show
that immunization against PPEP-1 has an added benefit in reducing C. difficile virulence
and demonstrates RNA-LNP vaccines have a capacity to promote rapid control of toxin-
producing C. difficile in a gut.

Given diversity of circulating strains in a hospital and community settings,
a C. difficile strain that is phylogenetically divergent from VPI10463 and from a
clinically relevant clade was tested for cross-strain efficacy. Both exemplary bivalent and
trivalent vaccines protected mice from infection with a ribotype 027 strain, CD196,
demonstrated by increased survival, reduced weight loss, and improved CSS compared to
unvaccinated controls (Figure 13).

Thus, the present Example demonstrates that compositions (e.g., RNA-

LNP vaccines) described herein provide broad immunity across phylogeny of C. difficile.

RNA-LNP vaccines prompt mucosal immunity during CDI

The present Example provides compositions and related methods that
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show mucosal immunity during C. difficile infection (CDI) in a subject.

Generation of an antigen-specific mucosal immune response remains a
primary challenge for development of effective vaccine against C. difficile. While the
Examples of the present disclosure demonstrate that immunization via IM elicits a robust
systemic immune response, effective protection from infection may require local mucosal
immunity. Thus, mucosal TcdA-, TcdB-, and PPEP-1-specific antibodies were assessed
in stool of vaccinated mice prior to and during infection. Surprisingly, both exemplary
bivalent and trivalent vaccines led to anti-toxin IgG and IgA titers in stool prior to
infection (Figure 10A). IgG and IgA antibodies both slightly increased over the course of
acute infection, a marked expansion of anti-toxin antibodies was observed for both
classes of antibodies 14 days post-infection, suggesting a robust recall response.

Notably, mice immunized with an exemplary trivalent vaccine did not demonstrate anti-
PPEP-1 stool antibody titers compared to bivalent or unvaccinated controls (Figure 10A),
suggesting an immune response to a PPEP-1 RNA does not reach a threshold for a
measurable mucosal immune response using these methods. Together these data clearly
demonstrate an exemplary RNA-LNP vaccine platform described herein is effective for
generation of antigen-specific mucosal immune responses to C. difficile and other enteric
pathogens.

Accordingly, the present Example demonstrates that an exemplary RNA-
LNP vaccine described herein shows mucosal immunity during C. difficile infection

(CDI) in a subject.

RNA-LNP vaccines against C. difficile do not impact intestinal microbiota.

The present Example provides compositions and related methods that do
not impact intestinal microbiota during C. difficile infection (CDI) in a subject.

Thus, 16S rRNA gene sequencing was performed on fecal samples
collected prior to vaccination, one week following a last immunization, and two days
after a cessation of antibiotic treatment (Figure 9A). Mice vaccinated with either
exemplary trivalent or bivalent RNA-LNP vaccines showed no difference in microbial
diversity (a-diversity) and no significant shift in community structure when compared to

pre-vaccination timepoints and unvaccinated controls (Figure 9B- Figure 9D).
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Additionally, vaccination did not affect relative abundances of beneficial taxa known to
antagonize C. difficile, including members affiliated with the Clostridiales family (Figure
5). Vaccination also had no effect on microbial diversity and composition following
antibiotic treatment (Figure 4), demonstrating a vaccination did not enhance antibiotic-
mediated perturbation or impact stability of the microbial community.

Thus, the present Example demonstrates that RNA-LNPs described herein

do not impact intestinal microbiota during C. difficile infection (CDI) in a subject.

Example 2: A multivalent RNA-LNP vaccine protects against C. difficile infection

Clostridioides difficile causes a wide range of gastrointestinal disorders,
ranging from mild diarrhea to toxic megacolon and death (H. Dudukgian et al., J.
Gastrointest. Surg. 2010;(14):315-322; C. P. Kelly et al., Annu. Rev. Med. 1998;(49):
375-390; V. K. Viswanathan et al., Gut Microbes. 2010;(1):234-242). In the USA, C.
difficile is one of the most reported nosocomial pathogens; worldwide, C. difficile
infection (CDI) is a major public health threat (F. C. Lessa et al., N. Engl. J. Med. 2015;
(372):825-834). Previous vaccine trials for CDI prevention focused on adjuvant-
supplemented toxoid or recombinant vaccines targeting the combined repetitive
oligopeptide (CROP) domains or receptor binding domains (RBDs) of two potent C.
difficile toxins, TcdA and TcdB, to inhibit toxin binding to intestinal epithelial cells (M.
Henderson et al., Vaccines. 2017;(5):25). A recent Pfizer phase 3 clinical trial showed
promise in reducing the severity and duration of CDI but failed to prevent initial
infection, highlighting the challenges in developing effective C. difficile vaccines
(NCTO03090191). This setback, along with Sanofi discontinuing its C. difficile vaccine
(NCTO01887912), underscores the need to explore alternative vaccination strategies (T. V.
Riley et al., Jaccine. 2019;(37):7300-7306).

Nucleoside-modified messenger RNA (mRNA) vaccines have emerged as
a leading platform against a myriad of infectious pathogens, including lethal bacterial
pathogens (M. G. Alameh et al., Curr. 1op. Microbiol. Immunol. 2020;(440):111-145;
M. D. Buschmann et al., Vaccines. 2021,(9):65; E. Kon et al., Sci. Adv.
2023;(9):eadg1036). Therefore, a multivalent RNA strategy targeting multiple virulence

factors would prevent C. difficile-associated disease. The initial vaccine strategy included
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RBDs and CROP domains of both toxins, and the metalloprotease virulence factor Pro-
Pro endopeptidase 1 (PPEP-1/Zmp1) (Figure 1H). Since PPEP-1 is a highly conserved
factor that modulates pathogen motility and adhesion through the cleavage of multiple
factors on the (. difficile cell surface, targeting a fitness and virulence regulator would
promote decolonization after disease onset (P. J. Hensbergen et al., FEBS Lett.
2015;(589)3952-3958).

Genetically diverse strains of C. difficile circulate in both hospital and
community settings (M. J. Mansfield et al., PLOS Pathog. 2020;(16):€1009181). To
explore the conservation of the vaccine targets, a comparative genomic analysis of shared
amino acid sequence identity was conducted between the TcdA, TcdB, and PPEP-1
sequences in the RNA constructs and 137 representative C. difficile strains (Figure 1A)
(F. D. Bushman et al., Cell Host Microbe. 2020;(28):422-433.e7). The construct for
PPEP-1 had minimum 97.4%, median 99.5%, and average 99.4% amino acid similarity
across the C. difficile strains examined (Figure 1A). Among toxigenic strains, TcdA had
minimum 39.4%, median 97.1%, and average 90.9% identity, and TcdB had minimum
87.0%, median 100%, and average 97.8% amino acid identity (Figure 1A). Together,
these constructs cover the diversity of clinically relevant and potentially emergent strains
and represent strong candidates for further development. Resulting RNA sequences were
synthesized and encapsulated into lipid nanoparticles (LNPs) (M. G. Alameh et al.,
Immunity. 2022;(55):1136-1138; K. Musunuru et al., Nature. 2021;(593):429-434; D.
Weissman et al., Cell Host Microbe. 2021;(29):23-31.e4). All RNA-LNPs passed quality
control parameters (Figure 11 and Figure 1J) and all three proteins were expressed and
secreted following transfection of Neuro2A cells (Figure 1K). PPEP-1 expression was
considerably reduced compared with that of the toxins (Figure 1K). In vitro expression of
TcdA and TcdB RNA-LNPs did not reduce cell viability, demonstrating the safety of

engineered immunogens for intramuscular administration in animals (Figure 1L).

RNA-LNP vaccination induces robust immune responses
Multivalent RNA-LNP vaccines elicit high antibody titers against multiple
antigens simultaneously (C. P. Arevalo et al., Science. 2022;(378):899-904. N. Pardi et

al., Nat. Commun. 2022:(13)4677). To examine the immunogenicity of the vaccines,
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mice were vaccinated with TcdA/TcdB (bivalent) or TcdA/TcdB/PPEP-1 (trivalent)
RNA-LNPs, trivalent recombinant protein with alum as an adjuvant, or luciferase RNA-
LNP, and serum antigen-specific antibody titers were measured by endpoint ELISA
(Figure 1B). RNA-LNP vaccines induced ~2 to 4 times higher anti-toxin immunoglobulin
G (IgG) responses compared with that of recombinant protein + alum (Figure 1B). IgG
against PPEP-1 was also detected at lower levels compared with anti-toxin IgG (Figure
1B). Notably, anti-PPEP-1 IgG was significantly higher with the RNA-LNP vaccine
compared with recombinant protein + alum (Figure 1B). A modest dose dependency was
observed (Figure 12A), and IgG titers significantly increased following a second
vaccination (Figure 12A-Figure 12C). IgA responses in circulation were significantly
lower for all immunogens and required at least two immunizations (Figure 12D and
Figure 12E). Monovalent, bivalent, and trivalent RNA-LNP vaccines showed no
reduction in antibody titers with increased valency, corroborating previous results with
multivalent influenza vaccines (Figure 11C) (C. P. Arevalo et al., Science.
2022;(378):899-904. N. Pardi et al., Nat. Commun. 2022;(13)4677). Finally, antibody
responses were independent of mouse genetic background (Figure 11A and Figure 11B).
Together, these data demonstrate the robust capacity of RNA-LNP vaccines to elicit
antigen-specific immune responses to C. difficile virulence factors.

T follicular helper (Tth) cells drive germinal center (GC) reactions and are
important for potent antibody induction (S. Crotty, Immunity. 2019;(50):1132-1148; C.
G. Vinuesa et al., Anmnu. Rev. Immunol. 2016;(34)335-368). Vaccination with RNA-LNP
vaccines led to a significant increase in total Tth cells (Figure 1C and Figure 4A) and,
given their role in supporting B cell responses in the GC, this may correlate with strong
GC B cell responses in the spleen and the draining lymph nodes (Figure 1D, Figure 1E,
Figure 4 and Figure 3). Indeed, RNA-LNP vaccines induced a dose-dependent, antigen-
specific GC B cell response (Figure 1D, Figure 1E, and Figure 3). In accordance with
antibody titers, trivalent RNA-LNP vaccine induced PPEP-1-specific B cells to a lesser
extent compared with anti-toxin— specific B cells (Figure 1E and Figure 3B). Despite
modest increases in [gG antibodies compared with alum-adjuvanted recombinant
proteins, GC B cells and antigen-specific B cells were markedly higher in the RNA-LNP
groups (Figure 1D, Figure 1E, and Figure 3). These data demonstrate that RNA-LNP
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vaccination against C. difficile virulence factors induces robust Tfh and GC B cell
responses that are associated with potent and long-lived responses (S. Crotty, /mmunity.
2019;(50):1132-1148; C. G. Vinuesa et al., Annu. Rev. Immunol. 2016;(34)335-368).

Additionally, immunogenicity studies in hamsters showed that the vaccine
was well-tolerated, with no observed weight loss or adverse effects (Figure 22A and
Figure 22B). A single immunization induced robust anti-toxin systemic IgG levels
(Figure 22C). A second immunization was necessary to elicit anti-PPEP-1 IgG response
(Figure 22B), supporting observations in mice (Figure 12C). By contrast, a single
immunization with recombinant protein + alum was insufficient to induce anti-TcdB IgG
response (Figure 22C). Figure 29 depicts the results of example experiments wherein
hamsters were injected with 2ug/antigen at days 0 and 21. Serum was collected at days
21 and 36. Endpoint ELISA titers were measured on serum samples.

These data demonstrate the capacity of RNA-LNP vaccines to drive
robust antigen-specific immune responses to C. difficile virulence factors in multiple
relevant animal models.

RNA-LNP vaccination activates all arms of adaptive immunity, including
antigen-specific CD4+ and CD8+ T cells. CD4+ T cell responses and skewing are
essential for highly neutralizing antigen-specific antibody responses (M. M. Painter et al.,
Immunity. 2021,(54):2133-2142.e3). To assess T cell responses, splenocytes were
stimulated with overlapping peptide pools covering TcdA, TcdB, or PPEP-1 (Figure 13
and Figure 18). T cell responses increased with vaccine dose and were significantly
higher with RNA-LNP vaccines compared with alum-adjuvanted recombinant protein
vaccines (Figure 13B and Figure 13C). Notably, higher frequencies of antigen-responsive
T cells with increasing vaccine valency were observed (Figure 13B and Figure 13C).
TcdA and TcdB peptide-responsive CD4+ T cells were higher than CD8+ responses,
characterized by increased IL-2 and TNFa expression (Figure 13B and Figure 13C). By
contrast, PPEP-1 showed poor CD4+ responses but higher CD8+ responses (Figure 13B
and Figure 13C). Similar results were obtained with full recombinant proteins (Figure
13D and Figure 13E). Polyfunctional T cells are associated with improved protection
during infection and can support a more robust immune response (J. R. Almeida et al., J.
Exp. Med. 2007;,(204):2473-2485; P. A. Darrah et al., Nat. Med. 2007;(13):843-850;, M.
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L. Precopio et al., J. Exp. Med. 2007;(204):1405-1416). Following multivalent RNA-
LNP vaccination, the frequency of polyfunctional T cells was high, with double positive
being the most abundant followed by triple positive cells (Figure 18). These data show
that RNA-LNP vaccines against C. difficile virulence factors provide improved immune
responses compared with alum-adjuvanted recombinant vaccines, further supporting their

viability for clinical development.

RNA-LNP vaccines protect against C. difficile toxins

C. difficile—associated disease is primarily driven by the effects of the
toxins (M. C. Abt et al., Nat. Rev. Microbiol. 2016;(14):609-620; G. P. Carter et al.,
mbBio. 2015;(6):e00551). To assess whether anti-toxin antibodies elicited by RNA-LNP
vaccines would effectively neutralize C. difficile toxins in vivo, mice were immunized
with monovalent vaccines and challenged them with five times the LD1oo of
intraperitoneal recombinant TcdA or TcdB and monitored survival (Figure 1F, Figure
1G, Figure 14A and Figure 14B). Mice vaccinated with recombinant TcdA or TcdB,
without adjuvant, all died within one day of the toxin challenge (Figure 1F and Figure
1G). The inclusion of alum as an adjuvant improved survival by only 20%; however,
immunization with monovalent TcdA or TcdB RNA-LNP vaccines improved survival to
100% (Figure 1F and Figure 1G). Notably, serum transfer from mice vaccinated with
RNA-LNPs was sufficient to neutralize toxin and protect from lethal challenge (Figure
14C and Figure 14D). Collectively, these data show the efficacy and potency of RNA-
LNP vaccines to elicit, neutralizing antibodies and highlight this platform’s value in

targeting bacterial proteins and toxins.

RNA-LNP vaccines do not compromise intestinal microbiota

The gut microbiota is important for health and provides resistance to
invading pathogens, including C. difficile, which makes antibiotic use that compromises
the microbiota a primary risk factor for CDI. Therefore, it is critical that vaccines against
C. difficile do not have unintended effects on this microbial community, as disruptions
could impact susceptibility to infection. Additionally, little is known about the effect of

RNA-LNP vaccines on the microbiota. Thus the composition of the gut microbiota was
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examined both after vaccination and following antibiotic treatment (Figure 6A). a and B
diversity of the fecal microbiota were not affected, showing that immunization does not
enhance antibiotic-mediated perturbation or affect microbiome stability (Figure 6, Figure
5, and Figure 8). Vaccination did not lead to substantial shifts in relative abundances of
any taxa, including those known to antagonize C. difficile, such as the Clostridiales
family (Figure 5). These data show the safety of our approach and vaccine targets in a
mouse model. Additional testing in dirty mice and other models will confirm findings and

recapitulate the immune responses reported.

RNA-LNP vaccines protect from severe CDI

Whether RNA-LNP vaccination was protective in a murine model of
infection was next investigated (Figure 9A) (A. B. Smith et al., Narure. 2022;(611):780—
786, J. P. Zackular et al., Nat. Med. 2016;(22):1330-1334; J. Soto Ocafia et al., Sci. Adhv.
2023;(9):eadh5552; C. M. Theriot et al., Gut Microbes. 2011;(2):326-334). Following
infection with 20 times the lethal dose of C. difficile (strain VPI 10463), vaccinated mice
were fully protected from mortality while all unvaccinated mice were moribund by day 2
following infection (Figure 9B). Vaccinated mice presented with mild disease, lost an
average of 5% body weight, and were all alert and active following infection (Figure 9C
and Figure 9D). Notably, a single low-dose vaccination was sufficient to protect mice
from lethal CDI (Figure 15A to Figure 15D). Additionally, vaccination against C. difficile
toxin was necessary for protection, as immunization with PPEP-1 RNA-LNP alone did
not protect the mice (Figure 15E and Figure 15F). Disease pathology was assessed and
found that CDI induces edema, inflammation, and epithelial damage independent of
vaccination status, suggesting that although vaccination reduces the effects of acute
infection it is insufficient to protect the intestinal epithelium from the local cytotoxic
effects of TcdA and TcdB in this mouse model (Figure 9E). Furthermore, this suggests
that translocation and systemic effects of the toxins may play a key role in lethal disease
and that vaccine-mediated systemic immunity is important for protection against lethality
during CDIL

To define the effects of vaccination on C. difficile persistence and

virulence, we evaluated pathogen burden and toxin titers in the stools of mice during
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infection (Figure 9F and Figure 9G). All vaccinated mice cleared (. difficile from the GI
tract at similar rates, as measured by colony forming units (CFUs) (Figure 9F). However,
trivalent vaccination resulted in enhanced clearance of toxin titers in the stool compared
with bivalent vaccination (Figure 9G). This indicates that despite low expression (Figure
1K) and low immunogenicity (Figure 1B and Figure 1E), immunization against PPEP-1
has an added benefit in reducing C. difficile pathogenesis (Figure 9G). Together, these
data show that a multivalent strategy can promote enhanced clearance from the gut, and
we postulate that this response can be improved with greater immunogenicity of PPEP-1.
We also observed that bivalent and trivalent vaccines protected mice with a
phylogenetically divergent ribotype 027 strain of C. difficile (Figure 23), further
validating high conservation of our vaccine targets and broad protection conferred by

vaccination.

RNA-LNP vaccines against C. difficile prompt mucosal immunity

Generation of antigen-specific mucosal immunity remains a primary
challenge for developing an effective C. difficile vaccine. Recent reports have shown that
TcdB aids C. difficile in subverting the immune system (K. M. Norman et al., Cell Rep.
2024;(43);114245). Indeed, naive mice mount a poor natural humoral immune response
to C. difficile toxins (Cd only) at day 14 post-infection (Figure 9H, Figure 91, and Figure
23), whereas vaccination elicited significant anti-toxin IgG and IgA titers in stool 14 days
post-boost (vaccine only) (Figure 9H, Figure 91, and Figure 22D). Notably, vaccination
alone was sufficient to mount robust anti-toxin mucosal antibodies but insufficient to
elicit anti-PPEP-1 antibodies (Figure 9H, Figure 91, and Figure 22D). However, when
antibody titers were examined in the stool of vaccinated mice 14 days post-infection
(vaccination + Cd) we observed a four- to tenfold increase in anti-toxin antibodies
compared with vaccination alone and observed anti-PPEP-1 IgA (Figure 9H and Figure
91), suggesting that hybrid immunity elicited by vaccination and infection enhances
mucosal immunity against PPEP-1.

Individuals with prior CDI are at an elevated risk of relapsing or recurrent
infections, making such populations ideal targets for vaccination. To determine the ability

of RNA-LNP vaccines to elicit mucosal antibodies when administered after infection,
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mice were vaccinated after recovery from a sublethal infection (Cd + vaccination) (Figure
OH and Figure 91). At day 14 post-boost, these mice had a ~100- to 300-fold increase in
anti-toxin IgA compared with infection alone, and a one to fourfold increase compared to
vaccination alone (Figure 9H). Infection prior to vaccination also led to a 60-fold increase
in anti-PPEP-1 IgA in stools (Figure 9H). Similar trends were also observed in mucosal
anti-PPEP-1 IgG (Figure 91), and vaccination also elicited antigen-specific mucosal
antibody responses in hamsters (Figure 22D). Together, these data show that RNA-LNP
vaccination leads to mucosal immunity to C. difficile toxins and that this vaccine strategy
primes the immune response for mucosal antibodies against surface proteins like PPEP-1
during a subsequent infection. Importantly, these data also establish that vaccination can
overcome dampened immunity to natural infection and lead to strong mucosal immunity
in patients with recent prior CDIs. Notably, mucosal antibody titers are reduced
compared to systemic titers and we hypothesize that induction of a potent mucosal IgA
response against each immunogen would improve the efficacy of vaccines against (.

difficile significantly.

Durable immunity protects against CDI

Long-term durability of vaccine immune responses are essential for
successful protection against acute as well as relapsing and recurrent infections. IgG titers
in the serum of immunized mice remained stable seven weeks post-boost (Figure 20A).
Mucosal TcdA and TcdB antibodies also remained stable over time whereas PPEP-1
antibodies were not detected (Figure 20B). Vaccination induced similar levels of TcdA-
and TcdB—specific splenic memory B cells (MBCs), irrespective of vaccine valency
(Figure 20C). PPEP-1 specific MBCs were significantly higher compared with anti-toxin
MBCs (Figure 20C) but with lower overall antibody responses, indicating a lack of
correlation between MBCs and circulating antibodies for PPEP-1, a phenomenon that has
been described for other antigens (H. Leyendeckers et al., Fur. J. Immunol.
1999;(29),1406—-1417). Whether long-lived vaccine responses could protect mice from
severe CDI was next examined using a delayed infection model (Figure 20D). Long-lived
immunity protected mice from lethal CDI (Figure 20E). Mice lost 6% of their original

body weight during acute infection and presented with mild disease (Figure 20F and
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Figure 20G).

The effect of RNA-LNP vaccination on recurrent infection was examined
using a long-term reinfection model. More than 6 months after vaccination and a primary
infection, we rechallenged immunized mice who had recovered and completely cleared
C. difficile with a second CDI (Figure 20H). Similar to primary infection, vaccination
protected mice from mortality (Figure 20I). All mice presented with mild disease, lost an
average of 8% body weight during secondary infection, and remained alert and active
(Figure 20J and Figure 20K). These data show the capacity of the RNA-LNP vaccine
platform to induce long-lived memory responses that confer durable protection against
CDL

Targeting C. difficile spores reduces pathogenesis

So far, it has been shown that the RNA-LNP vaccine platform induces
robust anti-toxin immune responses that prevent morbidity and mortality associated with
severe CDI. Moreover, by targeting non-toxin virulence factors decolonization of toxin-
producing C. difficile can be achieved. However, C. difficile is a highly complex
organism that alternates between two main phases in its life cycle: the vegetative cell and
spore. (. difficile spores—the primary mode of transmission for this pathogen—are
highly resistant to traditional chemical disinfectants, phagocytosis, and antimicrobials (A.
N. Edwards et al., Front. Microbiol. 2016,(7):1698; D. Paredes-Sabja et al., PLOS ONE.
2012;(7):e43635), presenting a major challenge in treating CDI. It was postulated that
addition of a spore-specific immunogen could further improve the vaccine. The C.
difficile exosporium morphogenic protein (CdeM), a cysteine-rich protein expressed on
the outer spore coat that is specific to C. difficile among other spore-formers in the gut
was selected (P. Calderon-Romero et al., PLOS Pathog. 2018;(14):€1007199).
Comparative genomic analysis of the CdeM sequence in the RNA construct showed high
conservation across C. difficile phylogeny (Figure 21A and Figure 24A) (F. D. Bushman
et al., Cell Host Microbe. 2020;(28):422-433 €7).

Immunization with a tetravalent vaccine elicited antigen-specific systemic
and mucosal antibodies against all immunogens without compromised immunogenicity

(Figure 21B and Figure 24B). To experimentally determine whether a multivalent
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approach targeting C. difficile spore and vegetative cells influences acute CDI, mice were
immunized with either CdeM/ PPEP-1/TcdA/TcdB (tetravalent), CdeM/ TcdA/TcdB
(spore trivalent), PPEP-1/TcdA/TcdB (vegetative trivalent), or CdeM monovalent RNA-
LNPs. CdeM alone was insufficient to protect mice from lethal infection whereas mice
immunized with multivalent vaccines presented with mild disease and were fully
protected (Figure 21C- Figure 21E). Notably, inclusion of CdeM (tetravalent and spore
trivalent) immunization resulted in lower C. djfficile CFUs and toxin in stools on day 1
post-infection compared with vegetative trivalent immunization (Figure 6F and Figure
6G), suggesting that vaccination against spores can limit initial colonization even when
challenged with a high spore inoculum. At day 7 post-infection, tetravalent immunization
resulted in substantially reduced toxin titers in stools compared with spore or vegetative
trivalent RNA-LNPs vaccines (Figure 6H and Figure 6I). Together these data indicate
that a multivalent approach can protect from disease, reduce colonization, and promote
decolonization of toxigenic C. difficile from the GI tract.

Finally, to model human immune responses to vaccination, an
immunogenicity study was performed in relatively aged nonhuman primates. Although a
single immunization was sufficient to induce anti-TcdA and anti-CdeM IgG, two
immunizations were necessary for antigen-specific IgG against all immunogens (Figure
21J), further highlighting the capacity of RNA-LNP vaccines to elicit robust immunity
against bacterial toxins and virulence factors.

This study provides evidence for the value of the mRNA-LNP vaccine
platform for the treatment and prevention of CDI. It has been shown that clinically
relevant doses of RNA-LNP vaccines elicit robust systemic and mucosal immunity
against several C. difficile virulence factors simultaneously in multiple clinically relevant
animal models. Through a combination of vaccine targets, it has been demonstrated that
toxin-specific antibodies protect mice from lethal toxin challenges and CDI whereas
immunization against vegetative cell and spore proteins reduce C. difficile colonization
and promote decolonization during severe infection (Figure 19). This suggests that
clearance depends on a vaccine-induced humoral immune response, and further
experiments to optimize expression and immunogenicity of vaccine targets including

PPEP-1 and to improve mucosal responses to vaccination will be conducted. This study
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lays the groundwork for future investigation and provides a framework for the next

generation of C. difficile RNA-based therapeutics.

Materials and Methods:

RNA design and production

Amino acid sequences of a TcdA and TcdB receptor binding domain
(RBD) containing a combined repetitive oligopeptides (CROP) motifs were obtained
from GenBank accession numbers P16154.2 and P18177.3 respectively. The amino acid
sequences of PPEP-1 and CdeM were obtained from GenBank accession number
Q183R7, and WP_009893169.1, respectively. Putative N-glycosylation sites were
disrupted by substituting an asparagine residue at a predicted N-glycolysation site with a
glutamine (N to Q) to prevent posttranslational epitopes masking in eucaryotic cells.
Sequences underwent codon optimization and GC enrichment using a proprietary
algorithm to improve expression and reduce potential immunogenicity of in vitro
transcribed RNA. Codon optimized sequences were gene synthetized by Genscript with
an optimized and modified [L-2 secretion signal, cloned into a proprietary in vitro
transcription template containing an optimized T7 promoter, 3’UTR, S’UTR and a 100-
adenine tail. TcdA, TcdB and PPEP-1, and CdeM nucleoside modified RNA sequences
were prepared using a MegaScript transcription kit (ThermoFisher Scientific), co-
transcriptionally capped using a CleanCap™ system (TriLink Biotechnologies) and
purified using a modified cellulose base chromatography method (M. Baiersdorfer, et al.,
Mol Ther Nucleic Acids. 2019;(15):26-35), precipitated, eluted in nuclease free water,
and quantified using the NanoDrop One system. Length and integrity were determined
using an Agilent BioAnalyzer 2100 system. Endotoxin content was measured using a
GenScript Toxisensor chromogenic assay, and values were below detection levels. RNA

was frozen at -20°C until formulation.

Production and characterization of RNA-LNP vaccines
Hydrodynamic size, polydispersity index (PDI) and zeta potential of

RNA-LNPs were measured using a Zetasizer Nano ZS90 (Malvern Instruments, Malvern,
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UK). RNA encapsulation efficiency of LNP was determined using a modified Quant-iT
RiboGreen RNA assay (Invitrogen). Endotoxin levels were determined using a Limulus

Amebocyte Lysate (LAL) chromogenic assay found to be <0.5 endotoxin unit (EU)/mL.

Phylogenomic analyses

Genomic analyses were conducted on 137 C. difficile isolates sourced
from the work of Bushman, Frederic D, et al (F. D. Bushman, et al., Cell Host Microbe.
2020;(28):422-433) and 30 pairs of raw sequencing reads in this study. Initial quality
control was implemented with FastQC v0.12.1 and MultiQC v1.14 (P. Ewels, et al ,
Bioinformatics. 2016;(32):3047-3048). Subsequently, de novo assembly was performed
on the quality-assessed raw reads utilizing Shovill v1.1.0 (github.com/tseemann/shovill).
Genome assemblies were subjected to quality evaluation with CheckM v1.1.6 and
BUSCO v5.4.7 (M. Manni, et al., Mol Biol Evol. 2021;(38):4647-4654; D. H. Parks, et
al., Genome Res. 2015,(25):1043-1055). Genome annotations were then performed
employing bakta v1.8.1 (O. Schwengers, et al., Microb Genom. 2021;(7)). The core-
genome alignment was carried out using Roary v3.13.0 (A. J. Page, et al., Bioinformatics.
2015;(31):3691-3693), which subsequently served as the input for phylogenomic tree
inference through RAXML-NG v1.1 (A. M. Kozlov, et al., Bioinformatics.
2019:(35):4453-4455) using the general time-reversible (GTR) substitution model (C.
Lanave, et al. .J. Mol. Evol. 1984;(20):86-93) accounting for among-site rate
heterogeneity using the I" distribution and four rate categories (Z. Yang, J. Mol. Evol.
1994:(39):306-314) for 10 individual searches with maximum parsimony random-
addition starting trees and random topology starting tree. Node support was evaluated
with 100 nonparametric bootstrap pseudoreplicates (J. Felsenstein, Evolution.
1985;(39):783-791). Phylogeny was rooted at the midpoint using the Tree Of Life
(1TOL) v6.8 interactive tool (I. Letunic, P. Bork, Nucleic Acids Res. 2021;(49):W293-
W296). For subsequent visualization and annotation of phylogeny, ggplot2, and ggtree
were utilized (G. Yu, Curr Protoc Bioinformatics. 2020,(69):¢96; G. Yu, et al., Mol Biol
Evol. 2018;(35):3041-3043; G. Yu, Data Integration, Manipulation and Visualization of
Phylogenetic Trees. CRC Press, 2022; S. Xu, et al., iMeta. 2022;(4):e56; G. Yu, et al.,
Methods in Ecology and Evolution. 2017;(8):28-36; H. Wickham, ggplor2: Elegant
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Graphics for Data Analysis. Springer-Verlag New York. 2016).

Comparative Genomic Analysis of Protein Domains

Amino acid sequences for the TcdA CROP domain, TcdB CROP domain,
PPEP-1, and CdeM (excluding the IL-2 secretion signal domain) were extracted from
UniProt Knowledgebase with primary accession numbers of P16154 from position 1840
to position 2710, P18177 from position 1851 to position 2366, Q183R7 from position 27
to position 220, WP_009893169.1 from position 2 to position 164, respectively..
Sequences served as seed sequences for constructing a protein-type BLAST database.
Subsequently, BlastX was applied to execute a comparative analysis of amino acid
sequences in the database against 137 genomes included in a phylogenetic assessment.
The hits with the highest bit score from BlastX were utilized to determine the percentage
of coverage and identity (S. F. Altschul, et al., J Mol Biol. 1990;(215):403-410; S. F.
Altschul, et al., Nucleic Acids Res. 1997,(25):3389-3402; G. M. Boratyn, et al., Biol
Direct. 2012;(7):12; G. M. Boratyn, et al., BMC Bioinformatics. 2019;(20):405; C.
Camacho, et al., BMC Bioinformatics. 2023;(24):117, C. Camacho, et al., BMC
Bioinformatics. 2009;(10):421; A. Morgulis, et al., Bioinformatics. 2008;(24):1757-1764;
Z. Zhang, et al., J Comput Biol. 2000;(7):203-214).

Identification of Toxigenic Strains via Comparative (zenomic Analysis

Coding sequences for tcdA, tcdB, tcdC, tcdE, tcdR, cdul, and cdd1 were
sourced from the comprehensively annotated complete genome of C. difficile 630 (NCBI
Reference Sequence: NC_009089.1). The nucleotide sequence for the Pal.oc region was
inferred and extracted by the locations of the flank genes cdul and cdd1. These
nucleotide sequences served to construct an original nucleotide-specific BLAST
database. To enhance the likelihood of detecting diverse toxin genes, additional
sequences of toxin genes and the PalLoc region were incorporated into the database. The
raw sequencing reads from 54 representative toxigenic strains were downloaded and
assembled (K. E. Dingle, et al., Genome Biol Evol. 2014;(6):36-52). The initial round of
blastn was conducted against the genomes of these 54 toxigenic strains using the original

database, setting the parameters to accommodate more gaps and mismatches to boost the

227



WO 2025/129186 PCT/US2024/060394

10

15

20

25

30

coverage of hits. The sequences from the highest-scoring hits were subsequently
extracted and used as seed sequences in a new BLAST database. Genomes of good
quality were also used to infer and extract sequences from the PalL.oc region using
flanking genes cdd1 and cdul. A conserved non-coding region of 115 bp was employed
as a marker for non-toxigenic strains (V. Braun, et al., Gene. 1996;(181):29-38). A
second round of blastn was performed against the 137 genomes included in the previous
phylogenetic analysis, using sequences from the new BLAST database. An arbitrary
threshold of 80% coverage and 80% identity was applied to the highest-scoring hits and
used as criteria for determining the presence or absence of genes. Strains were classified
as non-toxigenic if they exhibited in the 115 bp conserved region and lacked toxin genes

or the Pal.oc region, and vice versa.

In vitro transfection of exemplary RNA LNPs and Western blot

Neuro2a cells were seeded in 12-well plates at a density of 0.2x10° cells
per well, and transfected 24 hours post seeding at a confluence of around 80%. RNA-
LNPs (1 mg/mL) were diluted (1:10) in PBS and added to each well at a final dose of
2.5ug/well. Medium was aspirated, and cells were directly lysed 24 hours post
transfection using the EZLys tissue protein extraction reagent (BioVision #8002-500)
supplemented with 1X protease inhibitors (Sigma-Aldrich, #0493116001). Untreated
cells were used as controls. Lysate was clarified at 15000 rpm for 5 minutes using a
refrigerated centrifuge to pellet cell debris, and protein concentration in the supernatant
was determined using the Pierce microBCA assay. A total of twelve (12) micrograms of
cell lysate was loaded into a 4-15% precast polyacrylamide gel (Bio-Rad #4561083),
transferred to a PVDF membrane using the ThermoFisher iBlot system (dry transfer).
Membranes were blocked with 5% skimmed milk extract, washed and incubated for 2
hours with primary antibodies against TcdA and TcdB (Abcam 19953 and 252712) ata
final concentration of 4pg/mL. PPEP-1 was detected using a polyclonal serum from
immunized mice (Boosted sera at 1:100 dilution, incubation 4 hours). Membranes were
then washed three times using 1X TBST and incubated for 1 hour in the presence of an
HRP conjugated donkey anti-goat IgG (Abcam 97040) to detect TcdA and TcdB. PPEP-1

was detected using an anti-mouse IgG (Abcam 97040). Proteins were visualized using
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ECL detection reagent (Cytiva #RPN2209) on a GE ImageQuant™ system.

Cell viability measurements

Cells that are relevant for toxicity assessment and representative of
different tissues that come in to contact with the expressed immunogens encoded on the
RNA-LNPs were used for in vitro transfection and assessment of viability post-
transfection. HUVEC (CRL-1730), Caco-2 (HTB37), and human primary skeletal muscle
cells (PCS-950-010) were cultured as per ATCC using F12K Medium (ATCC 30-2004),
EMEM (ATCC 30-2003), and Mesenchymal Stem Cell Basal medium (ATCC PCS-500-
030) respectively. The muscle cells were cultured in the presence of the Primary Skeletal
Muscle Growth Kit (ATCC PCS-950-040). Cells were seeded in 96-well plates at a
density of 10,000 cells per well and transfected with 1 or 3 pg TcdA or TcdB RNA-LNP.
Full-length recombinant TcdA (8619-GT-020) or TcdB (6246-GT-020), recombinant 5
Luciferase RNA-LNP (Luc LNP), and untreated cells were used as controls. After
incubation for 24 or 48 hours, 50 uL XTT cell proliferation reagent (Roche
11465015001) was added to each well, and plates were incubated for an additional 5
hours before measuring absorbance at 492 nm using the Thermofisher Varioskan plate

reader. Cell viability was calculated relative to the untreated cells.

Generation of recombinant TcdA, TcdB, PPEP-1, and CdeM proteins

A region encoding the TcdA and TcdB receptor binding proteins
(including CROP domain), the full length PPEP-1 coding sequence, and the full length
CdeM coding sequence was codon optimized for expression in £. coli, gene synthesized
at Genscript, and cloned into the pET30a vector. An N terminal 6XHIS tag followed by
the TEV recognition/cleavage site was introduced after the start (ATG) codon of all three
constructs to allow for purification using affinity chromatography. . coli BL21 (DE3)
form NEB was transformed, and positive clones were used to inoculate 1 L cultures.
Recombinant proteins from the supernatant were concentrated, and purified using the NI-
IDA column on an AKTA Avant 150 system. Purified proteins were cleaved with the
TEV protease buffer exchanged into PBS and 5% sucrose (pH 7.4), filter sterilized,
quantified using the micro-BCA assay (Pierce), aliquoted and stored at -80C. Aliquots
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were tested for precipitation following for multiple freeze and thaw cycles and the purity
was determined using densitometric analysis of a Coomassie blue stained SDS-PAGE gel
under reducing conditions. All proteins displayed more than 90% purity and had the

predicted molecular weights using western blot.

Spleen and lymph node harvests

Spleens were collected, processed as single cells, filtered using 70 pm cell
strainers in complete RPMI 1640, centrifuged, and red blood cells lysed in ACK lysis
buffer to obtain a clear single cell suspension. Splenocytes were resuspended in 1 mL
complete RPMI 1640 media, counted, and used immediately for studies. Draining lymph
nodes (inguinal and popliteal) were collected and processed as described above (without
ACK). Cells from the dLNs were resuspended in 250pL RPMI 1640 media, counted, and

used immediately.

Production of fluorescently labeled proteins recombinant proteins for antigen specific B
cells.

Fluorescently labeled recombinant TcdA, TcdB and PPEP-1 protein were
prepared using the Lightning-Link R-Phycoerythrin (R-PE) and Lightning-Link (R)
Rapid Alexa Fluor 647 conjugation reagents (Novus Biologicals, 703-0010 and 336-
0005). TcdA, TcdB and PPEP-1 were diluted to 0.5 mg/mL in PBS and 50ug reacted in
the presence of 1:10 (v/v) of LL modifier for 3 hours at room temperature. The labeling
reaction was stopped in the presence of 1:10 (v/v) LL quencher for 30 minutes and stored

at 4°C until use.

Flow cytometry analysis of T and B cells

Tth cells: 2 million cells were stained with anti-mouse CD16/32 antibody
for 20 minutes and stained with an anti-CXCRS5- biotin for 30 minutes on ice, washed
twice and incubated with Streptavidin BV-421 in the presence of surface antibodies
(Table 3) for 30 minutes, washed, fixed and permeabilized with the FoxP3/Transcription
Factor Staining Kit (eBioScience) according to the manufacturer instructions and stained

for Bel6. Following intracellular staining, cells were washed twice, tixed in 300 uL. 1%
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paraformaldehyde for acquisition. The gating strategy, as well as the antibody list and

catalog numbers are provided (Table 5; Figure 4A).

Table 5: Antibodies used for immunophenotyping of Tth cells

Dilution
Marker Fluorophore | (1:x) Clone Company Cat#:
TCR beta
chain BV421 200 H57-597 Biolegend 109230
B220 AF488 200 RA3-6B2 | Biolegend 103225
CXCR5 PE 100 L138D7 Biolegend 145504
PE/Dazzle
CD4 594 400 RM4-5 Biolegend 100565
BD
CD8a PECy5 400 53-6.7 Biosciences 553034
CDo62L AF700 100 MEL-14 eBioscience 56-0621-82
PD-1 PECy7 200 RMPI1-30 | Biolegend 109110

Germinal Center (GC) and Memory B cells: 2 million cells per sample

incubated with antimouse CD16/32 antibody for 20 min at 4°C. Cells were then washed
with FACS buffer (2% FBS in PBS) and stained for 1 h using antibodies (Table 3).

Following staining, cells were washed twice, and fixed in 300 pL. 1% paratormaldehyde

for acquisition. The gating strategy, as well as the antibody list, fluorescent TcdA and

TcdB RBD probes, and catalog numbers are provided (Table 3, Figure 4B-D).

T cells: 2 million splenocytes were stimulated with 2.5 pg/mL of TcdA
CROP, or TecdB CROP, or PPEP-1 peptide pools (15 mers, 4 amino acid overlapping
peptide pool) in a FACS tube for 6 hours at 37°C, 5% CO2 with 2 mg/mL anti-CD28

(Tonbo, 40-0281-M001) providing costimulation. Stimulations proceeded for 1 hour
before adding 5 mg/mL brefeldin A (Biolegend, 420601), 2 mM monensin (Biolegend,
420701), and 5 mg/mL anti-CD107a (Biolegend, 121610) Alexa Fluor 647 for 5 hours.

DMSO served as a negative control and the combination of 50 mg/mL phorbol 12-

myristate 13-acetate and 1 mg/mL ionomycin served as a positive control. After a total of
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6 hours, samples were washed with PBS, stained with Live/Dead Aqua for 5 minutes,
blocked using anti-mouse CD16/32 antibody for 20 minutes, and stained extracellularly
for 30 minutes using antibodies (Table 4). Cells were washed in FACS bufter, fixed and
permeabilized using the Cytofix/Cytoperm kit (BD Biosciences, 554714), and stained
intracellularly using antibodies for 30 min (Table 4). Following intracellular staining,
cells were washed twice, and fixed in 300 puL. 1% paraformaldehyde for acquisition. The
gating strategy, as well as the antibody list and catalog numbers are provided (Table 4;
Figure 13A).

All samples were acquired on a BD LSR II equipped with 4 laser lines and
18 PMTs and data were analyzed in FlowJo v10.

In vivo toxin neutralization assays

To determine the LD 100 of intraperitoneally injected TcdA and TcdB,
recombinant toxins were prepared at doses of 5, 10, 25, 50, 100, and 125ng in 200uL of
sterile PBS. Naive 7-week-old CS7BL/6J mice were randomly assigned into groups of 5.
Recombinant proteins were injected i.p. and mice were monitored for behavior, body
condition, and mortality every 4 hours post-injection. Doses were selected for use in
subsequent studies by their ability to kill 100% of animals within 4 hours after injection.
To determine neutralization capacity of vaccine-elicited immune response, mice were
immunized twice i.m. with 1 or Sug of TcdA or TcdB monovalent RNA-LNP or
monovalent recombinant protein vaccine with or without alum adjuvant (details on
vaccine preparation below). Two weeks after last immunization, immunized mice were
either challenged 1.p. with five times the previously determined LD100 (625ng rTcdA,
125ng rTcdB) and monitored for behavior, body condition, and mortality every 4 hours
post-injection or terminally bled. Serum from immunized mice was diluted 1:20 in PBS
and incubated with rTcdA or rTedB LD100 (150 or 25 ng respectively) for 1 hour at 37
°C. Naive mice were then challenged i.p. with recombinant toxin alone, monovalent
immunized serum + recombinant toxin, or control (unvaccinated) serum + recombinant
toxin and monitored for behavior, body condition, and mortality every 4 hours

postinjection.
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Mouse immunization and C. difficile infection

S-week-old male and female C57BL/6J mice (Jackson Laboratories, strain
no. 000664) were used in most studies and BALB/c¢ (Jackson Laboratories, strain no.
000651) were used where indicated. All mice were maintained under specific pathogen-
free conditions at either the Children's Hospital of Philadelphia or the University of
Pennsylvania. Multivalent RNA-LNPs (1-5 pg) were mixed at 1:1 w/w ratio, diluted up
to S0uL in PBS, and administered intra-muscularly into the hind leg within two hours of
thaw. Recombinant protein vaccines were mixed 1:1 with alhydrogel (aluminum
hydroxide 2% w/v). 28 days later, mice were either euthanized for analysis of vaccine
induced humoral and cellular immune responses after single immunization or they were
boosted with the same dose. 14 days later, mice were either euthanized for analysis of
vaccine-induced immune responses after second immunization or they were infected with
C. difficile as previously described (J. Zackular et al., Nat. Med. 2016;(22):1330-1334).
Antibiotic treatment was administered by providing 0.5g/L cefoperazone in their drinking
water ad libitum for 5 days, followed by a 2-day recovery period before C. difficile
infection via oral gavage. Two different C. difficile strains were utilized where indicated:
VPI 10463 at a dose of 1x10° spores and CD196 at a dose of 1x10° spores. Mice were
monitored daily for survival and weight loss, and mice were euthanized when weight loss
exceeded 20% of their original body weight. For studies to analyze immune responses
vaccination after C. difficile infection, 5-week-old C57BL/6J mice were infected with
1x10° spores C. difficile CD196 as described above. 14 days post-infection, mice were
immunized with 1pg RNA-LNPs. 28 days later, mice received a second immunization.
14 days later, serum and feces were collected for analysis of vaccine-induced humoral
immune responses. For long-term studies, C57BL/6J mice were immunized as described
above. 40 days after last immunization, mice were either euthanized for analysis of
vaccine-induced immune responses or infected with C. difficile as described above. For
re-challenge studies, CS7BL/6J mice were re-infected with C. difficile 200+ days after

primary infection as described above.

Hamster studies

Syrian hamsters (HsdHan: AURA, Envigo, catalog no. 8901M) were
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maintained at University of Texas Medical Branch. 4-5-week-old male golden Syrian
hamsters were pre-bled and vaccinated intra-muscularly with trivalent RNA-LNP vaccine
(1:1:1 w/w ratio), trivalent recombinant protein + alhydrogel, or empty lipid
nanoparticles at week 0 and 3. Body weight and clinical signs were collected at days O, 1,
3, 5,7, and 14 post-prime and at day 1, 2, 3, 7, and 14 post-boost. Feces were collected
14 days after each immunization. Serum was collected at days 0, 21, 28, and 45 post-
prime. Hamsters were sacrificed as per university protocols and observed for gross

abnormalities.

Detection of antibodies in mouse serum and feces

96-well High Bind Stripwell™ Corning 96 Well Clear Polystyrene
Microplates plates were coated overnight with 1 pg/mL of purified TcdA (CROP), TcdB
(CROP), PPEP-1, or CdeM. Plates were washed once with wash buffer (0.5% Tween-20
in PBS) and blocked for two hours at room temperature using a solution of heat
inactivated, IgG depleted, protease free bovine serum albumin (2% w/v BSA in PBS).
After blocking, plates were washed three times with wash buffer. Feces were
homogenized in 1 mL PBS 8 and centrifuged for 10 minutes at 10,000 x g. Sera or fecal
supernatants were serially diluted in the blocking solution, added to plates, and incubated
for two hours at room temperature. Plates were washed three times before the addition of
horseradish peroxidase-conjugated anti-mouse secondary antibody specific to total mouse
IgG (1:10,000) and IgA (1:5,000), anti-rhesus IgG (1:20,000), or anti-hamster IgG
(1:8,000) in blocking buffer. Plates were incubated for 1.5 hours, washed three times
before the addition of tetramethylbenzidine (TMB) substrate solution. The reaction was
stopped by adding 2 N sulfuric acid, and the absorbance was measured at 450 nm using a
SpectraMax ™ 190 microplate reader. Antigen-specific antibody end-point dilution titer
was defined as the highest dilution of serum or feces to give an OD greater than the cut-
off OD value determined using the Frey Method (A. Frey, et al., J Immunol Methods.
1998;(221):35-41). Fecal antibody titers were normalized to gram of feces.

C. difficile enumeration, and toxin titers

C. difficile burdens were quantified by collecting fecal samples at
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indicated timepoints and plating on taurocholate cycloserine cefoxitin fructose agar
(TCCFA). C. difficile toxin titers were quantified in the stool using a previously
described Vero cell cytotoxicity assay (J. P. Zackular, et al., Nat Med. 2016;(22):1330-
1334). Briefly, fecal samples were homogenized in sterile PBS, pelleted, and supernatant
was filtered through a 0.2um filter. Supernatant was diluted along a tenfold series and
incubated overnight with Vero monolayers. Toxin titers in stool were calculated as the
reciprocal value of the highest dilution that rounded 100% of the cells and normalized per

gram of feces.

Histology and scoring

Samples were fixed in 10% neutral buffered formalin (NBF) prefilled
HistoTainer™ II, dehydrated in graded ethanol series, cleared with xylene and embedded
in paraffin. Sections (5 um) were collected on Superfrost™ Plus stain slides (Fisher
Scientific, Ottawa, ON, Canada), and stained with Hematoxylin and Eosin. Slides were
scanned using a NanoZoomer digital slide scanner (Hamamatsu, Boston, MA, USA) and
visualized using the NDP® view 2.0 software (Hamamatsu, Boston, MA, USA). Sections
were scored in a blind manner by a pathologist based on previously described criteria (C.
M. Theriot et al., Gut Microbes. 2011;(2):326-334). Histological scores were reported as
a cumulative score of three independent criteria: inflammation, edema, and epithelial cell

damage.

DNA extraction from Stool
Mice were co-housed for one week before experimental manipulation.
Stool samples were collected at indicated timepoints for microbiota analysis. Microbial

genomic DNA was extracted using DNeasy Power Soil Kit (Qiagen).

165 rRNA gene library prep

Barcoded PCR primers annealing to the V4 region of the 16S rRNA gene
were used for library generation. PCR reactions were carried out in duplicate using Q5
High-Fidelity DNA Polymerase (NEB, Ipswich, MA). Each PCR reaction contained
0.5uM of each primer, 0.34 U Q5 Pol, 1X Buffer, 0.2 mM dNTPs, and 5.0ul DNA in a
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total volume of 50ul. Cycling conditions were as follows: 1 cycle of 98°C for 1 minute;
20 cycles of 98°C for 10 seconds, 56°C for 20 seconds, and 72°C for 20 seconds; and 1
cycle of 72°C for 8 minutes. After amplification, duplicate PCR reactions were pooled
and then purified using a 1:1 volume of SPRI beads. DNA in each sample was then
quantified using PicoGreen and pooled in equal molar amounts. The resulting library was
sequenced on the Illumina MiSeq using 2x250 bp chemistry. Extraction blanks and 9
DNA-free water were subjected to the same amplification and purification procedure to
allow for empirical assessment of environmental and reagent contamination. Positive
controls, consisting of five artificial 16S gene fragments synthesized in gene blocks and

combined in known abundances, were also included.

Bioinformatics processing and statistical analysis

Sequence data were processed using QIIME2 (E. Bolyen et al., Nat.
Biotechnol. 2019;(37):852—857). Read pairs were processed to identify amplicon
sequence variants with DADA2 (B. Callahan et al., Nat. Methods. 2016;(13):581-583).
Taxonomic assignments were generated by comparison to the Silva reference database
version 132 (C. Quast et al., Nucleic Acids Res. 2013;(41):D590-D596), using the naive
Bayes classifier implemented in scikit-bio (N. Bokulich et al., Microbiome. 2018;(6):90).
A phylogenetic tree was inferred from the sequence data using MAFFT (K. Katoh et al.,
Mol. Biol. Evol. 2013;(30):772-780). Similarity between samples were assessed by
weighted and unweighted UniFrac distance (C. Lozupone et al., Appl. Environ.
Microbiol. 2005;(71):8228-8235; C. Lozupone et al., Appl. Environ. Microbiol.
2007;(73)1576-1585). Data files from QIIME were analyzed in R environment for
statistical computing. Linear mixed effects models were used at each time point to
estimate the mean difference between study groups. Cage information was added to the
models as the random effect to account for the coprophagic nature of mice. Relative
abundances of bacteria were log10 transformed and modeled as the outcome. Only the
bacteria with at least 1% mean relative abundance across samples were tested.
Community-level differences between sample groups were assessed using the
PERMANOVA test (M. Abt., Nat. Rev. Microbiol. 2016;(14):609-620; M. Anderson,
Austral Ecol. 2001;(26):32—46). When multiple tests were done, p-values were corrected
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for false discovery rate using Benjamini-Hochberg method.

Non-human primate studies

An 18-year-old male rhesus macaque (N = 1) was injected i.m. in the right
deltoid with 200 pg of tetravalent RNA-LNP vaccine (TcdA, TcdB, PEPP-1, and CdeM)
in 250uL total volume (1:1:1:1 w/w or 50pg/immunogen). A second age-matched male
rhesus monkey (N = 1) was i.m. injected in the right deltoid with 200 pg of an eDHFR-
tagged SARS-CoV-2 S2P RNA-LNP vaccine. NHPs received two immunizations
separated by 21 days, and blood was collected at day 1, 8, 21, and 35 post injection.

Plasma and PBMCs were separated and stored until use.

Statistical analysis

Data are presented as mean = SD or mean = SEM where indicated. Graph
schematics and illustrations were created using iTOL v6.8 (1. Letunic et al., Nucleic Acids
Res. 2021;(49):W293-W296 ), SPICE 6 (M. Roederer et al., Cytometry A.
2011(79A):167-174) and Graphpad prism V10.0.2

Example 3: Maternal antibody transmission after RNA-LNP vaccination.

8 weeks old female BL6 mice were immunized once with a dose of 1ug of
bivalent TcdA and TcdB CROP RNA-LNP vaccines two weeks before breeding. Mice
were left to breed and transferred into a new cage once pregnancies were confirmed.

Neonates were challenged with C.difficile VPI10463 at day 8 after birth
(Figure 26 and Figure 27). Matching controls were not challenged and used as controls
(NT). The total stomach content or feces from Pups (neonates) were collected 2 weeks
after birth (day 14) and analyzed using an Endpoint ELISA. The stomach content is
considered the best correlate to measure antibodies from the dam milk.

Figure 25 depicts the anti-toxin IgG and IgA titers measured on 8 weeks
old female BL6 mice immunized with of 1ug of bi-valent TcdA and TedB CROP RNA-
LNP vaccines two weeks before breeding. Serum samples were collected at 14 days post

delivery of the first litter.
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Figure 26 and Figure 27 depict Anti-toxin IgG and IgA titers in stomach
content and feces respectively measured on pups 2 weeks after birth. The dotted line
shows the antibody titers in serum of dams at the day of stomach content and feces
collection.

Figure 28 depicts Anti-toxin IgG and IgA titers measured on serum from
control animals (dams) and in the stomach and feces of pups from control animals. As
expected, no antibodies were detected in any of the samples.

These example experiments show that maternal antibodies are transferred
to pups as demonstrated by the anti-toxin specific antibodies in stomach contents and

feces. Pups from unvaccinated mice did not have anti-toxin specific antibodies.

The disclosures of each and every patent, patent application, and
publication cited herein are hereby incorporated herein by reference in their entirety.
While this has been disclosed with reference to specific embodiments, it is apparent that
some embodiments and variations of this may be devised by others skilled in the art
without departing from the true spirit and scope of the. The appended claims are intended

to be construed to include all such embodiments and equivalent variations.
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CLAIMS

What is claimed is:

1. A composition comprising at least one RNA molecule encoding at least
one C. difficile antigen, wherein the at least one C. difficile antigen comprises TcdA, TcdB,
PPEP-1, CdeM, CWP84, CWP66, ZupT, or CspC, a fragment or variant thereof, or any

combination thereof.

2. The composition of claim 1, wherein the composition comprises a
combination of RNA molecules encoding at least two C. difficile antigens, wherein the
composition comprises at least two of TcdA, TcdB, PPEP-1, CdeM, CWP84, CWP66, ZupT,

CspC, or fragments or variants thereof.

3. The composition of claim 2, comprising a combination of RNA molecules

encoding TcdA and TcdB, or fragments or variants thereof.

4. The composition of claim 2, comprising a combination of RNA molecules

encoding TcdA, TcdB, and PPEP-1, or fragments or variants thereof.

5. The composition of claim 1, wherein the composition comprises a
fragment of TcdA or TcdB comprising a receptor binding domain (RBD) including a combined
repetitive oligopeptide (CROPs) domain.

6. The composition of claim 1, wherein the composition comprises an RNA
molecule encoding a variant of at least one C. difficile antigen comprising an amino acid

substitution which disrupts an N-glycosylation site.

7. The composition of claim 1, wherein the RNA molecule comprises a
nucleic acid sequence encoding an amino acid sequence having at least 80% identity to an amino
acid sequence of:

a) a TcdA antigen comprising an amino acid sequence of SEQ ID NO:1, SEQ ID
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NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6 or SEQ ID NO:7, or a
fragment or variant thereof;,

b) a TcdB antigen comprising an amino acid sequence of SEQ ID NO:8, SEQ ID
NO:9, SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13 or SEQ ID NO:14, or a
fragment or variant thereof;

¢) a PPEP-1 antigen comprising an amino acid sequence of SEQ ID NO:15, SEQ
ID NO:16, SEQ ID NO:17, SEQ ID NO:18, SEQ ID NO:19, SEQ ID NO:20 or SEQ ID NO:21,
or a fragment or variant thereof;

d) a CdeM antigen comprising an amino acid sequence of SEQ ID NO:22, SEQ
ID NO:23, SEQ ID NO:24 or SEQ ID NO:25, or a fragment or variant thereof;,

e) a CWP84 antigen comprising an amino acid sequence of SEQ ID NO:26 or
SEQ ID NO:27, or a fragment or variant thereof;

f) a CWP66 antigen comprising an amino acid sequence of SEQ ID NO:28, or a
fragment or variant thereof;

g) a ZupT antigen comprising an amino acid sequence of SEQ ID NO:29, or a
fragment or variant thereof;, or

h) a CspC antigen comprising an amino acid sequence of SEQ ID NO:30, SEQ ID
NO:31 or SEQ ID NO:32, or a fragment or variant thereof.

8. The composition of claim 1, comprising at least one of:

a) an RNA molecule comprising a nucleotide sequence of SEQ ID NO:34, SEQ
ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID NO:38, SEQ ID NO:39, SEQ ID NO:40,
SEQ ID NO:41, SEQ ID NO:42, SEQ ID NO:43, or SEQ ID NO:44, or a fragment or variant
thereof, encoding a TcdA antigen;

b) an RNA molecule comprising a nucleotide sequence of SEQ ID NO:45, SEQ
ID NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51,
SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:54, or SEQ ID NO:55, or a fragment or variant
thereof , encoding a TcdB antigen;

¢) an RNA molecule comprising a nucleotide sequence of SEQ ID NO:56, SEQ
ID NO:57, SEQ ID NO:58, SEQ ID NO:59, SEQ ID NO:60, SEQ ID NO:61, SEQ ID NO:62,
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SEQ ID NO:63, SEQ ID NO:64, SEQ ID NO:65, or SEQ ID NO:66, or a fragment or variant
thereof, encoding a PPEP-1 antigen;

d) an RNA molecule comprising a nucleotide sequence of SEQ ID NO:67, SEQ
ID NO:68, SEQ ID NO:69, SEQ ID NO:70, SEQ ID NO:71, SEQ ID NO:72, SEQ ID NO:73, or
SEQ ID NO:74, or a fragment or variant thereof, encoding a CdeM antigen;

e) an RNA molecule comprising a nucleotide sequence of SEQ ID NO:75, SEQ
ID NO:76, SEQ ID NO:77 or SEQ ID NO:78, or a fragment or variant thereof, encoding a
CWP84 antigen,

f) an RNA molecule comprising a nucleotide sequence of SEQ ID NO:79 or SEQ
ID NO:80, or a fragment or variant thereof encoding a CWP66 antigen;

g) an RNA molecule comprising a nucleotide sequence of SEQ ID NO:81 or SEQ
ID NO:82, or a fragment or variant thereof, encoding a ZupT antigen; or

h) an RNA molecule comprising a nucleotide sequence of SEQ ID NO:83, SEQ
ID NO:84, SEQ ID NO:85, SEQ ID NO:86, SEQ ID NO:87 or SEQ ID NO:88, encoding a CspC

antigen.

9. The composition of claim 1, comprising a combination of RNA molecules,
wherein the combination of RNA molecules comprises at least one selected from:

a) an RNA molecule encoding SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ
ID NO:4, SEQ ID NO:5, SEQ ID NO:6 or SEQ ID NO:7, or a fragment or variant thereof,

b) an RNA molecule encoding SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10,
SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13 or SEQ ID NO:14, or a fragment or variant
thereof;

¢) an RNA molecule encoding SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO: 17,
SEQ ID NO:18, SEQ ID NO: 19, SEQ ID NO:20 or SEQ ID NO:21, or a fragment or variant
thereof;

d) an RNA molecule encoding SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24
or SEQ ID NO:25, or a fragment or variant thereot;,

e) an RNA molecule encoding SEQ ID NO:26 or SEQ ID NO:27, or a fragment
or variant thereof;

f) an RNA molecule encoding SEQ ID NO:28, or a fragment or variant thereof;,
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g) an RNA molecule encoding SEQ ID NO:29, or a fragment or variant thereof;,
and
h) an RNA molecule encoding SEQ ID NO:30, SEQ ID NO:31 or SEQ ID

NO:32, or a fragment or variant thereof.

10. The composition of claim 9, comprising a combination of RNA molecules
encoding at least two amino acid sequences selected from:

a) an RNA molecule encoding SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ
ID NO:4, SEQ ID NO:5, SEQ ID NO:6 or SEQ ID NO:7, or a fragment or variant thereof;,

b) an RNA molecule encoding SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10,
SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13 or SEQ ID NO:14, or a fragment or variant
thereof’,

¢) an RNA molecule encoding SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17,
SEQ ID NO:18, SEQ ID NO:19, SEQ ID NO:20 or SEQ ID NO:21, or a fragment or variant
thereof;

d) an RNA molecule encoding SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24
or SEQ ID NO:25, or a fragment or variant thereof;

e) an RNA molecule encoding SEQ ID NO:26 or SEQ ID NO:27, or a fragment
or variant thereof;

f) an RNA molecule encoding SEQ ID NO:28, or a fragment or variant thereof;

g) an RNA molecule encoding SEQ ID NO:29, or a fragment or variant thereof;
and

h) an RNA molecule encoding SEQ ID NO:30, SEQ ID NO:31 or SEQ ID

NO:32, or a fragment or variant thereof.

11. The composition of claim 9, comprising a combination of RNA molecules
encoding at least three amino acid sequences selected from:

a) an RNA molecule encoding SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ
ID NO:4, SEQ ID NO:5, SEQ ID NO:6 or SEQ ID NO:7, or a fragment or variant thereof;

b) an RNA molecule encoding SEQ ID NO:8, SEQ ID NO:9, SEQ ID NO:10,
SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13 or SEQ ID NO:14, or a fragment or variant
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thereof

¢) an RNA molecule encoding SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17,
SEQ ID NO:18, SEQ ID NO:19, SEQ ID NO:20 or SEQ ID NO:21, or a fragment or variant
thereof;

d) an RNA molecule encoding SEQ ID NO:22, SEQ ID NO:23, SEQ ID NO:24
or SEQ ID NO:25, or a fragment or variant thereof;,

e) an RNA molecule encoding SEQ ID NO:26 or SEQ ID NO:27, or a fragment
or variant thereof;

f) an RNA molecule encoding SEQ ID NO:28, or a fragment or variant thereof;

g) an RNA molecule encoding SEQ ID NO:29, or a fragment or variant thereof;
and

h) an RNA molecule encoding SEQ ID NO:30, SEQ ID NO:31 or SEQ ID

NO:32, or a fragment or variant thereof.

12.  The composition of any one of claims 1 to 11 wherein the RNA molecule

is mRNA, self-replicating RNA, self-amplifying RNA, or circular RNA.

13.  The composition of any one of claims 1 to 12, wherein at least one RNA

molecule is a nucleoside modified RNA molecule comprising at least one modified nucleoside.

14.  The composition of claim 13, wherein at least one modified nucleoside
comprises pseudouridine, 1-methyl pseudouridine, 2’-O-methylpseudouridine, 5-
methyldihydrouridine, 3-methylpseudouridine, 5-methyl-uridine, methoxyuridine,
dihydrouridine, 5,2’-O-dimethyluridine, 4-thiouridine, 5-methyl-2-thiouridine, 2-thio-2’-O-
methyluridine, (3-(3-amino-3-carboxypropyl)uridine); 5-hydroxyuridine; S-methoxyuridine;
uridine 5-oxyacetic acid; uridine 5-oxyacetic acid methyl ester; 5-
(carboxyhydroxymethyl)uridine); 5-(carboxyhydroxymethyl)uridine methyl ester; 5-
methoxycarbonylmethyluridine; 5-methoxycarbonylmethyl-2’-O-methyluridine; 5-
methoxycarbonylmethyl-2-thiouridine; 5-aminomethyl-2-thiouridine; 5-
methylaminomethyluridine;, 5-methylaminomethyl-2-thiouridine; 5-methylaminomethyl-2-

selenouridine; S-carbamoylmethyluridine; 5-carbamoylmethyl-2’-O-methyluridine; 5-
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carboxymethylaminomethyluridine; S-carboxymethylaminomethyl-2’-O-methyluridine; or 5-

carboxymethylaminomethyl-2-thiouridine.

15.  The composition of any one of claims 1-14, wherein the RNA molecule

comprises a nucleic acid sequence encoding a leader sequence, a tag or signal peptide.

16.  The composition of any one of claims 1-15, wherein the RNA molecule

further comprises a linker.

17.  The composition of any one of claims 1-16, wherein the composition
comprises one or more lipid nanoparticle (LNP), wherein the one or more RNA molecules are

partially or fully encapsulated within the one or more LNP.

18. A pharmaceutical composition comprising the composition of any one of

claims 1-17 and at least one pharmaceutically acceptable excipient.

19. A combination comprising;

(1) a first pharmaceutical composition comprising a first RNA
molecule, wherein the first RNA molecule encodes at least one C. difficile antigen, wherein the
at least one (. difficile antigen comprises TcdA, TcdB, PPEP-1, CdeM, CWP84, CWP66, ZupT,
CspC, a fragment thereof, or a variant thereof;, and

(i1) a second pharmaceutical composition comprising a second RNA
molecule, wherein the second RNA molecule encodes at least one C. difficile antigen, wherein
the at least one C. difficile antigen comprises TcdA, TcdB, PPEP-1, CdeM, CWP84, CWP66,
ZupT, CspC, a fragment thereof, or a variant thereof,

wherein the first RNA molecule and the second RNA molecule are not the same,

and wherein the RNA molecules are partially or fully encapsulated within one or more LNPs.

20. A combination comprising:
(1) a first pharmaceutical composition comprising a first RNA

molecule, wherein the first RNA molecule encodes at least one C. difficile antigen, wherein the
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at least one (. difficile antigen comprises TcdA, TcdB, PPEP-1, CdeM, CWP84, CWP66, ZupT,
CspC, a fragment thereof, or a variant thereof;,

(1) a second pharmaceutical composition comprising a second RNA
molecule, wherein the second RNA molecule encodes at least one C. difficile antigen, wherein
the at least one C. difficile antigen comprises TcdA, TcdB, PPEP-1, CdeM, CWP84, CWP606,
ZupT, CspC, a fragment thereof, or a variant thereof; and

(ii1)  athird pharmaceutical composition comprising a third RNA molecule,
wherein the third RNA molecule encodes at least one C. difficile antigen, wherein the at least one
C. difficile antigen comprises TcdA, TcdB, PPEP-1, CdeM, CWP84, CWP66, ZupT, CspC, a
fragment thereof, or a variant thereof;

wherein the first RNA molecule, the second RNA molecule, and the third RNA
molecule are not the same, and wherein the RNA molecules are partially or fully encapsulated

within one or more LNPs.

21. A method of inducing an immune response against at least one strain of C.
difficile infection in a subject, comprising administering a composition according to any one of
claims 1-17, or a combination according to claim 19 or 20, or a pharmaceutical composition

according to claim 18.

22. A method of treating or preventing a disease or disorder associated with C.
difficile infection in a subject, comprising administering a composition according to any one of
claims 1-17, or a combination according to claim 19 or 20 or a pharmaceutical composition

according to claim 18.
23. The method of claim 21 or 22, wherein the composition is administered by
a delivery route selected from the group consisting of intradermal, subcutaneous, inhalation,

intranasal, and intramuscular.

24.  The method of any one of claims 21-23, wherein the method comprises a

single administration of the composition.
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25.  The method of any one of claims 21-23, wherein the method comprises

multiple administrations of the composition.

26. The method of claim 21, wherein the composition induces a broad

immune response against multiple strains of C. difficile in a cell, tissue or subject.

27. The method of claim 21, wherein the composition induces a protective

immune response in the subject.

28. The method of claim 21, wherein the composition challenges and/or

hinders C. difficile colonization in a subject.

29. The method of claim 21, wherein the disease or disorder is colitis or

diarrhea.

30. The method of claim 21, wherein administration does not affect intestinal

microbiota in the subject.

31.  The composition of any one of claims 1-17 for use in the treatment or
prevention of a C. difficile infection in a subject comprising administering one or more doses of

the composition to a subject.

32.  The pharmaceutical composition of claim 18 for use in the treatment or
prevention of a C. difficile infection in a subject comprising administering one or more doses of

the composition to a subject.

33. The combination of claim 19 or 20 for use in the treatment or prevention
of a C. difficile infection in a subject comprising administering one or more doses of the

composition to a subject.

34, The composition of any one of claims 1-16, or the combination of any one
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of claims 19 or 20, wherein the composition further comprises a delivery vehicle.

35. The composition of claim 34, wherein the delivery vehicle is selected from
poly(ethylenimine) PEIL, chitosan, Janus dendrimers, dendrimers, lipopolymers, and a one

component system.

36.  The composition of any one of claims 1-18, or the combination of any one

of claims 19 or 20, wherein the composition further comprises an adjuvant.

37.  The composition of claim 36, wherein the adjuvant is selected from the
group consisting of alum, ASO3, squalene, liposomes, chitosan, Matrix M, a cytokine, a nucleic

acid molecule encoding a cytokine, or any combination thereof.

38. The composition of claim 37, wherein the cytokine is IL-12, IL-21, or
APRIL.

39. The composition of any one of claims 1-18, or the combination of any one
of claims 19 or 20, wherein the sequence encoding the antigen is operably linked to nucleotide

sequence encoding an oligomerization domain.

40. The composition of claim 39, wherein the oligomerization domain

comprises ferritin, or a fragment or variant thereof.

41. A composition comprising a fusion molecule comprising a fusion of a C.

difficile antigen to an oligomerization domain.

42. The composition of claim 41, wherein the oligomerization domain

comprises ferritin, or a fragment or variant thereof.

43. The composition of claim 41, wherein the C. difficile antigen comprises an

amino acid sequence having at least 80% identity to an amino acid sequence of
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a) a TcdA antigen comprising an amino acid sequence of SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6 or SEQ ID NO:7, or a
fragment or variant thereof’,

b) a TcdB antigen comprising an amino acid sequence of SEQ ID NO:8, SEQ ID
NO:9, SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13 or SEQ ID NO:14, or a
fragment or variant thereof;

c) a PPEP-1 antigen comprising an amino acid sequence of SEQ ID NO:15, SEQ
ID NO:16, SEQ ID NO:17, SEQ ID NO:18, SEQ ID NO:19, SEQ ID NO:20 or SEQ ID NO:21,
or a fragment or variant thereof;,

d) a CdeM antigen comprising an amino acid sequence of SEQ ID NO:22, SEQ
ID NO:23, SEQ ID NO:24 or SEQ ID NO:25, or a fragment or variant thereof’,

e) a CWP84 antigen comprising an amino acid sequence of SEQ ID NO:26 or
SEQ ID NO:27, or a fragment or variant thereof;

f) a CWP66 antigen comprising an amino acid sequence of SEQ ID NO:28, or a
fragment or variant thereof;

g) a ZupT antigen comprising an amino acid sequence of SEQ ID NO:29, or a
fragment or variant thereof; or

h) a CspC antigen comprising an amino acid sequence of SEQ ID NO:30, SEQ ID
NO:31 or SEQ ID NO:32, or a fragment or variant thereof.
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Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
WO 2023/020992 A1 (GLAXOSMITHKLINE BIOLOGICALS) 23 February 2023
(23.02.2023)
X pg 96, In 27-28; pg 98, In 7-9; pg 101, In 31-33; pg 105, In 33-34; pg 106, In 12-15; pg 1,5,7,9, 12/
114, 1n 28-30; pg 120, In 34; pg 124, In 5-6; pg 357, In 30-12 (1,5,7,9,12)
Y pg 96, In 27-28; pg 98, In 7-9; pg 101, In 31-33; pg 105, In 33-34; pg 106, In 12-15; pg 6, 12/(6)
114, 1n 28-30; pg 120, In 34; pg 124, In 5-6; pg 357, In 30-12
A pg 96, In 27-28; pg 98, In 7-9; pg 101, In 31-33; pg 105, In 33-34; pg 106, In 12-15; pg 8, 12/(8)
114, 1n 28-30; pg 120, In 34; pg 124, In 5-6; pg 357, In 30-12
US 9,446,112 B2 (KUTZLER et al.) 20 September 2016 (20.09.2016)
Y abstract; col 5, In 27-29; col 34, In 24-26 6, 12/(6)
US 8,852,600 B2 (GARDINER et al.) 07 October 2014 (07.10.2014)
A abstract; col 2, In 16-24 8, 12/(8)
US 11,149,286 B1 (MAYO FOUNDATION FOR MEDICAL EDUCATION AND
RESEARCH) 19 October 2021 (19.10.2021)
A abstract; col 10, In 54-55 8, 12/(8)

D Further documents are listed in the continuation of Box C.

D See patent family annex.
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later document published after the international filing date or priority

Special categories of cited documents: “p

document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention

document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be
earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

document which may throw doubts on priority claim(s) or which is “Y” document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination
document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art

means “&” document member of the same patent family

document published prior to the international filing date but later than
the priority date claimed

Date of the actual completion of the international search

24 March 2025 (24.03.2025)

Date of mailing of the international search report

01 April 2025 (01.04.2025)

Name and mailing address of the [SA/US

Authorized officer

COMMISSIONER FOR PATENTS
MAIL STOP PCT, ATTN: ISA/US
P.O. Box 1450

Alexandria, VA 22313-1450
UNITED STATES OF AMERICA

Facsimile No. 571-273-8300

KARI RODRIQUEZ

Telephone No. PCT Help Desk: 571-272-4300
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INTERNATIONAL SEARCH REPORT International application No.
PCT/US2024/060394

Box No. 1 Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the international application as filed.
b. D furnished subsequent to the international filing date for the purposes of international search (Rule 13zer.1(a)),

D accompanied by a statement to the effect that the sequence listing does not go beyond the disclosure in the international
application as filed.

2. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this report has been
established to the extent that a meaningful search could be carried out without a WIPO Standard ST.26 compliant sequence
listing.

3. Additional comments:
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INTERNATIONAL SEARCH REPORT International application No.
PCT/US2024/060394

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 13-18, 21-40
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

This application contains the following inventions or groups of inventions which are not so linked as to form a
single general inventive concept under PCT Rule 13.1.

Group I+: Claims 1-12 and 19-20, directed to a composition comprising at least one RNA molecule encoding at
least one C. difficile antigen. The composition will be searched to the extent that the composition encompasses
TcdA and SEQ ID NOs: 1 and 34. The first named invention was determined based on first claim antigen
(claims 1, 7). This first named invention has been selected based on the guidance set forth in section 10.54

of the PCT International Search and Preliminary Examination Guidelines. It is believed that claims 1, 5-9,

and 12(in part), encompass this first named invention, and thus these claims will be searched without fee

to the extent that they encompass a composition comprising at least one RNA molecule encoding at least

one C. difficile antigen comprising TcdA and SEQ ID NO: 1 and 34. Additional compositions comprising
additional antigens will be searched upon the payment of additional fees. Applicants must specify the claims
that encompass any additionally elected compositions. Applicants must further indicate, if applicable, the claims
which encompass the first named invention, if different than what was indicated above for this group. Failure

to clearly identify how any paid additional invention fees are to be applied to the "+" group(s) will result in
only the first claimed invention to be searched. An exemplary election would be a composition comprising at
least one RNA molecule encoding at least one C. difficile antigen comprising TedB and SEQ ID NOs: 8 and 45
(claims 1, 5-9, 12(in part)).

Group IT+: Claims 41-43, directed to a composition comprising a fusion molecule comprising a fusion of a C.
difficile antigen to an oligomerization domain. Group II+ will be searched upon payment of additional fees.

The composition may be searched for an additional fee and election as such, for example, to the extent that the
composition encompasses TcdA and SEQ ID NO: 1 (claims 41-43). Additional compositions will be searched
upon the payment of additional fees. Applicants must specify the claims that encompass any additionally elected
compositions. Failure to clearly identify how any paid additional invention fees are to be applied to the "+"
group(s) will result in only the first claimed invention to be searched. Another exemplary election would be a
composition comprising a fusion molecule comprising a fusion of a C. difficile antigen to an oligomerization
domain comprising TcdB and SEQ ID NO: 8 (claims 41-43).

Form PCT/ISA/210 (continuation of first sheet) (July 2022)
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Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment
of additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.: 1, 5-9, and 12(in part), limited to TcdA and
SEQ ID NO: 1 and 34

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest fee
was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet) (July 2022)
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