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RUMINAL AND METHANOGEN VACCINES AND USES THEREQF

CROSS REFERENCE TO RELATED APPLICATIONS
{0001} This application claims priority to and the benefit of U.S. Provisional Patent
Application No. 63/422,312, filed on Noverber 3, 2022, the entire contents of which are hereby

incorporated by reference in its entirety.

BACKGROUND
{00062} Controlling methane emissions from animals, e.g | ruminants, is a new and emerging
field.
SUMMARY
{6003} The present disclosure identifies certain chalienges with increases in global surface

temperature due to increased levels of greenhouse gases, namely methane (CH4). For example,
the present disclosure identifies that increase in methane from agriculture represents a major
source of greenhouse gas emissions. The present disclosure also identifies that reducing methane
emissions from animals, e.g., rumivants, will be important to reduce greenhouse gas emissions.
{0004} Among other things, the present disclosure provides technologies for reducing
methane emissions from animals, e.g, ruminants, by providing compositions for vaccinating
animals, e.g., ruminants, against ruminal-associated antigens. In some embodiments, a
composition comprising ruminal-associated antigens can further comprise one or more
chernokines and/or cytokines. Without wishing to be bound by theory, the present disclosure
proposes that a composition comprising a roninal-associated antigen {e.g., a ruminal antigen
and/or a methanogen antigen), can reduce methane emissions and/or reduce the abundance of
microorganisms (e.g., methanogens) in the digestive tract of animals. In some embodiments,
reducing methane emissions and/or reducing abundance of methanogens in the digestive tract of
animals {(e.g., ruminants) can increase the energy efficiency of animals.

{6605] This disclosure provides an isolated polynucleotide encoding one or more ruminal-
associated antigens, fragments thereof, variants thereof, or variant fragments thereof.

[0066] In some embodiments, one or more ruminal-associated antigens comprises one or

more ruminal antigens.
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HUHE {n some embodiments, one or more ruminal antigens are derived from: a polypeptide
that s involved in attachment to fermenting bacteria, or a fragment or variant or variant fragment
thereof.

[0008] In some embodiments, a polynucleotide comprises at least 2, at least 3, at least 4, at
feast 5, at least 6, at least 7, at least &, at least 9, at feast 10, at least 11, at least 12, at least 13, at
feast 14, at least 15, at least 16, at least 17, at least 18, at least 19, at least 20, at least 21, at least
22, atleast 23, at least 24, at least 25, at least 26, at least 27, at least 28, at least 29, at least 30, at
feast 35, at least 40, at least 45, at least 30, at least 55, at least 60, at least 65, at least 70, at least
75, at least 80, at least 85, at least 90, at least 95, at least 100 ruminal antigens.

[6609] I some embodimenis, one or more ruminal-associated antigens comprises one or
more methanogen antigens.

10619] In some embodiments, one or more methanogen antigens are derived from a
polypeptide found on a cell surface of 2 wild-type methanogen, or a fragment or variant or
variaut fragment thereof.

{6611} {n some embodiments, a polynucleotide comprises at least 2, at least 3, at least 4, at
feast 5, at least 6, at least 7, af least 8, at least 9, at least 10, at least 15, or at least 20 methanogen
antigens.

o012} In some embodiments, a polynucleotide comprises about 2 to about 20, about 2 to
about 15, about 2 to about 10, about 2 to about 9, about 2 to about 8

about 2 to about 7, about 2

>

to about 6, about 2 to about S, about 2 to about 5, about 2 to about 4, about 2 to about 3, about 3

,
to about 20, about 4 to about 20, about S to about 20, about 6 to about 20, about 7 to about 20,
about & to about 20, about 9 to about 20, about 10 to about 20, or about 15 to about 20
methanogen antigens,

{0013} In some embodiments, one or more methanogen antigens are the same, e.g., having
the same sequence.

{0014} In some embodiments, one or more methanogen antigens are different, e.g., having

different sequences.

{0015} In some embodiments, one of more methanogen antigens comprise:

{6616} {1} one or more peptides having at least 80% sequence identity to a methanogen
protein;

00174 {11} one or more secreted antigens comprising a signal peptide;
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{0618} (iit) a plurality of peptides having at least 80% sequence identity to each other;
{0619} (iv} a plurality of peptides associated with at least 2 different, at least 3 different,

at least 4 different or at least 5 different methanogen species;

0020} {v) one or more peptides having at least 80% sequence identity to a polypeptide
having signal peptidase activity;

{6621} {vi} one or more peptides having at least 80% sequence identity to an AglB
polypeptide or substantially similar function to an AglB polypeptide;

6022 {vii} one or more peptides having at least 80% sequence identity to an Ig-like
domain-containing polypeptide or substantially similar function to an Ig-like domain-containing
polypeptide; or

{0023} {viii} or any combination thereof.

{8624} In some embodiments, one or more methanogen antigens comprise’

j0625] {1) one or more peptides having at least 80% sequence 1dentity to a methanogen
protein;

{6626] {i1) one or more secreted antigens comprising a signal peptide;

{8627} {111} a plurality of peptides having at least 80% sequence identity to each other
{0028} {iv) a plurality of peptides associated with at Jeast 2 different, at least 3 different,

at teast 4 different or at least S ditferent methanogen species;

{06629} {v} one or more peptides having at least 80% sequence identity to a polypeptide
having signal peptidase activity;

{6630} {(vi} or any combination thereof.

{00314 In some emboediments, a polynuclectide comprises three methanogen antigens. In
sorme embodiments, the three methanogen antigens are associated with at feast three different
methanogen species.

{0632} In some embodiments, one or more methanogen antigens comprise:

{0033} (1) one or more peptides having at least 80% sequence identity to a methanogen
protein,

{0034} (i1} one or more secreted antigens comprising a signal peptide;

{6635] (iit) a plurality of peptides associated with at least 2 different, at least 3 different,

at feast 4 different or at least 5 different methanogen species;
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{00635} (ivy one or more peptides having at least 80% sequence identity to an AglB
polypeptide or substantially simtlar function to an AglB polypeptide; or

866374 {v} any combination thereof.

[0038] In some embodiments, a polynucleotide comprises five methanogen antigens. In
some embodiments, five methanogen antigens are associated with at least five different
methanogen species.

{0039} In some embodiments, one or more methanogen antigens comprise’

{0049} (i) one or more peptides having at least 80% sequence identity to a methanogen

proteii;

{6041} (i1} one or more secreted antigens comprising a signal peptide;

{6042} (i1t} a plurality of peptides having at least 80% sequence identity to each other;
{0643} (iv} a plurality of peptides associated with at least 2 different, at least 3 different, at

feast 4 different or at least 5 ditferent methanogen species;

{0044} {v) one or wore peptides having at least 80% sequence identity to an Ig-like
domain-containing polypeptide or substantially similar function to an {g-like domain-containing
polypeptide; or

{0045 {(vi} any combination thereof.

{0046} In some embodiments, a polynucleotide comprises eight methanogen antigens. In
some embodiments, eight methanogen antigens are associated with at least three different
methanogen species.

{6647} In some embodiments, one or more methanogen antigens comprise a plurality of
peptides associated with at least 2 different, at least 3 different, at least 4 different, at least 5
different, at least 6 different, at feast 7 different, at least B different, at least 9 different, ai least 10
different, at least 11 different, at least 12 different, at least 15 different or at feast 20 different
methanogen species.

{0048} In some embodiments, one or more methanogen antigens comprise a plurality of
peptides associated with about 2 different, about 3 different, about 4 different, about 5 different,
about 6 different, about 7 ditferent, about & different, about @ different, about 10 different, about

11 different, about 12 different, about 15 different or about 20 different methanogen species.
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{6649} {n some embodiments, one or more methanogen antigens are derived from a
polypeptide found on the cell surface of a wild-type methanogen, or a fragment or variant thereof
or variant fragment thereof.

[0059] In some embodiments, one or more methanogen antigens 1s secreted.

{0051} In some embodiments, a methanogen antigen comprises a peptide that is involved in
adhesion, attachment, or mobility, or a fragment or variant of a peptide that is involved 1n
adhesion, attachroent, mobility.

{8052 In some embodiments, a secreted methanogen antigen comprises a signal peptide. In
some embodiments, a signal peptide can be predicted using a prediction algorithm and optionally
whergin the prediction score is at least 0.5,

{06083} In some embodiments, one or more methanogen antigens CoMprise one or more
peptides having at feast 80% sequence identity 1 a3 methanogen protein,

0034 In some embodiments, a polynucleotide comprises a plurality of methanogen antigens
each having at least 80% sequence identity 1o each other,

{G6SS) {n some embodiments, a polynucleotide comprises a plurality of methanogen antigens
wherein each methavogen antigen in the plurality is associated with a different roethanogen
species. In some embodiments, a polynucleotide comprises a plurality of methanogen antigens,
and wherein the methanogen antigens in the plurality are associated with at feast 2 different, at
jeast 3 different, af least 4 different or at least 3 different methanogen species. In some
embodiments, a polynucleotide comprises a plurality of methanogen antigens and wherein each
methanogen antigen i the plurality is associated with the same methanogen species. In some
embodiments, a methanogen species comprises. Methanobrevibacter ruminantivm,
Methanohrevibacter smithii, Methanobrevibacter oralis, Methanomicrobium mobile,
Methanobrevibacter wolinii, Methanobrevibacter arboriphilus, Methanobrevibacter
boviskoreard, Methanosphaera stadimanae, Methanomicrobium mobile, Methanosarcing mazer,
Methanobrevibacier thaueri, Methanobrevibacter sp. UBAISS, or Methanosarcina soligelidi. in
sorne embodiments, a methanogen species comprises: Methanobrevibacter ruminantium,
Methanobrevibacter smithii, or Methanobrevibacier oralis. In some embodiments, a methanogen
species comprises: Methanobrevibacter ruminantium Methancbrevibacter smithii

Methanobrevibacier oralis Methanomicrobium mobile or Methanosphaera stadtmanae.
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T In some embodiments, a polynuclestide comprises one or more methanogen antigens
comprising one or more peptides having at least 80% sequence wdentity to a polypeptide having
signal peptidase activity. In some embodiments, a polypeptide having signal peptidase activity:
{1} is membrane bound; (i1} has the ability to cleave one or more signal peptides; (iii) plays a role
in converting a secretory protein to a mature form {e.g., fror a non-secretory form (o a secretory
formy, and/or {(iv) or any combination thereof.

{8657} In some embodiments, s polynucieotide comprises one or more methanogen anfigens
comprising one or more peptides having: (1) at least 80% sequence identity to an
Immunoglobulin (Ig)-like polypeptide, or (2) substantially simtlar function to an Ig-like domain-
containing polypeptide. In some embodiments, an an Ig-like domain-containing polypeptide
comprises a polypeptide characterized as a cell-surface protein that facilitates binding to other
cetls and/or cell surfaces.

0038} In some embodiments, a polynucleotide comprises one or more methanogen antigens
comprising an adhesin or fragment or variant thereof, a pilli protein or a fragmeunt or variant
thereof, or a flagellin protein or a fragment or a variant thereof.

{8059} In some embodiments, g polynucleotide comprises a sequence encoding one or more
methanogen antigens comprising an antigen provided in Table 1 or a sequence with at Jeast 83%,
at least 90%, at feast 9196, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
feast 97%, at ieast 98%, or at least 99% identity thereio.

{0060} In some embodiments, a polynucleotide comprises a sequence encoding one or more
methanogen antigens comprising an antigen sequence provided in Table 2 or a sequence with at
feast 85%, at least 90%, at least 91%, at least 92%;, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, or at feast 99% identity thereto. In some embodiments, a
polynucleotide comprises a sequence encoding one or more methanogen antigens comprising a
fragraent, a varnant, or a variant fragment of an antigen sequence provided in Tahle 2.
Exemplary antigen sequences provided in Table 2 are marked with no bolding or ttalicizing.
6061} In some embodiments, a polynucleotide comprises an anfigen nucleic acid sequence
provided in Table 2 or a sequence with at least 85%, at feast 90%, at least 91%, at least 92%, at
teast 93%, at least 94%, at least 959, at least 96%, at least 97%, at least 98%, or at least 99%

identity thereto.
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{6662} In some embodiments, a polynuclestide comprises a sequence encoding a polypeptide
having at feast 85%, at least 90%, at [east 91%, at least 92%, at least 93%, at lcast 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identily 10 a polypeptide sequence
provided in Table 2.

10063} In some embodiments, a polynucleotide comprises one or more methasogen antigens
comprising one of more peptides having: {1} at least 80% sequence tdentity to an archaeal
oligosaccharyliransferase (AgiB) polypeptide, or (2) substantially similar fusction to an AgiB
polypeptide. In some embodiments, an AglB polypeptide is characterized as having N-
glycosylation activity.

[6064] In some embodiments, a methanogen antigen comprises a peptide that is involved in
adhesion, attachment, or mobility, or a fragment or variant of a peptide that is involved in
adhesion, attachment, mobility.

{8665} In some embodiments, a methanogen antigen comprises an adhesin or fragment or
variant thereof. In some embodiments, a methanogen antigen comprises an adhesin protein
provided in Table 1 or a sequence with at least 5% identity thereto. In some embodiments, a
methanogen aotigen comprises mrul499, or a fragment or variant thereof.

{0066} In some embodiments, a methanogen antigen comprises an antigen sequence in Table
2, or a variant or a fragment or a variant fragment thereof. In some embodiments, a methanogen
antigen comprises an antigen sequence in Table 2 or a sequence having at least 85%, at least
0%, at least 91%, at least 92%, at least 93%, at east 94%, at least 95%, at least 96%, at least
7%, at feast 98%, or at feast 99%identity thercto. Exemplary antigen sequences provided in
Table 2 are marked with no bolding or italicizing,

{8667} In some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nucleotide sequence provided in SEQ ID NQO: 1, or a sequence with at least 85%, at least
36%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%. at least
93%, at least 94%%, at least 93%, at least 96%, at least 97%, at least 98%, at least 99%, at least or
100% idemity thereto. In some embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ 1D NO: 2, or a sequence with at least 85%, at least 86%, at least 87%,
at least 88%%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%;, at least 94%, at
feast 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100% identily

thereto.
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{6C68] In some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nucleotide sequence provided in SEQ ID NO: 5, or a sequence with at least 85%, at least
6%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or
100% identity thereto. In sorve embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ ID NO: 6, or a sequence with at least 5%, at least 36%, at least 87%,
at least 88%, at least 89%, at Jeast 90°%, af feast 919, at least 92%, at least 93%, at least 94%, at
feast 95%, at least 9656, at least 97%, at least 98%;, at least 99%, at least or 100% identity
thereto.

[06069] In some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nucleotide sequence provided in SEQ ID NO: 7, or a sequence with at least 85%, at least
B6%, at least 87%, at least 88%, at least 89%, at feast 90%, at least 91%, at feast 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or
100% identity thereto. In soroe embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ ID NO: 8, or a sequence with at least 85%, at least 86%, at least 87%,
at least 838%, at least 89%, at least 90%, af feast 91%, at least 92%, at least 93%, at least 94%, at
feast 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100% identity
thereto.

{6679 In some embodimenis, a methanogen antigen comprises an antigen sequence encoded
by a nucleotide sequence provided in SEG ID NO: 16, or a sequence with at least 85%, at least
B6%%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%%, at least 93%, at least 96%, at feast 97%, at least 98%, at least 99%, at least or
100% identity thereto In sorme embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ 1D NO: 15, or a sequence with at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%. at least
94%;, at least 95%, at least 90%, at least 97%, at east 98%, at least 99%, at least or 100%
identity thereto.

{0071} In some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nucleotide sequence provided in SEQ ID NO: 18, or a sequence with at least 85%, at least
B6%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at feast 92%, at least

93%, at least 94%, at least 93%, at least 96%, at least 97%, at least 98%, at feast 99%;, at least or
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100% identity thereto. In some embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ ID NO: 17, or a sequence with at least 85%, at least 86%, at least
R7%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at Teast 95%, at least 96%, at least 97%, at least 98%%, at least 99%, at least or 100%
identity thereto.

{0672} In some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nucleotide sequence provided o SEG 1D NO: 20, or a sequence with at least 85%, at least
86%, at least 87%%, at least 88%, at least 89%, at least 90%, at least 1%, at least 92%, at least
93%, at least 94%%, at least 95%, at least 06%, at least 97%, at least 98%, at least 99%, at least or
100% identity thereto. In some embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ ID NO: 19, or a sequence with at least 85%, at least 86%, at least
B7%, at least 88%%, at least 89%, at least 90%, at feast 91%, at least 92%, at feast 93%, at least
4%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100%
identity theveto.

{6673} {n some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nucleotide sequence provided o SEG 1D NO: 22, or a sequence with at least 85%, at least
B6%, at least 87%, at Jeast 88%%, at least 89%, at east 90%, at least 91%, at feast 92%, at least
93%, at least 94%, at least 95%, at least 06%, at least 97%, at least 98%, at least 99%, at least or
100% identity thereto. In some embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ ID NO: 21, or a sequence with at least 85%, at least 86%, at least
B7%, at least 88%, at least 89%%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%;, at least 95%%, at least 90%, at least 97%, at feast 98%%, at least 99%, at least or 100%
identity thereto.

{6074} In some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nucleotide sequence provided in SEQ ID NO: 24, or a sequence with at least 85%, at least

RE6%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at feast 92%, at least

Nl

3%, at least 94%, at least 95%, at least 96%, at least 9794, at least 28%, at least 99%, at least or
100% identity thereto. In some embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ ID NO: 23, or a sequence with at least 85%¢, at least 86%, at least

87%, at least 88%, at least 89%, at least 90%, at least 1%, at least 92%, at feast 93%, at least
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4%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100%
identity thereto.

8675} In some embodiments, 2 methanogen antigen comprises an antigen sequence encoded
by a nuclectide sequence provided in SEQ ID NO: 26, or a sequence with at least 83%, at east
80%, at least 87%%, at least 88%, at least 89%, at feast 90%, at least 91%, at least 92%, at ieast
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at ieast or
100% 1dentity thereto. In some embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ 1D NO: 25, or a sequence with at least 85%, at least 86%, at least
87%, at least 8R%%, at least 89%, at least 90%, at least 9194, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100%
identity thereto.

{0676} In some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nuclectide sequence provided in SEQ ID NO: 28, or a sequence with at least 85%, at least
R6%, at ieast B7%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
03%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%¢, at least 99%, at least or
100% identity thereto. In some embodiments, a methanogen autigen comprises an antigen
sequence provided 1n SEQ 1D NO: 27, or a sequence with at {east 85%, at least 86%, at Jeast
87%, at least 88%%, at least 89%, at least 00%, at feast 91%, at least 92%, at least 93%, at east
94%, at least 95%, at least 96%, at least 97%, at feast 98%, at least 99%, at least or 100%
identity thereto.

{00677} In some embodiments, s methanogen antigen comprises an antigen sequence encoded
by a nuclectide sequence provided in SEQ I NO: 390, or a sequence with at least 85%, at least

&6%, at least 87%%, at least 88%, at least 89%, at feast 90%, at least 91%, at least 92%, at feast

93%, at least 94%, at least 95%, at least 90%, at least 97%, at least 98%, at least 99%, at least or
100% identity thereto. In some embodiments, a methanogen antigen comprises an antigen
sequence provided 1n SEQ 1D NO: 29, or a sequence with at {east 85%, at least 86%, at least
87%, at least 88%%, at least 89%, at least 90%, at least 9194, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100%
identity thereto.

{8678} In some embodiments, s methanogen antigen comprises an antigen sequence encoded

by a nuclectide sequence provided in SEQ I NO: 32, or a sequence with at least 85%, at least

10
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&6%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%6, at least 99%, at least or
100% identity thereto. In some embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ ID NO: 31, or a sequence with at least §5%, at least 86%, at feast
87%, at least 88%%, at least 89%, at least 90%, at feast 91%, at least 92%, at least 93%, at ieast
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%;, at least or 100%
wdentity thereto.

180794 In some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nucieotide sequence provided in SEQ ID NO: 34, or a sequence with at least 85%, at least
&6%, at least 87%, at least 88%, at least 89%, at feast 90%, at least 91%, at Jeast 92%, at least
93%, at least 94%, at least 953%, at least 90%, at least 97%, at least 98%6, at least 99%, at least or
100% identity thereto. In some embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ ID NO: 33, or a sequence with at least 85%, at least 86%, at feast
87%, at least BR%, at least 89%, at least 90%, at least 919, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at feast 98%, at least 99%, at least or 100%
wdentity thereto.

{00806} In some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nucieotide sequence provided in SEQ ID NGO: 36, or a sequence with at least 85%, at least
8G%, at least 87%, at least 88%, at least 89%, at feast 90%, at least 91%, at least 92%, at east
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or
100% identity thereto. In some embodiments, a methanogen auntigen comprises an antigen
sequence provided in SEQ ID NO: 35, or a sequence with at least 85%, at least 86%, at least
&7%, at least 88%%, at least 89%, at least 90%, at feast 91%, at least 92%, at least 93%, at feast
94%, at least 95%, at least 96%, at least 97%, at feast 98%, at least 99%, at least or 100%
identity thereto.

{0081} In some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nucleotide sequence provided in SEQ ID NO: 38, or a sequence with at least 85%, at least
6%, at least 87%, at least 88Y%%, at least €9%, at least 90%, at least 91%, at least 92%, at least
G3%, at least 94%, at least 95%, at least 90%, at least 97%, at least 98%¢, at least 99%, at least or
100% identity thereto. In some embodiments, a methanogen antigen comprises an antigen

sequence provided in SEQ ID NO: 37, or a sequence with at least 85%, at least 86%, at least

11
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&7%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 5%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100%
identity thereto.

o082} In some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nucieotide sequence provided in SEQ ID NO: 40, or a sequence with at least 85%, at feast
6%, at least 87%, at least 88%%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 959, at teast 96%, at least 97%, at least 98%%, at feast 99%, at least or
100% identity thereto. In some embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ ID NO: 39, or a sequence with at least 85%, at least 86%, at least
&7%, at least 88%, at least 89%, at least 90%, at feast 1%, at least 92%, at Jeast 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100%
identity thereto.

{0083} In some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nucieotide sequence provided in SEQ ID NO: 42, or a sequence with at least 83%, at least
8%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at feast 99%, at least or
100% identity thereto. In some embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ ID NO: 41, or a sequence with at least §5%, at least 86%, at feast
&7%, at least 88%, at least 89%, at least 90%, at feast 91%, ai least 92%, at least 93%, at east
4%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100%
identity thereto.

0084 In some emboediments, a methanogen antigen comprises an antigen sequence encoded
by a nucleotide sequence provided in SEQ ID NO: 44, or a sequence with at least 83%, at feast
80%, at least 87%, at least 88%6, at least 89%, at least 90%, at least 91%, at least 92%, at ieast
93%, at least 94%, at least 93%, at least 96%, at least 97%, at least 98%, at least 99%, at least or
100% identity thereto. In some embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ ID NO: 43, or a sequence with at least §5%, at least 86%, at least
&7%, at least 88%, at least 89Y%, at least 90%, at least ©1%, at least 92%, at least 93%, at least
G4%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100%

identity thereto.

12
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{6085] In some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nucleotide sequence provided in SEQ ID NO: 46, or a sequence with at least 85%, at least
6%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or
100% identity thereto. In sorve embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ ID NO: 45, or a sequence with at least 85%, at least 86%, at least
B7%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at feast 93%, at least
94%;, at least 95%%, at least 90%, at least 97%, at least 98%, at least 99%, at feast or 100%
identity thereto.

[6086] In some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nucleotide sequence provided in SEQ ID NO: 48, or a sequence with at least 85%, at least
B6%, at least 87%, at least 88%, at least 89%, at feast 90%, at least 91%, at feast 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or
100% identity thereto. In soroe embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ 1D NO: 47, or a sequence with at least 85%, at least 86%, at least
B87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at feast 93%, at least
4%, at least 95%, at least 96%, at least 97%, at east 98%, at least 99%, at feast or 100%
identity thereto.

{6687} In some embodimenis, a methanogen antigen comprises an antigen sequence encoded
by a nucleotide sequence provided in SEG ID NO: 50, or a sequence with at least 85%, at least
B6%%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%%, at least 93%, at least 96%, at feast 97%, at least 98%, at least 99%, at least or
100% identity thereto In sorme embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ 1D NO: 49, or a sequence with at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%. at least
94%;, at least 95%, at least 90%, at least 97%, at east 98%, at least 99%, at least or 100%
identity thereto.

{0088} In some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nucleotide sequence provided in SEQ ID NO: 52, or a sequence with at least 85%, at least
B6%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at feast 92%, at least

93%, at least 94%, at least 93%, at least 96%, at least 97%, at least 98%, at feast 99%;, at least or
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100% identity thereto. In some embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ ID NO: 51, or a sequence with at least 85%, at least 86%, at least
R7%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at Teast 95%, at least 96%, at least 97%, at least 98%%, at least 99%, at least or 100%
identity thereto.

{6089} In some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nucleotide sequence provided o SEG 1D NO: 54, or a sequence with at least 85%, at least
86%, at least 87%%, at least 88%, at least 89%, at least 90%, at least 1%, at least 92%, at least
93%, at least 94%%, at least 95%, at least 06%, at least 97%, at least 98%, at least 99%, at least or
100% identity thereto. In some embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ ID NO: 53, or a sequence with at least 85%, at least 86%, at least
B7%, at least 88%%, at least 89%, at least 90%, at feast 91%, at least 92%, at feast 93%, at least
4%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100%
identity theveto.

{6699} {n some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nucleotide sequence provided o SEG 1D NO: 56, or a sequence with at least 85%, at least
B6%, at least 87%, at Jeast 88%%, at least 89%, at east 90%, at least 91%, at feast 92%, at least
93%, at least 94%, at least 95%, at least 06%, at least 97%, at least 98%, at least 99%, at least or
100% identity thereto. In some embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ ID NO: 55, or a sequence with at least 85%, at least 86%, at least
B7%, at least 88%, at least 89%%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%;, at least 95%%, at least 90%, at least 97%, at feast 98%%, at least 99%, at least or 100%
identity thereto.

{6091} In some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nucleotide sequence provided in SEQ ID NO: 58, or a sequence with at least 85%, at least

RE6%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at feast 92%, at least

Nl

3%, at least 94%, at least 95%, at least 96%, at least 9794, at least 28%, at least 99%, at least or
100% identity thereto. In some embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ ID NO: 87, or a sequence with at least 85%¢, at least 86%, at least

87%, at least 88%, at least 89%, at least 90%, at least 1%, at least 92%, at feast 93%, at least
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4%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100%
identity thereto.

6692} In some embodiments, 2 methanogen antigen comprises an antigen sequence encoded
by a nuclectide sequence provided in SEQ ID NO: 60, or a sequence with at least 83%, at least
80%, at least 87%%, at least 88%, at least 89%, at feast 90%, at least 91%, at least 92%, at ieast
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at ieast or
100% 1dentity thereto. In some embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ 1D NO: 59, or a sequence with at least 85%, at least 86%, at least
87%, at least 8R%%, at least 89%, at least 90%, at least 9194, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100%
identity thereto.

0693} In some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nuclectide sequence provided in SEQ 1D NO: 62, or a sequence with at least 85%, at least
R6%, at ieast B7%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
03%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%¢, at least 99%, at least or
100% identity thereto. In some embodiments, a methanogen autigen comprises an antigen
sequence provided 1n SEQ 1D NO: 61, or a sequence with at {east 85%, at least 86%, at Jeast
87%, at least 88%%, at least 89%, at least 00%, at feast 91%, at least 92%, at least 93%, at east
94%, at least 95%, at least 96%, at least 97%, at feast 98%, at least 99%, at least or 100%
identity thereto.

{6694} In some embodiments, 8 methanogen antigen comprises an antigen sequence encoded
by a nuclectide sequence provided in SEQ I NO: 64, or a sequence with at least 85%, at least

&6%, at least 87%%, at least 88%, at least 89%, at feast 90%, at least 91%, at least 92%, at feast

93%, at least 94%, at least 95%, at least 90%, at least 97%, at least 98%, at least 99%, at least or
100% identity thereto. In some embodiments, a methanogen antigen comprises an antigen
sequence provided 1n SEQ 1D NO: 63, or a sequence with at {east 85%, at least 86%, at least
87%, at least 88%%, at least 89%, at least 90%, at least 9194, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100%
identity thereto.

[0695] In some embodiments, 8 methanogen antigen comprises an antigen sequence encoded

by a nuclectide sequence provided in SEQ I NO: 66, or a sequence with at least 85%, at least
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&6%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%6, at least 99%, at least or
100% identity thereto. In some embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ ID NO: 65, or a sequence with at least §5%, at least 86%, at feast
87%, at least 88%%, at least 89%, at least 90%, at feast 91%, at least 92%, at least 93%, at ieast
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%;, at least or 100%
wdentity thereto.

{0096} In some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nucieotide sequence provided in SEQ ID NO: 68, or a sequence with at least 85%, at least
&6%, at least 87%, at least 88%, at least 89%, at feast 90%, at least 91%, at Jeast 92%, at least
93%, at least 94%, at least 953%, at least 90%, at least 97%, at least 98%6, at least 99%, at least or
100% identity thereto. In some embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ ID NO: 67, or a sequence with at least 85%, at least 86%, at feast
87%, at least BR%, at least 89%, at least 90%, at least 919, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at feast 98%, at least 99%, at least or 100%
wdentity thereto.

{0097} In some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nucieotide sequence provided in SEQ ID NG: 70, or a sequence with at least 85%, at least
8G%, at least 87%, at least 88%, at least 89%, at feast 90%, at least 91%, at least 92%, at east
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or
100% identity thereto. In some embodiments, a methanogen auntigen comprises an antigen
sequence provided in SEQ ID NO: 69, or a sequence with at least 85%, at least 86%, at least
&7%, at least 88%%, at least 89%, at least 90%, at feast 91%, at least 92%, at least 93%, at feast
94%, at least 95%, at least 96%, at least 97%, at feast 98%, at least 99%, at least or 100%
identity thereto.

{0098} In some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nucleotide sequence provided in SEQ ID NO: 72, or a sequence with at least 85%, at least
6%, at least 87%, at least 88Y%%, at least €9%, at least 90%, at least 91%, at least 92%, at least
G3%, at least 94%, at least 95%, at least 90%, at least 97%, at least 98%¢, at least 99%, at least or
100% identity thereto. In some embodiments, a methanogen antigen comprises an antigen

sequence provided in SEQ ID NO: 71, or a sequence with at least 85%, at least 86%, at least
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&7%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 5%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100%
identity thereto.

0099} In some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nucieotide sequence provided in SEQ ID NO: 74, or a sequence with at least 85%, at least
6%, at least 87%, at least 88%%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 959, at teast 96%, at least 97%, at least 98%%, at feast 99%, at least or
100% identity thereto. In some embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ ID NO: 73, or a sequence with at least §5%, at least 86%, at least
&7%, at least 88%, at least 89%, at least 90%, at feast 1%, at least 92%, at Jeast 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100%
identity thereto.

10100} In some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nucieotide sequence provided in SEQ ID NO: 76, or a sequence with at least 83%, at least
8%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at feast 99%, at least or
100% identity thereto. In some embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ ID NO: 75, or a sequence with at least §5%, at least 86%, at feast
&7%, at least 88%, at least 89%, at least 90%, at feast 91%, ai least 92%, at least 93%, at east
4%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100%
identity thereto.

{01014 In some emboediments, a methanogen antigen comprises an antigen sequence encoded
by a nucleotide sequence provided in SEQ ID NO: 78, or a sequence with at least 83%, at feast
80%, at least 87%, at least 88%6, at least 89%, at least 90%, at least 91%, at least 92%, at ieast
93%, at least 94%, at least 93%, at least 96%, at least 97%, at least 98%, at least 99%, at least or
100% identity thereto. In some embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ ID NO: 77, or a sequence with at least 8§5%, at least 86%, at least
&7%, at least 88%, at least 89Y%, at least 90%, at least ©1%, at least 92%, at least 93%, at least
G4%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100%

identity thereto.
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{0102} In some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nucleotide sequence provided in SEQ ID NO: 80, or a sequence with at least 85%, at Ieast
6%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or
100% identity thereto. In sorve embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ 1D NO: 79, or a sequence with at least 85%, at least 86%, at least
B7%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at feast 93%, at least
94%;, at least 95%%, at least 90%, at least 97%, at least 98%, at least 99%, at feast or 100%
identity thereto.

{0103} In some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nucleotide sequence provided in SEQ ID NO: 82, or a sequence with at least 85%, at least
B6%, at least 87%, at least 88%, at least 89%, at feast 90%, at least 91%, at feast 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or
100% identity thereto. In soroe embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ 1D NO: 81, or a sequence with at least 85%%, at least 86%, at least
B87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at feast 93%, at least
4%, at least 95%, at least 96%, at least 97%, at east 98%, at least 99%, at feast or 100%
identity thereto.

{6104} In some embodimenis, a methanogen antigen comprises an antigen sequence encoded
by a nucleotide sequence provided in SEG ID NO: 84, or a sequence with at least 85%, at least
B6%%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%%, at least 93%, at least 96%, at feast 97%, at least 98%, at least 99%, at least or
100% identity thereto In sorme embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ 1D NO: 83, or a sequence with at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%. at least
94%;, at least 95%, at least 90%, at least 97%, at east 98%, at least 99%, at least or 100%
identity thereto.

{0105} In some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nucleotide sequence provided in SEQ ID NO: 86, or a sequence with at least 85%, at least
B6%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at feast 92%, at least

93%, at least 94%, at least 93%, at least 96%, at least 97%, at least 98%, at feast 99%;, at least or
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100% identity thereto. In some embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ ID NO: 83, or a sequence with at least 85%, at least 86%, at least
R7%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at Teast 95%, at least 96%, at least 97%, at least 98%%, at least 99%, at least or 100%
identity thereto.

{0106} In some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nucleotide sequence provided o SEG 1D NO: 88, or a sequence with at least 85%, at least
86%, at least 87%%, at least 88%, at least 89%, at least 90%, at least 1%, at least 92%, at least
93%, at least 94%%, at least 95%, at least 06%, at least 97%, at least 98%, at least 99%, at least or
100% identity thereto. In some embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ ID NO: 87, or a sequence with at least 85%, at least 86%, at least
B7%, at least 88%%, at least 89%, at least 90%, at feast 91%, at least 92%, at feast 93%, at least
4%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100%
identity theveto.

{6107} {n some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nucleotide sequence provided o SEG 1D NO: 90, or a sequence with at least 85%, at least
B6%, at least 87%, at Jeast 88%%, at least 89%, at east 90%, at least 91%, at feast 92%, at least
93%, at least 94%, at least 95%, at least 06%, at least 97%, at least 98%, at least 99%, at least or
100% identity thereto. In some embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ ID NO: 89, or a sequence with at least 85%, at least 86%, at least
B7%, at least 88%, at least 89%%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%;, at least 95%%, at least 90%, at least 97%, at feast 98%%, at least 99%, at least or 100%
identity thereto.

{6108} In some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nucleotide sequence provided in SEQ ID NO: 92, or a sequence with at least 85%, at least

RE6%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at feast 92%, at least

Nl

3%, at least 94%, at least 95%, at least 96%, at least 9794, at least 28%, at least 99%, at least or
100% identity thereto. In some embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ ID NO: 91, or a sequence with at least 85%¢, at least 86%, at least

87%, at least 88%, at least 89%, at least 90%, at least 1%, at least 92%, at feast 93%, at least
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4%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100%
identity thereto.

{0109 In some embodiments, a methanogen antigen comprises an antigen sequence encoded
by a nuclectide sequence provided in SEQ ID NO: 94, or a sequence with at least 83%, at east
80%, at least 87%%, at least 88%, at least 89%, at feast 90%, at least 91%, at least 92%, at ieast
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at ieast or
100% 1dentity thereto. In some embodiments, a methanogen antigen comprises an antigen
sequence provided in SEQ 1D NO: 93, or a sequence with at least 85%, at least 86%, at least
87%, at least 8R%%, at least 89%, at least 90%, at least 9194, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at feast 98%, at least 99%, at least or 100%
identity thereto.

{0116} In some embodiments, a methanogen antigen comprises a pili protein or fragment or
variant thereof.

{0111} In some embodiments, a methanogen antigen comprises a flagellin protein or
fragment or variant thereof.

{8112} In some embodiments, a polynucleotide comprises at least 2, at least 3, at feast 4, at
feast 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 11, atleast 12, at least 13, at
feast 14, at least 15, at least 16, at least 17, at least 18, at least 19, at least 20, at least 21, at least
22, at least 23, at least 24, ai least 25, at least 26, ai least 27, at least 28, at least 29, at least 30, at
feast 35, at least 40, at least 45, at least S50, at least 55, at least 60, at least 65, at least 70, at least
75, at least 80, at least 85, at least 90, at least 95, at least 100 methanogen antigens.

{01134 In some embodiments, a polynucleotide comprises a signal peptide. In some
embodiments, a signal peptide has at [east 85%, at least 86%, at least 87%, at {east 88%, at least
89%, at least 90%, at least 91%6, at least 92%, at least 93%, at least 94%;, at least 95%, at ieast
96%, at least 97%, at least 98%, at least 99%, at least or 100% homology to an archaeal signal
peptide.

0114} In some embodiments, a polynucleotide comprises at least 85%, at least §6%, at least
&7%, at least 88%, at least 89Y%, at least 90%, at least ©1%, at least 92%, at least 93%, at least
G4%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100%

homology to a bacterial signal peptide.
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08115 In some embodiments, a methanogen antigen comprises an antigen sequence
¢ g p g2 {
provided in SEQ ID NOG: 97, or a sequence with at least 85%, at least 86%, at least 879, at least
88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at feast 96%%, at least 97%, at least 98%, at least 99%, at least or 100% identity thereto.
g8iis In some embodiments, a methanogen antigen comprises an antigen sequence
fad g i g g
provided in SEQ I3 NO: 98, or a sequence with at least 85%, at least 86%, at least 7%, at ieast
B8%, at least 899, at least 90%, at least 91%, at least 92%, at least 93%, at feast 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 160% identity thereto.
{81171 In some embodiments, a methanogen antigen comprises an antigen sequence
provided in SEQ ID NO: 99, or a sequence with at least 85%, at least 86%, at least 7%, at least
88%, at least §9%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%. at least
95%, at teast 96%, at least 97%, at least 98%, at east 99%, at least or 100% identity thereto.
8118} In some embodiments, a methanogen antigen comprises an antigen sequence
provided in SEQ D NO: 100, or a sequence with at least 85%%, at least 36%, at least §7%, at least
88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%;, at least 94%, at least
5%, at least 96%, at least 97%, at least 98%%, at least 99%, at least or 100% identity thereto.
> > &
{6119} In some embodiments, a methanogen antigen comprises an antigen sequence
provided in SEQ ID NG: 101, or a sequence with at least 85%, at least 86%, at least §7%, at least
88%, at least 89%, at least 90%, at least 91%, at feast 92%, ai least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100% identity thereto.
0129 In some embodiments, 4 methanogen antigen comprises an antigen sequence
g g P g q
provided in SEQ 1D NG: 102, or a sequence with at least 85%, at least 6%, at least 87%, at least
&8%, at least 89%%, at least 90%, at least 91%, at feast 92%, at least 93%, at least 9490, at feast
5%, at feast 96%, at least 97%, at least 98%, at least 99%, at least or 100% identity thereto.
{0121} In some embodiments, a methanogen antigen COMprises an antigen sequence
provided in SE(Q 1D NO: 103, or a sequence with at least 85%, at least 86%, at east 87%, at least
88%, at least B9%, at least 90%, at least 91%, at feast 92%%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at feast 99%, at least or 100% identity thereto.
0122 In some embodimenis, a methanogen antigen comprises an antigen sequence
. 2 g p B q

provided in SEQ 1D NO: 104, or a sequence with at least 85%, at least 86%, at least 87%, at least
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&8%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at feast 96%, at least 97%, at lcast 98%, at least 99%, at least or 100% identity thereto.
3123 In some embodiments, a methanogen antigen comprises an antigen sequence
2 g i g q
provided in SEQ ID NO: 105, or a sequence with at least 853%, at least 86%, at least 87%, at least
88%, at least 89%%, at least 90%, at least 91%, at feast 92%, at least 93%, at least 94%, at east
95%, at feast 96%, at least 97%, at least 98%, at least 99%, at least or 100% identity thereto.
0124 In some embodiments, 3 methanogen antigen comprises an astigen sequence
provided 1n SEQ 1D NG: 106, or a sequence with at least 85%, at least 86%, at least 87%, at least
88%, at least 89%, at least 90%, at least 1%, at least 92%%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100% identity thereto.
$125 In some embodimenis, 3 methanogen antigen comprises an antigen sequence
2} g p g }
provided in SEQ [ NO: 107, or a sequence with at least 85%, at least 86%, at least 87%, at least
88%, at least 89%%, at least 90%, at least 1%, at least 92%, at least 93%, at least 94%, at least
5%, at feast 96%, at least 97%, at least 98%, at least 99%, at least or 100% identity thereto.
4126 In some embodiments, a methanogen antigen comprises an antigen sequence
. <3 8 P & q
provided in SEQ I NO: 108, or a sequence with at least 85%, at least 86%, at least 87%, at least
88%, at least 89%, at least 90%, at least 91%, at east 92%, at least 93%, at feast 94%;, at least
95%, at feast 96%%, at least 97%, at least 98%, at least 99%, at least or 100% identity thereto.
4127 In some embodimentis, a methanogen antigen comprises an antigen sequence
¢ g P I3 {
provided in SEQ ID NO: 109, or a sequence with at least 85%, at least 86%, at least 87%, at least
BR%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at feast 96%, at least 97%, at least 98%, at least 99%, at least or 100% identity thereto.
0128 In some embodiments, a methanogen antigen comprises an antigen sequencs
! g ! g g
provided in SEQ ID NO: 110, or a sequence with at least 5%, at least 86%, at least 87%, at least
38%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%. at least
95%;, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100% identity thereto.
18129} In some embodiments, a methanogen antigen comprises an antigen sequence
provided in SEQ ID NO: 111, or 2 sequence with at least 85%, at [east 86%, at least 87%, at least
88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 3%, at least 94%, at least

9S%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100% identity thereto.
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{6138 {n some embodiments, a methanogen antigen comprises an antigen sequence
provided in SEQ ID NO: 112, or a sequence with at least 85%, at least 86%, at lcast 87%, at least
88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at feast 96%%, at least 97%, at least 98%, at least 99%, at least or 100% identity thereto.
10131} In some embodiments, a methanogen antigen comprises an antigen sequence
provided in SEQ I3 NO: 113, or a sequence with at least 5%, at [east 86%, at least 87%, at least
B8%, at least 899, at least 90%, at least 91%, at least 92%, at least 93%, at feast 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 160% identity thereto.
{61321 In some embodiments, a methanogen antigen comprises an antigen sequence
provided in SEQ ID MO 114, or a sequence with at least 85%, at least 36%, at least 87%, at least
88%, at least §9%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%. at least
95%, at teast 96%, at least 97%, at least 98%, at east 99%, at least or 100% identity thereto.
18133} In some embodiments, a methanogen antigen comprises an antigen sequence
provided in SEQ D NO: 115, or a sequence with at least 85%%, at least 36%, at least §7%, at least
88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%;, at least 94%, at least
5%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100% 1dentity thereto.
{6134} In some embodiments, a methanogen antigen comprises an antigen sequence
provided in SEQ D NG: 116, or a sequence with at least 85%, at least 86%, at least 87%, at least
88%, at least 89%, at least 90%, at least 91%, at feast 92%, ai least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100% identity thereto.
{8135} In some embodiments, s methanogen antigen comprises an antigen sequence
provided in SEQ 1D NG: 117, or a sequence with at least 85%, at least 6%, at least 87%, at least
&8%, at least 89%%, at least 90%, at least 91%, at feast 92%, at least 93%, at least 9490, at feast
5%, at feast 96%, at least 97%, at least 98%, at least 99%, at least or 100% identity thereto.
{0136} In some embodiments, a methanogen antigen COMprises an antigen sequence
provided in SE( 1D NO: 118, or a sequence with at least 85%, at least 86%, at east 87%, at least
88%, at least B9%, at least 90%, at least 91%, at feast 92%%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at feast 99%, at least or 100% identity thereto.
{6137} In some embodimenis, a methanogen antigen comprises an antigen sequence

provided in SEQ 1D NO: 119, or a sequence with at least 85%, at least 86%, at least 87%, at least
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&8%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at feast 96%, at least 97%, at lcast 98%, at least 99%, at least or 100% identity thereto.
3138 In some embodiments, a methanogen antigen comprises an antigen sequence

fan) O el
provided in SEQ ID NO: {20, or a sequence with at least 853%, at least 86%, at least 87%, at least
88%, at least 89%%, at least 90%, at least 91%, at feast 92%, at least 93%, at least 94%, at east
95%, at feast 96%, at least 97%, at least 98%, at least 99%, at least or 100% identity thereto.
3139 In some embodiments, 3 methanogen antigen comprises an astigen sequence
provided 1n SEQ 1D NG: 121, or a sequence with at least 85%, at least 86%, at least 87%, at least
88%, at least 89%, at least 90%, at least 1%, at least 92%%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100% identity thereto.
06140 In some embodimenis, 3 methanogen antigen comprises an antigen sequence

p=4 D
provided in SEQ [ NO: 122, or a sequence with at least 85%, at least 86%, at least 87%, at least

88%, at least 89%%, at least 90%, at least 1%, at least 92%, at least 93%, at least 94%, at least

5%, at feast 96%, at least 97%, at least 98%, at least 99%, at least or 100% identity thereto.
{0141} {n some embodiments, a signal peptide is or comprises a PPAZ2 signal peptide, ora
fragment or variant thereof.

{6142 In some embodiments, signal peptide is or comprises an SSP signal peptide, or a
fragment or variant thereof.

[6143) In some embodimenis, a signal peptide is or comprises a SARS-CoV-2 Spike
secretion signal, or a fragment or variant thereof

[0144] In some embodiments, a signal peptide i3 situated at the N terminal of the ruminal-
associated antigen sequence.

{8145} In some embodiments, a polynuclectide comprises: (1) a first nucleotide sequence
enceding one or more ruminal antigens, and (i1} a second nucleotide sequence encoding one or
more methanogen antigens.

{0146} In some embodiments, a polynucleotide comprises: (i} a first nucleotide sequence
encoding one or more ruminal antigens, (i1} a second nucleotide sequence encoding one or more
methanogen antigens; and (iit) a third nucleotide sequence encoding a chemokine and/or

cytokine.
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{0147} {n some embodiments, a polynuclestide comprises: (i) a first nucleotide sequence
encoding one or more ruminal antigens, (i1) a second nucleotide sequence encoding a chemokine
and/or cytokine.

[0148] In some embodiments, a polynucleotide comprises: (i) a first nucleotide sequence
encoding one or more methanogen antigens; and (i) a second nucleotide sequence encoding a
chemokine and/or cytokine.

{8149} In some embodiments, s polynucieotide comprises a nucleotide encoding a
chemokine and/or a cytokine. In some embodiments, a chemokine and/or cytokine are chosen
from APRIL, VIP and/or CXCL10.

[0150] {n some embodimenis, a polynuclestide comprises a sequence encoding a chemokine
or cytokine provided in SEQ ID NO: 10 or a sequence having at teast 85%, at least 86%, at least
B7%, at least 88%%, at least 89%, at least 90%, at feast 91%, at least 92%, at feast 93%, at least
4%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100%
identity theveto.

{0151 {n some embodiments, a polynucleotide comprises a chemokine or cytokine
nucleotide sequence provided in SEQ 1D NO: 9 or a sequence having at feast 85%, at least 86%,
at least 87%, at least 88%, at Jeast 89%, at least 90%, at least 91%, at least 92%, at least 93%, at
teast 94%, at least 95%, at least 96%, at least 97%, at least 9894, at least 99%, at least or 100%
identity thereto,

{01583} In some embodiments, a polynucleotide comprises a sequence encoding a chemokine
or ¢ytokine provided in SEQ 1D NO: 12 or a sequence having ai feast 85%, at least 86%, at least
87%, at least 88%, at least 9%, at least 90%, at least 91%, at least 2%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at feast 98%, ai least 99%, at least or 100%
identity thereto.

{8153} In some embodiments, a polynucleotide comprises a chemokine or cytokine
nucleotide sequence provided in SEQ 1D NG: 11 or 2 sequence having at least 85%, at least
86%, at least 87%%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
3%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, at least or
100% 1dentity thereto.

[0154] In some embodiments, a polyuucleotide comprises a sequence encoding a chemokine

or cytokine provided in SEQ D NO: 14 or a sequence having at least 83%, at least 86%, at least
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&7%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
94%, at least 5%, at least 96%, at least 97%, at least 98%, at least 99%, at least or 100%
identity thereto.

[01585] In some embodiments, a polynucleotide comprises a chemokine or cytokine
nucleotide sequence provided in SEQ ID NG: 13 or a sequence having at least 85%, at least
6%, at least 87%, at least 88%%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at least 94%, at least 959, at teast 96%, at least 97%, at least 98%%, at feast 99%, at least or
100% identity thereto.

{0186} In some embodiments, a nucleotide sequence encoding one or more ruminal antigens
comprises at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least &, at least 9, or at
feast 10 ruminal antigens.

10187] In some embodiments, a nucleotide sequence encoding one or more methanogen
antigens comprises at least 2, at least 3, atleast 4, at least 5, at least 6, at least 7, at least &, at
least 9, or at least 10 methanogen antigens.

{0158] {n some embodiments, a first nucleotide sequence, a second nucleotide sequence
and/or a third nucleotide sequence are situated on one polynucleotide,

{3159 In some embodiments, a first nucleotide sequence, a second nucleotide sequence
and/or a third nucleotide sequence are situated on different polynucleotides.

{6168 In some embodimenis, one or more ruminal antigens and/or one or more methanogen
antigens are each situated on a separate nucleotide sequence.

[B161] In some embodiments, a polynucleotide comprises at least 2 methanogen antigens and
the at least 2 methanogen antigens are situated on separate nucleotide sequences.

{0162} In some embodiments, a polynuclectide comprises at feast 3 methanogen antigens and
the at least 3 methanogen antigens are situated on separate nucleotide sequences.

[0163) In some embodiments, a polynucleotide comprises at least 4 methanogen antigens and
the at least 4 methanogen antigens are situated on separate nuclectide sequences.

0164} In some embodiments, a polynucleotide comprises at feast S methanogen antigens and
the at {east 5 methanogen antigens are situated on separate nucleotide sequences.

{6165] {n some embodimentis, a polynucleotide comprises at least 6 methanogen antigens and

the at least 6 methanogen antigens are situated on separate nucleotide sequences.
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{0166} {n some embodiments, a polynuclestide comprises at least 7 methanogen antigens and
the at least 7 methanogen antigens are situated on separate nucleotide sequences.

{01674 In some embodiments, a polynucleotide comprises at least & methanogen antigens and
the at {east 8 methanogen antigens are situated on separate nucleotide sequences.

{0168} In some embodiments, a polynucleotide comprises at feast 9 methanogen antigens and
the at {east 9 methanogen antigens are situated on separate nucleotide sequences.

{8169} In some embodiments, s polynucteotide comprises at least 10 methanogen antigens
and the ai least 10 methanogen antigens are situated on separate nucleotide sequences.

{61761 In some embodiments, one or more ruminal antigens and/or one or more methanogen
antigens are situated on the same nucleotide sequence.

{0171} In some embodiments, a polynucleotide comprises a transmembrane domain.

10172} In some embodiments, a polynucleotide further comprises a complement C3d-binding
polypeptide from an immunoglobulin-binding protein (Sbi) of Staphylococcus anreus. In some
embodiments, a complement C3d-binding polypeptide is or comprises one or both of domain ii
and domain 1V of the Shi of Staphylococcus aureus, or a functional fragment or a variant thereof.
{8173} In some embodiments, s polynucleotide is or comprises DNA.

{8174} In some embodiments, a polynucleotide is or comprises RNA. In some embodiments,
a RNA comprises a 57 cap. In some embodiments, a RNA comprises a polvA tail.

[0175] In some embodimenis, a polynuclectide sequence comprises one or more
ribonucleotides comprising a macleoside comprising an acetyl group, wherein the nucleoside is

Né-acetyleytidine and the modified ribonucleotide has a structure of

OHOH

wherein R is a 8" monophosphate, a 5’ diphosphate, or a 8 iriphosphate.
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{0176} In some embodiments, a polyribonucleotide further comprises one or more moditied
sibonucleotides other than N4-acetyleytidine, optionally wherein the nucleoside is chosen from:
an adenosine, an inosine, a guancsine, a cytidine or a uridine, or any combination thereof.

{0177} In some embodiments, a nucleoside of the one or more modified ribonuclectides is 5-

hydroxymethyluridine, and the modified ribonucieotide has a structure of

OR OR
wherein R is a §&” monophosphate, a 5 diphosphate, or a 5 triphosphate.
[8178] In some embodiments, a polynucleotide sequence comprises one or more
ribonuclectides comprising a nuclegside comprising a hydroxymethyl group, wherein the

nucleoside is 5-hydroxymethyluridioe and the modified ribonucleotide has a structure of

O OR

wherein R is a & monophosphate, a 5 diphosphate, or a §° triphosphate.

{0179} In some embodiments, a polyribonucleotide further comprises one or more modified
ribonucleotides other than S-hydroxymethyluridine wherein the one or more modified
ribonucleotides comprises a nucleoside chosen from: an adenosine, an inosine, a guanosine, a

cytiding or a uridine, or any combination thereof.
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{6188 {n some embodiments, a nuclesside of the one or more modified ribonucleotides is

N4-acetyleytidine and the modified ribonucleotide has a structure of

wherein R is a 5" monophosphate, a 5° diphosphate, or a 57 yriphosphate.

{6181} Also provided herein is a polypeptide encoded by a polynuclectide disclosed herein.
{8183} This disclosure further provides a composition comprising one or more
polyribonuclectides disclosed hergin or a polypeptide disclosed herein.

{0183} In some embodiments, a composition comprises a plurality of polyribonucleotides
disclosed herein. In some embodiments, each of the plurality of polyribonucleotides comprises
one or more methanogen antigens. In some embodiments, each of the plurality of
polyribonucleotides encodes a different methanogen antigen. In some ernbodirents, each of the
plurality of polyribonuclectides encodes the same methanogen antigen.

{0184} In some embodiments of a composition comprising a plurality of polyribonucleotides,
the plurality of polyribonucleotides comprises a mixture of polysibonucleotides, e.g., a pottion
that encodes the same methanogen antigen and a portion that encodes a different methanogen
antigen.

{0185} In some embodiments, a composition disclosed herein comprises one or more
polynucicotides comprising one or more ruminal-associated antigens, ¢.g., methanogen antigens.
in some embodiments, a composition {e.2., a multi-component compaosition, £.2., a mulii-
component vaccine composition) comprises a plurality of polynucleotides {e.g., a plurality of
RNA} each comprising an antigen. In some embodiments, a composition {e.g., a multi-
component composition, a raulti-component vaccine composition) comprises a plurality of
polynucleotides (e.g., a plurality of RNA) each comprising one or more antigens {(e.g., the same

or different antigens).
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{¢186] {n some embodiments, a composition {&.g., a multi-component composition, e g., a
multi-component vaceine composition), comprising a plurality of polynucleotides comprises
about 1% of a first polynucieoctide and about 99% of one or more additional polynuclectides. In
some embodiments, a composition {e.g., a multi-component compaosition, e.g., a multi-
component vaceine composition), comprising a plurality of polynuclectides coraprises about 5%
of a first pelynuclectide and about 95% of one or more additional polynucleotides. In some
embodiments, a composition {e.g., 2 muiti-component composition, e g., a multi-component
vaccine composition), comprising a plurality of polynucleotides comprises about 10% of a first
polynucleotide and about 30% of one or more additional polynuclectides. In some embodiments,
a composition {e.g., a multi-component composition, e.g., a mulii-component vaccing
composition), comprising a plurality of polynucleotides comprises about 20% of a first
polynuclectide and about 80% of one or more additional polynucteotides. In some embodiments,
a composition (g.g., a multi-component composition, e.g., a multi-component vaccine
compaosttion), comprising 4 plurality of polynuciectides corprises about 30% of a first
polynucleotide and about 70% of one or more additional polynucleotides. In some embodiments,
a composition {e.g., a multi-component composition, e.g., a multi-component vaceine
composition), comprising a plurality of polynucleotides comprises about 40% of a first
polynucieotide and about 60% of one or more additional polynucleatides. In some embodiments,
a composition {e.g., a multi-component composition, e.g., a multi-component vaccing
composition), comprising a plurality of polynucleotides comprises about 50% of a first
polynucleotide and about 50% of one or more additional polynucleotides. In some embodiments,
a composition (e.g., a multi-component composition, e.g., a multi-component vaccine
composition), comprising a plurality of polynuclectides comprises about 60% of a first
polynucieotide and about 40% of one or more additional polynucleotides. In some embodiments,
a composition {(e.¢., a mulit-component composition, .g., a multi-component vaccing
composition}, comprising a plurality of polynuclecotides comprises about 70% of a first
polynucieotide and about 30% of one or more additional polvnucleotides. In some embodiments,
a composition {e.g., a multi-component composition, e.g., 3 multi-component vaccing
composition), comprising a plurality of polynuclectides comprises about 80%% of a first
polynucieotide and about 20% of one or more additional polynucleotides. In some embodiments,

a composition {e.g., a multi-component composition, e.g., a multi-component vaccine
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composition), comprising a plurality of polynucleotides comprises about 90% of a first
polynucleotide and about 10% of one or more additional polynucleotides. In some embodiments,
a composition {e.g., a multi-component composition, e.g., a multi-component vaccine
composition}, comprising a plurality of polynuclectides comprises about 99% of a first
polynucieotide and about 1% of one or ruore additional polynucleotides.

{0187} In some embodiments, a compesition {e.g., a multi-component composition, 2., a
multi-component vaccine cormposition), comprising a phurality of polynucleotides comprises
about 33% of a first polynucleotide, about 33% of a second polynuclectides and about 33% of 2
third polynucleotide.

[0188] In some embodiments, a composition is a pharmaceutical composition,

{0189} In some embodiments, a composition 18 an immunoegenic composition,

10199] In some embodiments, 8 composition is a vaccine composition.

0191} In some embodiments, a composition is formulated for delivery with a carrier. In
some embodients, a carrier is a liptd nanoparticle, a cationic lipid, a polyweric particle.

{6192} {n some embodiments, a composition is formulated for delivery without a carrier.
{8193} This disclosure provides, a method comprising administering a composition disclosed
herein, to a cell, tissue or animal, e.g., a ruminant.

[0194] In some embodiments, a method is a vaccination method.

[0195] In some embodiments, an animal is 3 raminant, e.g., cattle, sheep, goats, buffalo,
moose, antelope, caribou, or deer.

{0194} In some embodiments, an animal is a domestic animal,

{01974 In some embodiments, a vaccing reduces methane emissions from an animal as
compared {0 an animal not administered a vaccine or administered a different vaccine.

{6198} In some embodiments, a composition is characterized in that administration of a
composition to an animal reduces methane emissions from an animal as compared to an
otherwise comparable animal not administered the composition or administered a ditferent
composition. In some embodiments, a reduction in methane emissions is at least 5%, at least
10%, at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at least
&0%, or at least 90% as compared to an otherwise comparable animal not administered the

composition or administered a different composition.
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{6199} {n some embodiments, a composition is characterized in that administration of the
composition to the animal reduces a population of micreorganisms in the animal, as compared to
an otherwise comparable animal not administered the composition or administered a different
composition. In some embodiments, microorganisms are methanogens. In some embodiments,
methanogen comprises a methanogen from one or more of the following clades:
Methanobrevibacter, Methanosphaera, Methanobacterium, Methanosarcinales,
Methanomicrobiales, Methunothermobacter, Candidatus Methanomethylophilus,
Thermoplasmaiales.

0200} In some embodiments, a methanogen comprises Methanobrevibacter ruminantinm,
Methanobrevibacter smithii, Methanobrevibacter oralis, Methanomicrobium mobile,
Methanobrevibacter wolinit, Methanobrevibacter arboriphilus, Methanobrevibacter boviskoreani,
Methanosphaera stadtmanae, Methanosarcina mazel, Methanobrevibacter thaueri,
Methanobrevibacter sp. UBA188, Methanosarcina soligelidi, Methanothermobacter
thermautotrophicus, Methanococcus agolicus, Methancaldoococcus jannaschii, Methanococcus
voltae, Methanococcus vannielii, Methanoceccus maripaludis, Methanopyrus kandleri,
Methanocorpusculum fabreanum, Methanococcoides burtonit, Methanosaete thetmophilia,
Methanoregula boonei, Methanosphaerula palustris, Methanoculleus marisnign,
Methanospiriilim hungatei, Mathanosarcina acetivorans, or any combination thereof,

jozai} In some embodimenis, a composition is characterized in that administration of the
composition to the animal increases a growth raie of the animal as compared to the growth rate
of an otherwise comparable animal not administered the composition or administered a different
composition. In some embodiments, an increase in growth rate comprises a daily increase in
weight of the antmal, optionally wherein the daily increase in weight of the animal is an increase
of at least 5%, at least 10%, at least 20%, at ieast 30%, at least 40%, at least 50%, at least 60%,
at least 70%, at least 80%, or at least 90% of weight as compared to an otherwise comparable
animal not administered the composition or admintstered a different composition.

0202} In some embodiments, a method disclosed herein comprises administering one dose
of the vaccine composition (o the animal.

{6203} {n some embodiments, a method disclosed herein comprises administering a plurality

of doses of the vaccine composition to the animal.
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{0204] In some embodiments, an animal is administered a first dose of the composition
followed by one or more subsequent doses of the compaosition.

6205} In some embodiments, a first dose and the one or more subsequent doses of the
composition comprise the same methanogen antigens and/or ruminal antigens.

{0206} In some embodiments, a first dose and the one or ruore subsequent doses of the
composition comprise different methanogen antigens and/or ruminal antigens.

{8207} In some embodiments, a composition 15 administered 1, 2,3,4,5,6,7, 8,9, 10, 20 or
30 times to an apimal.

{0208} In some embodiments, a composition is administered once every 1 week, 2 weeks, 3
weeks, T month, 2 months, 3 months, 4 months, 5 months or 6 months.

{0209} In some embodiments, a composition 18 administered in combination with one or
more additional agenis.

102194 In some embodiments, a one or more additional agents comprises a chemical additive,
a biological feed additive.

{6211} {n some embodiments, a composition 1s administered in combination with one or
more additional compositions.

{92124 In some embodiments, an additional composition immunizes ap animal from a
disease, e g., an infecticus disease.

{0213} Also disclosed herein is a composition comprising an isolated polynucleotide
disclosed herein, or a pharmaceutical composition disclosed herein, for use in administration to
{c.g, vaccination of) an antmal,

{02144 This disclosure also provides use of a composition comprising an isolated
polynucleotide disclosed herein, or a pharmaceutical composttion disclosed herein, in the
preparation of a medicament for administration to {e.g., vaccination of) an animal.

{0215} In some embodiments of any of the composition for use, or use disclosed herein an
isolated polynuclectide or pharmaceutical composition is administered to the animal,

0216} In some embediments of any of the composition for use, or use disclosed herein
administration of the isolated polynucleotide or pharmaceutical composition resuits it

{6217} (i} reduced methane emissions;

{5218} {ii) reduced abundance of one or more microorganisms (e.g., methanogens) in a

digestive tract of the animal; and/or
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{0219} (iii} increased growth rate of the animal,

{0220} as compared to an otherwise comparable animal not administered the
composition, or administered a different composition.

0221} In some embodiments of any of the composition for use, or use disclosed herein the
anirgal 1s a ruminant or a domesiic animal.

{0222} In some embodiments of any of the composition for use, or use disclosed herein a
methanogen comprises Methanobrevibacter ruminantium, Methanobrevibacter smithii,
Methanobrevibacter oralis, Methanomicrobium mobile, Methancbrevibacter wolinii,
Methanobrevibacter arboriphilus, Methanobrevibacter boviskorean:, Methanosphaera
stadtmanae, Methanosarcina mazei, Methanobrevibacter thauveri, Methancbrevibacter sp.
UBA188, Methanosarcina soligelidi, Methanothermobacter thermautotrophicus, Methanococcus
aeolicus, Methancaldoococcus jannaschii, Methanococcus voltae, Methanccoccus vannielii,
Methanococcus maripaludis, Methanopyrus kandleri, Methanocorpusculum labreanum,
Methanococcoides burtonit, Methaunosaete thermophilia, Methanoregula boouet,
Methanosphaerula palustris, Methancculleus marnisnigri, Methanospirillim hungatet,

Mathanosarcing acetivorans, or any combination thereof,

BRIEF DESCRIPTION OF THE DRAWINGS
{0223} FIGS. 1A-1B describe antigen-specific IgG titers from serum, for an exemplary
multi-component RNA vaccine formulation. Experimental groups comprised of calves receiving
1 Dose (Day 20, n=3), 2 Dose (Day 20 & 34, n=5}, or no dose/untreated (UTD, n=5) of the
exerplary RNA vaccine formulation: 0.5 mg total of 0% OVA HNadj (85% HNmodl,
wherein HNmod1 corresponds to AcdC and 50% mrul499 HNadj {85% HNmod1). Serum was
collected at Day 20, 34, and 90. ELISAs were run for each antigen of the multi-component
vaceine, respectively (OV A, mru1499). Geometric mean reciprocal titers are provided for 1 Daose
and 2 Dose groups, for each fimepoint, and for cach timepoint to measure OVA-IgG (FIG. 14)
and mrul499-1gG (FIG. 1B) respouse to the exemplary RNA vaceine in cattle. FIG. 2 describes
normalized relative abundance of methanogen species in rumen fluid, for an exemplary multi-
component RNA vaccine formulation. Experimental groups coraprised of calves receiving |

Dose (Day 20, n=5), 2 Dose (Day 20 & 34, n=5), or no dose/untreated (UTD, n=5) of the
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exemplary RNA vaccine fornmulation: ¢.5 mg total of 50% OVA_HNadj {85% HNmod1) and
$0% mrul499 HNadj (85% HNmod1). Rumen fluid was collected at Day 0, 20, 34, and 90.
Samples were sequenced, resulting in relative abundance measurements of methanogen
MMethanobrevibacter (Mbb.) ruminantinm M1 for 1 Dose and 2 Dose groups, for each timepoint
in response to the exemplary RNA vaccioe in cattle. Each timepoint value ts a delta from that
group’s Bay O value. The y-axis is normalized to 1.0 with the cohort's average pre-study
M1/Archaea.

{02254 FIGS. 3A-38 describe normalized relative abundance of methanogen and archaeal
species in rumen fluid, for exemplary RNA vaccine formulations targeting methanogen proteins
and with various secretion signals. Experimental groups comprised of calf groups (n=4}
receiving prime/boost doses of the specified RNA vaccine formwulations (0.5 mg, 100%
HNmod1). Rumen fhuid was collected at Day 0, 20, 34, and 90, and processed into a pellet.
Samples were sequenced, resulting in relative abundance measurements of methanogen
Methanobrevibacter (Mbb.) ruminandium M1 (FIG., 3A) and total Archaea (FIG. 3B) for each
formulation group in response to the exemplary RNA vaccine in cattle. Each timepoint value is a
delia from that group’s Day 0 value. The v-axis is normalized to 1.0 with the cohort's average
pre-study M1/Archaea.

0226} FIG. 4 describes normalized relative abundance of methanogen and archaeal species
in rumen fluid, for exemplary RNA vaccine formulations with cviokines and with double chem
mods (HNmod /HNmod2, wherein HNMod 1 corresponds to AcdC and HNMOD2 corresponds
to ShmU). Experimental groups comprised of calf groups (n=4) receiving privac/boost doses of
the specified RNA vaccine formulations (0.5 mg; respective composition described in Figure).
Experimental setup is similar to FIG 3; however, RNA vaccine formulations include cyiokine
and double chem mod (HNmod1/HNmod2} features. Note n=1 for F8.

{9227} FiG. 5 describes methane emissions per feed intake, for exemplary RNA vaccine
formulations targeting methanogen proteins and with vanious secretion signals. Experimental
groups comprised of calf groups (n=4) receiving prime/boost doses of specified RNA vaccine
formulations (0.5 mg, 100% HNmod1; respective composition described in Figure). Enteric
methane emissions were measured by animal, as average daily CH4 (g/d} per total daily feed

wntake (Ibs/d)y, and then averaged across an 8-day measurement timeframe.
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{0228} FI1G. 6 describes methane emissions per feed intake, for exemplary RNA vaccine
formulations with cytokines and with single chem mods (HNmod 1) or double chem mods
{HNmwodl, HNmod2). Experimental groups comprised of calf groups (n=4) receiving
prime/boost doses of specified RNA vaccine formulations (0.5 mg; respective composition
described tn Figure). Experunerdal setup is stmilar to FEG. §; however, RNA vaccine
formulations include cytokine features. Note n=3 for group FS and n=2 for group F7, due to calf
non-adherence to GreenFeed Systems.

1092291 FIGS. 7A-78 describe normalized relative abundance of all archasal species in
rumen fluid, for exemplary multi-component RNA vaccine formulations targeting multiple
methanogen proteins. Experimental groups comprised of calf groups {n=10) receiving three
doses of specified RNA vaccine formulations (0.55 mg, 100% Hamod1; respective composition
described in Table 3} Rumen fluid was collected at Day 90, 109 and 122, and processed into a
pellet, in which Day 90 represents a pre-injection (prior to the third injection) sample ("PRE”,
14 days prior to boost), Day 109 represents a S-day post-injection {after the third injection)
sample (“+3d POST”), and Day 122 represents an 18-day post-injection {after the third injection)
sampie (“+18d POST”). In this study, rurnen collections were not taken after the first and second
jections |, to minimize disturbance to the rumen biome. Samples were sequenced, resuliing in
relative abundance measurements (e.g., % of total sequence population) for all bacterial and
archaeal species in response to RNA vaccine formulations CNT(OVA)Y and F3. The bacterial and
archaeal species tested included M. wolinii, M. stadimanae, M. oralis, M. smithii, and M
ruminantivm. FIG. 7TA shows the relative abundance levels of all archacal species identified at
time points PRE, +5-d POST and +18-d POST. The “Other” category comprises of species with
a relative abundance of <0.01%, and include M. mazei, M. soligelidi, M. arboriphilus,
Thermoplasmatales sp., M. formicicum, M. boviskoreani, M. mobile, Methanothermobacter sp.,
Candidatus Methanomethviophilus atvus. and Nitrososphaera sp. FIG. 7B shows the % change
of each archaeal species relative to the PRE timepoint and normalized to the CNT(OVA).

8230} FIGS. 8A-8B descrnibe raw methane emissions and methane emissions per feed
intake, for exemplary multi-component RNA vaccine formulations targeting multiple
Methanogen proteins. Experimental groups comprised of calf groups (n=10) receiving
prime/boost doses of specified RNA vaccine formulations (0.55 mg, 100% Humod1; respective

composition described in Table 3). Enteric methane emissions were measured by animal, as
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average daily CH4 (g/d} per total daily feed intake (Ibs/d), and then averaged across a 14-day
timeframe post prime injection, T1 (D0 — B14), and the pre-injection baseline, T0 (D-8 - D-2).
Percent Delta Methane (FEG. 8A ) and Methane/Intake (FIG, 8B) are determined by dividing raw
methane or methane/intake values of the later timeframe (T1}) by that of the baseline (T0), and
then normvalized by measuring the difference o this percentage for each treatment group versus
that of the control group (CNT-OVA). Error bars reflect standard error.

{0231} FIG. 9 describes growth efficiency measurements for exemplary RNA vaccine
formulations targeting Methanogen proteins and with various secretion signals, with cytokines,
and with single chem mods (HNmod 1) or double chem mods (HNmodl, HNmod2).
Experimental groups comprised of calf groups {(n=4) receiving prime/boost doses of specified
RNA vaccine formulations (0.5 mg; compositions correspond to these in Fig. 5 and 6). Average
Daily Gain (ADG, tb/day), a reflection of growth efficiency where a larger value reflects
increased efficiency, was calculated by determining the linear regression of weight
measurements between time periods. Specifically, “Pre-Iniection Baseling” is the average weight
gained per day from D-32 10 DO {e g, 32-day period pre-injection), “D0-D20” is the average
weight gained per day from D0 to D20 {e.g., 20-day period post primoe injection), and “D20-
90" 18 the average weight gained per day from 320 to D90 {e. g., 70-day period post boost
injection). Delta ADG represents the difference between ADG at a specified timeframe and the
Pre-Injection Baseline per treatment group, and is normalized by then finding the difference in
this delta and that of the control group (UTD}. Not displayed is vaccine condition F8 {(n=1},
which bad & ADG change of +1.70 h/day at D20 and +0 91 b/day at D90

82324 FIGS. 10A-10B describe growth efficiency measurements for exemplary multi-
component RNA vaccine formulations targeting multiple Methanogen proteins. Experimental
groups comprised of calf groups (n=10} receiving prime/boost doses of specified RNA vaccine
formulations (0.55 mg; 100% Hnmodl; respective composition described in Table 3). Average
Daily Gain (ADG, [b/day), a reflection of growth efficiency where a larger value reflects
increased efficiency, was calculated by determining the linear regression of weight
measurements between time petods (FIG. 104). Specifically, “Pre-Injection Baseline” s the
average weight gained per day from D-49 to DO (e.g., 50-day period pre-injection}, “D25” is the
average weight gained per day from DO to D25 (e.g. e.g.,, 25-day period post prime injection},

and “D90” is the average weight gained per day from D-25 to D90 (e.¢., 65-day period post
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boost injection). FIG. 188 shows Delta ADG in a pound per day unit (ib/d), representing the
difference between ADG at a specified timeframe and the Pre-Injection Baseline per treatment
group, then normalized by finding the ditference in this delta and that of the control group (CNT-
OVA). The right panel shows Delta ADG in a percentage unit (%), representing the ratio of the
fater time by the earlier time, then normalized by finding the difference 1u this percentage and

that of the control group (CNT-OVA}

CERTAIN DEFINITIONS
{0233} Abour or approximately: As used herein, the terms “about” and “approximately,”
when used herein in reference to a value, refers to a value that s similar, in coniext o the
referenced value. In general, those skilled in the art, familiar with the context, will appreciate the
relevant degree of variance encompassed by “about” or “approximately” in that context. For
example, in some embodiments, the term “about” or “approximately” may encompass a range of
values that within 25%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%,
7%, 6%, 5%, 4%, 3%, 2%, 1%, or less of the referred value.
{8234} Administering: As used herein, the term “administering” or “administration”
typically refers to administration of a composition t¢ an animatl 10 achieve delivery of an agent
that is, or is included in, the composition. Those of ordinary skill in the art will be aware of a
variety of routes that may, in appropriate circumstances, be utilized for administration to an
anmimal, e.g , a ruminant. In some embodiments, administration may involve only a single dose.
In some embodiments, administration may involve application of a fixed number of doses. In
some embodiments, administration may involve dosing that is intermittent (e.g., a plurality of
doses separated 1o tiroe) and/or periodic {e.g., individual doses separated by a common period of
time) dosing. In some embodiments, administration may involve continuous dosing {e.g.,
perfusion) for at feast a selected period of time.
{02351 Antigen: The term “antigen”, as used herein, refers to an agent that elicits an immune
response; and/or (it} an agent that binds to a T cell receptor (e.g., when presented by an MHC
molecule) or to an antibody. In some embodiments, an antigen glicits a humoral response {e.g.,
including production of antigen-specific antibodies); in some embodiments, an antigen elicits a
cetlular response {e.g., involving T-cells whose receptors specifically interact with the antigen).

In some embodiments, an antigen comprises at least one epitope of a target protein. In some
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embodiments, an epitope may be a linear epitope. In some embodiments, an epitope may be a
conformational epitope. In some embodiments, an antigen binds {0 an antibody and may or may
not induce a particular physiological response in an organism. In general, an antigen may be or
inciude any chemical entity such as, for example, a small molecule, a nucleic acid, a polypeptide,
a carbohydrate, a lipid, a polymer (in some embodiments other than a biclogic polymer {e.g.,
ciher than a nucleic acid or amino acid polymer} ete. i some embodiments, an antigen is or
comprises a polypeptide. In some embodiments, an antigen is or comprises a glycan. Those of
ordinary skill in the art will appreciate that, in general, an antigen may be provided in isolated or
pure form, or alternatively may be provided in crude form (e.g., together with other matenials, for
example in an extract such as a celtular extract or other relatively crude preparation of an
antigen-containing source}. In some embodiments, antigens utilized in accordance with the
present invention are provided in a crude form. In some embodiments, an antigen is a
recombinant antigen.

[0236] Delivery/confucting. As used uterchangeably herein, the term “delivery,”
“delivering,” or “contacting” refers to introduction of a fusicn polynuclectide (e g, as described
herein) or a fusion polypeptide (e.g., as described herein) into a target celi. A target cell can be
cultured ir vitro or ex vive or be present in an animal (in vive). Methods of introducing a fusion
polynucieotide {e.g , as described herein} or a fusion polypeptide (e.g., as described herein) into a
target cell can vary with in vifro, ex vivo, or in vivo applications. In some embodiments, a fusion
polynucieotide {e g, as described herein) or a fusion polypeptide (e.g., as described herein) can
be introduced into a target cell in a cell culture by in vifro transfection. In some embodiments, a
fusion polynucleotide (2.g., as described herein) or a fusion polypeptide (e.¢., as described
herein) can be introduced into a target cell via delivery vehicles (e g, nanoparticles, iposomes,
and/or complexation with a cell-penetrating agent}. In some embodiments, a fusion
polvnuclieotide {¢.g., as described herein) or a fusion polypeptide (¢ g., as described herein) can
be introduced inio a target cell in an animal by administering a fusion polynucleotide {e.g, as
described herein) or a fusion polypeptide {e.g., as described herein) to an animal.

{0237} Functional: As used herein, the term “functional” is used to refer to a form or
fragment of an entity that exhibits a particular property and/or activity.

[0238] Fragment: A “fragment” of a material or entity as described herein bas a structure

that includes a discrete portion of the whole, but lacks one or more moieties found in the whole.
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{n some embodiments, a fragment consists of such a discrete portion. In some embodiments, 2
fragment consists of or comprises a characteristic structural element or moiety found in the
whole. In some embodiments, a fragment comprises a polynuclectide fragment. In some
embodiments, a fragment comprises a polypeptide fragment. In some embodiments, a
polynucieotide fragraent or a polypeptide fragment comprises or consists of at least 3, 4, 5, 6, 7,
89,10, 11,12, 13, 14, 15, 16, 17. 18, 19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85,
90, 95, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 275, 300,
325,350,375, 400, 425, 450, 475, 500 or more monomeric units {e.g., residues) as found in the
whele polynucleotide or whole polypeptide. In some embedirments, a polynucleotide fragment
or a polypeptide fragment comprises or consists of at feast about 5%, 10%, 15%, 20%, 25%,
30%, 25%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 953%, 96%%, 97%,
98%, 99% or more of the monomeric units {e.g., residues) found in the whole polynucleotide or
whole polypeptide. The whole polypeptide or wheole polynucleotide may in some embodiments
be referred to as the “parent” of the polynucleotide fragmeunt or polypeptide fragment.

{06239} Methanogen: As used herein, a “methanogen” is a microorganisim that produces
methane. Tu sore embodirsents, a methanogen can inhabit a digestive tract of an animal and
participate in a fermentation process. In some embodiments, a methanogen 1s an organism that
conserves energy for ATP synthesis by producing methane gas. In some embodiments, a
methanogen can inhabit a digestive tract of a ruminant. In some embodiments, a methanogen
can inhabit a digestive tract of a non-ruminant. Exemplary methanogens are provided in Buan
NR. (2018} Imerg Top life Sci 2(4): pp. 629-646, the entire contenis of which are hercby
incorporated by reference. In some embodiments, a methanogen comprises: one or more
methanogens from oue or more of the following clades: Methanobrevibacter, Methanosphaers,
Methanobacterium, Methanosarcinales, Methanomicrobiales, Methanothermobacter,
Candidatus Methanomethviophilus, Thermoplasmaiales. In some embodiments, a methanogen
comprises: Methanobrevibacter ruminantium, Methanobrevibacter smithii, Methanobrevibacter
aralis, Methanomicrobivm mobile, Methanobrevibacter wolinii, Methanobrevibacier
arboriphilus, Methanobrevibacter boviskoreani, Methanosphaera stadimanae, Methanosarcing
mazei, Methanobrevibacter thaueri, Methanobrevibacter sp. UBAI88, Methanosarcing
saligelidi, Methanothermobacier thermondotrophicus, Methanococcus aeolicus,

Methancaldoococcus jannaschii, Methanococeuns voliae, Methanococcus vannielii,
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Methanococcus maripaludis, Methanopyrus kandleri, Methanocorpusculuns labrecnum,
Methanococcoides burtonii, Methanosaete thermophilia, Methanoregula hoonei,
Methanosphaervia palusivis, Methanocullens marisnigri, Methanospirillim hungatei,
Marhanosarcing acetivorans, or any combination thereof.

10249} Nucleic acid / Oligonucleotide /' Polymucleotide: As used herein, the terms “nuclete
actd” and “polynucieotide” and “oligonucleotide” are used interchangeably, and referto a
polyruer of 3 nucleotides or more. In some embodiments, a nucleic acid comprises DNA. In
some embodiments, a nucleic acid comprises RNA. In some embodiments, a nucleic acid
comprises messenger RNA {mRNA)}. In some embodiments, a nucleic acid is single stranded. In
some embodiments, a nucleic acid is doubie stranded. In some embodiments, a nucleic acid
comprises both single and double stranded portions. In some embodiments, a nucleic acid
comprises a backbone that comprises one or more phosphodiester linkages. In some
embodiments, a nucleic acid comprises a backbone that comprises both phosphodiester and non-
phosphodiester linkages. For example, in some embodiments, a nucleic acid may comprise a
backbone that comprises one or more phosphorothioate or 5'-N-phosphoramidite linkages and/or
one or more peptide bouds, e.g., as in a “peptide nucleic acid”. In some embodiments, a nucleic
acid comprises one of more, or all, natural residues {e.g., adenine, cytosine, deoxyadenosine,
deoxyeytidine, deoxyguanosine, deoxythymidine, guanine, thymine, uracil). In some
embodiments, a nucleic acid comprises on or more, or all, non-natural residues.  In some
embodiments, a non-natural residue comprises a nucleoside analog (e.g., 2-aminoadenosine, 2-
thiothymidine, inosine, pyirolo-pyrimidine, 3 -methyl adenosine, S-methyleytidine, C-S
propynyl-cytidine, C-5 propynyi-uridine, 2-aminoadenosine, C5-bromouridine, CS-fluorouridine,
Ch-todouridine, CS-propyunyl-uridine, C5 ~propynyl-cytidine, C5-methyleytidine, 2-
aminoadenosine, 7-deazaadenosing, 7-deazaguanosineg, 8-oxoadenosine, 8-oxoguanosine, 6-0-
methylgoanine, 2-thiccytidine, methylated bases, intercalated bases, and combinations thereof).
In some embodiments, a non-natural residue comprises one or more modified sugars (e.g., 2'-
fluororibose, ribose, 2'-deoxyribose, arabinose, and hexose) as compared to those in natural
residues. In some embodiments, a nucleic acid has a nuclectide sequence that encodes a
functional gene product such as an RNA or polypeptide. In some embediments, a nucleic acid
has a nucleotide sequence that comprises one or more introns. In some embodiments, a nucleic

actd may be prepared by 1solation from a natural scurce, enzymatic synthesis {e.g., by
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polymerization based on a complementary template, e.g., in vivo or in vitro, reproduciion in a
recombinant cell or system, or chemtcal synthesis. In some embodiments, a nucleic acid is at
feast 3,4, 5, 6,7, 8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 83, 90, 95, 100, 1
10, 120, 130, 140, 150, 160, 170, 180, 190, 20, 225, 250, 275, 300, 325, 350, 375, 400, 425, 450,
475, 500, 600, 700, 800, 900, 1000, 1500, 2000, 2500, 3000, 3500, 4000, 4500, 3000, 5500,
6000, 6300, 7000, 7500, BGG0, 8500, 9000, 9500, 10,000, 10,500, 11,000, 11,500, 12,000,
12,500, 13,000, 13,500, 14,000, 14,500, 15,000, 15,500, 16,000, 16,500, 17,000, 17,500, 18,000,
18,500, 19,000, 19,500, or 20,000 or more residues or pucleotides long. When a number of
nuclectides is used as an indication of size, e.g.. of a fusion polynucleotide, a certain number of
nucleotides refers to the number of nuclectides on a single strand, e.g., of a fusion
polynucieotide.

{02411 Polypeptide: The term “polypeptide”, as used herein, generally has its art-recognized
meaning of a polymer of at least three amino acids or more. Those of ordinary skill in the art will
appreciate that the term “polypeptide” is intended to be sufficiently general as to encompass not
only polypeptides having a complete sequence recited herein, but also to encompass
polypeptides that represent functional, biologically active, or characteristic fragments, portions
or domains {e.g., fragments, porticns, or domains retaining at least one activity) of such complete
polypeptides. Polypeptides may contain L-amino acids, D-amino acids, or both and may contain
any of a variety of amino acid modifications or analogs known in the art. Useful modifications
inciude, e.g., terminal acetylation, amidation, methylation, efc. In some embodiments,
polypeptides may comprise natural amino acids, non-natural amino acids, synthetic amino acids,
and combinations thereof.

{0242} Polyribonucleotide: As used heretn, the term “polyribonuclectide” refers to a polymer
of 3 ribonucleotides or more. In some embodiments, a polyribonucleotide is single stranded. In
some embodiments, a polyvribonucleotide 1s double siranded. In some embodiments, a
polyribonuciectide comprises both single and double stranded portions. In some embodiments, a
polyribonucleotide can comprise a backbone structure as described in the definttion of “Nucleic
acid / Ofigonucieciide” sbove. A polyribonucleotide can be a regulatory RNA {e.g., siRNA,
microRNA, erc.), or a messenger RNA (mRNA) oligonucleotide. In some embodiments,, a
polyribonucleotide typically comprises at its 37 end a poly{A) region. In sorne embodiments, a

polyribonucleotide typically comprises at its 57 end an art-recognized cap structure, e.g., for
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recognizing and attachment of an RNA to a ribosome to initiate translation. In some
embodiments, a polyribonucleotide comprises an RNA cligonucleotide. When a number of
ribonucleotides is used as an indication of size, e.g., for a polyribonucieotide, a certain number of
nucleotides refers to the number of ribonucleotides on a single strand.

[0243] Ruminai-associated aniigen: As used herein, s “ruminal associated antigen™ is an
antigen that is expressed in a ruminant. In some embodiments, a ruminai-associated antigen is a
“ruminal antigen”, e.g, an antigen encoded by a nuciectide sequence naturally occurring in a
ruminant’s genome. In some embodiments, a ruminal-associated antigen is encoded by a
nuclectide sequence that 1s not naturally occurring in a ruminant’s genome, €.2., has been
introduced inio a ruminant’s genome, or is part of a microorganism that can inhabit a digestive
tract, e.g, a rumen, of a ruminant. In some embodiments, a ruminal-associated antigen
comprises: a methanogen antigen, an antigen from a rumen ciliate symbiotic with methanogens;
an antigen from a hyvdrogen-producing organism; an antigen from a taxa associated with low feed
efficiency, or any combination thereof. In some embodiments, a ruminal-associated antigen is ot
comprises a methanogen antigen.

{0244} Variant. As used herein, the terro “variant” refers to an entity that shows significant
structural identity with a reference entity but differs structurally from the reference entity in the
presence or level of one or more chemical moieties as compared with the reference entity. In
many embodiments, a variant also differs functionally from its reference entity. In general,
whether a particular enfity is properly considered te be a “variant” of a reference entity is based
on its degree of siructural identity with the reference entity. For example, & variant polypeptide
may difter from a reference polypeptide as a result of one or more differences in amino acid
sequence and/or one or more differences in chemical moieties (e.g., carbohydrates, liptds, etc }
covalently attached to the polypeptide backbone. Alternatively or additionally, in some
embodiments, a variant polypeptide does not share at least one characteristic sequence element
with a reference polypeptide. In some embodiments, the reference polypeptide has one or more
biological activities. In some embodiments, a variant polypeptide shares one or more of the
biological activities of the reference polypeptide. In some embodiments, a variant polypeptide
facks one or more of the biclogical activities of the reference polypeptide. In some
embodiments, a vanant polypeptide shows a reduced level of one or more biological activities as

compared with the reference polypeptide.
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[{0245] Standard techniques may be used for recombinant DNA, oligonucleotide synthesis,
ez, RNA synthesis, and tissue culture and transformation {e.g., electroporation, lipofection).
Enzymatic reactions and purification techniques may be performed according to manufacturer's
specifications or as commonly accomplished in the art or as described herein. The foregoing
techniques and procedures may be generally performed according to conventional methods well
known in the art and as described in various general and more specific references that are cited
and discussed throughout the present specification. See e.g., Sambrook ef o/, Molecular
Cloning: A Laboratory Manual (Znd ed., Cold Spring Harbor Laboratory Press, Cold Spring

Harbor, N.Y. {1989}, which is incorporated herein by reference for any purpose.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS
102446] The present disclosure identifies that increase in methane from agriculture represents
a major source of greenhouse gas emissions. The present disclosure alse identifies that reducing
methane emissions from amimals, e.g., ruminanis, will be important to reduce greenhouse gas
emissions.
{0247} Methane is produced 1n the rumen of ruminant ammals by methanogens, a subgroup
available to a ruminant as methane production by methanogens can account for 2-12% of
ingested energy {See Leahy 8C et al, (2010} PlosOue; volume 5, issue 1, e8926, the entire
contents of which are incorporated by reference). Accordingly, the present disclosure identifies
that reducing methane emissions from a ruminant can be beneficial in increasing ruminant
energy efficiency and reducing methane emissions into the atmosphere.
{0248} Among other things, the present disclosure provides techuologies for reducing
methane emissions from animals, e.g., ruminants, by providing compositions for administering to
animals, e.g., ruminants, ruminal-associated antigens {(e.g., vaccinating animals {e.g., ruminants)
against raminal-associated antigens). The present disclosure also provides technologies for
increasing energy efficiency in animals, e.g., ruminants, for administering to animals, e.g.,
ruminants, ruminal-associated antigens {e g, vaccinating animals (e.g., ruminants) against
ruminal-associated antigens), thus reducing the abundance of one or more methanogens in the

rurnen of an animal, e.g., rumivant.
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{0249} Without wishing to be bound by theory, the present disclosure proposes that a
composition comprising a ruminal-associated antigen {e.g., & ruminal antigen and/or a
methanogen antigen), can reduce methane emissions and/or reduce the abundance of
microorganisms (e.g., methanogens) in the digestive tract of animals. In some embodiments,
reducing methane emissions and/or reducing abundance of methanogens in the digestive tract of
animals {e.g., ruminants) can increase the energy efficiency of animals. ln turn, animals {e.g.,
ruminants} can require fess food, experience an increase in muscle mass, and/or have improved
overall health. The benefits can lead to lower costs for raising animals and/or increased revenue

from the sale of animals or meat obtained from such animals.
Ruminal-associated antigens

{0250 A ruminal-associated antigen as described herein comprises a raminal antigen and/or
a methanogen antigen. In some embodiments, a ruminal-associated antigen i3 endogenous to a
ruminant, e.g., encoded by a nuclectide sequence in a ruminant genome. In some embodiments, a
ruminal-associated antigen is not endogenous to a ruminant, e.g., encoded by a nucleotide
sequence that 1s introduced to a ruminant, or encoded by a nucleotide sequence from a
mMICronTganism present in or introduced inte a ruminant.

{6251} In some embodiments, a ruminant is chogen from a cattle, sheep, goat, buttalo,
moose, antelope, caribou, or deer, or combinations thereof.

{02821 Exemplary ruminal-associated antigens include peptides that are invelved in
attachment to bacteria, e 2., fermenting bacteria, and fragments, or variants thereof.

{0253} In some embodiments, a polynucleotide comprises at least 2, at least 3, at least 4, at

~”
7
i

feast 5, at least &, at least 7, ai least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at
feast 14, atleast 15, at least 16, at least 17, at least 18, at least 12, at least 20, at least 21, at least
22, at least 23, at least 24, at legst 25, at least 26, at least 27, at least 28, at least 29, at least 30, at
feast 35, at least 40, at least 45, at least 50, at least 55, at least 60, at least 63, at least 70, at least
7S, atleast 80, at least 85, at least 90, at least 95, at least 100 ruminal antigens.

{0254} In some embodiments, a polynuctectide comprises about 2-100, about 3-100, about 4-
100, about 5-100, about 6-100, about 7-100, about §-100, about 9-100, about 10-100, about 20-
100, about 30-100, about 40-100, about 50-100, about 60-100, about 70-100, about 80-100,

about90-100, about 2-90, about 2-80, about 2-70, about 2-60, about 2-50, about 2-40, about 2-30,
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about 2-20, about 2-10, about 2-15, about 2-14, about 2-13, about 2-12, about 2-11, about 2-10,

v\

about 2-9, about 2-8, about 2-7, about 2-6, about 2-5, about 2-4, about 2-3 ruminal antigens.

Methanogens and methanogen antigens

j0255] A methanogen is an anaerobic archaea characterized by the ability to conserve energy
for ATP synthesis by producing methane gas, as deseribed in Buan N.R. {2018). Methanogeuns
can also inhabit the digestive tract of animals, e.g., ruminants and humans. Methanogens can
reduce the efficiency of nutrients and/or energy available to a rursinant as methane production by
methanogens can account for 2-12% of ingested energy {See Leahy SC et al., (2010} PlosOne;
volume 3, issue 1; eR926, the entire contents of which are incorporated by reference).
Accordingly, reducing methane emissions from a ruminant can be beneficial in increasing
ruminant energy efficiency and/or reducing methane emissions into the atrnosphere.

{D256] In some embodiments, s methanogen comprises a roethanogen from one or more of
the following clades: Methanobrevibacter, Methanosphaera, Methanobacterium,
Methanosarcinales, Methanomicrobiales, Methanothermobacier, Candidatus
Methanomethylophilus, Thermoplasmatales.

102587} In some embodiments, a methanogen comprises a methanogen from a
Methanobrevibacier clade. In some embodiments, a methanogen from a Methanobrevibacter
clade comprises: Methanobrevibacier ruminantivm, Methanobrevibacter smithis,
Methanobrevibacter oralis, Methanobrevibacter thaueri, Methanobrevibacter gottschalkii,
Methanobrevibacter millerae, Methanobrevibacter woesei, Methanobrevibacter arboriphilus,
Methanobrevibacier wolinii, Methanobrevibacter oflevae , Methanobrevibaciter boviskoreant, or
combinations thereof.

{8258} In some embodiments, a methanogen comprises a methanogen from a
Methanosphaera clade. In some embodiments, a methanogen from a Methanosphaera clade
comprises: Aethanosphaera siadimanae.

{0259 In some embodiments, a methanogen comprises a methanogen from a
Methanobacierium clade. In some embodiments, a methanogen from a Merthanobacterium clade

comprises: Methanobacterivm bryannii ot Methanobacterium formicicum.
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{0268} {n some embodiments, a methanogen comprises a methanogen from a
Methanosarciniales clade. In some embodiments, a methanogen from a Aethanosarcinales clade
comprises Methanosarcina bakeri, Methanosarcing mazei, or Methanosarcing soligelidi

0261} In some embodiments, a methanogen comprises a methanogen from a
Methanomicrobiaies clade. In some embodiments, a methanogen from a Methanomicrobicles
clade comprises Methanafollis liminatans, Methanospivilium hungatei, Methanolocinia payteri,
Methanocullens marisngigri, or Methanocufleus sp.

{02624 In some embodiments, a methanogen comprises a methanogen from a
Methanomicrobium clade In some embodiments, a methanogen from a Methanomicrobium
clade comprises Methanowmicrobium mobile.

{6263} In some embodiments, a methanogen comprises a methanogen from a
Thermoplasmatales clade. In some embodiments, a methanogen from a Thermoplasmatales
clade comprises Thermoplasma volcanium or Thermoplasma acidophifum.

{0264} In some embodiments, a methanogen comprises: Methanobrevibacter ruminantium,
Methanobrevibacter smithii, Methanobrevibacter oralis, Methanomicrobium mobile,
Methanobrevibacter wolinit, Methanobrevibacter arboriphilus, Methanobrevibacter boviskorean,
Methanosphaera stadtmanae, Methanosarcina mazei, Methancbrevibacter thauer,
Methanobrevibacter sp. UBA 188, Methanosarcina soligelidi, Methanothermobacter
thermautotrophicus, Methanococcus aeolicus, Methancaldoococcus jannaschii, Methanococcus
veltae, Methanococeus vannielii, Methanococcus maripaludis, Methanopyrus kandlert,
Methanocorpusculum labreanum, Methanococcoides burtonii, Methanosaete thermophilia,
Methanoregula boonel, Methanosphaerula palustris, Methanoculleus marisnigr,
Methanospinllim hungatei, Mathanosarcina acetivorans, , or any combination thereof.

{0265) A methanogen antigen comprises any protein expressed or produced in any
methanogen clade, e.g., as described hercin. Exemplary methanogen antigens are provided in
Table 1. In some embodiments, a methanogen antigen is an antigen provided in Table 1, ora
fragment thereof, or a variant thereof. In some embodiments, a methanogen antigen has a
sequence with at least 85% identity to a methanogen antigen provided in Tabie 1. In some

embodiments, a methanogen antigen is an adhesin, e.g., mm 1499,
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[{0266] {n some embodiments, a methanogen antigen is a peptide involved in adhesion,
attachment, mobility, or any combination thereof. In some embodiments, a methanogen antigen
is an adhesin, a pili protein, a flagellin protein, or any combination thereof.

0267} In some embodiments, a polynucleotide comprises at least 2, at least 3, at least 4, at
feast 5, at least 6, at least 7, at least &, at least 9, at feast 10, at least 11, at least 12, at least 13, at
feast 14, at least 15, at least 16, at least 17, at least 18, at least 19, at least 20, at least 21, at least
22, atleast 23, at least 24, at least 25, at least 26, at least 27, at least 28, at least 29, at least 30, at
feast 35, at least 40, at least 45, at least 30, at least 55, at least 60, at least 65, at least 70, at least
75, at least 80, at least 85, at least 90, at least 95, at least 100 methanogen antigens.

[0268] I some embodimenis, a polynuclestide comprises about 2-100, about 3-100, about 4-
100, about 5-180, about 6-100, about 7-100, about 8-100, about 9-100, about 10-100, about 20-
100, about 30-100, about 40-100, about 50-100, about 60-100, about 70-100, about 80-100,
about0-100, about 2-90, about 2-80, about 2-70, about 2-60, about 2-30, about 2-40, about 2-30,
about 2-20, gbout 2-10, about 2-15, about 2-14, about 2-13, about 2-12, about 2-11, about 2-10,
about 2-9, about 2-8, about 2.7, about 2-6, about 2-5, about 2-4, about 2-3 methanogen antigens.
{0269} In some embodiments, a polynucleotide comprises one or more methanogen antigens
from one or more methanogens.

102761 In some embodiments, a methanogen antigen comprises an antigen sequence
provided in Table 2 or a fragment, or a variant or a variant fragment thereof. In some
embodiments, a methanogen antigen comprises an antigen sequence having at feast §85%, at least
B6%%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least
93%, at feast 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%, identity
to a sequence provided in Table 2, Exemplary astigen sequences provided in Table 2 are
marked with no bolding or italicizing.

{0271} In some embodiments, a methanogen antigen COMprises an antigen sequence
provided in any one of SEQ 1D NOs: 2,6, 8, 15,17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41,
43,45, 47,49, 51, 53, 55, 57, 59, 61, 63. 65, 67, 69, 71, 73, 75, 77, 79, §1, 83, 85, §7, 89, 91, 93,
, 97,98, 99,100, 101, 102, 103, 14, 103, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116,
137, 118, 119, 120, 121, 122 or a sequence with at least 85%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least

99% 1dentity thereto. Antigen sequences are unmarked (no bolding or italicizing) in SEQ ID
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NOs 2,68, 15 17,19, 21,23, 25,2729, 31, 33,35, 37, 39, 41, 434547, 49, 51. 53, 55, 57,
59,61, 63, 65, 67,69, 71,73, 75, 77. 79, 81, 83, 85, 87, §9, 91, 93, 97, 98, 99, 100, 101, 102,
103, 14, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121,
{22

10272} In some embodiments, a methanogen antigen comprises an antigen encoded by an
antigen nucleotide sequence provided in any one of SEQ ID NQs: 1, 5, 7, 16, 18, 20, 22, 24, 26,
28,30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78,
80, 82, 84, 86, 88,90, 92, or 94 or a sequence with at least 5%, at least 90%, at least 91%, at
feast 92%, at least 93%, at least 94%, at least 95%, at least 96%%, at least 97%, at least 98%, or at
feast 99% identity thersto.

{6273} Table 1: Exemplary methanogen antigens.

Locus Protein annotation Size (bp)
nmrudis adhesin-like protein 1220
mru0327 adhesin-like protein 2090
mrul687 adhesin-like protein 2963
mrul2io adhesin-like protein 7250
mrul222 adhesin-like protein 4055
mn 500 adhesin-like protein 857
mruz053 adhesin-like protein 3494
nru2i34 adhesin-like protein 17957
mruZi47 adhesin-like protein 16955
mru2i78 adhesin-like protein 9239
mru0031 adhesin-like protein 441S
mru0704 adhesin-like protein 2858
mrud9e3 adhesin-like protein 8159
mru(976/0977 adhesin-like protein 4775
mrud020 adhesin-like protein with 6014
cysteine protease domain
mru0064 adhesin-like protein 3536
mrud072 adhesin-like protein 2918
mru0076 adhesin-like protein 6603
mude77 adbesin-like protein 9161
mru0079 adhesin-like protein 3560
mru0083 adhesin-like protein 839
mru0084 adhesin-like protein 14477
mrul085 adhesin-like protein 8030
mrul086 adhesin-like protein 10175
nmuu0143 adhesin-like protein with 3284
cysteine protease domain
mrudied adhesin-like protein 3176
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Locus Protein annotation Size (bn}
mrud222 adhesin-like protein with 3302

cysteine protease domain
mrul327 adhesin-like protein 2060
mru0338 adhesin-like protein 6929
mrul417/0418 adhesin-like protein 1391
mrud419 adhesin-like protein 4175
0727 adhesin-like protein with 3788
cysteine protease domain
mrul772 adhesin-like protein with 3281
cysteine protease domain
mrul839 adhesin-like protein with 8639
cysteine protease domain
ru0842 adhesin-like protein with 3977
cysteine protease domain
mrud378 adhesin-like protein 6606
(979 adhesin-like protein 8753
mrutl7o adhesin-like protein 2631
1077 adhesin-like protein 2273
mru 240 adhesin-like protein 4619
mrui247 adhesin-like protein 5060
mruid46s adhesin-like protein 2882
mruisi3 adhesin-like protein 1853
mru 650 adhesin-like protein 9161
mrul726 adhesin-like protein 6767
mruio7l adhesin-like protein 1937
mru 890 adhesin-like protein 4496
2043 adhesin-like protein 8530
mru2048 adhesin-like protein 5417
mru2(49 adhesin-like protein 10355
mu2052 adhesin-like protein 4112
mru2054 adhesin-like protein 5054
2058 adhesin-like protein 8906
mrul059 adhesin-like protein 4415
mruz090 adhesin-like protein 15200
mrud004 adhesin-like protein 2237
mru0331 adhesin-like protein 1022
mrudB843 adhesin-like protein with 6197
cysteine protease domain
nru001s adhesin-like protein with 3845
cysteine protease domain
mruf0%0 adhesin-like protein 2063
mru0255 adhesin-like protein 4187
mru450 adhesin-like protein R03
rud723 adhesin-like protein 7727
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Locus Protein annotation Size (bn}
mrudd6e2 adhesin-like protein 14789
mrud970 adhesin-like protein 2483
mrul263 adhesin-like protein 2585
mrul3s3 adhesin-like protein 2243
mrui38o adhesin-like protein 1841
mrul387 adhesin-like protein with 2957
cysteine protease dorain
mrui424 adhesin-like protein 1445
mr ]300 adhesin-like protein 3896
mrud493 adhesin-like protein 2447
mru0824 adhesin-like protein with 2027
transgluiaminase domain
mr 1499 adhesin-like protein with 3032
transglutaminase domain
604 adhesin-like protein with 2996
transglutaminase domain

Antigens fram hvdrogen-prodiscing symbiotes

{6274} {n some embodiments, a ruminal-associated antigen comprises an antigen from a
hydrogen-producing symbicte. In some embodiments, hydrogen-producing symbiotes are
microbes that produce rumen hydrogen in a way that reduces cow efficiency similar to
methanogens..

{0275} In some embodiments, a ruminal-associated antigen comprises an antigen from a
rumen ciliate. In some embodiments, rumen ciliates are symbiotic with methanogens. In some
embodiments, rumen ciliates comprises: Diplodinium dentatum (syn. Diplodinium denticulatum),
Diploplastron affine (syn. Endiplodinium affine), Fnoploplastvon wriloricatum (syn.
Ostracodivium triloricatuny), Entodinium simplex, Entodinium caudatom, Entodinium
longinucleatum, Epidinian ecaudatum, Lremoplastron bovis {syn. Fudiplodinium neglectum),
Foudiplodivium magygii, Ostracodinium obtusum, Polyplastron multivesiculangn, or combinations
thereof

8276} In some embodiments, hydrogen-producing symbiotes supply nutrients and/or energy
{e.g., hydrogen) to methanogens. In some embodiments, hydrogen-producing symbictes which
supply nutrients and/or energy (e.g., hydrogen) to methanogens comprise Butyrivibrio
praieociasticus, Bacteroides thetaiotaomicron, Ruminococeus flavefaciens, Ruminococcus albus,

or combinations thereof
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{0277} In some embodiments, hydrogen-producing symbiotes comprise taxa associated with
fow feed efficiency. In some embodiments, hydrogen-producing symbiotes comprising taxa
associated with low feed efficiency, comprise; Veillonellaceae, Prevotellaceae,
Lachnospiraceae, Succinivibrionaceae, Fibrobacteracede, Anaerovibrio, Clostridiales,

Prevotella, Ruminococcaceae.

Lxemploary mulii-componest compositions comprising ruminal-associated aniigens

{0278} Disclosed herein are polynuclectides {e.g., RNA) comprising one or more ruminal-
associated methanogens, £.g., ruminal antigens and/or methanogen antigens. Alsc disclosed
herein are corgpositions comprising the same, as well as methods of making and using the same
for administration to {e.g., vaccination of} an animal, e.g., a ruminant. In some embodiments, a
polynucieotide disclosed herein comprises a plurality of ruminal-associated methanogens, e.g., a
plurality of ruminal antigens and/or a plurality of methanogen antigens. In some embodiments, a
composition comprising such a polynucleotide is also referred to as a multi-component vaccine
composition or a multiplexed vaccine composition.

18279 In some embodiments, a polynucleotide is or comprises RNA. In some embodiments,
an RNA comprises a 87 cap, e.g., a 57-5" triphosphate linked guanosine. In some embodiments,
an RNA comprises a polvA tail. In some embodiments, an RNA comprises one or more
untranslated regions, eg., a ST UTR andfora 3> UTR.

{02861 In some embodiments, a polynucleotide is an RNA comprising: (i} a 3" cap, (ii}a ¥
UTR region; (111} a sequence encoding one or more payloads {e.g.. one or more rominal-
associated antigens); {iv) a polyA tail, and (v) a 3° UTR region. In some embodiments, a
polynucieotide further comprises one or more elements, such as one or more sequences encoding
an additional payload, or one or more sequences that can form a secondary structure (e g,
hairpin, or an IRES), etc. In some embodiments, a polynuclectide is a messenger RNA.

{0281} In some embodiments of an isolated polynucleotide disclosed herein, a composition
comprising the same, or methods of making or using a polynuclectide disclosed herein, a
polynucieotide comprises one or more methanogen antigens. In some embodiments, a
polynucieotide comprises at feast 2, at least 3, at least 4, at least 5, at [east 6, at least 7, at least &,
atleast 9, at least 10, at least 15, or at least 20 methanogen antigens. In some embodiments, one

or more methanogen antigens are the same, e.g., antigens having the same sequence, siructure
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and/or function. in some embodiments, one or more methanogen antigens are different, e g,
antigens having different sequence, structure and/or function. In some embodiments, one or more
methanogen antigens inchide a mixture of antigens thai are the same and antigens that are
different. In some embodiments, one or more methanogen antigens are associated with one or
more methanogen species. In some embodiments, one or more methanogen antigens are
assoctated with a single methanogen species.

{8282} In some embodiments, one or more methanogen antigens comprise one ot more, or
all, or any combination of: (i} one or more peptides having at least 80% sequence identity to a
methanogen protein; {i1) one or more secreted antigens, €.g., each comprising 4 signal peptide;
{1it) a plurality of peptides having at least 80% sequence identity to sach other; (iv} a plurality of
peptides associated with at least 2 different, at least 3 different, at least 4 different or at least 5
different methanogen species, (v} one or more peptides having at least 80% sequence identity to
a polypeptide having signal peptidase activity; {vi} one or more peptides having at least 80%
sequence identity to an AglB polypeptide or substantially similar function to an AglB
polypeptide; (vii) one or more peptides having at least 80% sequence identity to an Ig-like
domain-containing polypeptide or substantially similar function to an Ig-like domain-containing
polypeptide; or {viii} one or more methanogen antigens provided in Table 1 or sequences with at
least 85% identity thereto. In some embodiments, a polynucleotide comprises one or more
methanogen antigens from each of (i)}-(viii).

{0283} In some embodiments, one or more methanogen antigens comprise one or more
peptides having at [east 80%, at least 85%, at least 90%, at feast 95%, or at least 99% sequence
identity to a methanogen protein. In some embodiments, a methanogen protein comprises a
polypeptide encoded from a genome of a methanogen, or a variant or fragrent thereof.

{0284} In some embodiments, one or more methanogen antigens coMprise one or more
secreted antigens, €.g., one or more methanogen antigens comprise a signal peptide. In some
embodiments, a secreted antigen is or comprises an antigen that is a surface associated protein,
or a protein that is secreted out of a cell. In some embodiments, a secreted antigen comprises a
signal peptide. In some embodiments, a signal peptide can be predicted using an algorithm. In
some embodiments, a prediction score of a signal peptide is at least 0.5

[6235] In some embodiments, one or more methanogen antigens comprise a plurality of

peptides having at feast 80%, at least 85%, at least 90%, at feast 95%, or at least 99% sequence
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identity to each other. In some embodiments, one or more methanogen antigens comprising at
fcast 80% identity to each other are also referred to as a cluster homology.

{02861 In some embodiments, one or more methanogen antigens comprise a plurality of
peptides associated with at least 2 different, at least 3 different, at least 4 different, at least S
different, at least 6 different, at least 7 different, ai least 8 different, at least 9 different, at least 10
different, at least 1 different, at least 12 different, at least 15 different or at least 20 different
methanogen species.

{02874 In some embodiments, one or more methanogen antigens comprise a plurality of
peptides associated with about 2 different, about 3 different, about 4 different, about 5 different,
about 6 different, about 7 different, about & different, about ¢ different, about 10 different, about
L1 different, about 12 different, about 15 different or about 20 different methanogen species.
{8288} In some embodiments, one or more methanogen antigens comprise a plurality of
peptides associated with no more than 2 different, no more than 3 ditferent, no more than 4
different, no more than 5 different, no more thay 6 different, no more than 7 different, no more
than 8 different, no more than 9 different, no more than 10 different, no more than 11 different,
no more thay 12 different, no more than 15 different or no more than 20 different methanogen
species.

[8289] In some embodiments, one or more methanogen antigens comprise a plurality of
peptides associated with about 2 to about 20, about 2 to about 13, about 2 to about 12, about 2 to
about 11, about 2 to about 10, about 2 to about 9, about 2 to about 8, about 2 to about 7, about 2
to about 6, about 2 to about S, about 2 to about 4, about 2 to about 3, about 3 to about 20, about 4
10 about 20, about 5 to about 20, about 6 to about 20, about 7 to about 20, about 8 to about 20,
about 9 {0 about 28, about 10 o about 20, about 11 to about 20, about 12 to about 20, or about 15
to about 20 different methanogen species.

{0290} In some embodiments, one or more methanogen antigens that are associated with a
methanogen specigs refer to antigens that can be found in a methanogen species. For example, a
methanogen antigen associated with a particular methanogen species comprises an antigen
encoded by a nucleotide sequence naturally occurring in satd methanogen species.

{6291} In some embodiments, one or more methanogen antigens comprise a methanogen

from ove, ot more, or all of the following clades: Methanobrevibacier, Methanosphaera,
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Methanobacterium, Methanosarcinales, Methanomicrobiales, Methanothermobacter, Candidatus
Methanomethylophilus, Thermoplasmatales,

62921 In some embodiments, 2 methanogen species is chosen from: Methanobrevibacter
ruminantium, Methanobrevibacter smithii, Methanobrevibacter oralis, Methanomicrobium
mobile, Methanobrevibacter wolinii, Methanobrevibacter arboriphilus, Methanobrevibacter
boviskoreani, Methanosphaera stadtmanae, Methanosarcina mazei, Methanobrevibacter thaueri,
Methanobrevibacter sp. UBA 183, Methanosarcina soligelidi, Methanothermobacter
thermautotrophicus, Methanococcus aeolicus, Methancaldoococcus jannaschii, Methanococcus
voltae, Methanococcus vannielii, Methanococcus marnipaludis, Methanopyrus kandlert,
Methanocorpusculum labreanum, Methanococcoides burtonii, Methanosaste thermophilia,
Methanoregula boonei, Methanosphaerula palustris, Methanoculleus marisnigr,
Methanospiriilim hungatei,or Mathanosarcina acetivorans..

0293} In some embodiments, a methanogen species is chosen from Methanobrevibacter
ruminantium, Methanobrevibacter srutthii, Methanobrevibacter oralls, Methanomicrobium
mobile, Methanobrevibacter wolini, Methanobrevibacter arboriphilus, Methanobrevibacter
boviskoreani, Methanosphaera stadtimanae, Methanosarcina mazei, Methanobrevibacter thaueri,
Methanobrevibacter sp. 1/BA 188 or Methanosarcina soligelidi.

0254} In some embodiments, a methanogen species is chosen from Methanobrevibacter
ruminantium, Methanobrevibacier smithii, or Methanobrevibacter oralis.

{0295} In some embodiments, a methanogen species is chosen from Methanobrevibacter
rurminantium Methanobrevibacier smithii Methanobrevibacter oralis Methanomicrobium mobile
or Methanosphaera stadtmanae.

{0296} In some embodiments, one or more methanogen antigens comprise 3 plurality of
methanogen antigens each of which is associated with the same methanogen species.

{0297} In some embodiments, one or more methanogen antigens CoOMprise one or more
peptides having at feast 80%, at least 85%, at least 90%, at least 95%, or at least 995 sequence
identity to a polypeptide having signal peptidase activity. In some embodiments, a polypeptide
having signal peptidase activity has one or more {or all} of the following charactenistics. {i} is
membrane bound; (i1} has the abtlity to cleave one or more signal peptides; and/or (ii1) plays a
role in converting a secretory protein to a mature form (e.g., from a non-secretory form to a

secretory form).

55



WO 2024/097397 PCT/US2023/036773

{0298} In some embodiments, one or more methanogen antigens comprise ane or more
peptides having at [east 80%, at least 8§5%, at least 90%, at feast 95%, or at least 99% sequence
identity to an AglB polypeptide or substantially similar function to an AglB polypeptide. In some
embodiments, an AglB polypeptide is characterized as having N-glycosylation activity.

{0299} In some embodiments, one or more methanogen antigens comprise oue or more
peptides having at least 0%, at least 85%, at least 90%, at feast 95%, or at least 99%sequence
wdentity to an Ig-like domain-containing polypeptide or substantially stimilar function to an Ig-
like domain-comtaining polypeptide. In some embodiments, an Ig-like domain-containing
polypeptide comprises a polypeptide characterized as a cell-surface protein that facilitates
binding to other cells and/or cell surfaces.

{6300} An Ig-like domain containing polypeptide described herein can include: (1)
transghutaminase domain-containing protein or a fragment, variant or variant fragment thereof,
{i1) a pseudomurein-binding repeat-containing protein or a fragment, variant or variant fragment
thereof, (it} anght-handed parallel beta-helix repeat-containing protein or a fragroent, variant or
variant fragment thereof, (iv) a succinylglutamate desuccinylase/aspartoacylase family protein or
a fragroent, variant or variant fragment thereof, or (v) any combination of (i3-(v).

{8301} In some embodiments, one or more methanogen antigens comprise one of more
antigens provided in Table 1 or sequences with at least 80%, at least §5%, at least 90%, at least
95%, or ai least 99%identity thereto. In some embodiments, one or more methanogen antigens
comprise an adhesin or a fragment or a variant thereof In some embodiments, one or more
methanogen antigens comprise a pilli protein or a fragment or a variant thereof. In some
embodiments, one or more methanogen antigens comprise a flagellin protein or a fragment or a
variant thereof.

{6302} In some embodiments of an isolated polynucleotide disclesed herein, a composition
comprising the same, or methods of making or using a polynucleotide disclosed herein, a
polynuciectide comprises one or more methanogen antigens. In some embodiments, a
polynucleotide comprises one or more methanogen antigens chosen from, one or more, or all, or
any combination of: (i} one or more peptides having at least 80% sequence identity toa
methanogen protein; (it} one or more secreted antigens comprising a signal peptide; (iii) a
plurality of peptides having at least 80% sequence identity to each other; (iv) a plurality of

peptides associated with at least 2 different, at least 3 different, at least 4 different or at least 5
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different methanogen species; or {v} one or more peptides having at least 80% sequence identity
to a polypeptide having signal peptidase activity. In some embediments, a polynucleotide
comprises one of more methanogen antigens from each of ()-(v}. In some embodiments, a
polynucieotide comprises three methanogen anfigens. In some embodiments, three methanogen
antigens are associated with at least three different methanogen species, e.g.,
Methanobrevibacter ruminamtium, Methanobrevibacier smithii, Methanobrevibacter oralis.
Exemplary multi-coraponent compositions are described in Table 3.

{0303} In some embodiments of an isolated polynuclectide disclosed herein, a compaosition
comprising the same, or methods of making or using a polynuclectide disclosed herein, a
polynucleotide comprises one or more methanogen antigens. In some embodiments, a
polynucieotide comprises one or more methanogen antigens chosen from, one or more, or all, or
any combination of (i} one or more peptides having at feast 80% sequence identity to a
methanogen protein; (ii) one or more secreted antigens comprising a signal peptide; (i} a
plurality of peptides associated with at least 2 different, at least 3 different, at least 4 difterent or
at teast 5 ditferent methanogen species; or {iv) one or more peptides having at least 80%
sequence identity to an AglB polypeptide or substantially sirailar function to an AglB
polypeptide. In some embodiments, a polynucleotide comprises one of more methanogen
antigens from each of (i}-{iv}. In some embodiments, a polynucleotide comprises five
methanogen antigens. In some embodiments, five methanogen antigens are associated with at
feast five different methanogen species, e g Methanobrevibacter vimminantivm
Methanobrevibacier smithii Methanobrevibacter vralis Methanomicrobium mobile
Methanosphaera stadimanae. Exemplary multi-component compositions are described in Table
{6304} In some embodiments of an isolated polynucleotide disclesed herein, a composition
comprising the same, or methods of making or using a polynucleotide disclosed herein, a
polynuciectide comprises one or more methanogen antigens. In some embodiments, a
polynucieotide comprises one or more methanogen antigens chosen from, one or more, or all, or
any combination of’ {i} one or more peptides having at least 80% sequence identity to a
methanogen protein; (it} one or more secreted antigens comprising a signal peptide; (iii) a
plurality of peptides having at least 80% sequence identity to each other; (iv) a plurality of

peptides associated with at least 2 different, at least 3 different, at least 4 different or at least 5
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different methanogen species; or {v} one or more peptides having at least 80% sequence identity
to an Ig-like domain-containing polypeptide or substantially similar function to an Ig-like
domain-containing polypeptide. In some embodiments, a polynuclectide comprises one or more
methanogen antigens from each of (1)-(v). In some embodiments, & polynucleotide comprises
eight methanogen antigens. In some embodiments, eight methanogen antigens are associated
with at least three different methanogen species, e.g., Mefhanobrevibacter ruminantivm,
Methanobrevibacier simithii, Methanobrevibacter oralis. Exemplary multi-component
compositions are described in Table 3.

[0305] In some embodiments of an isolated polynucleotide disclosed herein, a composition
comprising the same, or methods of making or using a polynuclectide disclosed herein, a
polynucleotide comprises one or more methanogen antigens. In some embodiments, a
polynuclectide comprises ong or more methanogen antigens chosen from, one or more, or all, or
any combination of: (i} one or more peptides having at least 80% sequence identity to a
methanogen protein; (i) one or more secreted antigens comprising a signal peptide; (iti) a
plurality of peptides having at least 80% sequence identity to each cther, (v} a plurality of
peptides associated with at least 2 different, at least 3 different, at least 4 different or at least 5
to an Ig-like domain-containing polypeptide or substantially similar function to an Ig-like
domain-containing polypeptide. ln some embodiments, a polynucleotide comprises one or more
methanogen antigens from each of (1)-(v). In some embodiments, a polynucleotide comprises 34
methanogen astigens. Tn some embodiments, one or more methanogen autigens are associated
with at least five different methanogen species, e.g., Methanobrevibacier ruminantium,
Methanohrevibacter smithii, Methanobrevibacter oralis, Methanobrevibacier thaueri |
Methanobrevibacter sp. UBA188. An exemplary multi-component composition is deseribed in
Table 5.

{0306} In some embodiments, a composition disclosed herein comprises one or more
polynucleotides comprising one or more ruminal-associated antigens, ¢.g., methanogen antigens.
{n some embodiments, a composition {&.g., a muiti-component composition, e.g., a multi-
component vaccine composition) comprises a plurality of polynucleotides (e.g., a plurality of
RNAJ each comprising an antigen. In some embodiments, a composition {e.g., a mulii-

component composition, a multi-component vaccine composition) comprises a plurality of
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polynucieotides {e g, a plurality of RNA} each comprising one or more antigens {e.g , the same
or different antigens).

03071 In some embodiments, 2 composition {e.g., a multi-component composition, e.g., a
multi-component vaccine composition), comprising a plurality of polynucleotides comprises
about 1% of a first polynucleotide and about 99% of one or more additional polynucleotides. In
some embodiments, a composition (e.g., a multi-component composition, £.g., 2 multi-
component vaccine composition), compnsing a plurality of polynucleotides comprises about 5%
of a first polynucleotide and about 95% of one or more additional polynucleotides. In some
embodiments, a composition {(e.g., a multi-component composition, e.g., a4 multi-component
vaccine composition}, comprising a plurality of polynucleotides comprises about 10% of a first
polynucieotide and about 90% of one or more additional polynucieotides. In some embodiments,
a composition {¢.g., a multi-component composition, e g., a multi-component vaccine
composition), comprising a plurality of polynucleotides comprises about 20% of a first
polynucieotide and about 80% of one or more additional polynucleotides. In some embodiments,
a composition (e.g., a multi-component composition, e.g., a multi-component vaccine
composition), comprising a plurality of polyoucleotides comprises about 30% of a first
polynucigotide and about 70% of one or more additional polynucieotides. In some embodiments,
a composition (e.g., a multi-component composition, e.g., a multi-component vaccine
composition), comprising a plurality of polynuclectides comprises about 40% of a first
polynucieotide and about 60% of one or more additional polynucleotides. In some embodiments,
a composition {¢.g.. a multi-component composition, ¢.g., a multi-component vaccine
composition}, comprising a plurality of polynucleotides comprises about 50% of a first
polynucleotide and about 50% of one or more additional polynucleotides. In some embodiments,
a composition (e.g., a multi-component composition, e.g., a multi-component vaccine
composition}, comprising a plurality of polyoucleotides comprises about 60% of a first
polynuciectide and about 40% of one or more additional polynucleotides. In some embodiments,
a composition {e.g., a multi-component composition, .g., a multi-component vaccine
compostiion), comprising a plurality of polynuclectides comprises about 70% of a first
polynucieotide and about 30% of one or more additional polynucleotides. In some embodiments,
a composition {e.2., a multi-component composition, e.g., a multi-compounent vaceine

composition), comprising a plurality of polynucleotides comprises about 80% of a first
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polynucleotide and about 20% of one or more additional polvnucleotides. In some embodiments,
a composition {e.g., a multi-component composition, ¢.g., a multi-component vaccine
composition), comprising a plurality of polynucleotides comprises about 90% of a first
polynuclectide and about 10% of one or more additional polynucleotides. In some embodiments,
a composition {e.g., a mulii-component composition, e.g., a multi-component vaccing
composition), comprising a plurality of polynuclectides comprises about 99% of a first
polynucieotide and about 1% of one or more additional polynucleotides.

{0308} In some embodiments, a composition (e.g., a multi-component composition, e.g., 3
multi-component vaccine composition), comprising a plurality of polvnucleotides comprises
about 33% of a first polynucleotide, about 33% of a second polynucleotides and about 33% of a
third polvnuclectide.

{0309} Exemplary methanogen antigens disclosed herein can be obtained, e g, from
sequencing samples from a rumen of an animal, e.g., a ruminant. Sequencing samples from a
rumen of an animal, e.g., a ruminant, can provide information about specific protein targets
and/or specific species, e.¢., methanogen species. Additionally, methanogen antigens can also be
obtained by using a list, e.g., a defined list, of target species, e.g., methanogens, as would readily
be ascertainable by one with knowledge in the pertinent field  Additionally or alternatively,
methanogen antigens can alse be obtained by using algorithms or language models such as those
known in the field, 1o generate de novo proteins or variants of related sequence or struciure.
{0319} Accordingly, aiso provided herein is a method of identifying one or more methanogen
antigens for use in a polynucleotide disclosed herein or a composition comprising the same, e.g.,

for vaccinating an animal, e.g., a ruminant.

Acetylated nucleotides

{0311} Among other things, provided herein are polyribonucleotides comprising one or more
modified ribonucieotides including a nucleoside comprising an acetyl group. In some
embodiments, a nucleoside of a modified ribonucleotide is Nd-acetyleytidine and the modified
ribonucleotide has: a 5” monophosphate, a 5° diphosphate or a 57 triphosphate. Additional details
about polyribonucleotides comprising one or more modified ribonucleotides including a

nucleoside comprising an acetyl group is provided in International Patent Application
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PCT/US22/27721 filed on July 18, 202, the entire contents of which are hereby incorporated by
reference.
{03124 In some embodiments, a nucleoside of a modified ribonucleotide 13 N4-acetyicytidine

and the modified ribonucleotide has a structure of

wherein R is a §” monophosphate, a 57 diphosphate, or a 5 triphosphate.

[8313] In some embodiments, a polyribonuclectide disclosed herein comprises cytidine
residues. In some embodiments, at least 5% of cytidine residues in & polyribonucleotide
comprise N4-acetyleytidine. ln some erubodiments, {ess than 100% of cytidine residues ina
polyribonucleotide comprise N4-acetylcytidine.

{03141 In some embodiments, a polyribonucleotide disclosed herein comprises eytidine
residues and at feast 5% of cytidine residues in a polyribonuclectide comprises N4~
acetyleytidine.

{0315} In some embodiments, a polyribonucleotide disclosed herein comprises cytidine
residues and at feast 10% of cytidine residues in a polyribonucieotide comprises N4-
acetyleytidine.

{0316} In some embodiments, a polyribonucleotide disclosed herein comprises cytidine
residucs and at feast 15% of cytidine residues in a polyribonucieotide comprises N4-
acetvicytidine.

{0317§ In some embodiments, & polyribonucleotide disclosed herein comprises cytidine
residues and at least 2096 of cytidine residues in a polyribonuclectide comprises N4-
acetyleytidine.

{6318} {n some embodiments, a polyribonucleotide disclosed herein comprises cytidine
residues and at least 25% of cytidive residues in a polyribonucieotide comprises N4-

acetylcytidine.
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{0319} {n some embodiments, a polyribonuclentide disclosed herein comprises cytidine
residues and at least 30% of cytidine residues in a polyribonucieotide comprises N4-
acetylcytidine.

[0320] In some embodiments, a polyribonuclectide disclosed herein comprises cytidine
residues and at feast 35% of cytidine residues in a polyribonucieotide comprises N4-
acetyicytidine.

{8321} In some embodiments, s polytibonucleotide disclosed herein comprises eytidine

residues and at feast 40% of cytidine residues 1n a polyribonuciectide comprises N4~

acetyloytidine.
{6322} In some embodimenis, a polyribonucleotide disclosed herein comprises cytidine

residues and at least 45% of cyiidine residues 1n a polyribonucieotide comprises N4-
acetyleytidine.

103234 In some embodiments, a polyribonuclectide disclosed herein comprises cytidine
residues and at least S0% of cytidine residues in a polyribonucieotide comprises N4-
acetylcytidine.

{8324} In some embodiments, s polynbornucleotide disclosed herern comprises cytidine
residues and at least 55% of cytiding residues in a polyribonuciectide comprises N4-
acetyleytidine.

[0325] In some embodiments, a polyribonucleotide disclosed herein comprises cytidine
residues and at least 60% of cytidine residues in a polyribonucleotide comprises N4-
acetyleytidine.

03261 In some emboediments, a polyribonucleotide disclosed herein comprises cytiding
residues and at feast 65% of cytidine residues in a polyribonuclieotide comprises N4-
acetyleytidine.

{9327} In some embodiments, a polyribonucleotide disclosed herein comprises cytidine
residues and at least 70% of cytiding residues in a polyribonuclectide comprises N4-
acetyleytidine.

{0328} In some embodiments, a polyribonucleotide disclosed herein comprises cytidine
residues and at least 75% of cytidine residues in a polyribonucieotide comprises N4-

acetylcytidine.
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{6329] {n some embodiments, a polyribonuclentide disclosed herein comprises cytidine
residues and at ieast 80% of cytidine residues in a polyribonucicotide comprises N4-
acetylcytidine.

[0330] In some embodiments, a polyribonuclectide disclosed herein comprises cytidine
residues and at feast 85% of cytidine residues in a polyribonucieotide comprises N4-
acetyicytidine.

{8331} In some embodiments, s polytibonucleotide disclosed herein comprises eytidine

residues and at feast 90% of cytidine residues 1n a polyribonuciectide comprises N4~

acetyloytidine.
{0332} In some embodimenis, a polyribonucleotide disclosed herein comprises cytidine

residues and at least 95% of cyiidine residues in a polyribonucieotide comprises N4-
acetyleytidine.

103334 In some embodiments, a polyribonuclectide disclosed herein comprises cytidine
residues. In some embodiments, about 5% to 99%, about 5% to 95%, about 5% 1o 90%, about
5% to 85%, about 5% to 80%, about 5% to 75%, about 5% to 70%, about 5% to 65 %, about 5%
1o 60%, about 5% to 55%, about 5% 10 50 %, about 5% i0 45 %%, about 5% to 40%, about 5% to
35%, about 5% to 30%, about 5% to 25 %, about 5% to 20%, about 5% to 15 %, about 3% to
10%, about 10% to 99%, about 15% to 99%, about 20% to 99%, about 25% to 99%, about 30%
10 99%, about 35% to 99%, about 40% 10 99%, about 45% to 99%, about 50% to 99%, about
55% to 99%, about 60% to 99%, about 65% to 99%, about 70% to 99%, about 80% to $9%,
about 85% to 99%, about 90% to 99%, or about 35% to 99% of cytidine residues in a
polyribonuclectide comprises Nd-acetylcytidine.

{0334} In some embodiments, a polyribonucleotide disclosed herein comprises cytidine
residues and more than about 60% of cytidine residues in a polyribonucleotide comprises N4-
acetvicytidine.

{0335} In some embodiments, a polyribonuclectide disclosed herein comprises cytiding
residues and more than about 65% of cytidine residues in a polyribonucleotide comprises N4-
acetylcytidine.

{6336} {n some embodiments, a polyribonucleotide disclosed herein comprises cytidine
residues and more than about 70% of cytidine residues in a polyribonuclectide comprises N4-

acetylcytidine.
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{0337} {n some embodiments, a polyribonuclentide disclosed herein comprises cytidine
residues and more than about 75% of cytidine residues in a polyribonucleotide comprises N4-
acetylcytidine.

[0338] In some embodiments, a polyribonuclectide disclosed herein comprises cytidine
residues and more than about 80% of cytidine residues in & polyribonucleotide comprises N4-
acetyicytidine.

{6339} In some embodiments, s polytibonucleotide disclosed herein comprises eytidine

residues and more than about 85% of cytidine residues in a polyribonuclectide comprises N4-

acetyloytidine.
[0340] In some embodimenis, a polyribonucleotide disclosed herein comprises cytidine

residues and more than about 0% of cytidine residues in a polyribonucleotide comprises N4-
acetyleytidine.

0341} In some embodiments, a polyribonuclectide disclosed herein comprises cytidine
residues and wore than about 95% of cytidine residues in a polyribonucleotide comprises N4-
acetylcytidine.

{8342} In some embodiments, s polynbornucleotide disclosed herern comprises cytidine
residues and more than about 99% of cytiding residues in a polyribonuclectide comprises N4-
acetyleytidine.

[6343) In some embodiments, a polyribonucleotide disclosed herein comprises cytidine
residues and about 5% of cytidine residues in a polyribonucleotide comprises N4-acetyleytidine.
[6344] In some embodiments, & polyribonucleotide disclosed herein comprises eytidine
residues and about 10% of cytidine residues in a polyribonucleotide comprises N4~
acetyleytidine.

{6345] In some embodiments, a polyribonucleotide disclosed herein comprises cytidine
residues and about 15% of cytidine residues in a polyribonucleotide comprises N4-
acetylcytidine.

8346} In some embodiments, a polyribonucleotide disclosed herein comprises cytidine
residues and about 20% of cytidine residues 1u a polyribonucleotide comprises N4-

acetylcytidine.
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{0347} {n some embodiments, a polyribonuclentide disclosed herein comprises cytidine
residues and about 25% of cytidine residues in a polyribonucleotide comprises N4-
acetylcytidine.

[0348] In some embodiments, a polyribonuclectide disclosed herein comprises cytidine
residues and about 30% of cytidine residues v a polynbonucleotide comprises N4-
acetyicytidine.

{8349} In some embodiments, s polytibonucleotide disclosed herein comprises eytidine

residues and about 35% of cytidine residues in a polyribonucleotide comprises N4~

acetyloytidine.
[0350] In some embodimenis, a polyribonucleotide disclosed herein comprises cytidine

residues and about 40% of cytidine residues in a polyribonuclectide comprises N4-
acetyleytidine.

10351 In some embodiments, a polyribonuclectide disclosed herein comprises cytidine
residues and about 45% of cytidine residues 1n a polynbonucleotide comprises N4-
acetylcytidine.

{83521 In some embodiments, s polynbornucleotide disclosed herern comprises cytidine
residues and about 50% of cytidine residues in a polyribonucleotide comprises N4~
acetyleytidine.

{0353} In some embodiments, a polyribonucleotide disclosed herein comprises cytidine
residues and about 55% of cytidine residues in a polyribonucleotide comprises N4-
acetyleytidine.

{03544 In some emboediments, a polyribonucleotide disclosed herein comprises cytiding
residues and about 60% of cytidine residues in a polyribonucleotide comprises N4-
acetyleytidine.

{0355] In some embodiments, a polyribonucleotide disclosed herein comprises eytidine
residues and about 65% of cytidine residues in a polyribonucleotide comprises N4~
acetyleytidine.

{0356} In some embodiments, a polyribonucleotide disclosed herein comprises cytidine
residues and about 75% of cytidine residues in a polyribonuclectide comprises N4-

acetyleytidine.
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{03587} {n some embodiments, a polyribonuclentide disclosed herein comprises cytidine
residues and about 80% of cytidine residues in a polyribonucleotide comprises N4-
acetylcytidine.

[0338] In some embodiments, a polyribonuclectide disclosed herein comprises cytidine
residues and about 85% of cytidine residues v a polynbonucleotide comprises N4-
acetyicytidine.

[8359] In some embodiments, s polytibonucleotide disclosed herein comprises eytidine

residues and about 90% of cytidine residues in a polyribonucleotide comprises N4~

acetyloytidine.
[0360] In some embodimenis, a polyribonucleotide disclosed herein comprises cytidine

residues and about 95% of cytidine residues in a polyribonuclectide comprises N4-
acetyleytidine.

0361} In some embodiments, a polyribonuclectide disclosed herein comprises cytidine
residues and about 99% of cytidine residues 1n a polynbonucleotide comprises N4-
acetylcytidine.

{8362} In some embodiments, s polynbornucleotide disclosed herern comprises cytidine
residues and 100% of cytiding residues in a polynbonucleotide comprise Nd-acetyicytidine,
{0363} In some embodiments, a polyribonuclectide disclosed herein {(e.g , a
polyvribonucteotide comprising cytidine residues with about 5%-100% cytidine residues
comprising Nd-aceytieyvtidine) comprises one or more additional modified ribonucleotides. In
some embodiments, one or more additional modified ribonucleotides comprises a nucleoside
chosen from: an adenosine, an inosine, a guanosine, a cytidine or a uridine, or any combination
thereof. In some embodiments, one or more additional wodified ribonucieotides comprises a 5-
hydroxymethy! group. In some embodiments, one or more additional modified ribonucleotides
comprises S-hydroxymethyluridine. In some embodiments 5%-100% of uridine residues in a
polyribonuciectide comprising uridine are S-hydroxymethyluridine.

0364} In some embodiments, a polyribonucleotide can have a length of at least S nucleotides
or longer. In some embodiments, a polyribonucleotide can have a length of at teast 5 nucleotides,
at least 10 nucleotides, at least 15 nucleotides, at least 20 nucleotides, at least 25 nucleotides, at
feast 30 nucleotides, at least 35 nucleotides, af teast 40 nucleotides, at least 45 nucleotides, at

least S0 nucleotides, at least 55 nucleotides, at least 60 nucleotides, at least 65 nucleotides, at
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feast 70 nucleotides, at least 75 nucleotides, at least 80 nucleotides, at least 85 nucleotides, at
feast 90 nucleotides, at least 95 nucleotides, at least 100 nucleotides, at least 200 nucleotides, at
feast 300 nucleotides, at least 400 nucleotides, at least 500 nuclectides, at least 1000 nucleotides,
at least 2000 nucleotides, at least 5000 nucleotides or longer.

{0365} In some embodiments, a polyribonucieotide can have a length of about 5 nucieotides
to about 200,000 nucleotides, about 5 nucleotides to about 150,000 nucleotides, about 5
nucleotides to about 100,000 nucleotides, about 3 nucleotides to about 50,000 nucleotides, about
5 nucleotides to about 10,000 nuclestides, about 5 nucleotides to about 5000 nuclectides, about 5
nucleotides to about 1000 nucleotides, about 5 nucleotides to about SO0 nucleotides, about S
nucleotides to about 400 nucleoctides, about 5 nucleotides to about 300 nucleotides, about 3
nucleotides to about 200 nucleotides, about 5 nucleotides to about 100 nucleotides, about 3
nucleotides to about 90 nucleotides, about 5 nucleotides to about 85 nuclectides, about 5
nucleoctides to about 80 nucieotides, about 5 nucleotides to about 73 nuclectides, about 5
nucleotides to about 70 nuciectides, about S nucleotides to about 65 nucleotides, about 5
nucleotides to about 60 nuclectides, about 5 nucleotides to about 55 nucleotides, about §
nucleotides to about 50 nucleotides, about 5 nucleotides 1o about 45 nucleotides, about S
nucieotides to about 40 nucleotides, about 5 nucleotides to about 35 nucleotides, about 5
nucleotides to about 30 nucleotides, about S nucleotides to about 23 nucleotides, about 5
nucleotides to about 20 nuciectides, about S nucleotides to about 15 nucleotides, about 5
nucleotides to about 10 nucleotides.

[8366] In some embodiments, a polyribonucieotide can have a length of about 5 nucleotides
10 about 200,000 nucleotides, about 10 nucleotides to about 200 000 nucleotides, 15 nucleotides
to about 200,000 nuclectides, about 20 nucleotides to about 200,000 nucleotides, about 30
nucleotides to about 200,000 nucleotides, about 40 nucieotides to about 206,000 nucleotides,
about 50 nuclectides to about 200,000 nucleotides, about 100 nucleotides to about 200,000
nucleotides, about 200 nucleotides to about 200,000 nucleotides, about 300 nuclecotides to about
200,000 nucleotides, about 400 nucleotides to about 200,000 nucleotides, about SO0 nucleotides
to about 200,000 nucleotides, about 1000 nuclestides to about 200,000 nuclectides, about 2000
nucleotides to about 200,000 nucleotides, about 3000 nucleotides to about 200,000 nuclectides,
about 4000 nucleotides to about 200,000 nuclectides, about S000 nucleotides 1o about 200,000

~ 0

nuclectides, about 10,000 nucleotides to about 200,000 nucleotides, about 20, 000 nucleotides 1o
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about 200,000 nucleotides, about 30,000 nucleotides to about 200,000 nucleotides, about 40,000
nucleotides to about 200,000 nucleotides, about 50,000 nucleotides to about 200,000 nucleotides,
about 100,000 nuclectides to about 200,000 nuclectides, about 150,000 nucleotides to about
200,000 nucleotides.

{0367} In some embodiments, a polyribonucieotide can have a length of no more than
200,000 nucleotides, no more than 150,000 nucleotides, no more than 100,000 nucleotides, or no

more than 50,000 nucleotides.

S-hydraxymethyl modified nucleotides

{0368} Among other things, provided herein are polyribonucleotides comprising one or more
modified ribonucieotides including a nucleoside comprising a 3-hydroxymethyi group. In some
embodiments, a nucleoside of a modified ribonuclestide is S-hydroxymethyluridine and the
modified ribonucleotide has: a 5° monophosphate, a 57 diphosphate or a 57 triphosphate.
Additional details about ribonucleotides including a nuclecside comprising a 5-hydroxymethyi
group is provided in International Patent Application PCT/US22/27721 filed on July 18, 202, the
entite contents of which are hereby incorporated by reference.

{0369} In some embodiments, a nucleoside of a modified ribonucleotide is 5-

hyvdroxymethyluridine and the modified ribonucleotide has a structure of

.
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wherein R is a 3 monophosphate, a 5° diphosphate, or a 57 triphosphate.
{0370} In some embodiments, a polyribonucleotide disclosed herein comprises uridine

residues. In some embodiments, at least 5% of uridine residues in a polyribonucleotide comprise
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S-hydroxymethyluriding. In some embodiments, tess than 100% of uridine residues in a
polyribonucieotide comprise S-hydroxymethyluridine.

{03714 In some embodiments, a polyribonuclectide disclosed herein comprises uridine
residues and at {east 5% of uridine residues in a polyrnibonucleotide comprises 5-
hydroxymethyluridine,

{0372} In some embodiments, a polyribonucleotide disclosed herein comprises uridine
residues and at least 10% of uridine residues in a polyribonucleatide comprises S-
hydroxymethyluridine.

{03731 In some embodiments, a polyribonucleotide disclosed herein comprises uridine
residues and at feast 15% of uridine residues in a polyribonuclectide comprises 5-
hydroxymethyluridine.

10374 In some embodiments, & polyribonucleotide disclosed herein comprises uridine
residues and at least 209 of uridine restdues in a polyribonucleotide comprises 5-
hydroxymethyluridine.

{6375] {n some embodiments, a polyribonucleotide disclosed herein comprises uridine
residues and at least 25% of uridine vesidues in a polyribonucleotide comprises S-
hydroxymethyluridine.

{0376} In some embodiments, a polyribonuclectide disclosed herein comprises uridine
residues and at feast 30% of uridine residues in a polyribonuclectide comprises 5-
hydroxymethyluridine.

{8377} In some embodiments, & polyribonucleotide disclosed herein comprises uridine
residues and at least 35% of uridine residues in a polyribonucleotide comprises 5-
hydroxymethyluridine.

{6378} In some embodiments, a polyribonucleotide disclosed herein comprises unidine
residues and at ieast 40% of uridine residues in a polyribonucleotide comprises S-
hydroxymethyluridine.

10379} In some embodiments, a polyribonucleotide disclosed herein comprises uridine
residues and at least 45% of undine residues in a polyribonuciectide comprises 5-

hydroxymethyluridine.
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{6380] {n some embodiments, a polyribonuclentide disclosed herein comprises uridine
residues and at least 50% of uridine residues in a polyribonucleotide comprises S-
hydroxymethyluridine.

0381} In some embodiments, a polyribonuclectide disclosed herein comprises uridine
residues and at feast S5% of uridine residues in a polyribonuclectide comprises 5-
hydroxymethyluridine.

{6332} In some embodiments, s polytibonucleotide disclosed herein comprises uridine
residues and at least 60% of uridine residues in a polyribonucleotide comprises 5-
hydroxymethyluridine.

[0383] In some embodiments, a polyribonucleotide disclosed herein comprises uridine
residues and at least 65% of uridine residues in a polyribonucleotide comprises 5-
hydroxymethyluridine.

0384} In some embodiments, a polyribonuclectide disclosed herein comprises uridine
residues and at feast 70% of uridine residues 1n a polyribonuclectide comprises 5-
hydroxymethyluridine.

{63385] In some embodiments, s polynibonucleotide disclosed herein comprises uridine
residues and at least 75% of uridine residues in a polyribonucleotide comprises 5-
hydroxymethyluridine.

{0386} In some embodimenis, a polyribonucleotide disclosed herein comprises uridine
residues and at least 80% of uridine residues in a polyribonucleotide comprises S-
hydroxymethyluridine,

{03874 In some emboediments, a polyribonucleotide disclosed herein comprises uridine
residues and at least 85% of uridine residues in a polyribonuclectide comprises 5-
hydroxymethyluridine.

{0388} In some embodiments, a polyribonucleotide disclosed herein comprises uridine
residues and at least 90%6 of uridine residues in a polyribonucleotide comprises 5-
hydroxymethyluridine.

{0389} In some embodiments, a polyribonucleotide disclosed herein comprises uriding
residues and at feast 95% of uridine residues 1n a polyribonucleotide comprises 5-

hydroxymethyhuridine.
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{0399] {n some embodiments, a polyribonuclentide disclosed herein comprises uridine
residues and at least 99% of uridine residues in a polyribonucleotide comprises S-
hydroxymethyluridine.

0391} In some embodiments, a polyribonuclectide disclosed herein comprises uridine
residues. In some embodiments, about 5% to 99%, about 5% to 95%, about 5% to 90%, about
5% to 85%, about 5% to 80%, about 5% to 75%. about 5% to 70%, about 5% t0 65 %, about 3%
1o 60%, about 5% to 55%, about 5% 10 SO %%, about 5% t0 45 %, about 5% to 40%, about 5% to
35%, about 5% to 30%, about 3% to 25 Y%, about 3% to 20%, about 5% to 15 %%, about 5% to
10%, about 10% to 99%, about 15% to 99%, about 20% to 99%, about 25% to 99%, about 30%
10 99%, about 35% to 99%, about 40% to 99%, about 45% to 99%, about 50% to 99%, about
55% to 99%, about 60% to 99%, about 65% to 99%, about 70% to 99%, about 80% to 9%,
about 83% to 99%, about 90% to 99%, or about 95% to 99% of uridine residues ina
polyribonuclectide comprises S-hydroxymethyluridine.

{0392} In some embodiments, a polyribonucleotide disclosed herein comprises uridine
residues and more than 60% of uridine residues in a polyribonuclectide comprises 5-
hydroxymethyluridine,

{3393} In some embodiments, a polyribonucleotide disclosed heretn comprises uridine
residues and more than 65% of uridine residues in a polyribonucleotide comprises 5-
hydroxymethyluridine.

{0394} In some embodiments, a polyribonucleotide disclosed herein comprises uridine
residues and more than 70% of uridine residues in a polyribonuclectide comprises 5-
hydroxymethyluridine.

[0395] In some embodiments, a polyribonucleotide disclosed herein comprises uridine
residues and more than 75% of uridine residues in a polyribonuclectide comprises 5-
hydroxymethyluridine.

{0396} In some embodiments, a polyribonuclectide disclosed herein comprises uridine
residues and more than 80% of uridine residues in a polyribonucleotide comprises 5-
hydroxymethyluridine.

{6397} {n some embodiments, a polyribonucleotide disclosed herein comprises uridine
residues and more than 85% of uridine residues in a polyribonucleotide comprises 5-

hydroxymethyluridine.
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{6398} {n some embodiments, a polyribonuclentide disclosed herein comprises uridine
residues and more than 90% of uridine residues in a polyribonucleotide comprises 5-
hydroxymethyluridine.

[0399] In some embodiments, a polyribonuclectide disclosed herein comprises uridine
residues and more than 95% of uridine residues 1o a polyribonucleotide comprises 5-
hydroxymethyluridine.

{8400} In some embodiments, s polytibonucleotide disclosed herein comprises uridine
residues and more than 99% of uridine residues in a polyribonucleotide comprises 5-
hydroxymethyluridine.

{0401} In some embodiments, a polyribonucleotide disclosed herein comprises uridine
residues and about 5% of uridine residues in a polyribonucleotide comprises 5-
hydroxymethyluridine.

0402 In some embodiments, a polyribonuclectide disclosed herein comprises uridine
residues and about 10% of uridine residues in a polyribonucieotide comprises S-
hydroxymethyluridine.

{0403} In some embodiments, s polynibonucleotide disclosed herein comprises uridine
residues and about 15% of uridine residues in a polyribonucieotide comprises 5-
hydroxymethyluridine.

[6404] In some embodimenis, a polyribonucleotide disclosed herein comprises uridine
residues and about 20% of uridine residues in a polyribonucleotide comprises 5-
hydroxymethyluridine,

04054 In some emboediments, a polyribonucleotide disclosed herein comprises uridine
residues and about 25% of uridine residues in a polyribonucleotide comprises 5-
hydroxymethyluridine.

{0406} In some embodiments, a polyribonucleotide disclosed herein comprises uridine
residues and about 30% of uridine residues in a polyribonuclectide comprises 5-
hydroxymethyluridine.

{0407} In some embodiments, a polyribonucleotide disclosed herein comprises uriding
residues and about 35% of unidine residues in a polyribonucleotide comprises 5-

hydroxymethyhuridine.
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{0408] {n some embodiments, a polyribonuclentide disclosed herein comprises uridine
residues and about 40% of unidine residues in a polyribonucleotide comprises 5-
hydroxymethyluridine.

[0409] In some embodiments, a polyribonuclectide disclosed herein comprises uridine
residues and about 45% of uridine restdues in a polyribonucleotide comprises S-
hydroxymethyluridine.

{8410} In some embodiments, s polytibonucleotide disclosed herein comprises uridine
residues and about 50% of uridine residues in a polyribonucigotide comprises 5-
hydroxymethyluridine.

{0411} In some embodiments, a polyribonucleotide disclosed herein comprises uridine
residues and about 55% of unidine residues in a polyribonuclectide comprises 5-
hydroxymethyluridine.

04124 In some embodiments, a polyribonuclectide disclosed herein comprises uridine
residues and about 60% of uridine residues in a polyribonucieotide comprises S-
hydroxymethyluridine.

{0413} In some embodiments, s polynibonucleotide disclosed herein comprises uridine
residues and about 65% of uridine residues in a polyribonucieotide comprises 5-
hydroxymethyluridine.

{0414} In some embodimenis, a polyribonucleotide disclosed herein comprises uridine
residues and about 75% of uridine residues in a polyribonucleotide comprises 5-
hydroxymethyluridine,

j0415¢ In some emboediments, a polyribonucleotide disclosed herein comprises uridine
residues and about 80% of uridine residues in a polyribonucleotide comprises 5-
hydroxymethyluridine.

{0416} In some embodiments, a polyribonucleotide disclosed herein comprises uridine
residues and about 85% of uridine residues in a polyribonuclectide comprises 5-
hydroxymethyluridine.

{0417} In some embodiments, a polyribonucleotide disclosed herein comprises uriding
residues and about 90% of unidine residues in a polyribonucleotide comprises 5-

hydroxymethyhuridine.
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{0418} {n some embodiments, a polyribonuclentide disclosed herein comprises uridine
residues and about 95% of unidine residues in a polyribonucleotide comprises 5-
hydroxymethyluridine.

{0419} In some embodiments, a polyribonuclectide disclosed herein comprises uridine
residues and about 99% of uridine restdues in a polyribonucleotide comprises S-
hydroxymethyluridine.

{8420} In some embodiments, s polytibonucleotide disclosed herein comprises uridine
residues and 100% of unidine residues in a polyribonucleotide comprises 5-
hydroxymethyluridine.

{0421} I some embodiments, a polyribonucieotide disclosed herein {eg, a
polyribonucleotide comprising uridine residues with about 5%-100% uridine residues
comprising S-hydroxymethylaridine) comprises one or more additional modified ribomucleotides
other than 5-hydroxymethyluridine. In some embodiments, one or more additional modified
ribonucleotides comprises a nucleoside chosen from: an adenosine, an inosine, a guanosine, a
cytidine or a uridine, or any combination thereof. In some embodiments, one or more additional
modified ribonuclectides corprises an acetyl group. o some embodiments, one ot more
additional modified ribonucleotides comprises Nd-aceyticytidine. In some embodiments 5%-
100% of cytidine residues in a polyribonucleotide comprising cytidine are Nd-aceytlcytidine.
{6422 In some embodimenis, a polyribonucleotide can have a length of at least 5 nucleotides
or longer. In some embodiments, a polyribonucleotide can have a length of at least S nucleotides,
at least 10 nucleotides, at least 15 nucleotides, at least 20 nucleotides, at least 25 nucleotides, ai
feast 30 nucleotides, at least 35 nucleotides, at least 40 nucleotides, at least 45 nucleotides, at
feast 50 nucleotides, at leasi 55 nucleotides, at least 60 nucleotides, at least 65 nucleotides, at
feast 70 nucleotides, at least 75 nucleotides, at least 80 nucleotides, at least 85 nucleotides, at
feast 90 nucleotides, at least 95 nucleotides, at least 100 nucleotides, at least 200 nucleotides, at
feast 300 nucleotides, at least 400 nucleotides, at least 500 nuclectides, at least 1000 nucleotides,
at least 2000 nucleotides, at least 5000 nucleotides or longer.

{6423} In some embodiments, a polyribonucleotide can have a length of about 5 nucigotides
to about 200,000 nucleotides, about 5 nucleotides to about 150,000 nucleotides, about 5
nucleotides to about 100,000 nucleotides, about 5 nucleotides 1o about 50,000 nucleotides, about

5 nucleotides to about 10,000 nucleotides, about 3 nucleotides to about S000 nuclectides, about 5
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nucleotides to about 1000 nucleotides, about 5 nuclectides to about 500 nucleotides, about 5
nucleotides to about 400 nucleotides, about 5 nucleotides to about 300 nucleotides, about 5
nucleotides to about 200 nucleotides, about 5 nucleotides to about 100 nucleotides, about 3
nucleotides to about 90 nucleotides, about S nucleotides to about 83 nucleotides, about 5
nucleotides to about R0 nucisctides, about S nucleotides to about 735 nucleotides, about 5
nucleotides to about 70 nuclectides, about 5 nucleotides to about 65 nucleotides, about 5
nucleotides to about 60 nucleotides, about 5 nucleotides to about 55 nuclectides, about S
nucleotides to about 50 nucleotides, about 5 nucleotides to about 45 nucleotides, about 5
nucleotides to about 40 nuciectides, about S nucleotides to about 35 nucleotides, about 5
nucleotides to about 30 nucieotides, about 5 nucleotides to about 25 nucleotides, about 5
nucleotides to about 20 nucleotides, about 5 nucleotides to about 15 nucleotides, about S
nucleotides to about 10 nucleotides.

0424 In some embodiments, a polyribonuclectide can have a length of about 5 nucieotides
0 about 200,000 nucleotides, about 10 nucleotides to about 200,000 nucleotides, 15 nuclectides
to about 200,000 nucleotides, about 20 nucleotides to about 200,000 nucleotides, about 30
nucleotides to about 200,000 nucleotides, about 40 nucieotides to about 200,000 nucleotides,
about 50 nuclectides to about 200,000 nucleotides, about 100 nucleotides to about 200,000
nucleotides, about 200 nucleotides to about 200,600 nucleotides, about 300 nucleotides to about
200,000 nucleotides, about 400 nucleotides to about 200,000 nuclectides, about 500 nucleotides
to about 200,000 nucleotides, about 1000 nucleotides to about 200,000 nucieotides, about 2000
nucleotides to about 200,000 nucleotides, about 3000 nucleotides to about 200,000 nucleotides,
about 4000 nucleotides to about 200,000 nuclectides, about 5000 nucleotides to about 200,000
nucleotides, about 10,600 nuclectides to about 200,000 nucleotides, about 20, 000 nuclectides to
about 200,000 nucleotides, about 30,000 nucleotides to about 200,000 nucleotides, about 40,000
nucleotides to about 200,000 nucleotides, about 50,000 nucleotides to about 200,000 nucleotides,
about 100,000 nucleotides to about 200,000 nuclectides, about 150,000 nucleotides to about
200.000 nucleotides.

{3425} In some embodiments, a polyribonucieotide can have a length of no more than
200,000 nucleotides, no more than 150,000 nucleotides, no more than 100,000 nucleotides, or no

more than 50,000 nocleotides.

SBI cudjuvant
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{0426] Polynucieotides disclosed herein encoding one or more ruminal-associated antigens
can further comprise a sequence encoding an adjuvant.

{04274 In some embodiments, an adjuvant disclosed herein can be used to elicit and/or
modulate an immune response elicited by an antigen (e.g., fragment antigen or antigen variant)
described herein. Tn some embodiments, an adjuvant disclosed herein comprises a complernent
binding polypeptide. In some embodiments, a complement binding polypeptide comprises a
complement C3d binding polypeptide. An exemplary C3d binding polypeptide is an
immunoglobulin-binding protein (Sbi} of Staphylococcus aureus.

{0428 As disclosed herein, 5. aurens binder of immunoglobulin (Sbi) is an exemplary
polypeptide which can bind complement C3d (as described in Clark et al. (2011} Mof Immunol.
48(4). 452-462, the entire contents of which 1s incorporated herein by reference). Shi comprises
two immunoglobulin binding domains (Domains [ and 11} and two complement C3d binding
domatins (Domains U and IV). Sbi domains IH and IV can bind C3d {(in native 3, iC3b and
C3dg) and cao result in fluid phase consuraption of C3 via activation of the alternative pathway
{see Clark et al 2011}, It has also been shown that Sbi can be secreted and is involved in S.
aureus unmune evasion (Burman et al., 2008 J. Biol. Chem;, 283:17579-17593).

{04291 Without wishing to be bound by theory, it is believed that in some embodiments, a
complement C3d-binding polypeptide from Shi of S. aureus can be used as an adjuvant to
enhance and/or modulate an immune response from an antigen described herein. In some
embodiments, the immune response is elicited by a fragment antigen or antigen variant disclosed
herein. o sore embodiments, the immune response 1s elicited by a component of Sbi of S.
aureus.

{0430} Exemplary Sbi adjuvants and compositions comprising the same are disclosed in
Intertnational Patent Application PCT/US2022/018610 filed on March 3, 2022, the entire

contents of which are hereby incorporated by reference.

Compositions

{0431} Among other things, the present disclosure provides compositions comprising one or

more ruminal-associated antigens, e.g., one or more ruminal antigens and/or one or more
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methanogen antigens. Compositions disclosed herein may also include polynucleotides encoding
the same.

04321 In some embodiments, 2 composition disclosed herein comprises a polynucieotide
comprising a first nucleotide sequence encoding one or more ruminal antigens, and a second
nucleotide sequence encoding one or more methanogen antigens.

{0433} In some embodiments, a first nucleotide sequence comprises at least 2, at least 3, at
feast 4, at least 5, at least 6, at feast 7, at least 8, at least ©, at least 10, at least 11, at feast 12, at
feast 13, at least 14, at least 15, at least 10, at least 17, at least 18, at least 19, at least 20, at least
21, at least 22, at least 23, at least 24, at least 25, at least 26, at least 27, at least 28, at least 29, at
at least 50, at least 55, at least 60, at least 65, at least

feast 30, at least 35, at least 40, at least 45

> H

70, at least 75, at least 80, at least 83, at least 90, at least 95, at least 100 ruminal antigens.
10434 In some embodiments, a first nucleotide sequence comprises about 2-100, about 3-
100, about 4-100, about 5-100, about 6-100, about 7-100, about 8-100, about 9-100, about 10-
100, about 20-100, about 30-100, about 40-100, about S0-100, about 60-100, gbout 70-100,
about 80-100, about90-100, about 2-90, about 2-80, about 2-790, about 2-60, about 2-50, about 2-
40, about 2-30, about 2-20, about 2-10, about 2-15, about 2-14, about 2-13, about 2-12, about 2-
11, about 2-10, about 2-9, about 2-8, about 2-7, about 2-6, about 2-5, about 2-4, about 2-3
ruminal antigens,

[0435] In some embodiments, a second nucleotide sequence comprises at least 2, at least 3,
at least 4, at least 5, at least 6, at least 7, at least &, at least ©, at least 10, at least 11, at least 12, at
feast 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, at least 20, at least
21, atleast 22, at least 23, at least 24, at least 25, at least 26, at least 27, at least 28, at least 29, at
feast 30, at least 35, at least 40, at least 45, at least 50, at least 35, at least 60, at least 65, at least
70, at least 75, at least 80, at least 85, at least 90, at least 95, at least 100 methanogen antigens.
{0436} In some embodiments, a second nucleotide sequence comprises about 2-100, about 3-
100, about 4-100, about 5-100, about 6-100, about 7-100, about 8-100, about 9-100, about 10-
100, about 20-100, about 30-100, about 40-100, about 50-100, about 68-100, about 70-100,
about 80-100, about90-100, about 2-90, about 2-80, about 2-70, about 2-60, about 2-50, about 2-
40, about 2-30, about 2-20, about 2-10, about 2-15, about 2-14, about 2-13, about 2-12, about 2-
11, about 2-10, about 2-9, about 2-8, about 2-7, about 2-6, about 2-5, about 2-4, about 2-3

methanogen antigens.
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{0437} {n some embodiments, a composition disclosed herein comprises a polynuclestide
comprising one or more ruminai-associated antigens and a polynucleotide comprising one or
more cytokines and/or chemokines. In some embodiments, a cytokine and/or chemokine is one
expressed in a ruminant. In some embodiments, a cytokine and/or chemokine i3 or comprises
VIP, CXCL.10, APRIL, or any corubination thereof,

{0438} In some embodiments, a cytokine and/or chemokine comprises a sequence provided
i any one of SEQ I NOs: 9, 11, or 13, or a sequence with at least 85% identity thereto,
Cytokine/chemokine sequences are underlined in SEQ 1D NOs: 9, 11 or 13.

{04391 In some embodiments, a evtokine and/or chemokine comprises a polypeptide encoded
by a cyiokine and/or chemokine nucleotide sequence provided in any one of SEQ 1D NGs: 8, 10
or 12, or a sequence with at least 853% identity thereto. Cytokine and/or chemeokine sequences are
underlined in SEQ ID NOs: 8, 10 and 12

0440} In some embodiments, a composition disclosed herein is a pharmaceutical
compaostiion.

{0441} {n some embodiments, a composition disclosed herein is an immunogenic
composition.

{0442} In some embodiments, a composition disclosed herein is a vaccine composition.
{0443} In some embodiments, a composition disclosed herein is administered at a dose of
about 5ng to about 1000ng, about Sng to about 900 ng, about Sng to about 800 ng, about Sng to
about 700 ng, about Sng to about 600 ng, about 5ng to about 500 ng, about Sng to about 400 ng,
about Sng to about 300 ng, about Sng to about 200 ng, about 5ng to about 100 ng, about Sngto
about 90 ng, about Sng to about 80 ng, about Sng to about 70 ng, about 5ag to about 60 ng, about
Sng to about SO ng, about Sng to about 40 ng, about Sng to about 30 ng, about Sng to about 20
ng, or about 5ng to about 10ng. In some embodiments, a composition disclosed herein is
administered at a dose of about {0ng to about 1000ng, about 20 ng to about 1000ng, about 30 ng
to about 1000ng, about 40 ng to about 1000ng, about 50 ng to about 1000ng, about60 ng to about
1000ng, about 70 ng to about 1000ng, about 80 ng to about 1000ng, about 90 ng to about
1000ng, about 100 ng to about 1000ng, about 200 ng to about 1000ng, about 300 ng to about
1000ng, about 40 ng to about 1000ng, about 50 ng to about 1000ng, about 60 ng to about
1000ng, about 700 ng to about 1000ng, about 800 ng to about 1000ng, or about 900 ug to about
{000ng.
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[0444] {n some embodiments, a composition disclosed herein is administered at a dose of
about Sng, about 10 ng, about 20 ng, about 30 ng, about 40 ng, about 30 ng, about 60 ng, about
70 ng, about 80 ng, about 90 ng, about 100 ng, 150 ng, about 200 ng, about 250 ng, about 300
ng, about 350 ng, about 400 ng, about 450 ng, about 500 ng, about 550 ng, about 600 ng, about
650 ng, about 700 ng, about 750 ng, about 800 ng, about 850 ng, about 300 ng, about 950 ng, or
about 1000ng.

[8445] In some embodiments, s composition disclosed herein 1s administered at a dose of at
least Sng, at least 10 ng, at least 20 ng, at least 30 ng, at least 40 ng, at least 50 ng, at feast 60 ng,
at feast 70 ng, at least 80 ng, at least 90 ng, at least 100 ng, at least 150 ng, at feast 200 ng, at
feast 250 ng, at least 300 ng, at least 350 ng, at least 400 ng, at {east 450 ng, at least 500 ng, at
fcast S50 ng, at least 600 ng, at least 650 ng, at least 700 ng, at least 750 ng, at least 800 ng, at
feast 850 ng, at least 900 ng, at least 950 ng, or at least 1000ng.

Pharmaceutical compositions

{04446} In some embodiments, a composition comprising one or more ruminal-associated
antigens is a pharmaceutical composition. In some embodiments, a pharmaceutical composition
further comprises a pharmaceutically acceptable excipient. Pharmaceutical compositions of the
present disclosure may comprise a polypeptide disclosed herein, a polynuclectide disclosed
herein, or an expression vector comprising a polynuclectide disclosed herein.

{8447} In some embodiments, s pharmaceutical composition can include a pharmaceutically
acceptable carrier or excipient, which, as used herein, includes any and all solvents, dispersion
media, diluents, or other liquid vehicles, dispersion or suspension aids, surface active agents,
isgtonic agents, thickening or emulsifying agents, preservatives, solid binders, fubricants and the
iike, as suited to the particular dosage form desired. Remington's The Science and Practice of
Pharmacy, 21st Edition, A. R, Geonaro (Lippincott, Williams & Wilkins, Baltimore, MDD, 2006;
incorporated herein by reference) discloses various excipients used in formulating
pharmaceutical comwpositions and koown techniques for the preparation thereof. Suitable
pharmaceutically acceptable carriers include but are not limited to water, salt solutions {e.g.,
Wally, saling, buffered saline, glycerol, sugars such as mannitol, sucrose, or others, dextrose,
fatty acid esters, etc., as well as combinations thereof,

j0448] A pharmaceutical composition can, if desired, be mixed with auxiliary agents (e g,

fubricants, preservatives, stabilizers, wetting agents, emulsifiers, salts for influencing csmotic
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pressure, buffers, coloring, flavoring and/or aromatic substances and the like), which do not
deleteriously react with the active compounds or interfere with their activity. In certain
embodiments, a water-soluble carrier suitable for intravenous administration is used. In some
embodiments, a pharmaceutical composition can be sterile.

[0449] A suitable pharmaceutical composition, if desired, can also contain minor araounts of
wetting or emulsifying agents, or pH butfering agents. A pharmaceutical composition can be a
Hauid solution, suspension, or emulsion.

{04561 A pharmaceutical composition can be formulated in accordance with the routine
procedures as a pharmaceutical composition adapted for adnunistration to human beings The
formudation of a pharmaceutical composition should suit the mode of administration. For
example, in some embodiments, a composition for intravenous administration 18 typically a
sofution in sterile isotonic agueous buffer. Where necessary, the composition may also include a
sotubilizing agent and a local anesthetic to ease pain at the site of the injection. Generally, the
ingredients are supplied either separately or moixed together in unit dosage form, for example, as
a dry lyophilized powder or water free concentrate in a hermetically sealed container such as an
ampude or sachet indicating the quantity of active agent. Where a pharmaceuntical composition 13
to be administered by infusion, it can be dispensed with an intusion bottle containing sterile
pharmaceutical grade water, saline or dextrose/water. Where a pharmaceutical composition is
administered by injection, an ampule of sterile water for injection or saline can be provided so
that the ingredients may be mixed prior to administration.

{8451} Although the descriptions of pharmaceutical compositions provided herein are
principally directed to pharmaceutical compositions that are suitable for ethical administration to
humans, it will be understood by the skilled artisan that such compositions are generally suitable
for administration to animals of all sorts or cells in vitro or ex vivo. Modification of
pharmaceutical compositions suitable for administration to humans in order to render the
compositions suitable for administration to various animals or cells in vitro or ex vive is well
understood, and the ordinanly skalled practitioner, ¢.g., a veterinary pharmacologist, can design
and/or perform such modification with merely ordinary, if any, experimentation.

{6452) Formulations of the pharmaceutical compositions described herein may be prepared
by any method known or hereafter developed o the art of pharmacology. In general, such

preparatory methods include the step of bringing the active ingredient into association with a

80



WO 2024/097397 PCT/US2023/036773

diluent or another excipient and/or one or more other accessory ingredients, and then, if
necessary and/or desirable, shaping and/or packaging the product into a desired single- or multi-
dose unit.

0453} A pharmaceutical composition in accordance with the present disclosure may be
prepared, packaged, and/or sold in bulk, as a single unit dose, and/or as a plurality of single vout
doses. As used herein, a “unit dose” is discrete amount of a pharmaceutical composition

described herein.

RNA Formulations

{0454 Among other things, provided herein are compositions coraprising
polyribonuclectides comprising ruminal-associated antigens, and formulations thereof. In some
embodiments, & composition comprising a polyribonucleotide disclosed herein is formulated in a
Hpid nanoparticle (LNP) formulation.

{0458} In some embodiments, a polyribonucicotide disclosed herein encodes for a
polypeptide. In some embodiments, a polyribonucleotide disclosed herein is or comprises a
messenger RNA. In some embodiments, a composition comprising a polyribonucleotide
comprising a messenger RNA is forruulated in s lipid nanoparticle (LNP) formulation.

{8456} In some embodiments, the disclosure provides an LNP formulation comprising a
polyribonucleotide disclosed herein for use in a pharmaceutical composition, e.g., an

HINUDOgEnic composition.

Methods of using compuositions disclosed herein

[6457] The disclosure provides, among other things, methods for using a polyribonucleotide
disctosed herein, or a composition comprising the same.

10438} In some embodiments, provided herein is a method of administering a
polyribonucleotide disclosed herein or a composition comprising a polyribonucleotide disclosed
herein to a cell, tissue or an animal, e g, a ruminant.

{64591 In some embodiments, provided herein is an administration method, e.g., a
vaccination method, comprising administering a polyribonucleotide disclosed hereinora
composition comprising a polyribonucleotide disclosed herein to a cell, tissue or animal, e.g.

a

>
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suminant. In some embodiments, a ruminant comprises a caitle, sheep, goat, buffalo, moose,
antelope, cartbou, or deer, or combinations thereof.

{04601 In some embodiments, a composition disclosed herein is characterized in that when
administered to an animal, a composition reduces methane emissions from an animal as
compared {0 an otherwise comparable animal not administered a composition or adminisiered a
different composition. fn some embodiments, a reduction in methane emissions is at least 5%, at
teast 10%, at least 15%, at least 20%, at least 25%, at least 30%, at least 35%, ai least 40%, at
feast 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at
ieast 80%, at least 85%, or at least 90% as compared to methane emissions in an otherwise
comparable animal not administered a composition or administered a different composition. In
some embodiments, a reduction in methane emissions is at least 5%.

{04611 In some embodiments, a reduction in methane emissions is about 5%, about 10%,
about 13%, about 20%, about 25%, about 30%, about 35%, about 40%, about 45%, about 50%,
about 55%, about 60%, about 65%, aboui 70%, about 75%, about 80%, about 85%, or gbout
90% as compared to methane emissions in an otherwise comparable animal not administered the
composition or admimstered a different composition.

{84621 In some embodiments, a reduction in methane emissions about 5% {0 about 95%,
about 5% to about 90%, about 5% to about 85%, about 5% to about 80%, about 5% to about
75%, about 3% to about 70%, about 5% to about 65%, about 5% to about 60%, about 5% to
about 53%, about 5% to about 50%, about 5% to about 45%, about 5% to about 40%, about 5%
to about 35%, about 5% to about 30%, about 5% 1o about 25%, about 3% to about 20%%, about
3% to about 15%, about 5% to about 10%, about 10% to about 95%, about 15% to about 95%,
about 20% to about 95%%, about 25% fo about 95%, about 30% to about 95%, about 35% to
about 95%, about 40% to about 95%, about 45% to about 95%, about 50% to about 95%, about
55% to about 95%, about 60% to about 95%, about 65% to about 95%, about 70% to about 95%,
about 73% to about 95%, about 80% to about 95%, about 85% to about 95%, about 90% to about
95% as compared to methane emissions in an otherwise comparable animal not administered the
compostiion or administered a different composition.

{6463} {n some embodiments, a composition disclosed herein is characterized in that when
administered to an animal, a composition reduces a population of microorganisms in an animal,

as compared to an animal not administered a composition or administered a different
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composition. In some embodiments, microorganisms comprise methanogens. In some
embodiments, microorganisms are methanogens from: Merhanobrevibacter, Methanosphaera,
Methanobacierium, Methoanosarcinales, Methanomicrobiales, Thermoplasmaiales, or a
combination thereof. In some embodiments, a methanogen comprises Methanobrevibacrer
ruminartivm, Methanobrevibacier smithii, Methanobrevibacter oralis, Methanomicrobium
mobile, Methanobrevibacter wolinii, Methanobrevibacter arboriphilus, Methanobrevibacter
boviskoreani, Methanosphaera stoadimanae, Methanosarcing mazei, Methanobrevibacter ihaueri,
Methanobrevibacier sp. UBA 88, Methanosarcing soligelidi, Methanoibermobacter
thermautotrophicus, Methanococcus ageolicus, Methancaldoococcus jannaschii, Methanococcus
voltae, Methanococcus vanmielii, Methanococcus maripaludis, Methanopyrus kandleri,
Methanocorpusculum labreainun, Methanococcoides burfonii, Methanosaete thermophilia,
Methanoregula boonei, Methanosphaerida palustris, Methanocullens marissigri,
Methanospirillim hungatei, Mathonosarcina acetivorans, or any combination thereof. In some
embodiments, & methanogen abundance is reduced by at least S%, at least 10%, at least 15%, at
teast 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at
feast S5%, at least 60%, at least 65%%, at least 70%, at least 75%, at least 80%, af [east 85%, or at
feast 90% as compared to abundance of 2 methanogen in an otherwise comparable animal not
administered a composition or administered a different composition. In some embodiments, a
methanogen abundance is reduced by about $%, about 10%, about 15%, about 26%, about 25%,
about 30%, about 35%, about 40%, about 45%, about 50%, about 55%, about 60%, about 65%,
about 70%, about 75%, about 80%, about 85%, or about 90% as compared to abundavce of a
methanogen in an otherwise comparable animal not administered the composition or
administered a different composition.

{6464] In some embodiments, a composition disclosed herein is characterized in that when
administered to an animal, a composition reduces abundance of all or substantially all
methanogens {e g., total methanogen abundance) in an animal as compared to total methanogen
abundance in an otherwise comparable animal not administered a composttion or administered a
different composition. In some embodimenis, methanogen abundance, e.g., total methanogen
abundance, is reduced by at least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at
feast 30%, at least 35%, at least 4075, at least 45%, at least 50%, at least 55%, ai least 60%, at

least 65%, at teast 70%, at least 75%, at least 80%, at least 85%, or at least 90% as compared to
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methanogen abundance in an otherwise comparable animal not administered a composition or
administered a different composition. In some embodiments, methanogen abundance, e.g., total
methanogen abundance, is reduced by about 5%, about 10%, about 15%, about 20%, about 25%,
about 30%, about 35%, about 40%, about 45%, about 50%, about 55%, about 60%, about 65%,
about 70%, about 75%, about 80%, about 85%, or about 90% as compared to methanogen
abundance in an otherwise comparable animal not administered a composition or administered a
different composition.

{04654 In some embodiments, a composition disclosed herein is characterized in that when
administered to an animal, a composition reduces abundance of at least one methanogen species
in an animal as compared to abundance of the same methanogen species in an otherwise
comparable animal not administered a composition or administered a different composition. In
some embodiments, at teast one methanogen species is reduced by at least 5%, at least 10%, at
feast 15%, at least 20%, at least 25%, at least 30%;, at least 35%, at least 40%, at least 45%;, at
feast 50%, at least 55%, ai least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at
feast 85%, or at least 90% as compared to abundance of the same methanogen species in an
otherwise comparable animal not adminisiered a composition or admumstered a different
compositicn. In some embodiments, at least one methanogen species is reduced by about 5%,
about 10%, about 15%, about 20%, about 25%, about 30%, about 35%, about 40%, about 45%,
about 50%, about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%,
or about 90% as compared to abundance of the same methanogen species in an otherwise
comparable animal not administered a composition or administered a different composition. In
some embodiments, abundance of at feast 1, at least 2, at least 3, at least 4, at feast 5, at least ©, at
feast 7, at least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at least 14, at least 15,
at least 16, at least 18, at least 19, at least 20 methanogen species is reduced.

[04466] In some embodiments, a composition disclesed herein s characterized in that when
administered to an animal, a composition increases a growth rate of the animal as compared to a
growth rate of an otherwise comparable animal not administered a composition or administered a
different composition. In some embodiments, growth rate is assessed by measuring a weight of
an animal at one or more timepoints. In some embodiments, growth rate is assessed by
measuring a weight of an animal at one or more timepoints. In some embodiments, the weight of

an animal is measured daily. In some embodiments, a growth rate of an animal increases over a
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period of time. In some embodiments, a period of time comprises at least 1 week, at least 2
weeks, at least 3 weeks, at least 1 month, at least 2 months, at least 3 months, at least 4 months,

~
/
i

at least S months, at least © months, at least 7 months, at feast 8 months, at least 9 months, at
least 10 months, at least 11 months or at feast 12 months. In some embodiments, an increase in
growth rate comprises a daily wncrease 1o weight of an animal. In some embodiments, a daily
increase in weight of an animal is an increase of at least 5%, at least 10%, at least 15%, at least
20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at feast S0%, at least
35%, at least 00%, at least 05%, at least 70%, at least 75%, at least 80%, at feast 85%, or at least
90% as compared to weight in an otherwise comparable animal not administered the composition
or administered a different composition. In some embodiments, a daily increase in weight of an
animal is an increase of about S%, about 10%, about 15%, about 20%, about 25%, about 30%,
about 353%. about 40%, about 45%, about 50%, about 55%, about 60%, about 65%, about 70%,
about 75%, about 80%, about 85%, or about 0% as compared to weight in an otherwise
comparable animal vot administered a composiiion or administered a different composition.
{0467} {n some embodiments, a composition disclosed herein is characterized in that when
administered to an animal, the composition increases euergy efficiency o an avimal as conmpared
1o energy efficiency in an otherwise comparable animal not administered a composition or
administered a different composition. In sorme embodiments, increasing energy efficiency
comprises increasing digestion efficiency. In some embodiments, digestion efficiency comprises
one or more, or all of the following parameters: (i) rate of weight gain, (it} weight to intake
relationship, or (it) milk quality. In some erabodiments, railk quality can be assessed by weight
gain metrics {e.g., Average Daily Gain {ADG) of cattle}, intake to weight metrics {e.g., Food
Conversation Ratio, or Residual Feed Intake), and/or milk composition metrics. In some
embodiments, increasing digestion efficiency comprises decreasing digestion-related disorders in
animals, ©.g., ruminants.

{0468 In some embodiments, a composition disclosed herein is characterized in that when
administered to an animal, the composition modifies output of cellulose fermentation.

[6469] In some embodiments, a composition disclosed herein is administered in one dose. In
some embodiments, a composition is administered in a plurality of doses. In some embodiments,
a composition is administered as a first dose of a composition followed by one or more

subseguent doses of a composition. In some embodiments, a first dose and one or more
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subsequent doses of a composition comprise the same methanogen antigens and/or ruminal
antigens. In some embodiments, a first dose and one or more subsequent doses of a composition
comprise different methanogen antigens and/or ruminal antigens.

10470} In some embodiments, one or more methanogen antigens and/or one or more ruminal
antigens are specific to an anumal. In some embodiments, one or more methanogen antigens
and/or one or more ruminal antigens that are specific to an animal are obtained by a method
comprising (1) identifying one or more methanogen antigens and/or one or more ruminal antigens
that are expressed in an animal and (i1} responsive to the identification, selecting one or more
methanogen antigens and/or one or more ruminal antigens to be included in a composition. In
some embodiments, one or more methanogen antigens and/or one or more ruminal antigens that
are specific to an animal is different from one or more methanogen antigens and/or one or more
ruminal antigens that are specific to a different animal. In some embodiments, a different animals
comprises any one or all of (i) a different species of animal, {i1) an animal of a different sex, {11}
an animal of a different age, or (v} an animal located in a different geographical location, or (v}
the same animal but at a different timepoint.

{6471} In some embodiments, a composition is administered 1, 2,3, 4,5, 6,7, 8,9, 10, 20 or
30 times to an animal. In some embodiments, a composition is administered once every 1 week,
2 weeks, 3 weeks, 1 month, 2 months, 3 months, 4 months, 5 months or 6 months.

{8472} o some embodiments, a composition is administered in combination with one or
more additional agents. In some embodiments, one or more additional agents comprises a
chemical additive, a biological feed additive. In some embodirents, a composition is
administered in combination with one or more additional compositions. {n some embodiments,

the additional composition immunizes the animal from a disease, e.g., an infectious disease.

Kits

{8473} Another aspect of the present disclosure further provides a pharmaceutical pack or
kit. In some embodiments, a kit can comprise a polyribonucleotide or a composition described
herein, e.g., comprising a polynucleotide comprising a nuclectide sequence encoding a ruminal-
associated antigen and/or a nucleotide sequence encoding a chemokine and/or cytckine. In some

embodiment, kits way be used in any applicable method, e.g., methods as desciibed herein,
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Attorney Docket: 2012611-0096

EXEMPLIFICATION

Exawmple 1: Description of methods used in Examples desceribed herein

{6476} VT Template production: For experiments testing RNA vaccine candidates in cattle,
constructs defined in this Example, which encode bovine-optimized versions of methanogen-
targeted antigens or cytokines, were amplified from respective custom-synthesized plasmids with
pUC19 backbones (GenScript). Amplification was carried out at an annealing temperature of
50°C in a 20 pl reaction cousisting of 0.25 uM each primer T7-AGG fwd and 120pA_rev, 1X
Herculase H buffer, 25 mM each dNTP, 15 ng plasmid (GeneScript), and 0.4 yb Herculase i
cozyme {Agilent). Afier the PCR program completed, 20U Dpnd (NEB) was added to each PCR
reaction and incubated at 37C for 15 minutes to digest plasmid template. Dpnl treated PCR
product was purified using the DNA Clean & Concentrator-25 kit (Zymo Research) and eluted
into 60 ul. Nuclease free water.

{0477} The sequences of primers used were as foliows:

[0478]  T7-AGG fwd:

0479  gaattTAATA CGACTCACTA TAAGGetigt tetittigea gaage (SEQ ID NO.: 95)
[0480]  120pA_rtev:

{0481} T T Ty T rreTrIr Ty rirIrrrTrr rrredTreT

I 0 0 0 e R A R D R R Y M M R N M N N A N N N N
TTTTTITTTTT agaatgtyaa gaaacitict iittattag (SEQ D NG, 963

{0482} In vitro Transcription (IVT) of RNA Vaccine Candidates

{0483} For each vaccine candidate, RNA was synthesized in 22 yl. IVT reactions consisting
of 200 ng of the respective template, 20 mM MgCi2, 7.5 mM each NTP, 7.5 mM CleanCap AG
(Trilink), 1X HiSeribe Transcription Buffer, 2M Betaine, and 2 ul. HiScribe polymerase mix
{NEB) and incubated at 37°C for 2 hours. For RNA conditions using chemically modified
nucleotides, etther UTP was substituted by S-hydroxymethyluridine triphosphate (Trilink) or
cytidine was substituted by Nd-acetylCTP (Jena BioScience) at the indicated ratic in the IVT
mizture.,

{04841 AL EVT products were cleaned up using Monarch 500 ug RNA Clean Up kit (NEB)
and eluted into 83 pL nuclease-free water. Eluted products were then digested 1n 100 il

reactions consisting of 1X DNase | buffer, 10U of DNase | (RNase-free) (New England Biolabs)
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and 100U of CIAP (Promega) at 37°C for 5 minutes to degrade DNA template and remove
residual §' triphosphates on RNA. Treated samples were cleaned up using Monarch 500 ug RNA
Clean Up kit (New England Biolabs) and eluted into 100 pul. 1 mM sodium ciirate, pH 6.5,
{0485} One-Pot In vitro Transcription (IVT) of Multiplexed RNA Vaccine Candidates

For muitiplexed RNA Vaccine Candidates, RNA can be synthesized in separate reactions, as in
the IV'T method above, and then normalized and pooled in a final step, or in a single or “one-pot”
reaction. In the latier case, multiplexed RNA was synthesized by mixing 20 mM MgCI2, 7.5 mM
gach NTP, 7.5 mM CleanCap AG (TriLink), 1X HiScribe Transcription Buffer, 2M Betaine, 2
ul, HiScribe polymerase mix (NEB), and equimolar or predetermined molar ratio amounts of
each respective DNA template, o a total of 200 ng DNA, in 22 pub. VT reactions and incubated
at 37°C for 2 hours. For RNA conditions using chemically modified nucleotides, either UTP was
substituted by 3-hydroxymethyluridine triphosphate (Trilink} or cytidine was substituted by N4-
acetylCTP (Jena BioScience) at the indicated ratio in the IVT mixture.

AN IVT products were cleaned up using Monarch 300 pg RNA Clean Up kit (NEB) and eluted
into 83 ul nuclease-free water. Eluted products were then digested in 100 pL reactions
consisting of 1X DNase { buffer, 10U of DNase I (RNase-~free) (New England Biolabs) and

100U of CIAP (Promega) at 37°C for 5 minutes to degrade DNA template and remove residual
5'triphosphates on BNA. Treated samples were cleaned up using Monarch 500 ug RNA Clean
Up kit (New England Biclabs) and eluted into 100 ul. 1 mM sodium citrate, pH 0.5,

{0486} Formulation for In Vivo RNA Experiments

{0437} Formulations of RNA in lipid nanoparticles (RNA-LNPs) were prepared using a
microfiuidic mixer {Precision Nanosystems, Vancouver, BC). Briefly, GenVoy-1LM lipid
mixture (Precision Nanosystems NWWO0042) was difuted to 12.5 mM in anhydrous ethanol and
combined with an aqueous solution of RNA (0.14 mg/mL} in PNI buffer (Precision Nanosystems
NWWG043), using the manufacturer-recommended formulation parameters. Formulations were
immediately diluted 30:1 in phosphate-buffered saline (Gibco 10010023}, concentrated using
Amicon centrifugation filters (MilliporeSigma UFC901008}, and adjusted to the appropriate
final volume with PBS. Formulations were stored at 4°C for up to 2 days prior to the prime dose
and up to 25 days prior to the boost dose.

{0438} RNA Administration Study in Catile
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{0489] Animal experiments were carried out in accordance with the guidelines set forth by
Texas A&M University (TAMU, College Station, MA, USA) and were approved by the TAMU
Institutional Animal Care and Use (JACUC) commitiee. Catile were housed at TAMY McGregor
Research Facility, consisting of a breed of Angus crossbred cattle with no more than 0.25 Bos
indicus composition of Bos indicus. Calves were weaned at approximately 205 days of age for a
minimum of 4 weeks post weaning before being trained to the GreenFeed Pasture Systems (-
Lock Inc. ) and a minimum of 8 weeks before recetving vaccination treatments.

{04901 BDuring some RNA vaccine studies, such as M1 and M2, calves (n=4 or 5 per
condition} received two RNA administrations at Day O (prime) and Day 21 (boost). RNA
injections consisted of 2 mL. RNA-LNP formulation (¢.5 mg RNA dose per animal} delivered via
neck intramuscular injection, unless noted otherwise. Collection of blood, saliva, and rumen fluid
samples were taken from each animal on Days -1, 21, 34, and 90 and shipped on dry ice for
analysis, unless noted otherwise.

{0491} During other RNA vaccine studies, such as M3, calves (=10 per condition) received
two RNA administrations at Day O {(prime, 17}, Day 25 (boost, 27} and Day 104%* (boost, 3°}.
RNA injections consisted of 2 mL RNA-LNP formulation {0.55 mg RNA dose per animal)
delivered via neck intramuscular injection, unless noted otherwise. Blood samples were collected
on Days -1, 25, 42, 90, 109%, and 1227, and rumen fluid samples were collected on -1, 90, 109%,
and 122% Samples were shipped on dry ice for analysis, uniess noted otherwise. (*Only
conditions Fl and F3))

[6492] Blood was collected via jugular venipuncture (8-10ml.) and stored on ice for >2his {o
allow for clotting before centrifugation. Serum was collected and stored at -20°C until thawed
for assay.

{6493} Saliva was collected using a vacuum into a conical flask. >10mL saliva was harvested
per collection and stored at ~20°C until thawed for assay.

{0494 Rumen fluid was collected using an esophageal tube and pump to withdraw rumen
fluid, and was either immediately snap frozen in liguid nitrogen or placed on ice until being
centrifuged at -4°C. The solid fraction of the centrifuged sample (i e the pellet) was withdrawn
and placed in microtubes and snap frozen in liquid nitrogen prior to being stored at -80C and
shipped on dry ice to CosmosiD Inc. (Germantown, MD) for sequencing. The liquud fraction was

stored at -20°C until thawed for assay. For Study M3, separate samples were processed for
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Volatile Fatty Acid (VFA} analysis. For studies M1 and M2, animals were randomly distributed
by body weight (BW) into treatment groups and penned together.

04951 Hateric methane (CH4), oxygen (02}, and carbon dioxide (CO2Z) emissions per
individual calf was measured via the GreenFeed Pasture System (C-Lock Inc.} on Days -8 to -1,
representing a pre-vaccine baseline, and again on Days 22 to 29. Feed intake per individual calf
was measured via GrowSafe Feed Intake Systems {GrowSate Systems, Ltd ) and RFID ear tags
for the duration of the acclimation aud experiment time, Days -32 to 90

104961 For Study M3, animals were monitored for CH4 emissions and dry matter intake
{DMI) for a pre-trial baseline period, and distributed into treatment groups based on initial
CH4/DMI and BW and penned separately. Gas emissions per individual calf were measured
continucusly from D-22 to the end of the study and a pre-vaccine enteric methane baseline was
determined after sorting into final pens and before injection (-6 to DO}, Feed intake per
individual calf was measured via GrowSafe Feed Intake Systems (GrowSafe Systems, Ltd.} and
R¥ID ear tags for the duration of the acclimation and experiment time.

{0497} Sequencing and Bioinformatics Analysis

{0498} For DNA extraction, DNA from samples was 1solated using the QIAGEN DNeasy
PowerSail Pro Kit, according to the manufacturer’s protocol. Non-fractioned samples wers
allowed to thaw at 4°C for a maximum of 16 hours, and optionally homogenized and/or
centrifuged before extraction. Extracted DNA samples were quantified using Qubit 4 flucrometer
and Qubit dsDNA HS Assay Kit {ThermoFisher Scientific).

[0499] For Iibrary preparation and sequencing, DNA libraries were prepared using the
Nextera XT DNA Library Preparation Kit (Hlumina} and 10T Unique Dual Indexes with total
DNA input of 1 ng. Genomic DNA was fragmented using a proportional amount of lumina
Nextera XT fragmentation enzyme. Unique dual indexes were added to each sample followed by
12 cycles of PCR to construct libraries. DNA libraries were purified using AMpure magnetic
beads (Beckman Coulter) and eluted in QIAGEN EB buffer. DNA libraries were quantitied
using Qubit 4 fluorometer and Qubit dsDNA HS Assay Kit. Libraries were then sequenced on an
{Humina NextSeq 2000 platform 2x150bp

[0300] For bicinformatics analysis, unassembled sequencing reads were directly analyzed by
CosmosiD-HUB Microbiome Platform (CosmosID Tnc., Germantown, MD) described elsewhere

{Ottensen et al., 20106, Ponnusamy et al,, 2016, Hasan et al , 2014, Lax et al | 2014) for multi-
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kingdom microbiome analysis and profiling of antibiotic resistance and virulence genes and
quanitfication of organisms’ relative abundance. Briefly, the system utilizes curated genome
databases and a high-performance data-mining algorithm that rapidly disambiguates bundreds of
millions of metagenomic sequence reads into the discrete microorganisms engendering the
particular sequences.

{0501}  ELISA

{0502} ELISA assays measured antigen-specific IgG and IgA response to RNA vaccine
formulations. For coating ELISA plates, antigen protein was either reconstituted in H20 from a
lvophilized state (e g, OV A protein, 2000 ug/mL) or synthesized via an E. coli-based cell-free
protein expression system {Liberum Biotech) and a plasmid template DNA comprising the
sequence of the antigen protein (e.g., mrul499), as well as start/stop codons, an upstream T7
promoter and ribosome binding site, and a downstream T7 terminator. This reaction incubated
for 8hrs at 27°C and then was diluted 1:10 in PBS. Nunc ELISA plates (ThermoFisher
Scientific) were then coated with an antigen protein solution (50 pl/well) for an overnight
incubation at 4°C.

{0563} Plates were washed three tiroes with PBS-Tween 134 (PBST) and blocked (1hy, room
temperature) with 200 ul of SuperBlock {Thermo Fisher Scientific). A diuent was created from
a 1.2 mixture of SuperBlock {Thermo Fisher Scientific) and H20. Sesial dilutions of serum
samples (range 1:10-1:1010} in diluent were added (90-13S pl/well) to each well and incubated
{2hr, room temperature}. The plates were washed three times in PBST. For IgG titers, plates
were then incubated for 1 h at room temperature with S0 pl/well of HRP-conjugated sheep anti-
cow 1gG (ab112618, Abcam)}, 1:3,000 in diluent. For IgA titers, plates were then incubated for 1
h at room temperature with SO pl/well of HRP-conjugated sheep anti-cow IgA H&L (ab112755,
Abcam), 1:1,000 in diluent. The plates were washed three times in PBST and incubated for 10
min at room temperature with SigmaFast OPD Solution {(Sigma Aldrich) at 100 uL/well. The
reactions were stopped with addition of 50 pl/well of 2M HCI The absorbance read at 450nm
on a GloMax Plate Reader (Promega).

{0304} Hndpoint titers are defined here as the reciprocal of the highest analvie dilution that
gives a reading above the cutotf. The cutoff is calculated by summing the average of the

untreated {UTD) values plus the standard deviation of the uotreated (UTD) values. The

198



WO 2024/097397 PCT/US2023/036773

geometric mean titer (GMT) and geometric standard deviation ((GSD)} are taken across condition
group.

0505} Vaccine formulations used in Example 2 through 5.

[0306] Ssp refers to Secpepl. HNpep refers to a PPa2 secretory signal. HNadj refers to an

Sbi adjuvant, HNmod!l refers to Né-acetyl CTP. HNwmod2 refers to S-hydroxymethyhuridine

triphosphate.

{0507} Vaccine formulations used in Example 5.

{0508 Approach for antigen cluster generation.

{05049 One approach utilized to generate multi-component RNA vaccines in Examples 4 and

5 comprises using bioinformatic methods to identify groupings of two or more antigens (e.g.,
DNA or amino acid sequences) that are related to one another (e g, share a defined level of
sequence identity or structural identity, such as >890} and are associated with two or more
species of methanogen or methanogen associated protein in the rumen {e.g., antigens within a
grouping have >80% identity to more than one methanogen genome, collectively).

{6519] {n one example, such groupings were generated from a pool of antigens that were
50aa in lengih and represented all possible S0aa-frames present in a set of open reading frames
(ORF) generated from metagenomic data of a rumen. In some instances, this set of ORFs was
Hrnited to entries that shared a defined sequence identity {e.g., >80%) to the genome of a
methanogen species or a methanogen associated protein. In some instances, “hypothetical
proteins” and/or sequences for de novo peptide designs that shared structural similarity to
methanogen-associated proteins {e.g., structure identity via AlphaFold or LLM prediction) were
inciuded. Alternatively, 1n some instances, pools of S0aa-frames were generated from protein or
genome databases and limited fo select methanogen species {e.g, methanogen species most
abundant in rumen samples, Methanobrevibacter ruminontium, Methanobrevibacter smithii,
Methanobrevibacter oralis, Meithanomicrobium mabile, Methanosphaera stadimanae). In some
mnstance, this set of ORFs was limited to entries that were algorithmically predicted t¢ be
surface-associated proteins (e.g., ~0.5 confidence index). In some instance, the grouping of
antigens that were generated consisted of 2, 3, 4, or 5 antigens with >80% identity to each other
and the grouping contained antigens that were associated with 2, 3, 4, or § different methanogen
species. In some instances, the final antigen groupings were defined as the full protein sequences

from which the 50aa-frames were derived from.
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{0511} Approach for multi-component formulation composition.

{0512} Multi-component RNA vaccines targeted to multipie methanogen proteins and/or
proteins associated with multiple species of Methanogen/Archaea, used in Examples 4 and 5
were generated by using algorithmic or rational methods to select combinations of antigens and
antigen grouptug to provide coverage across multiple species of methane-associated microbes
present in the rumen. Vaccine formulations, as shown in Table 3 or Table &, are described to
consist of multiple antigens {e.g., 3, §, or 5 antigeus per formulation), are associated with
multiple methane-associated species {e.g., 3 or 5 species per formulation), and are combined at
specified proportions with respect to molarity or mass.

{6513} Specifically, in this example, F2 comprises three antigens 3.1 (SEQ 1D NO: 35),
£3.2(SEQ 1D NG: 37), and C3.3 (SEQ ID NO: 39}, generated via an antigen cluster generation
workflow described above. The antigens of F2 formulation have regions that share a define level
of similarity (e.g., sequence identity} and provide coverage of at least three methane-associated
species. Also, the antigens of the F2 formulation are associated with the name/ functionality of
“signal peptidase” (ex. BlastP highest match). Thereby, they are characterized as being
membrane-bound, enzymes, and/or are critical for converting secretory proteins to their mature
forms by cleaving signal peptides from the N-termini proteins during or after that protein’s
transiocation through the membrane.

{0514} F3 comprises two grouping of two antigens each (C7.1 (SEQ 1D NO: 55), C7.2 (SEQ
ID NG 57y, C73(SEQ ID NQ: 59), C7 4 {(SEQ ID NO.: 61}), and one grouping of 4 antigens
{CRI(SEQIDNO.. 63), C82 (SEQIDNO.: 65), CR3I(SEQ ID NO.. 67), C84 (SEQ ID NO.
69}), in which the former two groupings were generated via an antigen cluster generation
workflow and the later grouping was selected via rational design. The former two antigen
groupings each respectively have regions that share a define level of similarity {e.g., sequence
identity )} and provide coverage of at least two methane-associated species. Also, the antigens of

34

the F2 formulation are associated with the name/functionality of “adhesin”, “adhesin-like”, or
“immunoglobin (Ig)-like” and/or have regions that share a defined level of similarity to
adhesin/adhesin-like/fg-like domain-containing domains {ex. BlastP matched). Thereby, they are
characterized as being cell-surface components that facilitate binding to other cells or surfaces.
Overall, the F3 Formulation comprises eight antigens that cover at least five methane associated

species.
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{6515] F4 comprises a grouping of five antigens: C9.1 (SEQ ID NO.: 79), C9.2 (SEQ ID
NO.: 813, C93A (SEQ ID NO.- 83), C9.4C (SEQ ID NO.: 91), and C9.5 (SEQ ID NO.: 93),
generated via a raticunal design method. The antigens of F4 formulation are associated with the
name/ functionality of “archaeal oligosaccharyliransferase” or “AglB” and/or have regions that
share a defined level of similarity to oligosaccharyltransferase / AglB proteins {e.g., BlastP
matched). Thereby, they are characterized as enzymes critical to N-glycosylation—the covalent
attachment of oligosaccharides to target proterus. Overall, the F4 Formulation comprises five
antigens that cover at least five methane associated species.

{0316} F1 is a non-methanogen antigen control, ovalbumin (OVA), derived from Gallus
gaillus and intended to generate an immune response that is not specific to methanogens.

{6517} Table 3 Compositions for various mRNA vaccine formulation.

Formulation |Antigen [Species Association Meolarity |Mass

Name Mame {per antigen} (%o} (%)

Bl Ova Sbi |Gadlus gailus (Non-methanogen)  |100% 100%
{Control}

F2 €31 Methanobrevibacter ruminantivm  33% 33%
3.2 Merhanobrevibacter smithii 33% 33%
£33 Methanobrevibacter oralis 33% 33%

H3 C7.1 Methanobrevibacier smithii 7.5% 5.9%
C72 MMethanobrevibacter oralis 7.5% 5.9%
7.3 Merhanobrevibacter smithii 7.5%% 11%
7.4 Methanobrevibacter ovalis 7.5% 10%
8.1 MMethanobrevibacter ruminantivm  |17.5% 16%
8.2 Methanobrevibacter ruminantivm  |17.5%, 13%
{83 Methionobrevibacter ruminantium |17 5% 1984
{84 Wdethanobrevibacier ruminantivm  |17.5% 19%,

4 91 Methanobrevibacter ruminantinm  |28.6% 31%
o2 Methanobrevibacier smithii 17.9% {7%
CO3A Methanobrevibacter oralis 17.9% 17%

Methanomicrobium mobile
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Formulation |Antigen [Species Asseciation Rolarity Mass
Name Name {per antigen) (%% {%%)
CO4C WMethanosphaera stadimanae 17.9% 17%
a5 17.9% 17%
{0518} Table 5: Additional exemplary compositions for various mRENA vaceine

formulation. Formulation name, Antigen name, Species association, Input ratio by molarity (%),

and Input ratio by mass (%) are specified per row of table. Formulations comprise of

combinations of antigens and antigen groupings derived from the methods described above.

sp.

Fornnulation | Antigen | Species Association Protein Name Molarity Mass
Name MName Associations {%e)
F3+A 7.1 Methanobrevibacter Adhesin-like 2.40% n/a
smithii protein,
Transglutaminase
72 Methanobrevibacter domain-containing 2.40%
oralis protein, lg-like
domain-containing
73 Methanobrevibacter protein, 2.40%
smithit Right-handed
- . parallel beta-helix
C7.4 Methanobrevibacter | repeatcontaining | 2-40%
oralis protein
C8.1 Methanobrevibacter 5.70%
ruminantium
8.2 Methanobrevibacter 5.70%
ruminantium
83 Methanobrevibacter 5.70%
ruminantium
8.4 Methanobrevibacter 5.70%
ruminantium
H3+B C78.1 Methanobrevibacter Adhesin 2.60% n/a
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Formulation | Antigen | Species Assoctation Protein Name Molarity | Mass
MName Name Associations (%)

C782 | Methanobrevibacter Adhesin 2.60%
sp. UBAISS
C78B3 Methanobrevibacter Adhesin 2.60%
sp. UBAILSS
C7RB.4 | Methanobrevibacter Adhesin, partial 2.60%
sp.
C78B35 Methanobrevibacter Adhesin 2.60%
sp. uncultured
C71.B6 Methanobrevibacter Adhesin 2.60%
5p.
C7B.7 Methanobrevibacter Adhesin 2.60%
sp.
C7B3 Methanobrevibacter Adhesin, partial 2.60%
Sp.
C7B.9 | Methanobrevibacter Adhesin, partial 2.60%
sp.
C7R.10 | Methanobrevibacter Adhesin, partial 2.60%
sp.
CTB.11 | Methanobrevibacter Adhesin-like 2.60%
ruminantiurg M1 protein with
Transglutaminase
domain adhesin
C7B.12 | Methanobrevibacter Adhesin 2.60%
S
C7.8.13 | Methanobrevibacter Ig-like domwain 2.60%
sp. repeat protein
C78.14 | Methanobrevibacter peeudomurein- 2.60%
ap. binding repeat-
containing protein
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Formulation | Antigen | Species Assoctation Protein Name Molarity | Mass
MName Name Associations (%)
C78.15 | Methanobrevibacter Adhesin 2.60%
thaueri
C7.8.16 | Methanobrevibacter Adhesin 2.60%
sp. uncultured
C7RB.17 | Methanobrevibacter Adhesin 2.60%
sp. uncultured
C7.8B.18 | Methanobrevibacter Adhesin 2.60%
5p.
C7.B.19 | Methanobrevibacter Adhesin 2.60%
sp. uncultured
C7.8B.20 | Methanobrevibacter Adhesin 2.60%
sp.
C7.B.21 | Methanobrevibacter Adhesin 2.60%
Sp.
C7B22 | Methanobrevibacter Adhesin 2.60%
sp. uncultured
C7B23 | Methanobrevibacter Transglutamivase | 2.60%
sp. domain-containing
protein
C7B.24 | Methanobrevibacter Transglutamivase | 2.60%
sp. domain-containing
protein
C7B25 | Methanobrevibacter Transglutaminase | 2.60%
S domain-containing
protein
C7.B.26 | Methanobrevibacter Transglutaminase | 2.60%
sp. domain-containing
protein
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Example 2: Generation of antigen-specific antibodies with a multi-component vaccine

formulation

[8519] This example describes antigen specific IgG titers generated from the vaccination of
cattle with an exemplary vaccine against OV A and mrul499. The methods used in this Example
are provided in Example | above,

{0320} As shown in FIGS. 1A-1B, antigen-specific 1gG titers for OVA-IgQG and mru1499-
{gG (adhesin) were detected by ELISA in the serum or saliva of animals receiving either one
dose or two doses of the multi-component RNA vaccine. Further as shown in Table 4, antigen
specific 1gA titers were also detected from the serum or saliva of vaccinated animals.

{0521} Table 4: Auntigen-specific fgA and Igl titers from serum or saliva, for various
RNA vaccine formulation. RNAExperimental group size, dosing conditions, and RNA vaccine
formulations are specified per row of table. ELISA setups are shown in the table below and
recorded titers measure IgA or 1gG response to an exemplary multi-component RNA vaccine
formulation and exemplary RNA vaccine formulations targeting Methanogen proteins and with

various secretion signals. ELISAs all used Day 34 Serum or saliva samples.

Experi - . ELISA | ELISA Group g .
nditios E . . > 8
I Condition Formulation Coating Ab2 Siee {5=) GMT | GSB
0.5 mg of 30% OVA HNadj
Mi I Dose {85% HNmod1) + 509 OVA IeG 3 3E+4 b

mrul499 HNadj (85% HNmodl)

0.5 mg of 30% OVA_HNadj
M1 7 Dose (85% HNmod1) + 50% OVA G
o499 HNadj (85% Hidamod])

3E+T 66

[

0.5 mg of 30% OVA_HNadj
M1 I Dose {85% HNmod1) + 56% OVA IgA
anul499 HNady (85% HiNmod 1)

50

[¥5]
]

0.5 mg of 50% OVA_ HNadj
M1 2 Dose (83% HNmod1) + 30% OVA fgA 2 166 3
mruld99 HNadj (85% HNnwodl)

0.5 mg of 30% OVA HNadj

ose* {85% HNmod1) + 30% /A (s . 15
M 1 Dose*? 53% FiNmod 1) + 309 OVA IgG 5 331 i5
nra1d499 HNadi (85% HNmod )

0.5 mg of 30% OVA HNadj
M1 | 2 Doset* (85% HNmod1) + 50% OVA oG
w499 HNadj (85% HiNmod)

3162 4

Uy

0.5 mg of 30% OVA HKadj
Mi 1 Dose** {85% HiNmod1) + 56% OVA IgA 5 833 36
wmruld99 HNady (85% HNmod 1)

0.3 mg of 50% OVA_HNadj
Mi 2 Dose** (85% HNmod1) + 50% OVA fgA 5 1821 i3
mld99 HNadj (85% HNmodl)
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y 0.5 mg of yure 1499 _HNadj ) <
2 2 — Q o3 +
M2.1 F2 (100% HNaod1) mraid9s IgG 4 1E+6 i
8.5 mg of
M2.1 F4 HNpep_mrui499 HNadj (100% | mrald99 IeG 4 3E+3 4
HiNmod1}
. 0.5 mg of mruld99 HNadj ) =
2 2 b ) Q A 5
M2.1 F2 (100% HNmod1) mrutd9s IgA 4 57 6
0.5 mgof
M2.1 F4 HiNpep_mrul499 HNadj (100% | mmul499 TzA 4 316 2
HNmod1}
*Saliva Sample,
[0522] This data demonstrates that a single component or multi-component RNA vaccine

formulations can generate an antigen-specific antibody response in caitle. This data supports the
development of a single component or multiplexed vaccination approach (e g., where two or

more antigens are used), to vaccinate au animal, ¢ g, a ruminast.

Example 3: In vivo effect on methanogen abundance and methane emissions in cattle

vaccinated against a Methanogen protein

{0523} This Hxample describes the in vive effect on methanogen abundance and methane
emissions in cattle vaccinated with exemplary RNA vaccine formulations targeting Methanogen
proteins with various secretion signals. The methods used in this Example are provided in
Example 1 above.

10324} As shown in FIG, 2, calves vaccinated with an exeraplary multi-component RNA
vaccine showed a decrease in Methanogen species Methianobrevibacter (Mbb.) ruminantivin M1 in
rumnen fluid at Days 20, 34 and 90 post-vaccination as compared to control animals which were
either left untreated or not dosed with the vaccine formulation. Similarly, FIGS. 3A-3B show a
decrease in Methanogen species Merthanobrevibacter (Mbh ) ruminantium M1 in rumen fluid of
calves vaccinated with an exemplary RNA vaccine targeting Methanogen proteins with various
secretion signals. The normalized relative abundance of Archaeal species was also generaily
decreased in rumen thiid of calves vaccinated with RNA vaccine targeting Methanogen proteins
{(FIG. 3B). Animals vaccinated with RNA vaccine construct having a HMNpep secretory signal,

the mru 1499 antigen, and HNadjuvant had an increase to Archaeal abundance.
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{6525] FI1G. 4 shows the abundance of methanogen and archaeal species in rumen fluid in
cattle vaccinated with exemplary RNA vacceine formulations targeting methanogens, and in some
instances including cytokines. The RNA used also included the AcdC and/or ShmiJ
modifications, as indicated in the figure. Animals vaccinated with RNA vaccine formulations
targeting methanogens {mmu1499) and those additicnally with cytokines CXCL10 or VIP showed
lower methanogen and archaeal species compared to each groups’ respective Day O levels
{apparent as negative delta values). Additionally, these groups showed a decrease in total
Archaeal abundance compared to the untreated group. The RNA vaccination formulation with
both Ac4C and ShrlU modifications resulted in a decrease in abundance of Methanogen species
Mbb. ruminantinn M1 compared to the untreated group, however, an increase in total Archaeal
abundance.

{0526} Additionally, methane emissions based on feed intake were also measured for calves
vaccinated with an exemplary RNA vaceine formulation targeting Methanogen proteins with
various secretion signals, The data in FIG, § shows that calves vaccinated with an exemplary
construct targeting mrul499 and having a PPa2 secretory peptide and a Sbi adjuvant had lower
methane emissions compared to before the vaccination {compare last two bars on right). FIG. 6
shows reduced methane emissions in animals vaccinated with exemplary RNA vaccine
formulations targeting methanogens and/or treated with RNA expressing cytokine (CXCL10,
VIP).

{8527} Taken together, the data in this Example demonsirates that vaccination with RNA
vaccine formulations targeting methanogens and/or treatment with RNA expressing cytokines
expressed by cattle can reduce the abundance of methanogens and/or reduce methane emissions.
This data further supports the development of a vaccination approach comprising methanogen
antigens and/or ruminal-associated antigens for reducing methanogens in the digestive tract of an

animal and/or reducing methane emisstons.

Example 4: In vive effect on methanogen abundance and methane emissions of cattle

vaccinated with a multi-component RNA vaccine against muoktiple Methanogen proteins

{0528} This Exarople describes the i vivo effect on methanogen abundance and methane

emissions in cattle vaccinated with exemplary multi-component RNA vaccine formulations
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targeting multiple methanogen proteins. The methods used in this Example are provided in
Example 1 above.

{0529 As shown in FIGs. 7TA-TB, calves vaccinated with an exemplary multi-component
RNA vaccine formulation targeting multiple Methanogen proteins showed a decrease in Total
Archaea at +5d POST and +18d POST, relative to abundance at the PRE time point. From the
PRE to +18d POST timepoint, calves vaccinated with the F3 multi-component RNA vaccine
formulation achieved a 44% decrease in fotal archaeal abundance (-32%, normalized to the
CNT(OVA} group). In addition, calves vaccinated with an exemplary multi-component RNA
vaccine formulation targeting multiple methanogen proteins showed a decrease in each
individual archaeal species identified at +5d POST, relative to abundance at the PRE time point
and normalized to the CNT{OVA) group. Note, the CNT(OVA) negative control is a vaccine
formulation targeted to non-methanogen protein, ovalbumin, to generate a non-methanogen
specific immune response.

{0336 Additionally, methane emissions based on feed intake were also measured for calves
vaccinated with exemplary multi-component RNA vaccine formulations targeting multiple
methanogens. The data in FIGS, 8A-8B showsthat calves vaccinated with F3 or F4 vaccine
formulations {as described in Table 3} had lower methane emissions (CH4/day} post-injection
relative to the control CNT-OV A (FIG. 8A, last two bars on right). Further, all tested exemplary
multi-component RNA vaccine formulations targeting multiple methanogen proteins
demonstrated lower methane emissions per feed intake ({CH4/day per Ib feed) post-injection
relative to the control ONT-OVA (FIG. 8B)

85314 Taken together, the data in this Example demonstrates that vaccination with multi-
component RNA vaccine formulations targeting one or more methanogen antigens and/or one or
more methanogen species can reduce the abundance of methanogens and reduce methane
emissions. This data further supports the development of a vaccination approach comprising
methanogen antigens or ruminaf-associated antigens for reducing methanogens in the digestive

tract of an animal and reducing methane emissions.

Example 3: In vive effect on growth efficiency of cattle vaccinated against a Methanogen

protein
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{0532} This Hxample describes the in vive effect on growth efficiency, measured via average
daily gain {(ADG, Ib/day) or the average amount of weight an animal gained per day during a
defined feeding period, of catile vaccinated with exemplary RNA vaccine formulations targeting
Methanogen protetns with various secretion signals, and in some instances mulit-component
formulations, cytokines, and the Ac4C and/or ShmU modifications. The methods used in this
Example are provided in Example 1 above.

{0833} As shown in FIG, @, calves vaccinated with an exemplary RNA vaccine targeting
methanogen proteins and having either a secpepl or HNpep secretory signal (¥3, F4) had
significant increases in average daily gain (ADG) during time period “DO0-D20” (a 20-day period
post prime injection) and “D20-D90” (70-day period post boost injection} as compared to control
animals which were either left untreated or not dosed with the vaccine formulation. For the
secpepl formulation, average ADG normalized to untreated (UTD) increased over (.8 [hs/day
{+53% change from baseline ADG} for the D0-D20 period, and over 1.0 Ibs/day (+65% change
from baseline ADG) for the D20-D90 period. Additionally, the data showed that exemplary
RINA vaccine formulations targeting methanogens and with cytokines and/or the Shml
modification also increased ADG during time period DO-D20 and D20-D90 a5 compared to
control animals which were either left untreated or not dosed with the vaccine formulation.
[0534] In addition, this Example describes the in vivo effect on growth efficiency, measured
via average daily gain (ADG, 1b/day), of cattle vaccinated with an exemplary mulii-component
RNA vaccine against muitiple methanogen proteins. As shown in FIGS. 18A-16B, calves
vaccinated with multi-component RNA vaccine against multiple Methanogeu proteins had
increased ADG during time period “D0-D257 (a 25-day period post prime injection) and “D25-
D907 (65-day period post boost injection) as compared to animals in the CNT{(OVA) group
which were vaccinated with a formulation targeted to non-methanogen protein, ovalbumin, to
generate a non-methanogen specific immune response.

{B5835] The data in this Example demonstrates that vaccination with RNA vaccine
formulations targeting methanogens can increase growth efficiency of cattle, by way of their
average daily weight gained. Additionally, the data demonstrates that vaccination with RNA
vaccine formulations targeting one or more methancgen antigens and/or one or more
methanogen species can increase growth efficiency of cattle relative to a non-ruethanogen

specific vaccine. Without wishing to be bound by any particular theory, in some embodiments,
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vaccination with polynuciectides comprising one or more ruminal-associated antigens increases
the growth efficiency of an animal (¢.g., a ruminant) by reducing one or more microorganisms
{e.g, methanogens} in a digestive tract of an animal thus fowering methane emissions, Further
without wishing to be bound by any particular theory, since methane produced in the digestive
iract of an animwal 18 energy lost (e.g.. not absorbed by the body) from food consumed by an
animal, reducing methane emissions allows for more energy from the food consumed by the
ammal 1o be used for growth, thus increasing growth efficiency of an animal

105361 This data further supports the development of a vaccination approach comprising
ruminal-associated antigens (¢.g., ruminal antigens and/or methanogen antigens) for increasing

the growth efficiency of ruminant animals.
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Attorney Docket: 2012611-0096

NUMBERED EMBODIMENTS

{06337} Embodiment 1. An isolated polynucieotide encoding one or more ruminal-associated
antigens, fragments thereof or variants thereof.

{0838} Embediment 2. The isolated polynucleotide of embodiment |, wherein the one or
more ruminal-associated antigens comprise one or more ruminal antigens and/or one or more
methanogen antigens.

{0539} Embodiment 3. The isolated polynucieotide of embodiment 1 or 2, wherein the one or
more ruminal-associated antigens comprise one or more ruminal antigens.

{3540} Hmbodiment 4. The isolated polynucleotide of any one of the preceding
embodiments, wherein the one or more ruminal antigens are derived from: a polypeptide that is
involved in attachment to formenting bactenia, or a fragment or variant thereof.

{6541} Hmbodiment 5. The tsolated polynuclestide of any one of the preceding
embodiments, wherein the polynucleotide comprises at least 2, at least 3, at feast 4, at least 5, at
feast 6, at least 7, at least 8, at feast 9, or at feast 10 ruminal antigens.

10542 Embodiment 6. The isclated pelynucleotide of embodiment 1 or 2, wherein the one or
more ruminal-associated antigens comprise one or more methanogen antigens,

{6543} Hmbodiment 7. The isolated polynuclectide of embodiment 6, wherein the
polynucieotide comprises at least 2, at least 3, at feast 4, at least 5, at least 6, at least 7, at least 8,
at teast 9, at least 10, at least 15, or at [east 20 methanogen antigens.

{0544 Embodiment 8. The isolated polynucieotide of embodiment &, wherein the
polynucieotide comprises about 2 to about 20, about 2 to about 15, about 2 to about 10, about 2
to about 2, about 2 to about 8, about 2 to about 7, about 2 to about 6, about 2 to about 3, about 2
to about 5, about 2 to about 4, about 2 to about 3, about 3 to about 20, about 4 to about 20, about
5 to about 20, about 6 to about 20, about 7 to about 20, about 8 to about 20, about 9 to about 20,
about 10 to about 20, or about 15 to about 20 methanogen antigens.

{06545] Embodiment 9. The isolated polynuclectide of any one of embodiments 6-8, wherein
the one or more methanogen antigens are the same, ¢ g, having the same seguence.

{0546 Hmbodiment 10. The isolated polynucleotide of any one of embodiments 6-§,

wherein the one or more methanogen antigens are different, e.g., having different sequences.
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{0347} Embodiment 11 The isolated polynuclectide of any one of embodiments 1-2 or 6-10,
wherein the one or more methanogen antigens is derived from a polypeptide found on the cell
surface of a wild-type methanogen, or a fragment or variant thereof.

[0348] Embodiment 12. The isolated polynucleotide of any one of embodiments 1-2 or 6-11,
wherein the one or more methanogen antigens is secreted.

{0549} Hmbodiment 13. The isolated polynuciectide of any one of embodiments 1-2 or 6-12,
wherein the one or more methanogen antigens comprise a peptide that is involved 1o adhesion,
attachment, or mobility, or a fragment or variant of a peptide that is involved in adhesion,
attachment, mobility.

{0550} Embodiment 14. The isclated polynuclestide of embodiment 12 or 13, wherein the
secreted methanogen antigen comprises a signal peptide.

10851 Embodiment 15. The isolated polynucleotide of embodiment 14, wherein the signal
peptide can be predicted using a prediction algorithm and optionally wherein the prediction score
is at least 0.5

{0552) HEmbodiment 16. The isolated polynuclectide of any one of embodiments 1-2 or 6-15,
wherein the one or more methanogen antigens comprise one or more peptides having at least
80% sequence identity 10 a methanogen protein.

[8333] Embodiment 17. The isolated polynucleotide of any one of embodiments 1-2 or 6-16,
wherein the polynucleotide comprises a plurality of methanogen antigens each having at least
30% sequence identity to each other.

[B554] Embodiment 18. The isolated polynucleotide of any one of embodiments 1-2 or 6-17,
wherein the polynuclectide comprises a plurality of methanogen antigens wherein each
methanogen antigen in the plurality is associated with a different methanogen species.

{6385] Embodiment 19. The isolated polynucleotide of any one of embodiments 1-2 or 6-18,
wherein the polynucleotide comprises a plurality of methanogen antigens, and wherein the
methanogen antigens in the plurality are associated with at least 2 different, at least 3 different, at
least 4 different or at least S different methanogen species.

{#556] Hmmbodiment 2¢. The isolated polynuclectide of any one of embodiments 1-2 or 6-19,
wherein the polynucleotide comprises a plurality of methanogen antigens and wherein each

methanogen aotigen in the plurality is associated with the same methanogen species,
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{0557} HEmbodiment 21 The isolated polynuclectide of any one of embodiments 18-20,
wherein the methanogen species comprises: Methanobrevibacter ruminantium,
Methanobrevibacter smithii, Methanobrevibacter oralis, Methanomicrobium mobile,
Methanobrevibacter wolinii, Methanobrevibacter arboriphilus, Methanobrevibacter boviskoreani,
Methanosphaera stadtmanae, Methanosarcina mazel, Methanobrevibacter thaueri,
Methancbrevibacter sp. UBA 188, Methanosarcina soligelidi, Methanothermobacter
thermautotrophicus, Methanococcus aeolicus, Methancaldoococeus jannaschit, Methanococcus
voltae, Methanococcus vannielii, Methanoceccus maripaludis, Methanopyrus kandlert,
Methanocorpusculurm labreanum, Methanococcoides burtonii, Methanosaete thermophilia,
Methanoregula boonei, Methanosphaerula palustris, Methanoculleus marisnigst,
Methanospirillim hungatei, or Mathanosarcina acetivorans.

f0358)  Embodiment 22. The isolated polyanucleotide of any one of embodiments 18-21,
wherein the methanogen species is or comprises Methanobrevibacter ruminantium,
Methanobrevibacter smithii, or Methanobrevibocier orafis.

{6559] Embodiment 23, The isolated polynuclectide of any one of embodiments 18-21,
wherein the methanogen species is or comprises Methanobrevibacter rumnantium
Methanobrevibacter smithii Methanobrevibacter oralis Methanomicrobium mobile or
Methanosphaera stadtmanae.

[¢369] Embodiment 24, The isolated polynuclectide of any one of embodiments 1-2 or 6-23,
wherein the one or more methanogen antigens comprise one or more pepiides having at least
80% sequence identity to a polypeptide having sigual peptidase activity,

j03561 Embodiment 25. The isolated polynucleotide of embodiment 24, wherein a

polypeptide having signal peptidase activity:

{06362} {i) is membrane bound;
{0563} (i1} has the ability to cleave one or more signal peptides;
{8364 {111} plays a role in converting a secretory protein to a mature form {e.g., from a

non-secretory form to a secretory form); and/or
{0365} (iv} or any combination thereof.
{6566} Embodiment 26. The isolated polynucleotide of any one of embodiments 1-2 or 6-25,

wherein the one or more methanogen antigens comprise one or more peptides having: (1) at least
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&% sequence identity to an Immunoglobulin (Ig)-like polyvpeptide, or (2} substantially similar
function to an Ig-like domain-containing polypeptide.

{05674 Embodiment 27, The isolated polynucleotide of embodiment 26, wherein an ig-like
domain-containing polypeptide comprises a polypeptide characterized as a cell-surface protein
that facilitates binding to other cells and/or cell surfaces.

{0568} Hmbodiment 28. The isolated polynuciectide of any one of embodiments 1-2 or 6-27,
wherein the one or more methanogen antigens comprises an adhesin or fragment or varant
thereof.

0569} Embodiment 29. The 1solated polynuclectide of embodiment 28, wherein the one or
more methanogen antigens comprises an adhesin protein provided in Table 1 or a sequence with
at least 85% identity thereto.

105791 Embodiment 30. The isolated polyaucleotide of any one of embodiments 1-2 or 6-29,
wherein the one or more methanogen antigens comprises mrul499, or a fragment or variant
ihereof.

{0571} Embodiment 31. The isolated polynucleotide of any one of embodiments 1-2 or 6-30,
wherein the one or more methanogen antigens comprises an antigen sequence provided in any
one of SEQ H3 NOs: 2, 6, or 8 or a sequence with at least 85% 1dentity thereto, or is encoded by
a sequence provided in any one of SEQ ID NOs: 1) S, or 7 or & sequence with at least 85%
identity thereto,

{0572} Embodiment 32. The isolated polynucleotide of any one of embodiments 1-2 or 6-31,
wherein the methanogen antigen comprises a pili protein or fragment or variant thereof.

{05734 Embodiment 33, The isolated polynuclectide of any one of embodiments 1-2 or 6-32,
wherein the methanogen antigen comprises a flagellin protein, or fragment or variant thereof.
{6574} Embodiment 34. The isolated polynucleotide of any one of embodiments 1-2 or 6-33,
wherein the one or more methanogen antigens comprise one or more pepiides having: (1) at least
80% sequence identity to an archaeal oligosaccharyitransferase (AgiB) polypeptide, or (2)
substantially similar function to an AglB polypeptide.

{8575} Hmbodiment 35 The isolated polynuciectide of embodiment 34, wherein an AglB

polypeptide is characterized as having N-glycosylation activity.
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{05876} Embodiment 36. The isolated polynuclectide of any one of the preceding

embodiments, wherein the one or more methanogen antigens comprise:

{08774 {1} one orf more peptides having at least 80% sequence identity to a methanogen
protein;

[0378] {i1) one or more secreted antigens comprising a signal peptide;

{0579} (111} a plurality of peptides having at least 80% sequence identity to each other;
{0580} {iv) a pluraitty of peptides associated with at least 2 different, at least 3 different,

at least 4 different or at least 5 different methanogen species;
{03811 {v} one or more peptides having at least 80% sequence identity to a polypeptide
having signal peptidase activity;
{06582} {vi} or any combination thereof.
{0583} Embodiment 37, The isolated polynucleotide of embodiment 36, wherein the
polynuclectide comprises three methanogen antigens.
{0584} Embodiment 38, The isolated polynuclectide of embodiment 37, wheretn the three
methanogen antigens are associated with at least three different methanogen species.
{6585] Embodiment 39, The isolated polynuclectide of any one of embodients 1-35,
wherein the one of more methanogen antigens comprise:
(i) one or more peptides having at least 80% sequence identity to a methanogen protein;
(it} one or more secreted antigens comprising a signal peptide;
(iii}y a plurality of peptides associated with at least 2 different, at least 3 different, at least
4 different or at least 5 different methanogen species;
{iv} one or more peptides having at least 80% sequence identity to an AglB polypeptide
or substantially similar function to an AglB polypeptide;
{v} or any combination thereof.
{0586} Embodiment 40. The isolated polynucleotide of embodiment 39, wherein the
polynuciectide comprises five methanogen antigens.
{0587} Embodiment 41. The isolated polynucleotide of embodiment 40, wherein the five
methanogen antigens are associated with at [east five different methanogen species.
{0588] Embodiment 42. The isolated polynucleotide of any one of embodiments 1-35,

wherein the one or more methavogen antigens comprise:
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{06589} (i} one or more peptides having at least 80% sequence identity to a methanogen
protein;

{05901 {ii} one or more secreted antigens comprising a signal peptide;

{0591} {1i1} a plurality of peptides having at least 80% sequence identity to each other;
0592} {(iv} a plurality of peptides associated with at least 2 different, at least 3 different,

at least 4 ditferent or at least 5 different methanogen species;

{3593} {v} one or more peptides having at feast 80%% sequence identity to an Ig-like
domain-containing polypeptide or substantially similar function to an Ig-like domain-containing
polypeptide; and/or

[0594] {vi} any combination thereof.

[0595] Embodiment 43. The isolated polynucleotide of embodiment 42, wherein the
polynuclectide comprises eight methanogen antigens.

05961 Embodiment 44. The isolated polynucleotide of embodiment 43, wherein the cight
methanogen antigens ate associated with at least three different methanogen species.

{0597} Embodiment 45. The isolated polynucleotide of any one of the preceding
embodiments, wherein the one or more ruminal antigens and/or the one or more methanogen
antigens are each situated on a separate nucleotide sequence.

[05%8] Embodiment 46. The isolated polynucleotide of any one of embodiments 1-2 and &-
45, wherein the polynucleotide comprises at least 2 methanogen antigens and the at Jeast 2
methanogen antigens are situated on separate nucleotide sequences.

[8599] Embodiment 47, The isolated polynucleotide of any one of embodiments 1-2 and 6-
45, wherein the polynucleotide comprises at least 3 methanogen antigens and the at least 3
methanogen antigens ate situated on separate mucleotide sequences.

[6600] Embodiment 48. The isolated polynuclectide of any one of embodiments 1-2 and 6-
4S, wherein the polymucleotide comprises at least 4 methanogen antigens and the at least 4
methanogen antigens are situated on separate nucleotide sequences.

0601} Embodiment 49. The isolated polynucleotide of any one of embodiments 1-2 and 6-
45, wherein the polynucleotide comprises at least 5 methanogen antigens and the at Jeast 5

methanogen antigens are situated on separate nucleotide sequences.
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{6602} HEmbodiment 50, The isolated polynuclectide of any one of embodiments 1-2 and 6-
45, wherein the polynucleotide comprises at least 6 methanogen antigens and the at least 6
methanogen antigens are situated on separate nucleotide sequences.

[0603] Embodiment 51. The isolated polynucleotide of any one of embodiments 1-2 and 6-
45, wheretn the polynucleotide comprises at least 7 roethanogen antigens and the at least 7
methanogen antigens are situated on separate nuclectide sequences.

{3604} Hmbodiment 52. The isolated polyoucieotide of any one of embodiments 1-2 and 6-
45, wherein the polynucleotide comprises at least 8 methanogen antigens and the at least 8
methanogen antigens are situated on separate nucleotide sequences.

[0605] HEmbodiment 53. The isolated polynuclectide of any one of embodiments 1-2 and 6-
45, wherein the polynucleotide comprises at least 9 methanogen antigens and the at least 9
methanogen antigens are situated on separate nucleotide sequences.

0606} Embodiment 54. The isolated polynucleotide of any one of embodiments 1-2 and 6-
45, wherein the polyoucleotide comprises at least 10 rmoethanogen antigens and the at least 10
methanogen antigens are situated on separate nucleotide sequences.

{8607} Embodiment 55. The isolated polynucleotide of any ove of embodiments 1-43,
wherein the one of more ruminal antigens and/or the one or more methanogen antigens are
sttuated on the same nucleotide sequence.

{0608} Embodiment 56. The isolated polynuclectide of any one of embodiments 1-2 and 6-
55, wherein the one or more methanogen antigens comprises a polypeptide antigen sequence
provided in Table Z, or a variant and/or fragment thereof

{0609 Embodiment 57. The isolated polynucleotide of any one of embodiments 1-2 and 6-
35, wherein the oune or more methanogen antigens comprises a polypeptide antigen sequence
having at feast 85%, at least 90%, at least 91%, at least 92%, at least 93%4, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identity to an antigen sequence
provided in Table 2.

0610} Embodiment 38, The isolated polynucleotide of any one of the preceding
embodiments, wherein the polynuciectide comprises a signal peptide.

{6611} Embodiment 59. The isolated polynuclectide of embodiment 58, wherein the signal

septide has at least 85% homology to an archaeal signal peptide.
I &) g
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{0612} Embodiment 60. The isolated polynuclectide of embodiment 38, wherein the signal
peptide has at least 85% homology to a bacterial signal peptide.
{06131 Embodiment 61, The isolated polynucleotide of any one of embodiments 58-60,
wherein the signal peptide is or comprises a PPAZ signal peptide, or a fragment or variant
thereof.
{0614} Hmbodiment 02. The isolated polynucieotide of any one of embodiments 58-60,
wherein the signal peptide is or comprises an SSP signal peptide, or a fragment or variant
thereof.
[0615] Embodiment 63. The 1solated polynucleotide of embodiment 38, wherein the signal
peptide is or comprises a3 SARS-CoV-2 Spike secretion signal, or a fragment or variant thereof.
{6616} Embodiment 64. The isolated polynucleotide of any one of embodiments 58-63,
wherein the signal peptide is situated at the N terminal of the ruminal-associated antigen
sequence.
{8617} Embodiment 65, The isolated polynuclectide of embodiment 2, wherein the
polynucleotide comprises:
(1) a first mucleotide sequence encoding ove or more ruminal antigens,
{11} a second nuclectide sequence encoding one or more methanogen antigens; and/or
(iti} a third nucleotide sequence encoding a chemokine and/or eytokine.
[0618) Embodiment 66. The isolated polynuclestide of embodiment 65, wherein the first

~
/
i

nucleotide sequence comprises at feast 2, at least 3, at least 4, at [east 5, at least 6, at least 7, at
fcast 8, at least 9, or at least 10 ruminal antigens.

{0619 Embodiment 67. The isolated polynuclectide of embodiment 65 or 66, wherein the
second nucleotide sequence comprises at least 2, at least 3, at feast 4, atleast 5, at least 6, at feast
7, at least 8, at least 9, or at least 10 methanogen antigens.

{0620} Embodiment 68. The isolated polynucleotide of any one of embodiments 65-67,
wherein the first nucleotide sequence, the second nucleotide seguence and/or the third nucleotide
sequence are situated on one polynucleotide.

{6621} Hmmbodiment 69. The isolated polynuclectide of any one of embodiments 65-67,
wherein the first nuclectide sequence, the second nucleotide sequence and/or the third nucleotide

sequence are situated ov different polynucieotides.
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{6622} Embodiment 70. The isolated polynuclectide of any one of the preceding
embodiments, wherein the polynucleotide comprises a transmembrane domain.

0623} Embodiment 71. The isolated polynucleotide of any one of the preceding
embodiments, further comprising a complement C3d-binding polypeptide from an
imrounoglobulin-binding protein (Shi} of Staphylococeus aureus.

[0624] Hmbodiment 72. The isolated polynuclectide of embodiment 71, wherein the
complement C3d-binding polypeptide is or comprises:

{06251 (t)domain i1 of the Sbi of Staphylococcus aurens, or a functional fragment or a
variant thereof

{6626} (ii) domain IV of the Shi of Staphviococcus anrens, or a functional fragment or a
variant thereof; or

0627} (it} both (1) and (ii}.

{0628} Embodiment 73. The isolated polynucleotide of any one of the preceding
embodiments, wherein the polynuclectide is ot corprises DNA,

{0629} Embodiment 74. The isolated polynucleotide of any one of the preceding
embodiments wherein the polynucleotide 1s or comprises RNA.

{0630} Embodiment 75. The isolated polynuclectide of embodiment 74, wherein the RNA
comprises a 37 cap.

{0631} Embodiment 76. The isclated polynuclectide of embodiment 74 or 75, wherein the
RNA comprises a polvA tail.

[8632] Embodiment 77. The isolated polynucleotide of any one of embodiments 74-76,
wherein the polynucleoctide sequence comprises one or more ribonuclieotides comprising a
nucleoside comprising an acetyl group, wherein the nucleostde 13 Nd-acetyleytidine and the

modified ribonucleotide has a structure of

OHOM
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wherein R is a §” monophosphate, a 3” diphosphate, ora §° iriphosphate.

{0633] Embodiment 78. The isolated polynucleotide of embodiment 77, wherein the
polyribonuclectide further comprises one or more modified ribonuclectides other than N4-
acetylevitdine, optionally wherein the nucleoside is chosen from: an adenosine, an inosine, a
guanosine, a cytidine or a uridineg, or any combination thereof

{0634} Hmbodiment 79. The isolated polynuclectide of embodiment 78, wherein the
nucleoside of the one or more modified ribonucieotides 1s S-hydroxymethyluridine, and the

modified ribonuclectide and has a structure of;

wherein R is a 8" monophosphate, a 5” diphosphate, or a §” triphosphate.

{0635} Embodiment 80. The isolated polynuclectide of any one of embodiments 74-76,
wherein the polynucleotide sequence comprises one or more ribonucleotides comprising a
aucleoside comprising a hydroxymethyl group, wherein the nucleoside is 5«

hydroxymethyluridine and has a structure of:

O Ol

wherein R is a 57 monophosphate, a 5 diphosphate, or a &7 iriphosphate.
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{06636] Embodiment 81, The isolated polynuclectide of embodiment 80, wherein the
polyribonucleotide further comprises one or more modified ribonuciectides other than 5-
hydroxymethyluridine wherein the one or more modified ribonuclectides comprises a nucleoside
chosen from: an adenosine, an inosine, a guanosine, a ¢ytidine or a uridine, or any combination
thereof.

{0637} Hmbodiment 2. The isolated polynuclectide of embodiment 80 or 81, wherein the
nucleoside of the one or more modified ribonucleotides is Nd-acetyleytidine and the modified

ribonucleotide has a structure of

wherein R is a 5 monophosphate, a 5° diphosphate, or a &7 triphosphate.

{0638} Hmbodiment 83. A polypeptide encoded by the polynucieotide of any one of the
preceding embodiments.

[0639] Embodiment 84. A composition comprising one or more polyribonucleotides of any
one of embodiments 1-82, or a polypeptide of embodiment 83

{0640} Embodiment 85. The composition of embodiment 84, wherein the composition is a
pharmacentical composition.

{0641} Embodiment 86. The composition of embodiment 84, wherein the composition is an
HUNIUROGENIC composition,

{0642} Embodiment 87. The composition of embodiment 84, wherein the compositicn is a
Vaccine composition.

10643} Embodiment 88. The composition of any one of embodiments 83-87, wherein the
composition 1s formulated for delivery with a carrier.

[0644] Hmbodiment 89, The composition of 88, wherein the carrier is a lpid nanoparticle, a

cationic lipid, a polymeric particle.
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{6645] Embodiment 90. The composition of any one of embodiments 83-87, wherein the
composition is formulated for delivery without a carrier.

{06461 Embodiment 91. A method comprising administering a composition according to any
one of embodiments 84-90, to a cell, tissue or an animal.

[0647] Embodiment 92. The method of embodiment 91, wherein the method is a vaccination
method.

{0648} Hmbodiment 93. The method of embodiment 90 or 91, wherein the anirnal s a
mminant.

{06451 Embodiment 94. The method of any one of embodiments 90-92, wherein the
suminant is a cattle, sheep, goats, buffalo, moose, antelope, cariboy, or deer.

{6650} Embodiment 95. The method of any one of embodiments 90-92, wherein the animal
is a domestic animal.

{0651} Embodiment 96. The method of any one of embodiments 90-95, wherein the
compaostiion is characterized in that administration of the composition to the animal reduces
methane emissions from the animal as compared to an otherwise comparable animal not
administered the composition or administered a different composition.

{86521 Embodiment 97. The method of embodiment 96, wherein the reduction tn methane
emissions is at least 3%, at least 10%, at least 15%, at least 20%, at least 25%, at least 30%, at
feast 35%, at feast 40%, at least 45%, at least 30%, at least 55%, at least 60%, at least 65%, at
feast 70%, at least 75%, at least B0%, at least 85%, or at least 90% as compared 1o an animal not
administered the composition or administered a different composition.

06531 Embodiment 98. The method of embodiment 97, wherein the reduction in methane
emissions 1s about 5%, about 10%, about 15%, about 20%, about 25%, sbout 30%, about 35%,
about 40%, about 45%, about 50%, about 55%, about 60%, about 65%, about 70%, about 75%,
about 80%. about 85%, or about 90% as compared to an otherwise comparable animal not
administered the composition or administered a ditferent composition.

[0634] Embodiment 99. The method of any one of embodiments 90-98, wherein the
compostiion is charactesized in that administration of the composition to the animal reduces a
population of microorganisms in the animal, as compared to an animal not administered the

composition or administered a different composition.
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{0655] HEmbodiment 100. The method of embodiment 99, whergin the microorganisms is a
methanogen.

[8656] Embodiment 101, The method of embodiment 160, wherein the methanogen
comprises a methanogen from one or more of the following clades: Methanobrevibacter,
Methanosphoera, Methanobacterium, Methanosarcinales, Methanomicrobiales,
Methanothermobacter, Candidatus Methanomethvlophitus, Thermoplasmatales.

{0657} Hmbodiment 102, The method of embodiment 100, wherein the methanogen
comprises Methanobrevibacter ruminantium, Methanobrevibacter smithii, Methancbrevibacter
oralis, Methanomicrobium mobile, Methanobrevibacter wolimi, Methanobrevibacter
arboriphilus, Methanobrevibacter boviskoreani, Methanosphaera stadtmanae, Methanosarcina
mazel, Methanobrevibacter thaveri, Methanobrevibacter sp. UBA 188, Methanosarcina soligelidi,
Methanothermobacter thermautotrophicus, Methanococcus aeolicus, Methancaldoococcus
jannaschii, Methanococcus voltae, Methanococcus vannielii, Methanococcus maripaludis,
Methanopyrus kandleri, Methanocorpusculum labreanum, Methanococeotdes burtouii,
Methanosaete thermophilia, Methanoregula boonet, Methanosphaerula palustris, Methanoculleus
marismgn, Methavnospiriilim hungatei, Mathanosarcina acetivorans, or any combination thereof.
{0658] Embodiment 103. The method of any one of embodiments 100-102, wherein the
methanogen abundance is reduced by at least 5%, at least 10%, at feast 15%, at least 20%, at
feast 253%, at teast 30%, at least 35%, at least 40%, at least 45%, at least S0%, at least 35%, at
feast 60%, at least 65%, at least 70%, at least 75%, at ieast 80%, at least 85%, or at least 90% as
compared to methanogen abundance in an animal not administered the composition ot
administered a different composition.

{0659} Embodiment 104, The method of any one of embodirnents 100-102, wherein the
methanogen abundance is reduced by about 5%, about 10%, about 15%, about 20%, about 25%,
about 30%, about 35%, about 40%, about 45%, about 50%, about 55%, about 60%, about 65%,
about 70%, about 75%, about 80%, about 5%, or about 90% as compared to abundance of the
methanogen in an otherwise comparable animal not administered the composition or
administered a different composition.

{0660} Embodiment 105, The method of any one of embodiments 100-104, wherein the
composition is characterized 1o that admintstration of the composition 1o the animal reduces the

abundance of all or substantially all methanogens {e.¢ , total methanogen abundance) in the
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animal as compared to methanogen abundance in an otherwise comparable animal not
administered the composition or administered a different composition.

86611 Embodiment 106, The method of embodiment 105, wherein total methanogen
abundance is reduced by at least 5%, at least 10%, at feast 15%, at least 20%, at least 25%, at
Teast 30%, at feast 35%, ai least 40%, at least 459, at least 50%, at least 35%, at least 60%, at
feast 65%, at least 70%, at least 75%, at least 0%, at feast 85%, or at least 90% as compared (o
methanogen abundance in an otherwise comparable animal not administered the composition or
administered a different composition.

[0662] Embodiment 107. The method of ernbodiment 105, wherein total methanogen
abundance is reduced by about 5%, about 10%, about 15%, about 20%, about 25%, about 30%,
about 35%, about 40%, about 453%, about 50%, about 35%, about 60%, about 65%, about 70%,
about 75%, about 80%, about 85%, or about 90% as compared to methanogen abundance in an
otherwise comparable animal not administered the composition or administered a different
compaostiion.

{0663} Embodiment 108. The method of any one of embodiments 90-107, wherein the
composition is characterized 1o that administration of the composition o the animal increases a
growth rate of the animal as compared to the growth rate of an otherwise comparable animal not
administered the composition or administered a different composition.

{0664} Embodiment 109, The method of embodiment 108, wherein growth rate is assessed
by measuring the weight of the animal at one or more timepoints.

[D665] Embodiment 110, The method of embodunent 109, wherein the weight of the animal
is measured daily.

{0666} HEmbodiment 111, The method of any one of embodirnents 108-110, wherein the
growth rate of the animal increases over a period of ime.

{06467} Embodiment 112, The method of claim 11, wherein the period of time comprises at
feast T week, at least 2 weeks, at least 3 weeks, at fgast 1 month, at least 2 months, at least 3
months, at {east 4 months, at least 5 months, at least 6 months, at least 7 months, at least 8
months, at least 9 months, at least 10 months, at least 11 months or at least 12 months

{0668} Embodiment 113. The method of any one of embodiments 108-110, wherein the

increase wn growth rate comprises a daily increase in weight of the animal.
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{0669} Embodiment 114, The method of embodiment 113, wherein the daily increase in
weight of the animal is an increase of at least 5%, at least 10%, at least 159, at least 20%, at
feast 25%, at least 30%, at least 35%, at least 40%, at least 43%, at least 50%, at least 55%, at
feast 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, or at least 90% as
compared to the daily increase in weight of an otherwise comparable animal not admimstered the
composition or administered a different composition.

{0670} Hmbodiment 115, The method of embodunent 113, wherein the daily tucrease o
weight of the animal is an increase of about 5%, about 10%, about 15%, about 20%, about 25%,
about 30%, about 35%, about 40%, about 45%, about 50%, about 55%, about 60%, about 65%,
about 70%, about 75%, about 80%, about 85%, or about $0% as compared to daily increase in
weight of an otherwise comparable arimal not administered the composition or administered a
different composition.

0671} Embodiment 116. The method of any one of embodiments 91-115, wherein the
compostiion modifies outputs of cellulose fermentation,

{0672} Embodiment 117. The method of any one of embodiments 91-116, wherein the
composition is delivered with a carrier,

{8673} HEmbodiment 118, The method of any one of embodiments 91-117, wherein the
composition is delivered without a carrier.

{0674} Embodiment 119. The method of any one of embodiments 91-118, comprising
administering one dose of the composition to the animal.

[0675] Embodiment 120, The method of any one of embodiments 91-119, comprising
administering a plurality of doses of the composition to the animal.

{0676} Hmbodiment 121, The method of embodiment 120, wherein the animal is
administered a first dose of the composition followed by one or more subsequent doses of the
composition.

{8677} Hmbodiment 122, The method of embodiment 121, wherein the first dose and the one
or more subsequent doses of the composition comprise the same methanogen antigens and/or
ruminal antigens.

{6678} Embodiment 123. The method of embodiment 121, wherein the first dose and the one
or more subseqguent doses of the composition comprise different methanogen antigens and/or

ruminal antigens.
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{0679} Embodiment 124, The method of any one of embodiments 91-123, wherein the one or
more methanogen antigens and/or the one or more ruminal antigens are specific to the animal.
8680} Embodiment 125, The method of embodiment 124, wherein the one or more
methanogen antigens and/or the one or more ruminal antigens that are specific to the animal are
obtained by a method comprising:

(1) identifying one or more methanogen antigens and/or one or more ruminal antigens that
are expressed in the animal; and

(i) responsive to the identification, selecting one or more methanogen antigens and/or the
one or more ruminal antigens to be included in the composition.
{0681} Embodiment 126. The method of embodiment 124 or 125, wherein the one or more
methanogen antigens and/or the one or more ruminal antigens that are specific to the animal is
different from the one or more methanogen antigens and/or the one or more ruminal antigens that
are specific to a different animal.
{0682} Hmbodiment 127. The method of emabodiment 126, wherein the different animal
comprises:
{8683} (i} a different species of animal,
i { (i1} an animal of a different sex,
1 i (ii1) an antmal of a different age, or
{0686) {iv) an animal located in a different geographical location;
f i (v} the same animal but at a different timepoint; and/or
{ i {vi) any combination thereof.
0685 Embodiment 128, The method of any one of embodiments 120-127, wherein the
composition is adminisiered 1,2, 3,4, 5,6, 7,8, 9, 10, 20 or 30 times {0 the animal.
{0690} Embodiment 129. The method of any one of embodiments 120128, wherein the
composition is administered once every 1 week, 2 weeks, 3 weeks, | month, 2 months, 3 months,
4 months, 5 months or 6 months.
[0691] Embodiment 130, The method of any one of embodiments 91-129, wherein the
compostiion is administered in combination with one or more additional agents.
{0692} Embodiment 131. The method of embodiment 130, wherein the one or more

additional agents comprises a chemical additive, a biological feed additive.
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{0693} Embodiment 132, The method of any one of embodiments 91-131, wherein the
composition is administered in combination with one or more additional compeositions.

{06941 Embodiment 133, The method of embodiment 132, wherein the additional
composition immunizes the animal from a disease, ¢ g, an infectious disease.

{0695} Embodiment 134. A method of manufacturing a composition comprising one or more
polyribonucleotides of any one of embodiments 1-82.

{3696} Hmbodiment 135, The method of embodument 134, wherein the composition is an

RNA composition.

{06871 Embodiment 136. The method of embodiment 134 or 135, wherein:

{0698} {1} the method is an in vitro transcription reaction method; and/or

{6699} (it} the method produces a plurality of polyribonucleotides.

10709} Embodiment 137, The isolated polvnucleotide of any one of embodiments 1-5 or 58-

81, wherein the ruminal antigen comprises an antigen expressed in any one or all of! (a) Rumen
ciliates symbiotic with methavogens; (b} Hydrogen-producing organisrus which supply
methanogens; {c) Taxa associated with low feed efficiency.

6788 Ewmbodiment 138, The solated polyuoucleotide of embodirnent 137, wherein Rumen
ciliates symbiotic with methanogens comprises one or more, ot any combination oft Diplodinium
dentatum, Diploplastron affine, Enoploplastron trilovicanam; Futodinmum simplex; Entodinium
caudatum, Litodinium longinucleatun; Epidinium ecandatum, Fremoplastron bovis;
Erndiplodinium mageii: Ostracodinium obtusum, or Polyplastron multivesiculatum,

{6702} Embodiment 139. The isolated polynucleotide of ernbodiment 137, wherein
Hydrogen-producing organisms comprise one or more, or any combination of: Butvrivibrio
profenciasticus; Bacieroides thetaiotaomicron; Ruminococcus flavefaciens; Buminococens
albus.

[0763f Embodiment 140, The isolated polynucleotide of ernbodiment 137, wherein taxa
assoctated with low feed efficiency comprise one or more of: Veillonellaceae, Prevofeilacene;
Lachnospiraceae; Succinivibrionaceae; Fibrobacteraceae; Anaerovibrio; Clostridiales;
Prevotella; Ruminococcaceece.

{0704} Embodiment 141, The method of any one of embodiments 100-104, wherein the
composition is characterized 1o that admintstration of the composition 1o the animal reduces the

abundance of at least one methanogen species in the animal as compared to abundance of the
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same methanogen species in an otherwise comparable animal not administered the composition
or administered a different composition.

0705} Embodiment 142, The method of embodiment 141, wherein abundance of at least one
methanogen species is reduced by at least 5%, at least 10%, at least 139, at least 20%, at least
25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at east
60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, or at least 0% as
compared to abundance of the same rmethanogen species 1o an otherwise comparable animal not
administered the composition or administered a different composition.

{0706} Embodiment 143. The method of embodiment 141, wherein abundance of at least one
methanogen species is reduced by about 5%, about 10%, about 15%, about 2056, about 25%,
about 30%, about 35%, about 40%, about 45%, about 30%, about 55%, about 60%, about 653%,
about 70%, about 75%, about 80%, about 85%, or about 90% as compared to abundance of the
same methanogen species 1n an otherwise comparable animal not administered the composition
or administered a different composttion.

{6707} Embodiment 144. The method of any one of embodiments 91123, wherein the one or
more methanogen antigens and/or the one or more ruminal antigens are present and/or expressed
in the animal and one or more additional animals.

[0708] Embodiment 145. The method of embodiment 144, wherein the animal and the one or

more additional animals are or comprise:

{0709} (i) a same or different species of animal,
{07106} (it} an animal of the same or different sex,

{07114 (ii1) an animal of substantially the same age or development stage, or

{0712} (iv) an animal located in the same or a substantially similar geographical location; or
{0713} {v}any combination of {i}-(iv).

{0714} Embodiment 146, The method of embodiment 144 or 156, wherein the composition 18
adovinistered 1, 2, 3,4, 5,6, 7, 8,9, 10, 20 or 30 times to the animal.

[0715] Embodiment 147, The method of any one of embodiments 144-146, wherein the
composition is administered once every 1 week, 2 weeks, 3 weeks, 1 month, 2 months, 3 months,
4 months, 5 months or 6 months.

{0716} Hmbodiment 148, The method of any one of embodiments 144-147, wherein the

composition is administered in combination with one or more additional agents.
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{8717} Hmbodiment 149 The method of embodiment 148, wherein the one or more
additional agents comprises a chemical additive, a biclogical feed additive.

{87181 Embodiment 150. The method of any one of embodiments 144-149, wherein the
composttion is administered in combination with one or more additional compositions.
{0719} Embodiment 151, The method of embodiment 150, wherein the additional

composition immunizes the animal from a disease, e.g., an infectious disease.

EQUIVALENTS

{6720} Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimeniation, wany equivalents to the specific embodiments of the invention
described herein. It is to be understood that the invention encompasses all variations,
combinations, and permutations in which one or more limitations, elements, clanses, descriptive
terms, eic., from one or more of the listed claims is introduced into another claim dependent on
the same base claim (or, as relevant, any other claim) unless otherwise indicated or unless it
would be evident to one of ordinary skill in the art that a contradiction or inconsistency would
arise. Further, it should also be understood that any embodiment or aspect of the invention can be
expliciily excluded from the claums, regardiess of whether the specific exclusion is recited in the
specification. The scope of the present invention s not intended to be limited to the above

Description, but rather 18 as set forth in the clains that follow.
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CLAIMS

What is claimed is:

1. An isolated polynucleotide encoding one or more ruminal-associated antigens, fragments

thereof, variants thereof or variant fragments thereof.

2. The tsolated polynuclectide of claim 1, wherein the one or more ruminal-associated
antigens comprise one or more ruminal antigens and/or one or more methanogen antigens.
3. The tsolated polynucleotide of claim 1 or 2, wherein the one or more ruminal-associated

antigens comprise one of more ruminal antigens.

4, The isolated polynucieotide of any one of the preceding claims, wherein the ove or more
ruminal antigens are derived from a polypeptide that is involved in attachment to fermenting

bacieria, or a fragment or variant or variant fragment thereof.

5. The isolated polynucleotide of claim 3 or 4, wherein the one or more ruminal antigens
comprises at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, atleast &, at least 9, or at

teast 10 ruminal antigens.

6. The isolated polynuclectide of claim 1 or 2, wherein the one or more ruminal-associated

antigens comprise one or more methanogen antigens.

7. The isolated pelynucleotide of claim 6, wherein the one or more methanogen antigens

comprises at least 2, at least 3, at least 4, at least 5, at least 6, at east 7, at least B, at least 9, at

least 10, at least 15, or at least 20 methanogen antigens.

& The isclated pelvnucleotide of claim 6 or 7, wherein the one or more methanogen

antigens are the same.
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9 The isclated polvnucleotide of claim 6 or 7, wherein the one or more methanogen

antigens are different.

10, The isolated polynuclectide of any one of claims 6-9, wherein the one or more
methanogen antigens comprise:

(1) one or more peptides having at least 40% sequence identity to a methanogen protein,

{11) one or more secreted antigens comprising a signal peptide,;

{iii} a plurality of peptides having at least 80% sequence identity to each other;

{(iv} a plurality of peptides associated with at least 2 different, at least 3 different, at least
4 different or at feast § different methanogen specigs;

{(v) one or more pepiides having at least 80% sequence identity to a polypeptide having
signal peptidase activity;

{vi} one or more peptides having at least 80% sequence identity to an AglB polypeptide
or substantialty similar function to an AglB polypeptide;

{(vii) one or more peptides having at least 80% sequence identity to an Ig-like domain-
containing polypeptide or substantially similar function to an Ig-like domain-containing
polypeptide; or

{viii} or any combination thereof.

I The iselated polynucleotide of any one of claims -9, wherein the one or more
methanogen antigens comprise:

(i) one or more peptides having at least 80% sequence identity to a methanogen protein;

(it} one or more secreted antigens comprising a signal peptide;

(iti) a plurality of peptides having at least 80% sequence identity to each other;

{(iv} a plurality of peptides associated with at least 2 different, at least 3 different, at least
4 different or at least 5 different methanogen species;

(v} one or more peptides having at least 80% sequence identity to a polypeptide having
signal peptidase aciivity;

{(vi} or any combination thereof.
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12, The tsolated polynucieotide of claim 11, wherein the polynucleotide comprises three
methanogen antigens, optionally wherein the three methanogen antigens are associated with at

feast three different methanogen specigs.

13, The isolated polynucleotide of any one of claims 6-9, wherein the one or more
methanogen antigens comprise:

{1) one or more peptides having at {east 0% sequence identity to a methanogen protein;

(i1} one or more secreted antigens comprising a signal pepiide;

(it1} a plurality of peptides associated with at least 2 different, at least 3 different, at least
4 different or at feast § different methanogen specigs;

(iv) one or more peptides having at least 80% sequence identity to an AglB polypeptide
or substantially similar function to an AglB polypeptide; or

{v) any combination thereof.

14 The isolated polynucleotide of claim 13, wherein the polynucleotide comprises five
methanogen aotigens, optionally wherein the five roethanogen antigens are associated with at
feast five ditferent methanogen species.
15, The isolated polynucleotide of any one of claims 6-9, wherein the one or more
methanogen antigens comprise:

{1) one or more peptides having ai least 80% sequence identity to a methanogen protein;

(i1} one or more secreted antigens comprising a signal peptide;

(it} a plurality of peptides having at least 80% sequence identity to each other;

(iv} a plurality of peptides associated with at least 2 different, at least 3 different, at least
4 different or at least 5 different methanogen species;

{v} one or more peptides having at least 80% sequence identity to an Ig-like domain-
comtaining polypeptide or substantially similar function to an Ig-like domain-containing
polypeptide; or

(vi} any combination thereof.
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16 The isolated polynucieotide of claim 15, wherein the polynucleotide comprises eight
methanogen antigens, optionally wherein the eight methanogen antigens are associated with at

feast three different methanogen specigs.

17, The isolated polynucleotide of any one of ¢laims 1-2 or 6-16, wherein the one or more
methanogen antigens are derived from a polypeptide found on the cell surface of a wild-type

methanogen, ot a fragment or variant thereof.

18. The isolated polynucieotide of any one of claims 1-2 or 6-17, wherein the methanogen

antigen is secreted.

19, The tsolated polynuclectide of any one of claims 1-2 or 6-18, wherein the methanogen
antigen comprises a peptide that is involved in adhesion, attachment, or mobility, or a fragment

or variant of a peptide that 1s wovolved in adhesion, attachment, mobility.

20. The isolated polynucieotide of any one of claims 1-2 or 6-18, wherein the methanogen
antigen comprises: an adhesin or fragment or variant thereof’ a pili protein or fragment or variant

thereof; and/or a flagellin protein, or fragment or variant thereof.

21 The iselated polynucleotide of claim 20, wherein the methanogen antigen comprises an

adhesin protein provided in Table 1 or a sequence with at least 85% dentity thereto.

22, The isolated polynucleotide of any one of ¢laims 1-2 or 6-21, wherein the methanogen
antigen comprises: an antigen provided in Table 2 or a fragment or a variant or a variant
fragment thereof, or a sequence with at least 85% identity to an antigen sequence provided in

Table 2.
23 The isolated polynucieotide of any one of the preceding claims, wherein the one or more

ruminal antigens and/or the one or more methanogen antigens are situated on different

polynucieotides.
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24 'The isolated polynucteotide of any one of claims 1-23, wherein the one or more ruminal

antigens and/or the one or more methanogen antigens are situated on one polynucleotide.

25, The isolated polynuciectide of any one of the preceding claims, wherein the
polynucieotide comprises a signal peptide or a variant or fragment thereof.
26. The 1solated polynucieotide of claim 25, wherein the signal peptide has at least §5%

homology to an archaeal signal peptide or to bacterial signal peptide.

27, The isolated polynucieotide of claim 25 or 26, whersin the signal peptide is or comprises:
(1) a PPAZ signal peptide, or a fragment or variant thereof
(it} an SSP signal peptide, or a fragment or variant thereof]
{iti} a SARS-CoV-2 Spike secretion signal, or a fragment or variant thereof, or

(iv) any combination of (1)-(iii).

28 The 1solated peolynucieotide of any one of claims 25-27, wherein the signal peptide 13

situated at the N terminal of the ruminal-associated antigen sequence.

29. The isolated polynucleotide of any one of the preceding claims, wherein the
polynucieotide comprises:

{1) a first nucleotide sequence encoding one or more ruminal antigens,

(i) a second nuclectide sequence encoding one or more methanogen antigens; and/or

(it1} a third vucleotide sequence encoding a chemokine and/or eytokine,

30, The 1solated polynucieotide of claim 29, wherein:

the first nuclectide sequence comprises at igast 2, at least 3, at least 4, at least S, at least
6, at least 7, at feast B, at least 9, or at least 10 ruminal antigens; and

the second nucleotide sequence comprises at least 2, at least 3, at least 4, at least 5, at

feast 0, at least 7, at least 8, at least 9, or at least 10 methanogen antigens.
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31 The isolated polynucieotide of any one of the preceding claims, wherein the

polynucieotide comprises a transmembrane domain,

32, The isolated polynuciectide of any one of the preceding claims, further comprising a
complement C3d-binding polypeptide from an immunoglobulin-binding protein (Sbi) of
Staphylococcus aureus.
33 The tsolated polynuciectide of claim 32, wherein the complement C3d-binding
polypeptide is or comprises

(i)domain HI of the Sbi of Staphviococcus aurens, or a functional fragment or a variant
thereof,

(it} domain 1V of the Shi of Staphviococcus areus, or a functional fragment or a variant
thereof; or

(i1} both (1} and (11},

34. The 1solated pelynucieotide of any one of the preceding claims, wherein the

polynuciectide is or comprises DNA.

35, Theisolated polynucleotide of any one of claims 1-34, wherein the polynucleotide is or
comprises RNA.
36. The isolated polynucieotide of claim 35, wherein the polynucleotide sequence comprises

one or more ribonuclectides coruprising a nuclecside comprising an acetyl group, wherein the

nucleoside is N4-acetyleytidine and the modified ribonucleotide has a structure of:

0
Hsc)!\?;m
./?\

RN N
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wherein R is a §” monophosphate, a 3” diphosphate, ora §° iriphosphate.

37. The isolated polynuciectide of claim 36, wherein the polyribonuclestide further
comprises one or more modified ribenucleotides other than N4-acetyleytidine, optionally
wherein the nucleoside is chosen from: an adenosine, an inosine a guanosine, a cytidioe or a

uridine, or any combination thereof.

38. The tsolated polynuciectide of claim 36, wherein the nucleoside of the one or more
modified ribonucleotides is 3-hydroxymethylundine, and the modified ribonucleotide has a

structure of

wherein R is a 5 monophosphate, a 5° diphosphate, or a 57 triphosphate.
39. The isolated polynucieotide of any one of claims 33-35, wherein the polynucleotide
sequence comprises one of more ribonucleotides comprising a nucleoside comprising a

hiydroxymethyl group, wherein the nucleoside is S-hydroxymethyluridine and the modified

ribonucleotide has a structure of
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wherein R is a " monophosphate, a 5 diphosphate, or a 57 triphosphate.

40. The tsolated polynuciectide of claim 39, wherein the polyribonuclestide further
comprises one or more modified ribonucleotides other than S-hydroxymethyluridine, wherein the
one or more modified ribonucleotides comprises a nucleoside chosen from: an adenosine, an

imosine, a guanosine, a cytidine or a uvridine, or any combination thereof.

41 The isolated polynuciectide of claim 39 or 40, wherein the nuclecside of the one or more

modified ribonucieotides is Nd-acetylcytidine and the modified ribonucleotide has a structure of:

0
Hac)LtgH

- ~Y

4

i H
i i

OHOH

wherein R is a 5” monophosphate, a 57 diphosphate, or a 57 triphosphate.

42, A polypeptide encoded by the polyuucleotide of any one of the preceding claims.
43, A composition comprising one or more polyribonucleotides of any one of claims 1-41, or

a polypeptide of claim 42.
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44, The composition of claim 43, wherein the composition is a pharmaceutical composition.

45. The composition of claim 44, wherein the composition is an immunogenic composition

and/or a vaccine composition,

46. A method comprising administering a composition according to any one of clatms 4345,

to a cell, tissue or an animal,

47. The method of claim 46, wherein the method is a vaccination method, and the animal is a

ruminant or a2 domestic animal.

48, The method of claim 46 or 47, wherein the composition is characterized in that
administration of the composition to the animal reduces methane emissions from the animal as
compared to an otherwise comparable animal not administered the coraposition or administered g

different composition.

49, The method of claim 48, wherein the reduction in methane emissions is at least 5%, at
teast 10%, at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at
feast 80%, or at least 90% as compared to an otherwise comparable animal not administered the

composition or administered a different composition.

50. The method of any one of claims 46-49, wherein the composition is characterized in that
administration of the composition o the animal reduces a population of microorganisms in the
animal, as compared to an otherwise comparable animal not administered the composition or

administered a different composition.

51 The method of claim 50, wherein the microorganisms is a methanogen, optionally
wherein the methanogen comprises a methanogen from one or more of the following clades:
Methanobrevibacter, Methanosphaera, Methanobacterium, Methanosarcingles,
Methanomicrobiales, Methumothermobacier, Candidatus Methanomethyiophilus,

Thermoplasmatales.
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5Z. The method of claim 51, wherein the methanogen Methanobrevibacter ruminantiom,
Methanobrevibacter smithii, Methanobrevibacter oralis, Methanomicrobium mobile,
Methanobrevibacter wolinii, Methanobrevibacter arboriphilus, Methanobrevibacter boviskoreani,
Methanosphaera stadtmanae, Methanosarcina mazel, Methanobrevibacter thaueri,
Methancbrevibacter sp. UBA 188, Methanosarcina soligelidi, Methanothermobacter
thermautotrophicus, Methanococcus aeolicus, Methancaldoococeus jannaschit, Methanococcus
voltae, Methanococcus vannielii, Methanoceccus maripaludis, Methanopyrus kandlert,
Methanocorpusculurm labreanum, Methanococcoides burtonii, Methanosaete thermophilia,
Methanoregula boonei, Methanosphaerula palustris, Methanoculleus marisnigst,

Methanospirillim hungatei, Mathanosarcina acetivorans,, or any combination thereof,

53, The method of any one of claims 46-52, wherein the composttion is characterized in that
administration of the comwposition {0 the animal increases a growth rate of the animal as
compared to the growth rate of an otherwise comparable animal not administered the

composition or admimstered a different composition.

54, The method of claim 53, wherein the increase in growth rate comprises a daily increase in
weight of the animal, optionally wherein the daily increase in weight of the animal is an increase
of at least 5%, at least 10%, at least 20%, at least 30%, at least 40%, at least 50%, at least 60%,
at feast 70%, at least 80%, or at least 90% of weight as compared to an otherwise comparable

animal not administered the composition or administered a different composition.

55. The method of any one of claims 46-54, comprising administering one dose of the

vaccine composition to the animal.

L 4

6. The method of any one of claims 46-534, comprising administering a plurality of doses of

the vaccine composition to the animal,

57. The method of claim 56, wherein the animal is administered a first dose of the

composition followed by one or more subsequent doses of the composition.
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58, The method of claim 56, wherein the first dose and the one or more subsequent doses of

the composition comprise the same methanogen antigens and/or ruminal antigens.

59,  The method of claim 56, wherein the first dose and the one or more subsequent doses of
the composition comprise different methanogen antigens and/or ruminal antigens.

=l
7
i

60. The method of any one of claims 57-59, wherein the composition is administered at least
{, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at

feast 20 or at least 30 times to the animal.

61, The method of any one of claims 46-60, wherein the composition is administered in
combination with one or more additional agents, optionally wherein the one or more additional

agents comprises a chemical additive, a biclogical feed additive.

62. The rmethod of any ove of claims 46-61, wherein the composition s administered in
combination with one or more additional compositions, optionally wherein the additional

composition immunizes the animal from a disease, e.g., an infectious disease.

63. A composition comprising the isolated polynucleotide of any one of claims 1-41, or the
pharmaceutical composition of claim 43 or 44, for use 1o administration to {(e.g., vaccination of)

an animal,
04. Use of a composition comprising the isolated polynucieotide of any one of claims 1-41,
or the pharmaceutical composition of claim 43 or 44, in the preparation of a medicament for

administration fo {e.g., vaccination of} an animal.

65, The composition of claim 63, or the use of claim 64, wherein the isolated polynuclectide

or pharmaceutical composition is administered to the animal.
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66, The composition of claim 65, or the use of claim 65, wherein administration of the
isolated pelynucieotide or pharmaceutical composition results in:

(i) reduced methane emissions,

(it} reduced abundance of one or more microorganisms {e.g., methanogens) in a digestive
iract of the animal; and/or

as compared to an otherwise comparable animal not adroinistered the composition, or

administered a different composition.

07. The composttion of claim 65 or 66, or the use of claim 65 or 66, wherein the animal is a

ruminant or a domestic animal.

68. The composition of any one of claims 65-67, or the use of any one of claims 63-67,
methanogen comprises Methanobrevibacter nuninantivm, Methanobrevibacter smithii,
Methanobrevibacter oralis, Methanomicrobinm mobile, Methanobrevibacter wolinii,
Methanobrevibacier arboriphilus, Methanobrevibacter baviskoreani, Methanosphaera
stadimanae, Methanosarcina mazei, Methanobrevibacter thaueri, Methanobrevibacier sp.

UBA 188, Methanosarcina sofigelidi, Methanothermobacter thermautotrophicus, Methanococcus
weviicus, Methancaldoococeus jannaschii, Methanococcus voliae, Methanococeus vansielii,
Methanococcus maripatudis, Methanopyrus kandieri, Methanocorpusculum labreanum,
Methanococcoides burionii, Methanosaete thermophilia, Methanoreguia boonei,
Methanosphaerula palusiris, Methanoculleus marisnigri, Methanospirillim hungatei,

Mathanosarcing acetivorans, ot any combination thereof.
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