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ORNITHINE TRANSCARBAMYLASE CODING POLYRIBONUCLEOTIDES AND
FORMULATIONS THEREQOF

BACKGROUND OF THE DISCLOSURE

Ornithine transcarbamylase (OTC) (also called omithine carbamoyltransferase) is an
enzyme that catalyzes the reaction between carbamoyl phosphate (CP) and omithine (Om) to
form citrulline (Cit) and phosphate (P;). In plants and microbes, OTC is involved in arginine
biosynthesis, whereas in mammals it is located in the mitochondria and is part of the urea
cycle. This cycle involves that ammonia is transported to the mitochondria where it is bound
to HCOs™ and activated by phosphorylation into carbamoyl phosphate (CP) which is then
transferred in the mitochondria by OTC to ornithine thereby producing citrulline. OTC is the
central enzyme of the urea cycle. Citrulline can then be transported to the cytoplasm where it
is further processed. Finally, urea is formed under the recovery of ornithine.

Individuals showing OTC deficiency show decreased citrulline and arginine
concentrations and increased orotic acid levels (Jungermann, Histochem, Cell Biol. 103
(1995), 81-91) which is formed under conditions of accumulated carbamoyl phosphate. This
biochemical phenotype (increased ammonia, low citrulline and increased orotic acid) is
analyzed in plasma and urine samples and is characteristic for OTC deficiency, serving as a

good biomarker for screening for therapeutic efficiency (Jungermann, loc. cit.).

In mammals, OTC deficiency is an X-chromosome-linked disease and the most
common inborn error of urea synthesis in humans with a prevalence of about 1:40,0600 —
1:80,000 births (Nagata et al., Am. J. Med. Gen. 40 (1991), 477-481). Current therapy for
both neonatal onset and later onset OTC deficiency involves dietary nitrogen restriction
combined with the stimulation of alternate pathways of waste nitrogen excretion using sodium
phenylbutyrate (Batshaw et al., J. Pediatr. 108 (1986), 236-241). However, about half of
hemizygous males with complete deficiencies die in infancy or early childhood and virtually
all individuals who have had a sustained hyperammonemic encephalopathy event develop

significant cognitive deficits (Brusilow and Horwich, In: Scriver, Beaudet, Sly and Valle, The
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Metabolic and Molecular Bases of Inherited Disease, McGraw-Hill, New York (1995), 1187-
1232). The only other available treatment is liver transplantation.

According to an overview of a large number of individual OTC gene mutations and
their clinical phenotype summarized by Tuchmann et al. (Hum. Mutat. 19(2) (2002), 93-107),
it appears that OTC activity as low as 3% of wild-type activity would be sufficient to reverse
the disease from a severe clinical phenotype to a mild phenotype. Accordingly, thereis a
need to provide methods and compositions to deliver OTC expression, as even a relatively

low level of activity can be clinically and therapeutically meaningful.

SUMMARY OF THE DISCLOSURE

The present disclosure provides polyribonucleotides and polynucleotides, including
modified polyribonucleotides and polynucleotides, in each case encoding ornithine
transcarbamylase (OTC). Such polyribonucleotides and polynucleotides include DNA and
RNA, such as mRNA, and may be provided in isolated and/or purified form. Moreover,
polynucleotides of the disclosure may be provided in the context of a vector, plasmid, or
longer polynucleotide, in each case, further comprising other sequences. Similarly,
polyribonucleotides of the disclosure may be provided in the context of a longer nucleotide
and may further comprise other sequences, such as 5°-UTR and/or 3’-UTR sequences. For
example, in certain embodiments, a polyribonucleotide encoding OTC further includes a 5°-
UTR derived from a human alpha-globin gene as described herein or a 5°-UTR and/or a 3°-
UTR derived from a human CYBA gene as described herein.

Polyribonucleotides and polynucleotides of the disclosure have numerous uses,
including in vitro or ex vivo uses in cells in culture, as well as in vivo uses in subjects.

In one aspect, the disclosure provides a polyribonucleotide comprising a sequence
which encodes an ornithine transcarbamylase (OTC). Exemplary ornithine transcarbamylase
(OTC) coding sequences are described herein, and can be readily selected for use in the
claimed invention. In some embodiments, the polyribonucleotide, optionally modified, is
codon optimized and encodes an ornithine transcarbamylase (OTC) described herein. In
some embodiments, the polyribonucleotide is a modified polyribonucleotide comprising a
combination of unmodified and modified ribonucleotides. For example, in some
embodiments, 30-45% of the uridines in the polyribonucleotide are analogs of uridine and 5-
10% of the cytidines in the polyribonucleotide are analogs of cytidine. Other percentages of

modified uridines and cytidines are also contemplated, as described herein.
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In another aspect, the disclosure provides a modified polyribonucleotide comprising a
sequence which encodes an omithine transcarbamylase (OTC) (as described above and
herein), wherein the modified polyribonucleotide contains a combination of unmodified and
modifted ribonucleotides, wherein the modified polyribonucleotide is made using an input
mixture of ribonucleotides, wherein 30-45% of uridines in said input mixture are analogs of
uridine and 5-10% of cytidines in said input mixture are analogs of cytidine. Other
percentages of modified uridines and cytidines are also contemplated, as described herein.
Methods of producing such modified polyribonucleotides in vitro are also provided (e.g., via
an in vitro transcription reaction in which the requisite percentage of a particular nucleotide
analog is provided in the input mixture of nucleotides).

In some embodiments of any of the foregoing or other aspects and embodiments of the
disclosure, the polyribonucleotide or modified polyribonucleotide comprises a primary
sequence that encodes a polypeptide comprising an amino acid sequence which is at least 80%
identical {¢.g., at least 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99
or 100% identical) to SEQ ID NO: 3 {amino acid sequence of the wildtype OTC) and which
has the activity of an ornithine transcarbamylase (OTC). In some embodiments, the
polyribonucleotide is a modified polyribonucleotide having a level of modification selected
from any such level set forth herein.

The ornithine transcarbamylase (OTC) comprises a signal peptide which is translated
and which is responsible for translocation to the mitochondria (Horwich et al.,, EMBO J. 4
(1985), 1129-1135). This signal peptide is reprecented by the first 32 amine acids as indicated
in SEQ ID NO: 3. In certain embodiments, a polyribonucleotide of the disclosure encodes a
wildtype OTC, such as set forth in SEQ ID NO: 3. In other embodiments, a
polyribonucleotide of the disclosure encodes a wildtype OTC, in the absence of the signal
sequence.

In some embodiments of any of the foregoing or other aspects and embodiments of the
disclosure, the polyribonucleotide or modified polyribonucleotide comprises a primary
sequence that is at least 95% identical (e.g., at least 95, 96, 97, 98, 99 or 100% identical) to
SEQ ID NO: 1 (which represents the wildtype RNA sequence) (e.g., to the sequence set forth
in SEQ ID NO: 1). In some embodiments, the polyribonucleotide is a modified
polyribonucleotide having a level of modification selected from any such level set forth
herein.

In some embodiments of any of the foregoing or other aspects and embodiments of the

disclosure, the polyribonucleotide or modified polyribonucleotide comprises a primary
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sequence that is at least 75% identical {e.g., at least 75, 80, 85, 90, 95, 96, 97, 98, 99 or 100%
identical) to SEQ ID NO: 4 (which represents a codon-optimized RNA sequence) (e.g., to the
sequence set forth in SEQ ID NO: 4). In some embodiments, a polyribonucleotide or
modified polyribonucleotide having any such level of sequence identity does not comprise the
wildtype sequence (e.g., SEQ ID NO: 1). In some embodiments, the polyribonucleotide is a
modified polyribonucleotide having a level of modification selected from any such level set
forth herein.

In some embodiments of any of the foregoing or other aspects and embodiments of the
disclosure, the polyribonucleotide or modified polyribonucleotide encodes an ornithine
transcarbamylase (OTC) with altered activity relative to wildtype ornithine transcarbamylase
(OTC), for example enhanced activity, in particular enhanced activity of catalyzing the
reaction between carbamoyl phosphate (CP) and ornithine (Orn) to form citrulline (Cit) and
phosphate (P;). In other embodiments, the polyribonucleotide or medified polyribonucleotide
encodes OTC with the same or substantially the same activity.

In some embodiments, the ornithine transcarbamylase (OTC) is human omithine
transcarbamylase (OTC).

In another aspect, the disclosure provides a polyribonucleotide or modified
polyribonucleotide comprising a primary sequence at least 99% identical (e.g., 99% or 100%
identical) to a sequence selected from the group consisting of SEQ ID NOs: 21 — 27 (in the
presence or absence of a portion of promoter sequence). In certain embodiments, the
disclosure provides a polyribonucleotide or modified polyribonucleotide comprising a
primary sequence at least 99% identical (e.g., 99% or 100% identical) to a sequence selected
from the group consisting of SEQ ID NOs: 21-27.

In certain embodiments the polyribonucleotide or modified polyribonucleotide
comprises a primary sequence at least 99% identical (e.g., 99% or 100% identical) to the
sequence of SEQ ID NO: 22 or SEQ ID NO: 25 which contain the wild-type coding region of
human OTC and a codon-optimized version thereof, respectively, in combination with a UTR
of the human alpha-globin gene.

In certain embodiments the polyribonucleotide or modified polyribonucleotide
comprises a primary sequence at least 99% identical (e.g., 99% or 100% identical) to the
sequence of SEQ ID NO: 23 or SEQ ID NO: 26 which contain the wild-type coding region of
human OTC and a codon-optimized version thereof, respectively, in combination with a UTR

of the human CYBA gene.
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In certain embodiments the polyribonucleotide or modified polyribonucleotide
comprises a primary sequence at least 99% identical (e.g., 99% or 100% identical) to the
sequence of SEQ ID NO: 25 which contains a codon-optimized version of the coding region
of human OTC in combination with a UTR of the human alpha-globin gene.

In certain embodiments the polyribonucleotide or modified polyribonucleotide
comprises a primary sequence at least 99% identical (e.g., 99% or 100% identical) to the
sequence of SEQ ID NO: 26 which contains a codon-optimized version the coding region of
human OTC in combination with a UTR of the human CYBA gene,

In certain embodiments such primary sequence comprises or does not comprise
sequences encoding a FLAG tag, a HA tag, or a similar epitope tag (e.g., optionally percent
identity is determined without including such a tag). In some embodiment, the
polyribonucleotide is a modified polyribonucleotide containing a combination of unmodified
and modified ribonucleotides, wherein 5-50% of the uridines are analogs of uridine and 5-50%
of the cytidines are analogs of cytidine.

In some embodiments of any of the foregoing or following aspects and embodiments,
the polyribonucleotide encoding an omithine transcarbamylase (OTC) is a modified
polyribonucleotide containing a combination of unmodified and modified ribonucleotides,
wherein 5-50% of the uridines are analogs of uridine and 5-50% of the cytidines are analogs
of cytidine. In some embodiments, 25-45% of uridines are analogs of uridine and 5-20% of
cytidines are analogs of cytidine. In some embodiments, 30-40% of uridines are analogs of
uridine and 5-10% of cytidines are analogs of cytidine.

In another aspect, the disclosure provides a polyribonucleotide or a modified
polyribonucleotide comprising a primary sequence at least 95% identical to SEQ ID NO: 1. In
embodiments wherein the polyribonucleotide is a modified polyribonucleotide, the modified
polyribonucleotide contains a combination of unmodified and modified ribonucleotides,
wherein the modified polyribonucleotide is made using an input mixture of ribonucleotides,
wherein 5-50% of uridines in the input mixture are analogs of uridine and 5-50% of cytidines
in the input mixture are analogs of cytidine. In other embodiments, 25-45% of uridines in
said mixture are analogs of uridine and 5-20% of cytidines in said mixture are analogs of
cytidine. In other embodiments, 30-40% of uridines in said mixture are analogs of uridine
and 5-10% of cytidines in said mixture are analogs of cytidine.

In some embodiments of any of the foregoing or following aspect and embodiments of
the disclosure, the modified polyribonucleotide is codon-optimized for expression in

mammalian cells.
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Thus, in another aspect, the disclosure provides a polyribonucleotide or a modified
polyribonucleotide comprising a primary sequence at least 95% identical to SEQ ID NO: 4. In
embodiments wherein the polyribonucleotide is a modified polyribonucleotide, the modified
polyribonucleotide contains a combination of unmodified and modified ribonucleotides,
wherein the modified polyribonucleotide is made using an input mixture of ribonucleotides,
wherein 5-50% of uridines in the input mixture are analogs of uridine and 5-50% of cytidines
in the input mixture are analogs of cytidine. In other embodiments, 25-45% of uridines in
said mixture are analogs of uridine and 5-20% of cytidines in said mixture are analogs of
cytidine. In other embodiments, 30-40% of uridines in said mixture are analogs of uridine
and 5-10% of cytidines in said mixture are analogs of cytidine.

In some embodiments a modified polyribonucleotide of the disclosure is sometimes
also referred to as a SNIM®RNA (stabilized non-immunogenic mRNA) due to the fact that,
in some embodiments, the modifications lead to a higher stability (expression) and lower
immunogenicity of the polyribonucleotide molecules when administered in vivo.

In some embodiments of any of the foregoing or following aspect and embodiments of
the disclosure, the polyribonucleotide or modified polyribonucleotide further comprises a 3
UTR,a 5" UTR, ora 3’ UTR and a 5° UTR, and wherein the UTR(s) may optionally aid(s) in
enhancing expression or increasing stability of the polyribonucleotide encoding an ornithine
transcarbamylase (OTC) in cells,

In some embodiments of any of the foregoing or following aspect and embodiments of
the disclosure, the 5° UTR comprises one or more sequences selected from the group
consisting of SEQ ID NO: 11, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17 and SEQ ID
NO: 18, wherein the ribonucleotides of the 5° UTR are positioned upstream (5°) of the
ribonucleotides encoding the ornithine transcarbamylase (OTC), such as the ribonucleotides
of SEQ ID NO: 1 or 4, and 3° from ribonucleotides corresponding to a portion of a promoter
sequence, for example, directly 3’ with less than 40 contiguous nucleotides intervening, In
other embodiments, the 5° UTR is directly 3’ from ribonucleotides corresponding to a portion
of the promoter without any intervening nucleotides.

In some embodiments of any of the foregoing or following aspect and embodiments of
the disclosure, the 5° UTR comprises one or more sequences selected from the group
consisting of SEQ ID NO: 11, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17 and SEQ ID
NO: 18, wherein the ribonucleotides of the 5° UTR are positioned upstream (5*) of the
ribonucleotides encoding the ornithine transcarbamylase (OTC), such as the ribonucleotide of

SEQ ID NO: 4, and 3’ from ribonucleotides corresponding to a portion of a promoter
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sequence, for example, directly 3 with less than 40 contiguous nucleotides intervening. In
other embodiments, the 5* UTR is directly 3° from ribonucleotides corresponding to a portion
of the promoter without any intervening nucleotides.

In some embodiments of any of the foregoing or following aspect and embodiments of
the disclosure, the 5> UTR comprises one or more sequences selected from the group
consisting of SEQ ID NO: 13 and SEQ ID NO: 18, wherein the ribonucleotides of the 5 UTR
are positioned upstream (5°} of the ribonucleotides encoding the ornithine transcarbamylase
(OTC), such as the ribonucleotides of SEQ ID NO: 1 or 4, and 3’ from ribonucleotides
corresponding to a portion of a promoter sequence, for example, directly 3° with less than 40
contiguous nucleotides intervening, In other embodiments, the 5° UTR is directly 3° from
ribonucleotides corresponding to a portion of the promoter without any intervening
nucleotides.

In some embodiments of any of the foregoing or following aspect and embodiments of
the disclosure, the 5 UTR comprises one or more sequences selected from the group
congsisting of SEQ 1D NO: 13 and SEQ ID NO: 18, wherein the ribonucleotides of the 5° UTR
are positioned upstream (57) of the ribonucieotides encoding the ornithine transcarbamylase
(OTC), such as the ribonucleotide of SEQ ID NO: 4, and 3* from ribonucleotides
corresponding to a portion of a promoter sequence, for example, directly 3” with less than 40
contiguous nucleotides intervening. In other embodiments, the 5> UTR is directly 3° from
ribonucleotides corresponding to a portion of the promoter without any intervening
nucleotides.

In some embodiments of any of the foregoing or following aspect and embodiments of
the disclosure, the 5 UTR and a portion of a promoter together comprise or consist
essentially of SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 20 or SEQ ID
NO: 16.

In some embodiments of any of the foregoing or following aspect and embodiments of
the disclosure, the 5° UTR and the portion of a promoter together comprise or consist
essentially of SEQ ID NO: 12.

In some embodiments of any of the foregoing or following aspect and embodiments of
the disclosure, the 5° UTR and the portion of a promoter together comprise or consist
essentially of SEQ ID NO: 20.

In some embodiments of any of the foregoing or following aspect and embodiments of
the disclosure, the 3° UTR comprises one or more copies of a 3° UTR sequence selected from
the group consisting of SEQ ID NOs: 19 and SEQ ID NO: 30, wherein the ribonucleotides of

7
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the 3” UTR are positioned downstream (3”) of the ribonucleotides encoding the omithine
transcarbamylase (OTC), such as the ribonucleotides of SEQ ID NO: 1 or 4, for example,
directly downstream with less than 40 contiguous nucleotides intervening. In some
embodiments, the ribonuclectides of the 3’ UTR are positioned directly downstream (3°) of
the ribonucleotides encoding the ornithine transcarbamylase (OTC), such as the
ribonucleotides of SEQ ID NO: 1 or 4, for example, with no nucleotides intervening,

In some embodiments of any of the foregoing or following aspect and embodiments of
the disclosure, the 3 UTR comprises one copy of SEQ ID NO: 19, two copies of SEQ ID NO:
19, one copy of SEQ ID NO: 30, or two copies of SEQ ID NO: 30.

In some embodiments of any of the foregoing or following aspects and embodiments
of the disclosure, the polyribonucleotide or modified polyribonucleotide further comprises a
portion of a promoter sequence, wherein the ribonucleotides of the portion of a promoter
sequence are positioned upstream (5°) of the ribonucleotides of the 5° UTR and/or ornithine
transcarbamylase (OTC) coding sequence(s). In some embodiments, the promoter sequence
is selected from the group consisting of SEQ ID NOs: 6 to 9. In some embodiments, the
sequence designated as promoter sequence may not include the final guanosine nucleotide,
said guanosine nucleotide being the transcription start site and thus also part of the 5° UTR.

In some embodiments, the sequence designated as promoter sequence may not include the
single or several nucleotide(s) beginning with and following after the nucleotide that is the
transcription start site, said single or several nucleotide(s) thus also being part of the 5° UTR.
In some embodiments, the portion of the promoter sequence included in the 5° UTR
corresponds to a region transcribed by a DNA-dependent RNA-polymerase.

In another aspect, the disclosure provides a polyribonucleotide comprising a primary
polyribonucleotide sequence that is at least 99% or is 100% identical to a sequence selected
from any of SEQ ID NO: 21-27, in the presence or absence of a polyribonucleotide encoding
a FLAG tag, an HA tag or other epitope tag.

In some embodiments of any of the foregoing or following aspect and embodiments of
the disclosure, the polyribonucleotide further comprises at least one 5° cap structure.

In some embodiments of any of the foregoing or following aspect and embodiments of
the disclosure, the polyribonucleotide further comprises a polyA tail at the 3° end of the
polyribonucleotide, and wherein the polyA tail comprises at least 100 bases.

In some embodiments of any of the foregoing or following aspect and embodiments of
the disclosure, the polyribonucleotide is a modified polyribonucleotide, wherein the level of

modification, the bases modified, and the potential analog are selected as described herein.
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In another aspect, the disclosure provides a vector comprising a polynucleotide
encoding a polyribonucleotide encoding an ornithine transcarbamylase (OTC), as described
herein. Also provided is a host cell comprising the vector and a method of producing
polyribonucleotides encoding an omithine transcarbamylase (OTC).

In another aspect or in some embodiments of any of the foregoing or following, the
disclosure provides a polyribonucleotide encoding a polypeptide comprising an amino acid
sequence which is at least 80% identical (e.g., at least 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92,93, 94,95, 96, 97, 98, 99 or 100% identical) to SEQ ID NO: 3. In some embodiments, the
polyribonucleotide is codon optimized. In some embodiments, the polyribonucleotide is a
modified polyribonucleotide containing a combination of unmodified and modified
ribonucleotides, wherein the modified polyribonucleotide is made using an input mixture of
ribonucleotides, wherein 30-40% of uridines in said input mixture are analogs of uridine and
5-10% of cytidines in said input mixture are analogs of cytidine. Other percentages of
modified ribonucleotides are similarly contemplated and disclosed herein.

In some embodiments of any of the foregoing or following aspects and embodiments
of the disclosure, the modified polyribonucleotide is one or more beneficial properties as
compared to an unmodified polyribonucleotide having the same primary sequence or
compared to some other control or comparator. Exemplary beneficial properties may include
increased translational efficiency, enhanced stability, and/or diminished immunogenicity.

In another aspect, the disclosure provides compositions comprising a polynucleotide
or polyribonucleotide of the disclosure formulated with one or more pharmaceutically
acceptable carriers and/or excipients.

In some embodiments of any of the foregoing or following aspects or embodiments,
the modified polyribonucleotide is formulated in a nanoparticle or nanocapsule. In other
embodiments, the modified polyribonucleotide is formulated in a cationic lipid, cationic
polymer, or nanoemulsion.

In some embodiments of any of the foregoing or following aspects or embodiments,
analogs are selected from amongst the analogs disclosed herein. In some embodiments,
uridine analogs are selected from the group consisting of pseudouridine, 2-thiouridine, 5-
iodouridine, and 5-methyluridine. In some embodiments, cytidine analogs are selected from
the group consisting of 5-methylcytidine, 2°-amino-2’-deoxycytidine, 2°-fluoro-2’-
deoxycytidine, and S-iodocytidine.
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In some embodiments of any of the foregoing or following aspects or embodiments,
modified polyribonucleotides of the disclosure do not comprise 5-methyleytidine and/or
pseudouridine and/or the analogs do not comprise 5-methylcytidine and/or pseudouridine.

In some embodiments of any of the foregoing or following aspects or embodiments,
modified polyribonucleotide of the disclosure do not comprise analogs of adenosine and
analogs of guanosine.

The disclosure contemplates all combinations of any of the foregoing aspects and
embodiments, as well as combinations with any of the embodiments set forth in the detailed
description and examples. The disclosure contemplates polynucleotides encoding an
ornithine transcarbamylase {OTC) and, in some embodiments, modified polynucleotides
encoding an ornithine transcarbamylase (OTC) that comprise or are derived from any one of
the sequences corresponding to SEQ ID NOs: 1-27, as well as polyribonucleotide and
modified polyribonucleotide sequences encoding all amino acid sequences listed herein.

The disclosure also contemplates polyribonucleotides which contain modified
ribonucleotides as described herein and which comprise any of the sequences disclosed in the
listing of sequences. Similarly, the disclosure also contemplates polynucleotides that can
encode any of the ribonucleotides, as described herein, such as any of the sequences disclosed
in the listing of sequences.

Additional aspects and advantages of the present disclosure will become readily
apparent to those skilled in this art from the following detailed description, wherein only
illustrative embodiments of the present disclosure are shown and described. As will be
realized, the present disclosure is capable of other and different embodiments, and its several
details are capable of modifications in various obvious respects, all without departing from
the disclosure. Accordingly, the drawings and description are to be regarded as illustrative in

nature, and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows that the lack of urea production by HepG2 cells is due to defective
Omnithine Transcarbamylase (OTC) and Arginase I (Argl) expression,

Fig. 2(A) shows exogenous expression of OTC protein by a modified
polyribonucleotide of the disclosure (¢.g., in this example, a modified polyribenucleotides
sometimes referred to as a SNIM®RNA) in HepG2 cells. SNIM® RNA was generated by in
vitro transcription of Construct T7- 5’hAg-hOTC(CO) (Table 9, SEQ ID NO: 37) in the
presence of 25% 2-thiouridine-5 -triphosphate and 25% 5-methylcytidine-5 -triphosphate. In
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other words, 25% of the uridine in the in vitro transcription reaction was the analog 2-
thiouridine and 25% of the cytidine in the in vitro transcription reaction was the analog 5-
methyleytidine.

Fig. 2(B) shows OTC activity after exogenous expression of OTC protein by &
modified polyribonucleotide of the disclosure (e.g., in this example, a modified
polyribonucleotide sometimes referred to as a SNIM®RNA) in HepG2 cells, OTC
SNIM®RNA was generated by in vitro transcription in the presence of 35% 5-iodouridine-5"-
triphosphate and 7.5% 5-iodocytidine-5"-triphosphate of Construct T7-5"hAg-hOTC(CO)
(Table 9, SEQ ID NO: 37). In other words, 35% of the uridine in the in vitro transcription
reaction was the analog 5-iodouridine and 7.5% of the cytidine in the in vitro transcription
reaction was the analog S-iodocytidine.

Fig. 3(A) shows a Western blot of OTC after transient transfection of primary human
hepatocytes with OTC encoding a modified polyribonucleotide of the disclosure (e.g., in this
example, modified polyribonucleotide sometimes referred to as a SNIM®-RNAY); UT = not
transfected. The OTC encoding modified polyribonucleotide was generated through in vitro
transcription in the presence 25% 2-thiouridine-5-triphosphate and 25% 5-methylcytidine-5"-
triphosphate of Construct T7-5"hAg-hOTC(CO) (Table 9, SEQ ID NO: 37). In other words,
25% of the uridine in the in vitro transcription reaction was the analog 2-thiouridine and 25%
of the cytidine in the in vitro transcription reaction was the analog 5-methylcytidine.

Fig. 3(B) shows the enzymatic activity of OTC after transient transfection of primary
human hepatocytes with an OTC encoding modified polyribonucleotide of the disclosure (e.g.,
SNIM®-RNA). OTC encoding SNIM®-RNA was generated through in vitro transcription in
the presence of 25 % 2-thiouridine-5"-triphosphate and 25 % 5-methylcytidine-5'-
triphosphate of Construct T7-5’hAg-hOTC(CO) (Table 9, SEQ ID NO: 37). In other words,
25% of the uridine in the in vitro transcription reaction was the analog 2-thiouridine and 25%
of the cytidine in the in vitro transcription reaction was the analog 5-methylcytidine.

Fig. 4(A) shows that modified polyribonucleotides (+) with a particular codon
optimized coding sequence shows higher translation than the respective wild type sequence
(not codon optimized (-)), independently from the UTR that has been employed. Modified
polyribonucleotides encoding OTC were generated through in vitro transcription in the
presence of 50% S-iodouridine-5 -triphosphate and 30% 2’-fluoro-2’-deoxycytidine-5"-
triphosphate of Constructs T7-hOTCeDNA (Table 9, SEQ ID NO: 31), T7-hOTCcDNA(CO)
(Table 9, SEQ ID NO: 35), T7-hOTC (Table 9, SEQ ID NO: 32), T7-hOTC(CO) (Table 9,
SEQ ID NO: 36), T7-5’ETH-hOTC-3’ETH (Table 9, SEQ ID NO: 34), T7-5’ETH-
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hOTC(CO)-3’ETH (Table 9, SEQ ID NO: 38), T7-5’hAg-hOTC (Table 9, SEQ ID NO: 33),
and T7-5’hAg-hOTC(CO) (Table 9, SEQ ID NO: 37) respectively.

Fig. 4(B) shows OTC activity after transfection of HepG2 cells with modified
polyribonucleotides encoding OTC. cDNA = ¢DNA; Minimal = mini, Ethris = Eth (=CYBA),
a-Globin =hAg.

Modified polyribonucleotides were generated through in vitro transcription in the
presence of 50% 5-iodouridine-5"-triphosphate and 30% 2’-fluoro-2’-deoxycytidine-5 -
triphosphate of Constructs T7-hOTCcDNA (Table 9, SEQ ID NO: 31), T7-hOTCcDNA(CO)
(Table 9, SEQ ID NO: 35), T7-hOTC (Table 9, SEQ ID NO: 32), T7-hOTC(CO) (Table 9,
SEQ ID NO: 36), T7-5’ETH-hOTC-3’ETH (Table 9, SEQ ID NO: 34), T7-5’ETH-
hOTC(CO)-3’ETH (Table 9, SEQ ID NO: 38), T7-5"hAg-hOTC (Table 9, SEQ ID NO: 33),
and T7-5’hAg-hOTC(CO) (Table 9, SEQ ID NO: 37) respectively.

Fig. 5(A) shows OTC activity after transfection with OTC-SNIM®RNA in HepG2
cells. co = codon optimized; cDNA = ¢DNA; Minimal = mini, Ethris = Eth (=CYBA), a-
Globin = hAg. Modified polyribonucleotides of the disclosure {e.g.,, OTC-SNIM®-RNA)
were generated through in vitro transcription in the presence of 50% 5-iodouridine-5"-
triphosphate and 30% 2°-fluoro-2’-deoxyeytidine-5 -triphosphate of Constructs T7-
hOTCcDNA (Table 9, SEQ ID NO: 31), T7-hOTCcDNA(CQ) (Table 9, SEQ ID NO: 35),
T7-hOTC (Table 9, SEQ ID NO: 32), T7-hOTC(CO) (Table 9, SEQ ID NOQ: 36), T7-5’ETH-
hOTC-3’ETH (Table 9, SEQ ID NO: 34), T7-5’ETH-hOTC(CO)-3"ETH (Table 9, SEQ ID
NO: 38), T7-5’hAg-hOTC (Table 9, SEQ ID NO: 33), and T7-5’hAg-hQTC(CO) (Table 9,
SEQ ID NO: 37) respectively.

Fig. 5(B) shows OTC activity after transfection with OTC-SNIM®RNA. in HepG2
cells co = codon optimized cDNA = ¢cDNA; Minimal = mini, Ethris = Eth (=CYBA), a-
Globin = hAg. Modified polyribonucleotides (e.g., SNIM®-RNAs) were generated through in
vitro transcription in the presence of 50% S-iodouridine-5"-triphosphate and 30% 2 "-fluoro-
2’-deoxycytidine-5 '-triphosphate of Constructs T7-hOTCcDNA (Table 9, SEQ ID NO: 31),
T7-hOTCcDNA(CO) (Table 9, SEQ ID NO: 35), T7-hOTC (Table 9, SEQ ID NO: 32), T7-
hOTC(CO) (Table 9, SEQ ID NO: 36), T7-5’ETH-hOTC-3’ETH (Table 9, SEQ ID NO: 34),
T7-5"ETH-hOTC(CO)}-3’ETH (Table 9, SEQ ID NO: 38), T7-5’hAg-hOTC (Table 9, SEQ ID
NO: 33), and T7-5’hAg-hOTC(CO) (Table 9, SEQ ID NO: 37) respectively.

Fig. 5(C) shows OTC activity after exogenous expression of OTC protein by
expressing modified polyribomucleotides encoding OTC (e.g., SNIM®RNA) in HepG?2 cells.
Modified polyribonucleotides (e.g., OTC SNIM®RNA) were generated by in vitro
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transcription in the presence of 35% 5-iodouridine-5"-triphosphate and 7.5% 5-iodocytidine-
5'-triphosphate of Construct T7-5’hAg-hOTC(CQ) (Table 9, SEQ ID NO: 37) or T7-TISU-
hOTC(CO) (Table 9, SEQ ID NO: 39).

Fig. 6 shows that IP-10 induction is reduced in codon optimized OTC constructs.
Modified polyribonucleotides encoding OTC (e.g., SNIM®-RNAs) were generated through in
vitro transcription in the presence of 50% 5-iodouridine-5’-triphosphate and 30% 2 "-fluoro-
2’-deoxycytidine-5 -triphosphate of Constructs T7-hOTCcDNA (Table 9, SEQ 1D NO: 31),
T7-hOTCcDNA(CO) (Table 9, SEQ ID NO: 35), T7-hOTC (Table 9, SEQ ID NO: 32), T7-
hOTC(CO) (Table 9, SEQ ID NO: 36), T7-5’ETH-hOTC-3’ETH (Table 9, SEQ ID NO: 34),
T7-5ETH-hOTC(CO)-3’ETH (Table 9, SEQ ID NO: 38), T7-5’hAg-hOTC (Table 9, SEQ ID
NO: 33), and T7-5’hAg-hOTC(CO) (Table 9, SEQ ID NO: 37) respectively.

Fig. 7(A) shows the induction of OTC protein in HepG2 cells 8-12 h after transfection
with SNIM® RNA generated by in vitro transcription in the presence of 35% 5-iodouridine-
§'-triphosphate and 7.5% 5-iodocytidine-5"-triphosphate of construct T7-5’hAgOTC(CO)
(Table 9, SEG ID NO: 37).

Fig. 7(B) shows OTC activity after transfection with OTC-SNIM®RNA generated by
in vitro transcription in the presence of 35% S-iodouridine-5’-triphosphate and 7.5% 5-
iodocytidine-5"-triphosphate of construct T7-5’hAgOTC(CO) (Table9, SEG ID NO: 37) in
HepG2 cells.

Fig. 7(C) shows that modified polyribonucleotides of the disclosure (e.g., SNIM®
RNA) promotes / allows long term expression of OTC. SNIM® RNA was generated by in
vitro transcription in the presence of 35% 5-iodouridine-5'-triphosphate and 7.5% 5-
iodocytidine-5"-triphosphate of construct T7-5’hAgOTC(CO) (Table 9, SEG ID NO: 37). As
a negative control a hOTC-STOP-RNA was used (SEQ ID NO: 44).

Fig. 7(D) shows OTC protein translation after transfection with OTC encoding
modified polyribonucleotides of the disclosure (e.g., OTC-SNIM®RNA) in HepG2 cells.
SNIM® RNA was generated by in vitro transcription in the presence 35% 5-iodouridine-5’-
triphosphate and 7.5% 5-iodocytidine-5"-triphosphate of construct T7-5’hAgOTC(CO) (Table
9, SEG ID NO: 37). As a negative control a hOTC-STOP-RNA was used (SEQ ID NO: 44),

Fig. 8 shows the quantification of full length SNIM®RNA in vivo. SNIM® RNA was
generated by in vitro transcription in the presence 50% S-iodouridine-5 -triphosphate and 30%
2’-fluoro-2’-deoxycytidine-5"-triphosphate of construct T7-5"hAgOTC(CO) (Table 9, SEG
ID NO: 37) for hOTC.
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Fig. 9(A) and (B) show an OTC Western Blot. SNIM® RNA was generated by in
vitro transcription in the presence 50% 5-iodouridine-5 -triphosphate and 30% 2 '-fluoro-2'-
deoxycytidine-5 -triphosphate of construct T7-5’hAgOTC(CO) (Table 9, SEG ID NO: 37) for
hOTC.

Fig. 9(C) shows an LC-MS/MS analysis of mouse liver samples (underlined = human
specific).

Fig.10 shows a CLUSTAL O(1.2.3) multiple sequence alignment between the
wildtype human OTC coding region (NM_00531.5; SEQ ID NO: 2 and the codon optimized
coding region (hOTC-CO); SEQ ID NO: 5). The two sequences are 76.90% identical to each
other. The homology and percent identity matrix (as calculated by Clustal W) are provided
below the alignment.

Fig. 11 shows the expression of human OTC protein in knockout mice (OTC *h)
after single application of human OTC SNIM® RNA as measured in a Western Blot analysis,

Fig. 12 shows the functionality of human OTC protein in knockout mice (OTC™ *%)
after single application of human OTC SNIM® RNA analysed by measuring blood ammonia
levels at different time points post treatment,

Fig. 13 shows a correlation analysis of the data shown in Figure 11 and Figure 12

using data points for all animals at all time points.

DETAILED DESCRIPTION OF THE DISCLOSURE
Overview

The present disclosure provides polyribonucleotides, polynucleotides and
compositions that are useful for improving delivery of ornithine transcarbamylase (OTC)
activity.

Before continuing to describe the present disclosure in further detail, it is to be
understood that this disclosure is not limited to specific compositions or process steps, as such
may vary. It must be noted that, as used in this specification and the appended claims, the

58 %% 4§,

singular form “a”, “an” and “the” include plural referents unless the context clearly dictates
otherwise.

Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure
is related. For example, the Concise Dictionary of Biomedicine and Molecular Biology, Juo,
Pei-Show, 2nd ed., 2002, CRC Press; The Dictionary of Cell and Molecular Biology, 3rd ed.,

1999, Academic Press; and the Oxford Dictionary Of Biochemistry And Molecular Biology,
14
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Revised, 2000, Oxford University Press, provide one of skill with a general dictionary of
many of the terms used in this disclosure.

As used herein, the term “polynucleotide” is generally used to refer to a nucleic acid
(e.g., DNA or RNA). When RNA, such as mRNA, is specifically being referred to, the term
polyribonucleotide may be used. The terms polynucleotide, polyribonucleotide, nucleic acid,
ribo nucleic acid, DNA, RNA, mRNA, and the like include such molecules that may be
comprised of standard or unmodified residues; nonstandard or modified residues (e.g.,
analogs); and mixtures of standard and nonstandard (e.g., analogs) residues. In certain
embodiments a polynucleotide or a polyribonucleotide is a modified polynucleotide or a
polyribonucleotide

For purposes of determining percentage identity of a first sequence relative to a
second sequence, an analog (e.g., methylcytidine) matches the corresponding non-analog (e.g.,
cytidine), etc. In certain embodiments, the term “primary sequence” may be used to refer to a
polynucleotide sequence without regard to whether or the level of modification, such that a
primary sequence identical to CUCUCUA would include that sequence regardless of whether
any or all of the recited nucleotides are modified (e.g., analogs of any one or more of C, U
and A may be present and would be considered the same primary sequence).

Polynucleotides and polyribonucleotides of the disclosure refer, unless context
indicates otherwise, to polynucleotides or polyribonucleotides encoding an ornithine
transcarbamylase (OTC), preferably human ormithine transcarbamylase (OTC). Such
polynucleotides and polyribonucleotides comprising an ornithine transcarbamylase (OTC)

coding sequence may optionally comprise other nucleotide sequences, as described herein.

Polyribonucleotides

The present disclosure provides polyribonucleic acid molecules, preferably modified
polyribonucleic acid molecules, which encode an ornithine transcarbamylase (OTC). The
terms nucleic acid and polynucleotide are used interchangeably and include any compound
and/or substance that comprises a polymer of nucleotides. The term nucleotide includes
deoxynucleotides and ribonucleotides. The terms ribonucleic acid and polyribonucleotide are
used interchangeably and, in certain embodiments, include any compound and/or substance
that comprises a polymer of nucleotides wherein greater than 50% of the nucleotides are
ribonucleotides. In certain embodiments, polyribonucletodies comprise a polymer of
nucleotides wherein greater than 60%, 70%, 75%, 80%, 90%, greater than 95%, greater than

99% or 100% of the nucleotides are ribonucleotides. Polyribonucleotides wherein one or
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more nucleotides are modified nucleotides may be referred to as modified polyribonucleotides.
However, the term polyribonucleotides may include modified polyribonucleotides.

The present disclosure also contemplates polyribonucleotides that may comprise one,
several, or all of the features disclosed in the various embodiments herein. The present
disclosure contemplates polyribonucleotides that may comprise one or more untranslated
regions (UTRs) as disclosed herein. The present disclosure contemplates polyribonucleotides
that encode an ornithine franscarbamylase (OTC). The present disclosure contemplates
polyribonucleotides comprising ornithine transcarbamylase (OTC) coding sequences. The
present disclosure contemplates polyribonucleotides comprising one or more analogs of the
canonical nucleotides (i.e. analogs of cytidine, uridine, adenosine, and/or guanosine; modified
nucleotides), naturally or non-naturally occurring; such polyribonucleotides contain a mixture
of modified and unmodified nucleotides. In certain embodiments, the present disclosure
contemplates polyribonucleotides wherein, for example, 30-50% or 30-45% of the uridines
are analogs of uridine and 5-30% or 5-10% of the cytidines are analogs of ¢cytidine. The
present disclosure contemplates compositions comprising polyribonucleotides as described
herein, and methods of formulating and using said compositions.

Polyribonucleotides and polynucleotides described herein that encode an ornithine
transcarbamylase (OTC), alone or together with additional sequence, may be referred to as
polynucleotides or polyribonucleotides of the disclosure. In certain embodiments,
polyribonucleotides described herein may comprise ornithine transcarbamylase (OTC) coding
sequences. In certain embodiments, polyribonucleotides described herein may comprise
fragments of ornithine transcarbamylase (OTC) coding sequences. In certain embodiments,
polyribonucleotides described herein may encode truncated variants of ornithine
transcarbamylase (OTC) polypeptides.

The sequence of the polyribonucleotides can be derived from, for example, any
suitable nucleic acid that comprises the genetic information of a gene of interest. Examples of
nucleic acids include genomic DNA, RNA, or ¢cDNA from any cell comprising the omithine
transcarbamylase (OTC) gene. The polynucleotides can be derived from nucleic acids
carrying mutated genes and polymorphisms. Mutations and polymorphisms in the human
ornithine transcarbamylase gene are described, e.g., in Tuchman et al. (Human Mutation 19
(2002), 93-107) and in Yamaguchi et al. (Human Mutation 27 (2006), 626-632). Caldovic et
al. (J. Genet. Genomics 42 (2015), 181-194) provides an update of 417 disease-causing
mutations in the OTC gene. Furthermore, this publication provides information about

naturally occurring variations of the OTC gene in the general population and examination of
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the respective phenotype. A systematic computational approach has been performed to
correlate different types of OTC mutations with the severity of the associated disease.

A polyribonucleotide of the present disclosure comprises a sequence encoding an ornithine
transcarbamylase {OTC) (e.g., a coding sequence). In certain embodiments, the sequence
(e.g., DNA sequence and/or RNA sequence) is a codon optimized sequence, such as a codon
optimized sequence to facilitate expression in a mammalian system. The polyribonucleotide
may further comprise an untranslated sequence positioned upstream (5°) of the omithine
transcarbamylase (OTC) encoding region’s start codon, an untranslated sequence positioned
downstream (3’) of the ornithine transcarbamylase (OTC) encoding region’s stop codon, or
both an untranslated sequence positioned upstream (5°) of the omithine transcarbamylase
{(OTC) encoding region’s start codon and an untranslated sequence positioned downstream (37}
of the orithine transcarbamylase (OTC) encoding region’s stop codon. For each
polyribonucleotide (RNA) sequence listed in the present disclosure, the corresponding
polydeoxyribonucleotide (DINA} sequence is contemplated and vice versa. In a preferred
embodiment, a polyribonucleotide of the present disclosure may be a modified

polyribonucleotide.

Modified Ribonucleotides

In addition to the four classical ribonucleotides, namely, adenosine, guanosine,
cytidine and uridine, there exist numerous analogs of each of these nucleobases. Sometimes
throughout and in the literature, these analogs, or polyribonucleotides that include one or
more of these analogs, are referred to as modified (e.g., modified nucleotides or modified
ribonucleotides). Some analogs differ from the above canonical nucleobases, but yet can
exist in nature. Other analogs are non-naturally occurring. Either type of analog is
contemplated.

In certain embodiments, polyribonucleotides of the disclosure comprise nucleotide
analogs (e.g., the polyribonucleotide comprises a modified polyribonucleotide). Exemplary
nucleotide analogs are provided below (e.g., analogs of U; analogs of C; analogs of A;
analogs of G). In addition, in certain embodiments, a polyribonucleotide or other nucleic acid
of the disclosure may also comprise (in addition to or alternatively) modifications in the
phosphodiester backbone or in the linkage between nucleobases. Exemplary nucleic acids that
can form part or all of a polyribonucleotide of the disclosure include, but are not limited to,
ribonucleic acids (RNAs), deoxyribonucleic acids (DNAs), threose nucleic acids (TNAs),
glycol nucleic acids (GNAs), peptide nucleic acids (PNAs), locked nucleic acids (LNAs,
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including LNA having a beta -d-ribo configuration, alpha -LNA having an alpha -1-ribo
configuration (a diastereomer of LNA), 2"-amino-LNA having a 2"-amino functionalization,
and 2"-amino-alpha -LNA having a 2’-amino functionalization) or hybrids thereof. In certain
embodiments, a modification may be on one or more nucleoside(s) or the backbone of
thepolynucleotide molecule. In certain embodiments, a modification may be on both a
nucleoside and a backbone linkage. In certain embodiments, a modification may be
engineered into a polynucleotide in vitro. In certain embodiments, a modified nucleotide may
also be synthesized post-transcriptionally by covalent modification of the natural nucleotides.

A polyribonucleotide of the disclosure can be a modified polyribonucleotide and, in
certain embodiments, can comprise analogs of purines and/or analogs of pyrimidines. In
certain embodiments, a modified polyribonucleotide of the disclosure comprises a pyrimidine
analog, such as an analog of uridine and/or an analog of cytidine., In certain embodiments, a
modified polyribonucleotide of the disclosure comprises an analog of uridine and an analog of
cytidine. In certain embodiments, the modified polyribonucleotide does not comprise analogs
of adenosine and/or analogs of guanosine. In certain embodiments, the polyribonucleotide
comprises a single type of analog of uridine and a single type of analog of cytidine (e.g., one
type of analog, not a single molecule of analog - the single analog may be present at any of
several percentages described herein). In other embodiments, the polyribonucleotide
comprises more than one type of analog of uridine and/or ¢ytidine and, optionally and if
present, one or more analogs of adenosine and/or guanosine (or none of either or both).

In some cases a modified uridine (e.g., analog of uridine) is selected from 2-
thiouridine, 5"-methyluridine, pseudouridine, 5-iodouridine (15U), 4-thiouridine (S4U), 5-
bromouridine (Br5U), 2 -methyl-2"-deoxyuridine (U2 'm), 2'-amino-2 "-deoxyuridine
(U2'NHz), 2'-azido-2 "-deoxyuridine (U2'N3), and 2’-fluoro-2 -deoxyuridine (U2F). In some
cases, 2 modified cytidine (e.g., analog of cytidine) is selected from 5-methylcytidine, 3-
methylcytidine, 2-thio-cytidine, 2"-methyl-2’'-deoxycytidine (C2 'm}), 2 -amino-2"-
deoxycytidine (C2'NH2), 2'-fluoro-2"-deoxycytidine (C2'F), S-iodocytidine (I5C), 5-
bromocytidine (Br5C) and 2"-azido-2"-deoxycytidine (C2'N3). Note that when referring to
analogs, the foregoing also refers to analogs in their 5° triphosphate form. In certain
embodiments, the cytidine analog is 5-iodocytidine and the uridine analog is 5-iodouridine.

In some embodiments, the polyribonucleotide is a modified polyribonucleotide. In
some cases, the modified polyribonucleotide is at least 25% more stable as compared to a
non-modified {or unmodified) polyribonucleotide. In some cases, the modified

polyribonucleotide can be at least 30% more stable, at least 35% more stable, at least 40%
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more stable, at least 45% more stable, at least 50% more stable, at least 55% more stable, at
least 60% more stable, at least 65% more stable, at least 70% more stable, at least 75% more
stable, at least 80% more stable, at least 85% more stable, at least 90% more stable, or at least
95% more stable as compared to a non-modified polyribonucleotide. In certain embodiments,
stability is measured in vive. In certain embodiments, stability is measured in vitro. In
certain embodiments, stability is quantified by measuring the half-life of the
polyribonucleotide.

A polyribonucleotide of the disclosure can have nucleotides that have been modified
in the same form or else a mixture of different modified nucleotides. The modified
nucleotides can have modifications that are naturally or not naturally occurring in messenger
RNA. A mixture of various modified nucleotides can be used. For example one or more
modified nucleotides within a polyribonucleotide can have natural modifications, while
another part has modifications that are not naturally found in mRNA. Additionally, some
maodified nucleotides can have a base modification, while other modified nucleotides have
sugar modification. In the same way, it is possible that all modifications are base
modifications or all modifications are sugar modifications or any suitable mixture thereof. In
some cases, the stability of the modified polyribonucleotide can be selectively optimized by
changing the nature of modified bases within the modified polyribonucleotide.

Non-limiting examples of analogs of U are shown in TABLE 1,

TABLE 1

Name Base modification (5"~ | Sugar modification Naturally in

position) {2"-position) mRNA
S-methylaridine (mSU} CH; No
S-iodouridine (I5U) I No
S-bromouridine (Br5U) Br No
2-thiouridine {(S2U) S (in 2 position} No
4-thiouridine (S4U)) S (in 4 position) No
2"-methyl-2 -deoxyuridine CH, Yes
{(U2'm)
2" -amino-2"-deoxyuridine NH, No
(U2'NH2Z)
2" -azido-2 "~-deoxyuridine I Mo
(U2'N3)
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2"-fluoro-2’-deoxyuridine F No
(U2'F)
Non-limiting examples of analogs of C are shown in TABLE 2.
TABLE 2
Name Base modification (5'- | Sugar modification Naturally in mRNA
position) (2" -position)
5-methylcytidine CHs Yes
(m35C)
S-iodocytidine (I5CYy |1 No
S-bromocytidine Br No
(Br5C)
2-thiocytidine (82C) | 8 (in 2 position) No
2"-methyl-2'- CH; Yes
deoxyeytidine (C2'm)
2 -amino-2’- NH; No
deoxycytidine
(C2'NH2)
2 -azido-2"- Nj No
deoxycytidine
(C2'N3)
2 -fluoro-2"- F No
deoxyeytidine (C2°F)
Non-limiting examples of analogs of A are shown in TABLE 3.
TABLE 3
Name Base modification (5"~ | Sugar modification Naturally in mRNA
position) (2 -position)
N6-methyladenosine | CHj (in 6 position) Yes
(mb6A)
N1-methyladenosine | CHj (in 1 position) No
(mlA)
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2’-0-methyladenosine
(A2'm)

CH;z

Yes

2'-amino-2'-
deoxyadenosine
(A2'NH2)

NH;

No

2’-azido-2"-
deoxyadenosine
{A2'N3)

No

2 -fluoro-2"-
deoxyadenosine

(A2'F)

MNo

Non-limiting examples of analogs of G are shown in TABLE 4.

TABLE 4

Name

Base modification (5'-

position)

Sugar modification

(2" -position)

Naturally in mRNA

N1-methylguanosine
(m1G)

CHj (in position 1)

Mo

2 -0-methylguanosine
(G2'm)

CH;

Vs

2 -amino-3"-
deoxyguanosine
(G2'NH2)

NH;

No

2 -azido-2 -
deoxyguanosine
(G2'N3)

Mo

2" -fluore-2"-
deoxyguanosine
(G2'F)

Mo

In certain embodiments, an analog (e.g., a modified nucleotide) can be selected from

the group comprising pyridin-4-one ribonucleoside, 5-iodouridine, 5-iodocytidine, 5-aza-

uridine, 2’-amino-2’-deoxycytidine, 2’ -fluor-2’-deoxycytidine, 2-thio-5-aza-uridine, 2-
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thiouridine, 4-thio-pseudouridine, 2-thio-pseudouridine, 5-hydroxyuridine, 3-methyluridine,
S-carboxymethyl- uridine, 1-carboxymethyl-pseudouridine, 5-propynyl-uridine, 1-propynyl-
pseudouridine, S-taurinomethyluridine, 1-taurinomethyl-pseudouridine, 5-taurinomethyl-2-
thio-uridine, 1-taurinomethyl-4-thio-uridine, 5-methyl-uridine, 1-methyl-pseudouridine, 4-
thio-l-methyl-pseudouridine, 2-thio-l-methyl-psendouridine, 1-methyl-1-deaza-pseudouridine,
2-thio-1-methyl-1-deaza-pseudouridine, dihydrouridine, dihydropseudouridine, 2-thio-
dihydrouridine, 2-thio-dihydropseudouridine, 2-methoxyuridine, 2-methoxy-4-thio-uridine, 4-
methoxy-pseudouridine, 4-methoxy-2-thio-pseudouridine, 5-aza-cytidine, pseudoisocytidine,
3-methyl-cytidine, N4-acetylcytidine, 5-formylcytidine, 5-methyleytidine, N4-methylcytidine,
5-hydroxymethylcytidine, 1-methyl-pseudoisocytidine, pyrrolo-cytidine, pyrrolo-
pseudoisocytidine, 2-thio-cytidine, 2-thio-5-methyl-cytidine, 4-thio-pseudoisocytidine, 4-thio-
lI-methyl-pseudoisocytidine, 4-thio-l-methyl-1-deaza-pseudoisocytidine, 1-methyl-1-deaza-
pseudoisocytidine, zebularine, 5-aza-zebularine, 5-methyl-zebularine, 5-aza-2-thio-zebularine,
2-thio-zebularine, 2-methoxy-cytidine, 2-methoxy-5-methyl-cytidine, 4-methoxy-
pseudoisocytidine, 4-methoxy-l-methyl-pseudoisocytidine, 2-aminopurine, 2, 6-
diaminopurine, 7-deaza-adenine, 7-deaza-8-aza-adenine, 7-deaza-2-aminopurine, 7-deaza-8-
aza-2-aminopurine, 7-deaza-2,6-diaminopurine, 7-deaza-8-aza-2,6- diaminopurine, 1-
methyladenosine, N6-methyladenosine, N6-isopentenyladenosine, N6-(cis-
hydroxyisopentenyl)adenosine, 2-methylthio-Né-(cis-hydroxyisopentenyl) adenosine, N6-
glycinylcarbamoyladenosine, N6-threonylcarbamoyladenosine, 2-methylthio-N6-threonyl
carbamoyladenosine, N6,N6-dimethyladenosine, 7-methyladenine, 2-methylthic-adenine, 2-
methoxy-adenine, inosine, 1-methyl-inosine, wyosine, wybutosine, 7-deaza-guanosine, 7-
deaza-8-aza-guanosine, 6-thio-guanosine, 6-thio-7-deaza-gnanosine, 6-thio-7-deaza-8-aza-
guanosine, 7-methyl-guanosine, 6-thio-7-methyl-guanosine, 7-methylinosine, 6-methoxy-
guanosine, 1-methylguanosine, N2-methylguanosine, N2,N2-dimethylguanosine, 8-oxo-
guanosine, 7-methyl-8-oxo-guanosine, 1-methyl-6-thio-guanosine, N2-methyl-6-thio-
guanosine, and N2,N2-dimethyl-6-thio-guanosine.

In certain embodiments, a modified polyribonucleotide of the disclosure does not
include pseudouridine. In certain embodiments, a modified polyribonucleotide of the
disclosure does not include 5-methyl cytidine. In certain embodiments, a modified
polyribonucleotide of the disclosure does not include 5-methyl uridine. In certain
embodiments, a modified polyribonucleotide of the disclosure comprises analogs of U and
analogs of C, wherein such analogs of U may all be the same analog or may be different

analogs (e.g., more than one type of analog), and wherein such analogs of C may all be the
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same analog or may be different analogs (e.g., more than one type of analog). In certain
embodiments, a modified polyribonucleotide of the disclosure does not include analogs of
adenosine and analogs of guanosine. In other embodiments, a modified polyribonucleotide of
the disclosure does include analogs of adenosine and/or analogs of guanosine (in the presence
or absence of analogs of cytidine and/or analogs of uridine).

As described in detail herein, when a polyribonucleotide comprises a modified
polyribonucleotide, analogs may be present as a certain proportion of the nucleotides in the
compound (e.g., a given percentage of a given nucleobase may be analog, as described herein).
Analogs present in a polyribonucleotide may also be described based on the input percentage
of analog used during synthesis/in vitro preparation. Methods of making modified
polyribonucleotides of the disclosure are similarly contemplated.

The disclosure contemplates modified polyribonucleotides wherein a given percentage
of A, U, C or G is analog (e.g,, a given percentage of 1 of the 4 nucleotides). Such percentage
may be, for example 5-50%, 3-5%, or greater than 50% (e.g., even 100%, or any other
percentage or range disclosed herein). In certain embodiments, the single nucleotide is U or
C. In other embodiments, the disclosure contemplates modified polyribonucleotides wherein
a given percentage of at least two {or two) of A, U, C or G is analog. Such percentage may be,
for example 5-50%, 3-5%, or greater than 50% (e.g., even 100%, or any other percentage or
range disclosed herein) taken on a per nucleobase basis or across both nucleobases. In certain

embodiments, the two nucleotides are U and C.

Modified Polyribonucleotides

A polyribonucleotide that comprises at least one modified micleotide is a modified
polyribonucleotide. In certain embodiments, at least about 3%, at least about 4%, or at least
about 5% of the modified polyribonucleotide includes analogs of (e.g., modified, or non-
natural} adenosine, cytidine, guanosine, or uridine, such as the analog nucleotides described
herein. In some cases, at least about 5%, 10%, 15%, 20%, 25%, 30%, 40%, 45%, 50% of the
modified polyribonucleotide includes analogs of adenosine, cytidine, guanosine, or uridine. In
some cases, at most about 50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, 5%, of the
modified polyribonucleotide includes non-naturally occurring adenosine, cytidine, guanosine,
or uridine. In certain embodiments, the modified polyribonucleotide includes analogs of more
than one nucleotide, such as cytidine and uridine, and the foregoing percentages refer to the

percentage of analogs of each such nucleotide.
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In certain embodiments a modified polyribonucleotide of the present disclosure
contains a combination of modified and unmodified nucleotides. Preferably, a modified
polyribonucleotide molecule of the present disclosure contains a combination of modified and
unmodified nucleotides as described in US 2012/0195936 Al, hereby incorporated by
reference in its entirety. Such modified polyribonucleotide molecules and related molecules
are also known and commercialized as “SNIM®-RNA™. In certain embodiments, the RNA
molecule described in US 2012/0195936 Al is reported to show an increased stability and
diminished immunogenicity. In certain embodiments, in such a modified polyribonucleotide
molecule, 5 to 50% of the cytidines are analogs of C and 5 to 50% of the uridines are analogs
of U. In certain embodiments, in such a modified polyribonucleotide molecule 5 to 40% of
the cytidines are analogs of C and 5 to 40% of the uridines are analogs of U. In certain
embodiments, in such a modified polyribonucleotide molecule 5 to 30% of the cytidines are
analogs of C and 5 to 30% of the uridines are analogs of U. In certain embodiments, in such a
modified polyribonucleotide molecule 10 to 30% of the cytidines are analogs of C and 10 to
30% of the uridines are analogs of U. In certain embodiments, in such a modified
polyribonucleotide molecule 5 to 20% of the cytidines are analogs of C and 5 to 20% of the
uridines are analogs of U. In certain embodiments, in such a modified polyribonucleotide
molecule 5 to 10% of the cytidine nucleotides and 5 to 10% of the uridine nucleotides are
modified. In certain embodiments, in such a modified polyribonucleotide molecule 25% of
the cytidine nucleotides and 25% of the uridine nucleotides are modified. In certain
embodiments, the adenosine- and guanosine-containing nucleotides can be unmodified. In
certain embodiments, the adenosine and guanosine nucleotides can be unmodified or partially
modified, and they are preferably present in unmodified form.

As noted above, in certain embodiments, analogs of U refers to a single type of analog
of U. In certain embodiments, analogs of U refers to two or more types of analogs of U. In
certain embodiments, analogs of C refers to a single type of analog of C. In certain
embodiments, analogs of C refers to two or more types of analogs of C.

In certain embodiments, the percentage of cytidines in a polyribonucleotide that are
analogs of cytidine is not the same as the percentage of uridines in the polyribonucleotide that
are analogs of uridine. In certain embodiments, the percentage of analogs of cytidine is lower
than the percentage of analogs of uridine. As noted above, this may be in the presence or the
absence of analogs of adenosine and guanosine but, in certain embodiments, is in the absence

of analogs of adenosine and analogs of guanosine. In certain embodiments,
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polyribonucleotides of the disclosure comprises less than 15%, less than 10%, less than 5% or
less than 2% analogs of adenosine, analogs of guanosine or both.

In certain embodiments, a polyribonucleotide of the disclosure comprises analogs of
cytidine and analogs of uridine, and 5 to 20% or 5 to 30% of the cytidines are analogs of
cytidine and 25 to 45% or 25 to 50% of the uridines are analogs of uridine. In other words,
the polyribonucleotide comprises modified and unmodified cytidines and modified and
unmodified uridines, and 5 to 20% or 5 to 30% of the cytidines comprise analogs of cytidine
while 25 to 45% or 25 to 50% of the uridines comprise analogs of uridine. In other
embodiments, the polyribonucleotide comprises 5 to 10% analogs of cytidine and 30 to 40%
analogs of uridine, such as 7-9% analogs of cytidine, such as about 7, 7.5 or 8% and, such as
32-38% analogs of uridine, such as about 33, 34, 35, 36%. In certain embodiments, the
percentage of analogs of cytidine is less than 5%, such as about 3- less than 5% or 3-5%.

In other embodiments, a polyribonucleotide of the disclosure comprises analogs of
cytidine and/or uridine, and greater than 50% (even 100%) of the cytidine and/or uridine are
analogs of cytidine or uridine, respectively.

In certain embodiments, any of the analogs of uridine and analogs of cytidine
described herein may be used, optionally excluding pseudouridine. In certain embodiments,
the analog of cytidine comprises or consists of (e.g., in the case of consists of, it is the single
analog type used) S-iodocytidine and the analog of uridine comprises or consists of (e.g., in
the case of consists of, it is the single analog type used) 5-iodouridine.

In certain embodiments of any of the foregoing, the percentage of analogs of a given
nucleotide refers to input percentage (e.g., the percentage of analogs in a starting reaction,
such as a starting in vitro transcription reaction). In certain embodiments of any of the
foregoing, the percentage of analogs of a given nucleotide refers to output (e.g., the
percentage in a synthesized or transcribed compound). Any of the foregoing percentages can
be used to describe either.

The polyribonucleotide molecules of the present disclosure may be produced
recombinantly in ir vivo systems by methods known to a person skilled in the art.
Alternatively, the modified polyribonucleotide molecules of the present disclosure may be
produced in an in vitro system using, for example, an in vifro transcription system. In vitro
transcription systems are commonly known and usually require a purified linear DNA
template containing a DNA sequence *“encoding” the RNA molecule wherein said DNA
sequence is under the control of an appropriate promoter. Moreover, an in vitro transcription

system also commonly requires ribonucleoside triphosphates, a buffer system that includes
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DTT and magnesium ions, and an appropriate RNA polymerase which provides the
enzymatic activity for the in vitro transcription of the DNA sequence into a corresponding
RNA molecule of the present disclosure.

An in vitro transcription system capable of producing polyribonucleotides requires an
input mixture of modified and unmodified nucleoside triphosphates to produce modified
polyribonucleotides with the desired properties of the present disclosure. In certain
embodiments, 5 to 50% of the cytidines are analogs of cytidine in such an input mixture and 5
to 50% of the uridines are analogs of uridine in such an input mixture. In certain
embodiments, 5 to 40% of the cytidines are analogs of cytidine in such an input mixture and 5
to 40% of the uridines are analogs of uridine in such an input mixture. In certain
embodiments, 5 to 30% of the cytidines are analogs of cytidine in such a mixture and 5 to 30%
of the uridines are analogs of uridine in such an input mixture. In certain embodiments, 5 to
30% of the cytidines are analogs of cytidine in such mixture and 10 to 30% of the uridines are
analogs of uridine in such mixture. In certain embodiments, 5 to 20% of the cytidines are
analogs of cytidine in such an input mixture and 5 to 20% of the uridines are analogs of
uridine in such an input mixture. In certain embodiments, 5 to 10% of the cytidines are
analogs of cytidine in such an input mixture and 5 to 10% of the uridines are analogs of
uridine in such an input mixture. In certain embodiments, 25% of the cytidines are analogs of
cytidine in such an input mixture and 25% of the uridines are analogs of uridine in such an
input mixture. In certain embodiments, the input mixture does not comprise analogs of
adenosine and/or guanosine. In other embodiments, optionally, the input mixture comprises
one or more analogs of adenosine and/or guanosine (or none of either or both). Moreover, for
modified polyribonucleotides containing only one of analogs of U, C, A, or G, the in vitro
reaction would include the appropriate input percentage of only analogs of that nucleotide.
When a single nucleotide is the source of all modification, any of the percentages recited
herein are contemplate, as are higher percentages of analog (e.g., greater than 50% or even
100%).

In certain embodiments, the percentage of cytidines in an input mixture that are
analogs of cytidine is not the same as the percentage of uridines in an input mixture that are
analogs of uridine. In certain embodiments, the percentage of analogs of cytidine in an input
mixture is lower than the percentage of analogs of uridine in an input mixture. As noted
above, this may be in the presence or the absence of analogs of adenosine and guanosine in
the input mixture but, in certain embodiments, is in the absence of analogs of adenosine and

analogs of guanosine in the input mixture.
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In certain embodiments, an input mixture of nucleotides for an in vitro transcription
system that produces a polyribonucleotide of the disclosure comprises analogs of cytidine and
analogs of uridine, and 5 to 20% or 5 to 30% of the cytidines of the input mixture are analogs
of cytidine and 25 to 45% or 25 to 50% of the uridines of the input mixture are analogs of
uridine. In other words, the input mixture comprises modified and unmodified cytidines and
modified and unmodified uridines, and 5 to 20% or 5 to 30% of the cytidines of the input
mixture comprise analogs of cytidine while 25 to 45% or 25 to 50% of the uridines of the
input mixture comprise analogs of uridine. In other embodiments, the input mixture
comprises 5 to 10% analogs of cytidine and 30 to 40% analogs of uridine, such as 7-9%
analogs of cytidine, such as 7, 7.5 or 8% and, such as 32-38% analogs of uridine, such as 33,
34, 35, 36%.

In certain embodiments, any of the analogs of uridine and analogs of cytidine
described herein may be used, optionally excluding pseudouridine. In certain embodiments,
the analog of cytidine comprises or consists of {(e.g., it is the single C analog type used) 5-
iodocytidine and the analog of uridine comprises or consists of (e.g., it is the single U analog
type used) 5-iodouridine.

Exemplary analogs are described in the tables above. It should be understood that for
modified polyribonucleotides encoding ornithine transcarbamylase (OTC), the analogs and
level of modification is, unless indicated otherwise, considered across the entire
polyribonucleotide encoding ornithine transcarbamylase (OTC), including 5° and 3°
untranslated regions (e.g., the level of modification is based on input ratios of analogs in an in
vitro transcription reaction such that analogs may be incorporated at positions that are
transcribed).

The modified polyribonucleotide molecules may be chemically synthesized, for
example by conventional chemical synthesis on an automated nucleotide sequence synthesizer
using a solid-phase support and standard techniques.

Translation efficiency is the rate at which a polyribonucleotide is translated into
polypeptides or proteins within cells. The translation efficiency of a given polyribonucleotide
can be measured as the number of proteins or polypeptides which are translated per
polyribonucleotide per unit time. Translation is the process in which cellular ribosomes create
proteins by translating the coding region of a polyribonucleotide into the specific primary
amino acid sequence of a protein; translation is well-known to those skilled in the art.

In certain embodiments, the translation efficiency of a modified polyribonucleotide

molecule of the present disclosure is higher in comparison to a translation efficiency of an
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unmodified polyribonucleotide molecule of the same primary sequence that does not
comprise nucleotide analogs (i.e. modified nucleotides). Accordingly, the number of
ornithine transcarbamylase (OTC) proteins or polypeptides translated from the omithine
transcarbamylase (OTC) gene of a modified polyribonucleotide per modified
polyribonucleotide per time unit may be higher than the number of ornithine transcarbamylase
{OTC) proteins or polypeptides translated from the orpithine transcarbamylase (OTC) gene of
the unmodified polyribonucleotide molecule of the same primary sequence that does not
comprise nucleotide analogs (i.e. modified nucleotides) per polyribonucleotide per time unit.
In other words, in certain embodiments, a modified polyribonucleotide of the present
disclosure may be translated more efficiently in the cells of a subject as compared to the
unmodified polyribonucleotide molecule of the same primary sequence that does not
comprise nucleotide analogs (i.e. modified nucleotides).

In other embodiments, the translation efficiency is the same or substantially the same.
This may be cell-type specific. Nevertheless, other differences may be apparent, such as
decreased immunogenicity for modified polyribonucleotides, improved stability, increased
half-life, and the like.

The translation efficiency can be determined by methods known in the art and as
outlined in the following. Translation efficiency, in the context of the present disclosure, is
the rate at which a polyribonucleotide is translated into protein within a cell at a given time
point in relation to the amount of polyribonucleotide encoding said protein in said cell at the
same time point. Thus, the translation efficiency is equal to the quantity of polyribonucleotide
being translated into a protein within a cell at a given time point divided by the total quantity
of polyribonucleotide encoding said protein within said cell at said time point. Both
parameters, i.e., the quantity of polyribonucleotide being translated into a protein as well as
the total quantity of polyribonucleotide encoding said protein, can be determined by methods
known in the art. As a non-limiting example, the quantity of polyribonucleotide translated
into a protein within a cell can be determined by flow cytometry while the total quantity of
polyribonucleotide encoding said protein can be measured by gPCR.

The stability of an mRNA is a measure of how long it exists in a cell before being
degraded. mRNA is degraded in vivo by a number of pathways known in the art. The
stability of an mRNA can be measured as the half-life of the mRNA. An mRNA half-life is
the time required for the quantity of that mRNA present in a sample or (a) cell(s) to reduce by
half.
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In certain embodiments, modified polyribonucleotide molecules of the present
disclosure have enhanced stability in cells of a subject as compared to unmodified
polyribonucleotide molecules of the same primary sequence that do not comprise nucleotide
analogs (i.e. modified nucleotides). Accordingly, the half-life of a modified
polyribonucleotide of the present disclosure is preferably longer (i.e. a greater time period)
than the half-life of unmodified polyribonucleotide molecules of the same primary sequence
that do not comprise nucleotide analogs (i.e. modified nucleotides). In certain embodiments,
enhanced stability may be difficult to observe in cells in culture and may only become

apparent in vivo. In other embodiments, stability is the same or substantially the same.

Untranslated Regions

A polyribonucleotide or a modified polyribonucleotide of the disclosure can comprise
one or more uniranslated regions. Similar to as described above, sequence in one or both
unfranslated regions may be optionally modified and, if modified, may be modified at the
same percentages and for the same residues as described above, all of which is equally
applicable here. An untranslated region can comprise any number of modified or unmodified
nucleotides. Untranslated regions (UTRs) of a gene are transcribed but not translated into a
polypeptide.

In some cases, a UTR can enhance expression of an associated gene and thus the
expression of the protein that gene encodes. In a modified polyribonucleotide of the present
disclosure, a UTR can enhance expression of an ornithine transcarbamylase (OTC) protein,
“Enhance expression” may include one or both of the following effects: increase the stability
of the nucleic acid molecule, and increase the efficiency of translation. A UTR can also
comprise sequences that ensure controlled down-regulation of the associated transcript in case
the polyribonucleotide molecules are misdirected to undesired organs or sites.

UTRs are positioned upstream (5°) of the start codon of a modified polyribonucleotide
of the disclosure and/or downstream (3”) of the stop codon of a modified polyribonucleotide
of the disclosure. UTRs are also encoded in a DNA sequence, as will be discussed below. As
used in the present disclosure, the 5' untranslated region (5' UTR) (also known as a Leader
Sequence or Leader RNA) is the region that is directly upstream from the start codon. In a
ribonucleotide, the 5' UTR typically begins at the transcription start site and ends one
nucleotide (nt) before the start codon (usually AUG) of the coding region. Native UTRs
naturally occurring in messages of prokaryotes tend to have a length of 3-10 nucleotides. In

contrast, native UTRs naturally occurring in eukaryotes tend to be longer, generally from 100
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to several thousand nucleotides (although they can be shorter). The 5° UTR, once transcribed,
may contain, inter alia, sequences which correspond to (residual 3°) parts of the promoter as
well as a so-called Kozak sequence. A Kozak sequence may be required for ribosome
recognition and translation of many genes. Kozak sequences can have the consensus
CCR(A/G)CC, where R is a purine (adenine or guanine) that is located three bases upstream
of the start codon (AUG). 5" UTRs may form secondary structures which are involved in
binding of translation elongation factor. In some cases, one can increase the stability and
protein production of the engineered polynucleotide molecules of the disclosure by
engineering the features typically found in abundantly expressed genes of specific target
organs. For example, introduction of a 5"UTR of liver-expressed mRNA, such as albumin,
serum amyloid A, Apolipoprotein A/B/E, transferrin, alpha fetoprotein, erythropoietin, or
Factor VIII, can be used to increase expression of a modified polyribonucleotide in a liver.
Likewise, use of a 5" UTR from muscle proteins (MyoD, Myosin, Myoglobin, Myogenin,
Herculin), for endothelial cells (Tie-1, CD36), for myeloid cells (C/EBP, AMLI, G-CSF,
GM-CSF, CDI Ib, MSR, Fr-1, i-NOS), for leukocytes (CD45, CD18), for adipose tissue
(CD36, GLUT4, ACRP30, adiponectin) and for lung epithelial cells (SP-A/B/C/D) can be
used to increase expression of a modified polynucleotide in a desired cell or tissue. In some
cases a UTR of the disclosure can be derived from the sequence of a cytochrome b-245 alpha
polypeptide (CYBA); in such a case, a 5° UTR of the disclosure can comprise SEQ ID NO:
18 or SEQ ID NO: 20, and a 3° UTR of the disclosure can comprise SEQ ID NO: 19. As
shown in the appended Examples, such UTRs lead to a higher expression (higher translation)
and consequently higher OTC activity (measured as enzymatic activity) compared to the
natural OTC UTRs or a “minimal” UTR.

In some cases a UTR of the disclosure can be derived from an a -globin gene; in such a case,
a 5° UTR of the disclosure can comprise sequences derived from an a-globin gene, with (SEQ
ID NOs: 12, 28) or without (SEQ ID NOs: 13, 29) a portion of an upstream promoter
sequence.

As shown in the appended Examples, such UTRs are particularly useful because they
lead to a higher expression (higher translation) and consequently higher OTC activity
(measured as enzymatic activity) compared to the natural OTC UTRs or a “minimal” UTR
and even when compared to a CYBA UTR.

In some cases a 5° UTR of the disclosure can comprise a TISU element with (SEQ ID
NO: 14) or without (SEQ ID NO: 15) a portion of an upstream promoter sequence. In some
cases a 5° UTR of the disclosure can comprise a TISU+T element with (SEQ ID NO: 16) or
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without (SEQ ID NO: 17) a portion of an upstream promoter sequence. In some cases a 5’

UTR of the disclosure can comprise a 3° UTR derived from the sequence of human growth
hormone (hGH) (SEQ ID NO: 30).

In certain embodiments, a modified polyribonucleotide of the disclosure comprises

one or more UTRs selected from the sequences listed in Table 5.

Table 5 - UTRs

UTR RNA sequence (from 5° to 3%)

CYBA 5 | CCGCGCCUAGCAGUGUCCCAGCCGGGUUCGUGUCGCCGCCACC (SEQ ID
NO: 18)

CYBA 3 | CCUCGCCCCGGACCUGCCCUCCCGCCAGGUGCACCCACCTGCAAUAAAUGC
AGCGAAGCCGGGA (SEQ ID NO: 19)

o -globin | GGGAGACUCU UCUGGUCCCCACAGACUCAG AGAGAACGCCACC (SEQID

52 UTR | NO:12)

(hAg)

o~globin | cauaaacccuggegegeucgegggoecggeacucuucugguccccacagacucagagagaacccace (SEQ ID

5°UTR | NO:28)

(HBA2)

o -globin | cucuucugguccccacagacucagagagaacgecace (SEQ D NO: 13}

5 UTR

ETH

hGH3 | CGGGUGGCAUCCCUGUGACCCCUCCCCAGUGCCUCUCCUGGCCCUGGAAG

UTR UUGCCACUCCAGUGCCCACCAGCCUUGUCCUAAUAAAAUUAAGUUGCAUC
(SEQ ID NO: 30)

Minimal | GGGAGACGCCACC (SEQ ID NO: 10)

5 UTR

TISU 5 | GGGAGACGCCAAG (SEQ ID NO: 14)

UTR

TISU+T | GGGAGACUGCCAAG (SEQ ID NO: 16)

5*UTR
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As used in the present disclosure, the 3’ untranslated region (3'-UTR) relates to the
section of a modified polyribonucleotide that immediately follows the translation termination
codon (the stop codon) of a sequence encoding an omithine transcarbamylase (OTC) protein,
As used in the present disclosure, the 3° UTR may comprise regulatory regions which are
known to influence polyadenylation and stability of a polyribonucleotide. A 3-UTR can also
comprise AU-rich elements (AREs). A 3-UTR of the present disclosure can comprise the
sequence AAUAAA that directs addition of several to several hundred adenine residues called
the poly(A) tail to the end of the coding region of a polyribonucleotide.

3" UTRs may have stretches of adenosines and uridines embedded therein. These AU
rich signatures are particularly prevalent in genes with high rates of turnover. Based on their
sequence features and functional properties, the AU rich elements (AREs) can be separated
into classes: Class I AREs contain several dispersed copies of an AUUUA motif within U-
rich regions. C-Myc and MyoD contain class I AREs. Class [1 AREs possess two or more
overlapping UUAUUUA(U/A)Y(U/A) nonamers, Molecules containing this type of AREs
include GM-CSF and TNF-. Class III ARES are less well defined. These U rich regions do
not contain an AUUUA motif c-Jun and Myogenin are two well-studied examples of this
class. Proteins binding to the AREs may destabilize the messenger, whereas members of the
ELAYV family, such as HuR, may increase the stability of mRNA. HuR may bind to AREs of
all the three classes. Engineering the HuR specific binding sites into the 3" UTR of nucleic
acid molecules can lead to HuR binding and thus, stabilization of the message in vivo.

Engineering of 3" UTR AU rich elements (AREs) can be used to modulate the stability
of a polyribonucleotide of the disclosure encoding an ornithine transcarbamylase (OTC). One
or more copies of an ARE can be engineered into a polyribonucleotide to modulate the
stability of a polyribonucleotide. AREs can be identified, removed or mutated to increase the
intracellular stability and thus increase translation and production of the resultant protein.
Transfection experiments can be conducted in relevant cell lines, using engineered
polyribonucleotides and protein production can be assayed at various time points post-
transfection. For example, cells can be transfected with different ARE-engineering molecules
and by using an ELISA kit to the relevant protein and assaying protein produced at 6 hours,
12 hours, 24 hours, 48 hours, and 7 days post-transfection.

A 37 UTR of a modified polyribonucleotide encoding an ornithine transcarbamylase
(OTC) protein of the present disclosure may also contain a poly-A tail. A poly-A tail is a long
sequence of adenine nucleotides (often 100 or even several hundred) added to the 3° end of a

pre-mRNA by a process called polyadenylation. As used herein, a poly-A tail relates to a
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sequence of adenine nucleotides located at the 3’ end of the polyribonucleotide. A 3° UTR of
a polyribonucleotide of the present disclosure may comprise a sequence for a poly-A tail or
said 3° UTR may comprise polyadenylation signal sequences that signal polyadenylation of
the polyribonucleotide intracellularly. Thus, the present disclosure relates to any of the above-
described polyribonucleotides, wherein the polyribonucleotide comprises a poly-A tail at the
3’ end.

A modified polyribonucleotide of the disclosure encoding omithine transcarbamylase
(OTC) can comprise an engineered 5” cap, or a 5" cap can be added to a polyribonucleotide
intracellularly. The 5° cap structure of an mRNA can be involved in binding to the mRNA
Cap Binding Protein (CBP), which is responsible for mRNA stability in the cell and
translation competency through the association of CBP with poly(A) binding protein to form
the mature cyclic mRNA species. The 5° cap structure can also be involved in nuclear export,
increases in mRNA stability, and in assisting the removal of 5" proximal introns during
mRNA splicing.

A modified polyribonucleotide can be 5"-end capped generating a 5"-ppp-5-
triphosphate linkage between a terminal guanosine cap residue and the 5"-terminal transcribed
sense nucleotide of the polyribonucleotide molecule. The cap-structure can comprise a
modified or unmedified 7-methylguanosine linked to the first nucleotide viaa 5°-5°
triphosphate bridge. This 5'-guanylate cap can then be methylated to generate an N7-methyl-
guanylate residue. The ribose sugars of the terminal and/or anteterminal transcribed
nucleotides of the 5 end of the polyribonucleotide may optionally also be 2°-O-methylated.
5'-decapping through hydrolysis and cleavage of the guanylate cap structure may target a
nucleic acid molecule, such as a polyribonucleotide molecule of the disclosure, for
degradation.

In some cases, a cap can comprise further modifications, including the methylation of
the 2" hydroxy-groups of the first 2 ribose sugars of the 5" end of the polyribonucleotide. For
instance, a eukaryotic cap-1 has a methylated 2’-hydroxy group on the first ribose sugar,
while a cap-2 has methylated 2"-hydroxy groups on the first two ribose sugars. The 5° cap can
be chemically similar to the 3" end of an polyribonucleotide molecule (the 5 carbon of the
cap ribose is bonded, and the 3’ unbonded). Such double modification can provides significant
resistance to 5' exonucleases. Non-limiting examples of 5° cap structures that can be used
with an engineered polyribonucleotide include, but are not limited to, 7mG(5 Yppp(5 )N,
pN2p (cap 0), TmG(5 Yppp(5 MNImpNp (cap 1), and 7mG(5 }-ppp(5 INImpN2mp (cap 2).
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Modifications to the medified polyribonucleotide of the present disclosure may
generate a non-hydrolyzable cap structure preventing decapping and thus increasing
polyribonucleotide half-life. Because cap structure hydrolysis requires cleavage of 5'-ppp-
5'phosphorodiester linkages, modified nucleotides may be used during the capping reaction.
For example, a Vaccinia Capping Enzyme from New England Biolabs (Ipswich, MA) may be
used with a-thio-guanosine nucleotides according to the manufacturer's instructions to create a
phosphorothioate linkage in the 5"-ppp-5" cap. Additional modified guanosine nucleotides
may be used such as a-methyl-phosphonate and seleno-phosphate nucleotides. Additional
modifications include, but are not limited to, 2’-O-methylation of the ribose sugars of 5'-
terminal and/or 5 -anteterminal nucleotides of the mRNA on the 2'-hydroxyl group of the
sugar ring. Multiple distinct 5'-cap structures can be used to generate the 5'-cap of a
polyribonucleotide.

The modified polyribonucleotide may be capped post-transcriptionally. According to
the present disclosure, 5" terminal caps may include endogenous caps or cap analogues.

Further, a modified polyribonucleotide can contain one or more internal ribosome
entry site(s) (IRES). IRES sequences can initiate protein synthesis in the absence of the 5" cap
structure. An IRES sequence can also be the sole ribosome binding site, or it can serve as one
of multiple ribosome binding sites of a polyribonucleotide. Modified polyribonucleotides
containing more than one functional ribosome binding site can encode several peptides or
polypeptides that are translated by the ribosomes (“polycistronic or multicistronic
polyribonucleotides™). A modified polyribonucleotide described here can comprise at least
one IRES sequence, two IRES sequences, three IRES sequences, four IRES sequences, five
IRES sequences, six IRES sequences, seven IRES sequences, eight IRES sequences, nine
IRES sequences, ten IRES sequences, or another suitable number are present in a modified
polyribonucleotide. Examples of IRES sequences that can be used according to the present
disclosure include without limitation, those from picornaviruses (e.g., FMDV), pest viruses
(CFFV), polio viruses (PV), encephalomyocarditis viruses (ECMV), foot-and-mouth disease
viruses (FMDV), hepatitis C viruses (HCV), classical swine fever viruses (CSFV), murine
leukemia virus (MLV), simian immune deficiency viruses (SIV) or cricket paralysis viruses
(CrPV). An IRES sequence can be derived, for example, from commercially available vectors
such as the IRES sequences available from Clontech™, GeneCopoeia™, Sigma-Aldrich™.
IRES sequences can be, for example, at least 150 bases or base pairs, 200 bases or base pairs,
300 bases or base pairs, 400 bases or base pairs, 500 bases or base pairs, 600 bases or base

pairs, 700 bases or base pairs, 800 bases or base pairs, 900 bases or base pairs, 1000 bases or
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base pairs, 2000 bases or base pairs, 3000 bases or base pairs, 4000 bases or base pairs, 5000
bases or base pairs, or 10000 bases or base pairs. IRES sequences can be at most 10000 bases
or base pairs, 5000 bases or base pairs, 4000 bases or base pairs, 3000 bases or base pairs,
2000 bases or base pairs, 1000 bases or base pairs, 900 bases or base pairs, 800 bases or base
pairs, 700 bases or base pairs, 600 bases or base pairs, 500 bases or base pairs, 400 bases or
base pairs, 300 bases or base pairs, 200 bases or base pairs, 100 bases or base pairs, 50 bases
or base pairs, or 10 bases or base pairs. In certain embodiments, a polyribonucleotide of the
disclosure may comprise an m7GpppG cap, an internal ribosome entry site (IRES) and/or a
polyA tail at the 3' end in particular in order to improve translation. The RNA can have
further regions promoting translation,

A polynucleotide sequence that may transcribe a modified polyribonucleotide of the
disclosure can comprise one or more promoter sequences and any associated regulatory
sequences, either a whole promoter and associated regulatory sequences or a fragment thereof.
mRNA is transcribed from a gene by a DNA-dependent RNA polymerase, which begins
transcribing at the transcription start site (TSS). The position of the TSS is determined by the
specific promoter sequence and any other regulatory sequences upstream of the start codon of
the gene. The TSS may be within the promoter sequence. Thus the 5° UTR of a modified
polyribonucleotide may comprise a portion of a promoter sequence. The promoter sequence
and any associated regulatory sequence or portion thereof can be positioned at the 5° end of
the 5 UTR. A promoter sequence and/or an associated regulatory sequence can comprise any
number of modified or unmodified nucleotides. Promoter sequences and/or any associated
regulatory sequences can comprise, for example, at least 150 bases or base pairs, 200 bases or
base pairs, 300 bases or base pairs, 400 bases or base pairs, 500 bases or base pairs, 600 bases
or base pairs, 700 bases or base pairs, 800 bases or base pairs, 900 bases or base pairs, 1000
bases or base pairs, 2000 bases or base pairs, 3000 bases or base pairs, 4000 bases or base
pairs, 5000 bases or base pairs, or at least 10000 bases or base pairs, A promoter sequence
and/or an associated regulatory sequence can comprise any number of modified or
unmodified nucleotides, for example, at most 10000 bases or base pairs, 5000 bases or base
pairs, 4000 bases or base pairs, 3000 bases or base pairs, 2000 bases or base pairs, 1000 bases
or base pairs, 900 bases or base pairs, 800 bases or base pairs, 700 bases or base pairs, 600
bases or base pairs, 500 bases or base pairs, 400 bases or base pairs, 300 bases or base pairs,
200 bases or base pairs, or 100 bases or base pairs. DNA sequences of promoters of the

disclosure include, but are not limited to, the sequences listed in Table 6. As the present

a5



WO 2018/127382 PCT/EP2017/082963

disclosure also concerns modified polyribonucleotides, RNA sequences versions of the

promoters listed in Table 6 may be found in Table 6.

TABLE 6
Promoter Name RNA Sequence and SEQ ID NO.
T7 UAAUACGACUCACUAUAGGGAGA (SEQ ID
NO: 6)
T3 AAUUAACCCUCACUAAAGGGAGA (SEQ ID
NO: 7
SP6 AUUUAGGUGACACUAUAGAAG (SEQ ID NO:
8)
K11 AAUUAGGGCACACUAUAGGGA (SEQ ID NO: 9)

We note that portions of the DNA sequence from the templates / plasmids used to generate
polyribonucleotides of the disclosure are provided herein. The entire plasmid sequence is not
provided, rather templates comprising the provided DNA sequences were used and are
provided.

In certain embodiments, a modified polyribonucleotide molecule of the present
disclosure comprises a 5* UTR comprising the nucleotide sequence of SEQ ID NO: 18 or a
sequence which shows 1 to 4 substitutions {or, in certain embodiments, additions or deletions)
in comparison to SEQ ID NO: 18. In some embodiments, such a polyribonucleotide has the
same or higher franslation efficiency compared to a polyribonucleotide without the 5’ UTR.
In another embodiment, a modified polyribonucleotide molecule of the present disclosure
comprises a 5° UTR comprising two or more copies of the nucleotide sequence of SEQ ID
NO: 18 or a sequence which shows 1 to 4 substitutions (or, in certain embodiments, additions
or deletions) in comparison to SEQ ID NO: 18. In some embodiments, such a
polyribonucleotide has the same or higher translation efficiency compared to a
polyribonucleotide without the 5° UTR.

In certain embodiments, a modified polyribonucleotide molecule of the present
disclosure comprises a 3° UTR comprising the nucleotide sequence of SEQ ID NO: 19 or a
sequence which shows 1 to 4 substitutions {or, in certain embodiments, additions or deletions)
in comparison to SEQ ID NO: 30. In some embodiments, such a polyribonucleotide has the
same or higher franslation efficiency compared to a polyribonucleotide without the 3* UTR.

In another embodiment, a modified polyribonucleotide molecule of the present disclosure
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comprises a 3° UTR comprising two or more copies of the nucleotide sequence of SEQ ID
NO: 19 or a sequence which shows 1 to 4 substitutions (or, in certain embodiments, additions
or deletions) in comparison to SEQ ID NO: 19. In some embodiments, the polyribonucleotide
has the same or higher translation efficiency compared to a polyribonucleotide without the 3’
UTR.

In certain embodiments, a modified polyribonucleotide molecule of the present
disclosure comprises a 5° UTR comprising the nucleotide sequence of SEQ ID NO: 12 ora
sequence which shows 1 to 4 substitutions (or, in certain embodiments, additions or deletions)
in comparison to SEQ ID NO: 12. In certain embodiments, the polyribonucleotide has the
same or higher translation efficiency compared to a polyribonucleotide without the 5° UTR,
In another embodiment, a modified polyribonucleotide molecule of the present disclosure
comprises a 5° UTR comprising two or more copies of the nucleotide sequence of SEQ ID
NO: 13 (human alpha globin without promoter sequence) or a sequence which shows 1 to 4
substitutions (or, in certain embodiments, additions or deletions) in comparison to SEQ ID
NO: 13. In certain embodiments, the polyribonucleotide has the same or higher translation
efficiency compared to a polyribonucleotide without the 5° UTR.

In certain embodiments, a modified polyribonucleotide molecule of the present
disclosure comprises a 5° UTR comprising the nucleotide sequence of SEQ ID NO: 28 ora
sequence which shows 1 fo 4 substitutions (or, in certain embodiments, additions or deletions}
in comparison to SEQ ID NO: 28. In certain embodiments, the polyribonucleotide has the
same or higher translation efficiency compared to a polyribonucleotide without the 5° UTR.
In another embodiment, a modified polyribonucleotide molecule of the present disclosure
comprises a 5° UTR comprising two or more copies of the nucleotide sequence of SEQ ID
NO: 28 or a sequence which shows 1 to 4 substitutions (or, in certain embodiments, additions
or deletions) in comparison to SEQ ID NO: 28. In certain embodiments, the
polyribonucleotide has the same or higher translation efficiency compared to a
polyribonucleotide without the 5° UTR.

In certain embodiments, a modified polyribonucleotide molecule of the present
disclosure comprises a 5° UTR comprising the nucleotide sequence of SEQ ID NO: 29 or a
sequence which shows 1 to 4 substitutions (or, in certain embodiments, additions or deletions)
in comparison to SEQ ID NO: 29. In certain embodiments, the polyribonucleotide has the
same or higher translation efficiency compared to a polyribonucleotide without the 5° UTR,
In another embodiment, a modified polyribonucleotide molecule of the present disclosure

comprises a 3° UTR comprising two or more copies of the nucleotide sequence of SEQ ID
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NO: 29 or a sequence which shows 1 to 4 substitutions (or, in certain embodiments, additions
or deletions) in comparison to SEQ ID NO: 29. In certain embodiments, the
polyribonucleotide has the same or higher translation efficiency compared to a
polyribonucleotide without the 5° UTR,

In certain embodiments, a modified polyribonucleotide molecule of the present
disclosure comprises a 3° UTR comprising the nucleotide sequence of SEQ ID NO: 30 ora
sequence which shows 1 to 4 substitutions (or, in certain embodiments, additions or deletions)
in comparison to SEQ ID NO: 30. In certain embodiments, the polyribonucleotide has the
same or higher translation efficiency compared to a polyribonucleotide without the 3° UTR.
In another embodiment, a modified polyribonucleotide molecule of the present disclosure
comprises a 3° UTR comprising two or more copies of the nucleotide sequence of SEQ ID
NO: 30 or a sequence which shows 1 to 4 substitutions (or, in certain embodiments, additions
or deletions) in comparison to SEQ ID NO: 30. In certain embodiments, the
polyribonucleotide has the same or higher translation efficiency compared to a
polyribonucleotide without the 3° UTR.

In certain embodiments, a modified polyribonucleotide molecule of the present
disclosure comprises a 5 UTR comprising the nucleotide sequence of SEQ ID NO: 10 or a
sequence which shows 1 to 4 substitutions (or, in certain embodiments, additions or deletions)
in comparison to SEQ ID NO: 10. In certain embodiments, the polyribonucleotide has the
same or higher translation efficiency compared to a polyribonucleotide without the 5* UTR.
In another embodiment, a modified polyribonucleotide molecule of the present disclosure
comprises a 5° UTR comprising two or more copies of the nucleotide sequence of SEQ ID
NQO: 11 or a sequence which shows 1 to 4 substitutions (or, in certain embodiments, additions
or deletions) in comparison to SEQ ID NO: 11. In certain embodiments, the
polyribonucleotide has the same or higher translation efficiency compared to a
polyribonucleotide without the 5° UTR.

In certain embodiments, a modified polyribonucleotide molecule of the present
disclosure comprises a 5° UTR comprising the nucleotide sequence of SEQ ID NO: 14 0ra
sequence which shows 1 to 4 substitutions (or, in certain embodiments, additions or deletions)
in comparison to SEQ ID NO: 14. In certain embodiments, the polyribonucleotide has the
same or higher translation efficiency compared to a polyribonucleotide without the 5’ UTR.
In another embodiment, a modified polyribonucleotide molecule of the present disclosure
comprises a 5° UTR comprising two or more copies of the nucleotide sequence of SEQ ID

NO: 15 or a sequence which shows 1 to 4 substitutions (or, in certain embodiments, additions

38



WO 2018/127382 PCT/EP2017/082963

or deletions) in comparison to SEQ ID NO: 15. In certain embodiments, the
polyribonucleotide has the same or higher translation efficiency compared to a
polyribonucleotide without the 5° UTR.

In certain embodiments, a modified polyribonucleotide molecule of the present
disclosure comprises a 5° UTR comprising the nucleotide sequence of SEQ ID NO: 16 ora
sequence which shows 1 to 4 substitutions (or, in certain embodiments, additions or deletions)
in comparison to SEQ ID NO: 16. In certain embodiments, the polyribonucleotide has the
same or higher translation efficiency compared to a polyribonucleotide without the 5° UTR.
In another embodiment, a modified polyribonucleotide molecule of the present disclosure
comprises a 5" UTR comprising two or more copies of the nucleotide sequence of SEQ ID
NO: 17 or a sequence which shows 1 to 4 substitutions (or, in certain embodiments, additions
or deletions) in comparison to SEQ ID NO: 17. In certain embodiments, the
polyribonucleotide has the same or higher translation efficiency compared to a
polyribonucleotide without the 5° UTR.

“Two or more” in the above embodiments means that the modified polyribonucleotide
molecule may comprise a UTR comprising two, three, or four copies of the specified
sequence, or a sequence which shows 1 to 4 substitutions (or, in certain embodiments,
additions or deletions) in comparison to the specified sequence. Alternatively, the modified
polyribonucleotide molecule may also comprise five or even more copies of the specified
sequence within the UTR.

In certain embodiments, the 3° UTR comprises one or more copics of a 3 UTR
sequence selected from the group consisting of SEQ ID NOs: 19 and 30, wherein the
ribonucleotides of the 3° UTR are positioned downstream (3°) of the ribonucleotides encoding
the ornithine transcarbamylase (OTC) protein, such as the ribonucleotides of SEQ ID NO: 1
or 4, for example, directly downstream with less than 40 contiguous nucleotides intervening,
less than 30, less than 20, less than 10, less than 5, less than 3, 3, 2, 1 or no contiguous
nucleotides intervening.

In certain embodiments, the 5° UTR comprises one or more sequences selected from
the group consisting of SEQ ID NOs: 11, 13, 15, 17 and 18, wherein the ribonucleotides of
the 5> UTR are positioned upstream (57) of the ribonucleotides encoding the omithine
transcarbamylase (OTC) protein, such as the ribonucleotide of SEQ ID NO: 1 or 4, and 3’
from ribonucleotides corresponding to a portion of a promoter sequence, for example, directly
3” with less than 40 contiguous nucleotides intervening, less than 30, less than 20, less than 10,

less than 3, less than 3, 3, 2, 1 or no contiguous nucleotides intervening,
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In certain embodiments, the modified polyribonucleotide of the disclosure encoding
omithine transcarbamylase (OTC) contains a combination of unmodified and modified
ribonucleotides, wherein 30-45% or 30-50% or 25-50% of the uridines are analogs of uridine
and 5-10% or 5-20% or 5-30% of the cytidines are analogs of cytidine. In certain
embodiments, the modified polyribonucleotide contains a combination of unmodified and
modified ribonucleotides, wherein 30-45% or 30-50% or 25-50% of uridines in said input
mixture are analogs of uridine and 5-10% or 5-20% or 5-30% of cytidines in said input
mixture are analogs of cytidine. Also contemplated are such modified polyribonucleotides
having any of the analogs described herein or percentages or modified residues, as disclosed
herein (e.g., type of analog and/or percentage of modification and/or presence or absence of
particular modifications). In some embodiments, a polyribonucleotide of the disclosure
encodes an ornithine transcarbamylase (OTC), protein comprising an amino acid sequence at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical thereto.

The present disclosure is not particularly limited to modified polyribonucleotides
comprising UTRs listed in Table 5, but may also relate to (an) UTR sequence(s) which
comprise(s) a sequence which shows (a) nucleotide(s) addition(s) or deletion(s) in comparison
to sequences listed in Table 5. The addition of (a) nucleotide(s) can be flanking, Thus, the
additional nucleotide(s) may be added at the 3’-end or 5’-end of the UTR(s) of the present
disclosure. The additional nucleotide(s) comprise polynucleotide chains of up to 0 (no
changes), 1,2, 3,4, 5, 6, 7, 8, 9 or 10 nucleotides, preferably of up to 20 nucleotides or even
more preferably of up to 30 nucleotides. In light of the rationale that the addition of
nucleotides is likely not to change the above functional properties of the UTR(s) of the
disclosure the addition of the nucleotides may also have a length of up to 40, 50, 60, 70, 80,
90, or even 100 nucleotides or even more, up to 200, 300, 400 or 500 nucleotides as long as
these sequences have a similar capability (in terms of the above-described translation
efficiency) as sequences described in Table 5, preferably higher translation efficiency as in
Table 5 defined above.

Alternatively, or in addition to these flanking additions of (a) nucleotide(s) the
addition of (a) nucleotide(s) can be interspersed. Thus, the additional nucleotide(s) may be
added/inserted within the nucleotide sequence of the UTR(s) of the present disclosure. These
nucleotide(s) insertions comprise 1, 2, or 3 nucleotides and, in some embodiments, result in
sequences having a similar capability (in terms of the above-described translation efficiency)
as sequences of Table 5, preferably higher translation efficiency as sequences of Table 5 as
defined above.
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A modified polyribonucleotide according to the present disclosure may not only
comprise the three main modules of (i) ornithine transcarbamylase (OTC) protein encoding
sequence, (ii) 5’ UTR, and/or (iii) 3 UTR, Rather, it may be desirable that between the
individual modules (a) linker moiety/moieties and/or (a) multiple cloning site(s) is/are placed
which may, e.g., facilitate the construction of the modified polyribonucleotide. Suitable linker
moieties and multiple cloning sites are known to the skilled person.

The position of the UTR modules within the modified polyribonucleotide molecule of
the present disclosure in relation to the ornithine transcarbamylase {OTC) protein encoding
sequence is not particularly limited and, accordingly, between the individual UTRs and
ornithine transcarbamylase (OTC) protein encoding sequence of the modified
polyribonucleotide molecule of the present disclosure there may be a spacing or a gap filled
with one or more nucleotides G, A, U and/or C which are not part of the UTRs or the
ornithine transcarbamylase (OTC) protein encoding sequence.

“One or more nucleotides G, A, U and/or C” in this context means that the spacing or
gap between the individual UTR(s) and the ornithine transcarbamylase {OTC) protein
encoding sequence of the modified polyribonucleotide molecule of the present disclosure
is/are filled with 1, 2, 3,4, 5, 6, 7, 8, 9 or 10 nucleotides G, A, U and/or C. In certain
embodiments, the spacing or gap between the individual UTR(s) and the ornithine
transcarbamylase (OTC) protein encoding sequence of the modified polyribonucleotide
molecule of the present disclosure are filled with 20, 30, 40, 50, 60, 70, 80, 90, 100 or 110 or
more nucleotides G, A, U and/or C.

In certain embodiments, the 5° UTR(s), within the modified polyribonucleotide
molecule of the present disclosure in relation to the ornithine transcarbamylase (OTC) protein
encoding sequence is directly placed adjacent to the start codon of the coding region without
any spacing or gap in between, Le., directly upstream of the start codon of the coding region
of the ornithine transcarbamylase (OTC) protein encoding sequence.

In another embodiment, the 3° UTR, within the modified polyribonucleotide molecule
of the present disclosure in relation to the ormithine transcarbamylase (OTC) protein encoding
sequence is directly placed adjacent to the termination codon (i.e., the stop codon) of the
coding region without any spacing or gap in between, i.e., directly downstream of the
termination codon/stop codon of the coding region of the ornithine transcarbamylase {OTC})
protein encoding sequence.

In certain embodiments, the 5° UTR(s), within the modified polyribonucleotide

molecule of the present disclosure in relation to the ornithine transcarbamylase (OTC) protein
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encoding sequence is directly placed adjacent to the start codon of the coding region without
any spacing or gap in between, i.e., directly upstream of the start codon of the coding region
of the omithine transcarbamylase (OTC) protein encoding sequence, and the 3° UTR, within
the modified polyribonucleotide molecule of the present disclosure in relation to the ornithine
transcarbamylase (OTC) protein encoding sequence is directly placed adjacent to the
termination codon (i.¢., the stop codon) of the coding region without any spacing or gap in
between, i.e., directly downstream of the termination codon/stop codon of the coding region
of the ornithine transcarbamylase (OTC) protein encoding sequence.

In certain embodiments, the modified polyribonucleotide of the present disclosure
encodes an ornithine transcarbamylase (OTC) protein, wherein said modified polynucleotide
includes a codon sequence that is optimized for translation within cells of the subject exposed
to the modified polyribonucleotide.

Other non-UTR sequences can be incorporated into the 5" (or 3" UTR) UTRs of the
modified polyribonucleotides of the present disclosure. The 5" and/or 3" UTRs can provide
stability and/or translation efficiency of polyribonucleotides. For example, introns or portions
of intron sequences can be incorporated into the flanking regions of a polyribonucleotide.
Incorporation of intronic sequences can also increase the rate of translation of the modified
polyribonucleotide.

An untranslated region can comprise any number of nucleotides. An untranslated
region can comprise a length of about 1 to about 10 bases or base pairs, about 10 to about 20
bases or base pairs, about 20 to about 50 bases or base pairs, about 50 to about 100 bases or
base pairs, about 100 to about 500 bases or base pairs, about 500 to about 1000 bases or base
pairs, about 1000 to about 2000 bases or base pairs, about 2000 to about 3000 bases or base
pairs, about 3000 to about 4000 bases or base pairs, about 4000 to about 5000 bases or base
pairs, about 5000 to about 6000 bases or base pairs, about 6000 to about 7000 bases or base
pairs, about 7000 to about 8000 bases or base pairs, about 8000 to about 9000 bases or base
pairs, or about 9000 to about 10000 bases or base pairs in length. An untranslated region can
comprise a length of for example, at least 1 base or base pair, 2 bases or base pairs, 3 bases or
base pairs, 4 bases or base pairs, 5 bases or base pairs, 6 bases or base pairs, 7 bases or base
pairs, 8 bases or base pairs, 9 bases or base pairs, 10 bases or base pairs, 20 bases or base
pairs, 30 bases or base pairs, 40 bases or base pairs, 50 bases or base pairs, 60 bases or base
pairs, 70 bases or base pairs, 80 bases or base pairs, 90 bases or base pairs, 100 bases or base
pairs, 200 bases or base pairs, 300 bases or base pairs, 400 bases or base pairs, 500 bases or

base pairs, 600 bases or base pairs, 700 bases or base pairs, 800 bases or base pairs, 900 bases
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or base pairs, 1000 bases or base pairs, 2000 bases or base pairs, 3000 bases or base pairs,
4000 bases or base pairs, 5000 bases or base pairs, 6000 bases or base pairs, 7000 bases or
base pairs, 8000 bases or base pairs, 9000 bases or base pairs, or 10000 bases or base pairs in

length.

A modified polyribonucleotide of the disclosure can comprise one or more introns.

A modified polyribonucleotide of the disclosure can comprise a poly-A sequence. A
poly-A sequence (e.g., poly-A tail) can comprise any number of nucleotides. A poly-A
sequence can comprise a length of about 1 to about 10 bases or base pairs, about 10 to about
20 bases or base pairs, about 20 to about 50 bases or base pairs, about 50 to about 100 bases
or base pairs, about 100 to about 500 bases or base pairs, or even more than 500.

In some cases, a percentage of the nucleotides in a poly-A sequence are modified
nucleotides. For instance, in some cases, fewer than 99%, 95%, 90%, 85%, 80%, 75%, 70%,
65%, 60%, 55%, 50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, 5% or 1% of the
nucleotides in a poly-A sequence are modified nucleotides. In some cases, all of the
nucleotides in a poly-A are modified nucleotides.

A linker sequence can comprise any number of nucleotides. A linker can be attached
to the modified nucleobase at an N-3 or C-5 position. The linker attached to the nucleobase
can be diethylene glycol, dipropylene glycol, triethylene glycol, tripropylene glycol,
tetraethylene glycol, tetracthylene glycol, divalent alkyl, alkenyl, alkynyl moiety, ester, amide,
or an ether moiety. A linker sequence can comprise a length of about 1 to about 10 bases or
base pairs, about 10 to about 20 bases or base pairs, about 20 to about 50 bases or base pairs,
about 50 to about 100 bases or base pairs, about 100 to about 500 bases or base pairs, about
500 to about 1000 bases or base pairs, about 1000 to about 2000 bases or base pairs, about
2000 to about 3000 bases or base pairs, about 3000 to about 4000 bases or base pairs, about
4000 to about 5000 bases or base pairs, about 5000 to about 6000 bases or base pairs, about
6000 to about 7000 bases or base pairs, about 7000 to about 8000 bases or base pairs, about
8000 to about 9000 bases or base pairs, or about 9000 to about 10000 bases or base pairs in
length. A linker sequence can comprise a length of for example, at least 1 base or base pair, 2
bases or base pairs, 3 bases or base pairs, 4 bases or base pairs, 5 bases or base pairs, 6 bases
or base pairs, 7 bases or base pairs, 8 bases or base pairs, 9 bases or base pairs, 10 bases or
base pairs, 20 bases or base pairs, 30 bases or base pairs, 40 bases or base pairs, 50 bases or
base pairs, 60 bases or base pairs, 70 bases or base pairs, 80 bases or base pairs, 90 bases or

base pairs, 100 bases or base pairs, 200 bases or base pairs, 300 bases or base pairs, 400 bases
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or base pairs, 500 bases or base pairs, 600 bases or base pairs, 700 bases or base pairs, 800
bases or base pairs, 900 bases or base pairs, 1000 bases or base pairs, 2000 bases or base pairs,
3000 bases or base pairs, 4000 bases or base pairs, 5000 bases or base pairs, 6000 bases or
base pairs, 7000 bases or base pairs, 8000 bases or base pairs, 9000 bases or base pairs, or at
least 10000 bases or base pairs in length, A linker at most 10000 bases or base pairs, 5000
bases or base pairs, 4000 bases or base pairs, 3000 bases or base pairs, 2000 bases or base
pairs, 1000 bases or base pairs, 900 bases or base pairs, 800 bases or base pairs, 700 bases or
base pairs, 600 bases or base pairs, 500 bases or base pairs, 400 bases or base pairs, 300 bases
or base pairs, 200 bases or base pairs, or 100 bases or base pairs in length.

In some cases, a percentage of the nucleotides in a linker sequence are modified
nucleotides. For instance, in some cases, fewer than 99%, 95%, 90%, 85%, 80%, 75%, 70%,
65%, 60%, 55%, 50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, 5% or 1% of the
nucleotides in a linker sequence are modified nucleotides. In some cases, all of the
nucleotides in a linker sequence are modified nucleotides.

In some cases, a modified polyribonucleotide can include at least one stop codon
before the 3 ‘untranslated region (UTR). In some cases, a modified polyribonucleotide
includes multiple stop codons. The stop codon can be selected from TGA, TAA and TAG.

~The stop codon may comprise modified or unmodified nucleotides. In some cases, the
modified polyribonucleotide includes the stop codon TGA and one additional stop codon. In
some cases, the modified polyribonucleotide includes the addition of the TAA stop codon,

Encoded Ornithine Transcarbamylase (OTC) Polypeptides

The present disclosure provides polyribonucleotide molecules, preferably modified
polyribonucleotide molecules comprising modified nucleotides (i.e. non-naturally occurring
or analogs of uridine, cytidine, guanosine, and adenosine), which encode an omnithine
transcarbamylase (OTC) protein. An encoded ornithine transcarbamylase (OTC) polypeptide
is a polymer chain comprised of amino acid residue monomers which are joined together
through amide bonds (peptide bonds). A polyribonucleotide that is translated within a
subject’s body can generate an ample supply of encoded ornithine transcarbamylase (OTC)
protein within a cell, a tissue, or across many cells and tissues of a subject. In some cases, a
polytibonucleotide can be translated in vivo within the cytosol of a specific target cell(s) type
or target tissue. In some cases the translated polypeptide is transported into the mitochondria.
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In some cases, a modified polyribonucleotide of the present disclosure can be translated in
vivo to provide an ornithine transcarbamylase (OTC) protein.

In some embodiments the ornithine transcarbamylase (OTC) protein is expressed in cells
derived from the appendix, the liver, the duodenum, the small intestine, the colon or the
rectum, more preferably in cells derived from colon or rectum, most preferably in liver and
dvuodenum cells.

A polynucleotide sequence encoding an omithine transcarbamylase (OTC) protein can
be derived from one or more mammalian or non-mammalian species. In some embodiments
the ornithine transcarbamylase (OTC) is derived from one or more mammalian species. In
some embodiments the ornithine transcarbamylase (OTC) is derived from dog, cow, mouse,
rat, or human. In some cases the ornithine transcarbamylase (OTC) is a human protein. In
some cases the ornithine transcarbamylase (OTC) protein is derived from a non-human
mammalian species. In some cases the omithine transcarbamylase (OTC} protein is derived
from chicken, frog or zebrafish.

In some cases the ornithine transcarbamylase (OTC) protein is derived from a plant. In
some cases the ornithine transcarbamylase (OTC) protein is derived from A, thaliana. In some
cases the ornithine transcarbamylase (OTC) protein is derived from a fungus. In some cases
the ornithine transcarbamylase (OTC) protein is derived from S. cerevisiae, S. pombe,
Eremothecium gossypii, Kluyveromyces lactis, Magnaporthe oryzae or Neurospora crassa. A
polynucleotide sequence can be a chimeric combination of the sequence of one or more
species.

Unmodified sequences of exemplary ornithine transcarbamylase (OTC)
polyribonucleotides may be found in Horwich et al. (Science 224 (1984), 1068-1074);
incorporated by reference herein. According to Horwich et al. the human OTC gene encodes a
354-amino acid protein which is synthesized as a precursor of about 40 kD. This pre-OTC has
a 32 amino acid N-terminal leader peptide which is cleaved proteolytically concomitant with
its import into mitochondria. In certain embodiments, a modified polyribonucleotide of the
present disclosure encodes an ortholog or homolog of an omithine transcarbamylase (OTC)
protein of described or referred to herein.

The modified polyribonucleotide of the present disclosure encodes an omithine
transcarbamylase (OTC) protein. Omithine transcarbamylase (OTC) (also called ornithine
carbamoyltransferase) is an enzyme that catalyzes the reaction between carbamoyl phosphate
(CP) and ornithine (Orn) to form citrulline (Cit) and phosphate (P)).
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In certain embodiments, a modified polyribonucleotide of the disclosure encodes a
wildtype omithine transcarbarmylase (OTC) protein. In certain embodiments, a modified
polyribonucleotide of the disclosure that encodes a wildtype omnithine transcarbamylase (OTC)
protein has been codon optimized for expression in mammalian cells. In certain embodiments,
a modified polyribonucleotide of the disclosure comprises a sequence greater than or equal to
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO: 1 or SEQ ID
NO: 4. In certain embodiments, a modified polyribonucleotide of the disclosure comprises a
sequence identical to SEQ ID NO: 1 or identical to SEQ ID NO: 4. SEQ ID NO:1 represents
the coding region on the RNA level of the wildtype nucleotide sequence of human omithine
transcarbamylase (OTC) (NCBI accession number NM_000531.5), SEQ ID NO: 4 is a codon-

optimized version of SEQ ID NO: 1 for improved expression in mammalian cells.

In certain embodiments, a protein encoded by a modified polyribonucleotide of the
disclosure may have a post-translational modification. In certain embodiments, the modified
polyribonucleotide contains a combination of unmodified and modified ribonucleotides,
wherein 30-45% of the uridines are analogs of uridine and 5-10% of the cytidines are analogs
of cytidine. In certain embodiments, the modified polyribonucleotide contains a combination
of unmodified and modified ribonucleotides, wherein 30-45% of uridines in said input
mixture are analogs of uridine and 5-10% of cytidines in said input mixture are analogs of
cytidine Also contemplated is such modified polyribonucleotides having any of the analogs
described herein or percentages or modified residues, as disclosed herein (e.g., type of analog
and/or percentage of modification and/or presence or absence of particular modifications). In
some embodiments, a polyribonucleotide of the disclosure encodes a ornithine
transcarbamylase (OTC) protein, such as a ornithine transcarbamylase (OTC) protein
described herein, or a protein comprising an amino acid sequence at least 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical thereto.

Non-limiting examples of ornithine transcarbamylase (OTC)-encoding
(ribo)nucleotide sequences that can be a part of a polynucleotide of the disclosure are
disclosed in TABLE 7.

TABLE 7
Name Sequence Number
Wildtype human OTC (RNA) SEQ ID NO: 1
Wildtype human OTC (DNA) SEQIDNO: 2
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Codon-optimized human OTC (RNA) SEQIDNO: 4
Codon-optimized human OTC (DNA) SEQIDNO: 5

Other examples of OTC-encoding nucleotide sequences are naturally occurring
variations, e.g. mutations or polymorphisms as described, e.g., in Yamaguchi et al. (Hum.
Mutat. 27 (2006), 626-632), as long as they encode a functional OTC enzyme.

A non-limiting example of the ornithine transcarbamylase (OTC) polypeptide
sequence that can be encoded by a modified polyribonucleotide of the disclosure is disclosed
in TABLE 8.

TABLE 8
Name Sequence Number

Immunogenicity

The use of modified polyribonucleotides may increase stability and/or decrease
immunogenicity versus unmodified polyribonucleotides. Thus, in some embodiments, use of
a modified polyribonucleotide encoding an omithine transcarbamylase (OTC) is preferred.
Numerous methods for evaluating immunogenicity are known in the art. For example, one
method is determining expression of inflammatory markers in cells following administration
of a polyribonucleotide of the disclosure encoding ornithine transcarbamylase (OTC) versus
expression or concentration of inflammatory markers in response to an ummodified
polyribonucleotide having the same sequence. Cytokines which are associated with
inflammation, such as for example TNF-q, IFN-q, IFN-B, IL-8, IL-6, IL-12 or other cytokines
known to those skilled in the art may be evaluated. The expression of DC activation markers
can also be used for the estimation of immunogenicity. A further indication of an
immunological reaction is the detection of binding to the Toll-like receptors TLR-3, TLR-7,
or TLR-8, and/or to helicase RIG-1.

The immunogenicity is as a rule determined in relation to a control. In a common
method, either the modified polyribonucleotide according to the disclosure or a
polyribonucleotide that is unmodified or modified in another way is administered to cells and
the secretion of inflammatory markers in a defined time interval as a reaction to the
administration of the polyribonucleotide is measured. As the standard used for comparison,

either unmodified polyribonucleotide can be used, in which case the immune response should
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be lower, or polyribonucleotide which is known to cause little or no immune response, in

which case the immune response to the modified polyribonucleotide according to the

disclosure should then lie in the same range and not be elevated. With the modified
polyribonucleotide according to the disclosure it is possible to lower the immune response
compared to unmodified polyribonucleotide by at least 30%, as a rule at least 50% or even 75%
or even to prevent it completely.

The immunogenicity can be determined by measurement of the aforesaid factors, in
particular by measurement of the TNF-o and IL-8 levels and the binding capacity to TLR-3,
TLR-7, TLR-8 and helicase RIG-1. In order thereby to establish whether a polyribonucleotide
has the desired low immunogenicity, the quantity of one or more of the aforesaid factors after
administration of the polyribonucleotide concerned can be measured. Thus for example a
quantity of the polyribonucleotide to be tested can be administered to mice via the caudal vein
or 1.p. and then one or more of the aforesaid factors can be measured in the blood after a
predefined period, e.g. after 7 or 14 days. The quantity of factor is then related to the quantity
of factor which 1s present in the blood of untreated animals. For the determination of the
immunogenicity it has been found very valuable to determine the binding capacity to TLR-3,
TLR-7, TLR-8 and/or helicase RIG-1. The TNF-¢ levels and IL-8 levels also provide very
good indications. With the modified polyribonucleotide according to the disclosure, it is
possible to lower the binding capacity to TLR-3, TLR-7, TLR-8 and RIG-1 by at least 50%
compared to unmodified RNA. As a rule it is possible to lower the binding to said factors by
at least 75% or even by 80%. In preferred embodiments, the binding capacity to TLR-3, TLR-
7, TLR-8 and RIG-1 lies in the same range for the modified polyribonucleotide according to
the disclosure and for animals to which no mRNA was administered. In other words, the
modified polyribonucleotide according to the disclosure causes practically no inflammatory or
immunological reactions.

In some embodiments, modified polyribonucleotides encoding ornithine
transcarbamylase (OTC) according to the disclosure have reduced immunogenicity versus a
non-modified comparator.

In some embodiments, any of the polyriborucleotides encoding ornithine
transcarbamylase (OTC) described herein may be described based on a decreased level of
immunogenicity, or based on other function properties described herein,

Further properties of the polyribonucleotides encoding ornithine transcarbamylase
(OTC) according to the disclosure which may be used are its efficiency and stability.

Transcription efficiency, transfection efficiency, translation efficiency and duration of protein
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expression may be evaluated to see whether it is at least comparable to unmodified
polyribonucleotide or, in some cases or for some properties, improved.

Examples of modified polyribonucleotide sequences of the disclosure include
polyribonucleotides comprising SEQ ID Nos: 21 - 27. In certain embodiments, the modified
polyribonucleotide contains a combination of unmodified and modified ribonucleotides,
wherein 30-45% or 30-50% or 25-50% of the uridines are analogs of uridine and 5-10% or 5-
20% or 5-30% of the cytidines are analogs of cytidine. In certain embodiments, the modified
polyribonucleotide contains a combination of unmodified and modified ribonucleotides,
wherein 30-45% or 30-50% or 25-50% of uridines in said input mixture are analogs of uridine
and 5-10% or 5-20% or 5-30% of cytidines in said input mixture are analogs of cytidine. In
certain embodiments, the cytidine analog is S-iodocytidine and the uridine analog is 5-
iodouridine. Also contemplated is such modified polyribonucleotides having any of the
analogs described herein or percentages or modified residues, as disclosed herein (e.g., type
of analog and/or percentage of modification and/or presence or absence of particular
modifications). In some embodiments, a polyribonucleotide of the disclosure encodes a
ornithine transcarbamylase (OTC) protein, such as a ornithine transcarbamylase (OTC)
protein described herein, or a protein comprising an amino acid sequence at least 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical thereto (e.g., to SEQ ID NO:

3, in the presence or the absence of the mitochondrial signal peptide).

Pharmaceutical Aspects

In a further aspect, the present disclosure relates to compositions for delivering a
polyribonuclectide encoding ornithine transcarbamylase (OTC), according to the disclosure,
preferably a modified polyribonucleotide, to tissue or into a target cell. Said delivery can be in
vivo or in vitro.

Polyribonucleotides may be delivered as “naked” RNA or in combination with a
delivery agent, e.g., a carrier, an encapsulating agent, a polymeric material, such as
polyethylenimine (PEI), a nanoparticle, or a lipidoid. In certain embodiments, the ornithine
transcarbamylase (OTC) encoding polyribonucleotide is formulated, such as in a nanoparticle
or lipidoid. Methods and compositions for delivery of polyribonucleotides of the disclosure
may be found, for example, in U.S. Patent No. 8,871,230, U.S. Patent Application Publication
No. 20150126589, US Patent Application 20126165745, and W02014/207231, incorporated

by reference herein.
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The present disclosure also relates to a method for delivering a polyribonucleotide,
preferably a modified polyribonucleotide, to a target cell or tissue comprising the step of
bringing a composition according to the disclosure into contact with the target cell or tissue.
Such a method can be carried out in vitro or in vivo and administration may be local or
systemic. The bringing into contact may be achieved by means and methods known to the
person skilled in the art. For example, if the method is carried out in vitro, the bringing into
contact can be achieved by cultivating the cells in the presence of the composition in the
culture medium or by adding the composition to the cells. If the method is carried out in vivo,
the bringing into contact with cells or tissues can, e.g., be achieved by the administration of
the composition to an individual by routes of administration known to the person skilled in
the art, in particular by any route of administration that is usually employed in the field of
genetic therapy. Possible ways of formulating the composition and of administering it to an
individual are also described further below,

The term "in vivo" refers to any application which is effected to the body of a living
organism wherein said organism is preferably multicellular, more preferably a mammal and
most preferably a human. The term "in vitro" or “ex vivo” refers to any application performed
outside an organism, including to cells or tissues isolated and outside of an organism, e.g.
cells, tissues and organs, wherein said organism is preferably multicellular, more preferably a
mamimal and most preferably a human.

The present disclosure also relates to a pharmaceutical composition comprising the
composition of the disclosure and optionally a pharmaceutically acceptable carrier and/or
diluent.

The term "pharmaceutically acceptable form" means that the composition is
formulated as a pharmaceutical composition, wherein said pharmaceutical composition may
further comprise a pharmaceutically acceptable carrier and/or diluent, Examples of suitable
pharmaceutical carriers are well known in the art and include phosphate buffered saline
solutions, water, emulsions, such as oil/water emulsions, various types of wetting agents,
sterile solutions etc. Compositions comprising such carriers can be formulated by well-known
conventional methods. These pharmaceutical compositions can be administered to the subject
at a suitable dose. The dosage regimen will be determined by the attending physician and
clinical factors. As is well known in the medical arts, dosages for any one subject depend
upon many factors, including the subject's size, body surface area, age, the particular
compound to be administered, sex, time and route of administration, general health, and other

drugs being administered concurrently. A typical dose of active substances can be, for
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example, in the range of 1 ng to several grams. Applied to polyribonucleotide therapy, the
dosage of an polyribonucleotide for expression or for inhibition of expression should
correspond to this range; however, doses below or above this exemplary range are envisioned,
especially considering the aforementioned factors. Generally, the regimen as a regular
administration of the pharmaceutical composition should be in the range of 0,1 pg to 10 mg
units per kilogram of body weight per day. If the regimen is a continuous infusion, it should
also be in the range of 1 pg to 10 mg units per kilogram of body weight, respectively.
Progress can be monitored by periodic assessment. Dosages will vary but a preferred dosage
for intravenous administration of polyribonucleotides as constituents of the composition of
the present disclosure is from approximately 10°to 10'° copies of the
polyribonucleotidemolecule.

In some embodiments, provided compositions are administered once daily, once a week, once
every two weeks, twice a month, once a month. In some embodiments, provided compositions
are administered once every 7 days, once every 10 days, once every 14 days, , or once every
30 days.

The term "administered” encompasses any method suitable for introducing the
composition into the body of a subject or to a system, such as cells in culture. Administration
of the suitable compositions may be effected in different ways, e.g., by intravenous,
intraarterial, intraperitoneal, subcutaneous, transdermal, intrathecal, intramuscular, topical,
intradermal, intranasal, pulmonary, e.g., by inhalation or intrabronchial or oral or rectal
administration. In some embodiments the composition is administered intravenously. In some
embodiments it is administered orally. In some embodiments the composition is administered
intraperitoneally. In some embodiments it is administered via pulmonary delivery. In certain
embodiments, pulmonary delivery is performed by aerosolization, inhalation, nebulization or
instillation, formulated as respirable particles, nebulizable lipid, or inhalable dry powder.

In the case of pulmonary delivery, a delivery as described in U.S. Patent No. 20150157565 is
preferred. Intravenous administration is most preferred. The compositions of the present
disclosure may in particular be administered as a gene-activated matrix such as described by
Shea et al. (Shea et al. 1999, Nat Biotechnol, 17, 551-554) and in EP1 198489. In principle,
the pharmaceutical compositions of the disclosure may be administered locally or
systemically. Administration will preferably be parenterally, e.g., intravenously, although
other ways of administration are within the scope of the disclosure. Administration directly to
the target site, e.g., by catheter to a site in a blood vessel, is also conceivable. Administration

can, for example, also occur by direct injection into a target site. Also within the scope of the
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disclosure is administration by aerosolization or nebulization or oral administration.
Preparations for parenteral administration include sterile aqueous or non-aqueous solutions,
suspensions, and emulsions. Examples of non-aqueous solvents are propylene glycol,
polyethylene glycol, fluorocarbons, vegetable oils such as olive oil, and injectable organic
esters such as ethyl oleate. Aqueous carriers include water, alcoholic/aqueous solutions,
emulsions or suspensions, including saline and buffered media. Parenteral vehicles include
sodium chloride solution, Ringer's dextrose, dextrose and sodium chloride, lactated Ringer's,
or fixed oils. Intravenous vehicles include fluid and nutrient replenishers, electrolyte
replenishers (such as those based on Ringer's dextrose), and the like. Preservatives and other
additives may also be present such as, for example, antimicrobials, anti-oxidants, chelating
agents, and inert gases and the like.

Examples of polyribonucleotide sequences of the disclosure to be formulated and/or
administered include polyribonucleotides comprising any of SEQ ID Nos: 21-27 (or 99%
identical thereto). In certain embodiments, the polyribonucleotide is a modified
polyribonucleotide containing a combination of unmodified and modified ribonucleotides, as
described herein, for example wherein 30-45% or 30-50% or 25-50% of the uridines are
analogs of uridine and 5-10% or 5-20% or 5-30% of the cytidines are analogs of cytidine. In
certain embodiments, the modified polyribonucleotide contains a combination of unmodified
and modified ribonucleotides, wherein 30-45% or 30-50% or 25-50% of uridines in said input
mixture are analogs of uridine and 5-10% or 5-20% or 5-30% of cytidines in said input
mixture are analogs of cytidine. In certain embodiments, the cytidine analog is 5-iodocytidine
and the uridine analog is 5-iodouridine. Also contemplated is such modified
polyribonucleotides having any of the analogs described herein or percentages or modified
residues, as disclosed herein (e.g., type of analog and/or percentage of modification and/or
presence or absence of particular modifications). In some embodiments, a polyribonucleotide
of the disclosure encodes an ornithine transcarbamylase (OTC) protein, such as an ornithine
transcarbamylase (OTC) protein described herein, or a protein comprising an amino acid
sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical
thereto (e.g., to SEQ ID NO: 3).

Vectors, Host Cells and Expression
The present disclosure provides nucleic acid molecules, including DNA molecules,

which encode an ornithine transcarbamylase (OTC) protein. For each DNA
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(polydeoxyribonucleotide or polynucleotide) sequence listed in the present disclosure, the
corresponding RNA (polyribonucleotide) sequence is contemplated and vice versa.

The sequence of the polynucleotides can be derived from, for example, any suitable
nucleic acid that comprises the genetic information of a gene of interest. Examples of nucleic
acids include genomic DNA, RNA, or cDNA from any mammalian, preferably human, cell
comprising an ornithine transcarbamylase {OTC)-encoding gene. The polynucleotides can be
derived from nucleic acids carrying mutated genes and polymorphisms. A polynucleotide of
the present disclosure comprises a sequence encoding an ornithine transcarbamylase (OTC)
protein. In certain embodiments, the sequence (e.g., DNA sequence and/or RNA sequence) is
a codon optimized sequence, such as a codon optimized sequence to facilitate expression in a
mammalian system. An example for a codon optimized sequence encoding ornithine
transcarbamylase (OTC) is shown in SEQ ID NO: 4. The polynucleotide may further
comprise an untranslated sequence positioned upstream (5°) of the ornithine transcarbamylase
(OTC) protein encoding region’s start codon, an untranslated sequence positioned
downstream (3°) of the ornithine transcarbamylase (OTC) protein encoding region’s stop
codon, or both an untranslated sequence positioned upstream (5°) of the ornithine
transcarbamylase (OTC) protein encoding region’s start codon and an untranslated sequence
positioned downstream (3”) of the ornithine transcarbamylase (OTC) protein encoding
region’s stop codon. In a certain embodiments, a polynucleotide of the present disclosure
may be a modified polynucleotide.

In some embodiments the disclosure relates to a polynucleotide which encodes a
polyribonucleotide of any one of SEQ ID NOs: 21 to 27. In some embodiments the disclosure
relates to a polynucleotide of any one of SEQ ID NOs; 31 to 39,

In certain embodiments, the ornithine transcarbamylase (OTC) nucleic acids may be
operably linked to one or more regulatory nucleotide sequences in an expression construct,
such as a vector or plasmid. In certain embodiments, such constructs are DNA constructs.
Regulatory nucleotide sequences will generally be appropriate for a host cell used for
expression. Numerous types of appropriate expression vectors and suitable regulatory
sequences are known in the art for a variety of host cells. Typically, said one or more
regulatory nucleotide sequences may include, but are not limited to, promoter sequences,
leader or signal sequences, ribosomal binding sites, transcriptional start and termination
sequences, translational start and termination sequences, and enhancer or activator sequences.
Constitutive or inducible promoters as known in the art are contemplated by the disclosure.

The promoters may be either naturally occurring promoters, or hybrid promoters that combine
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elements of more than one promoter. An expression construct may be present in a cell on an
episome, such as a plasmid, or the expression construct may be inserted in a chromosome. In
some embodiments, the expression vector contains a selectable marker gene to allow the
selection of transformed host cells. Selectable marker genes are well known in the art and
will vary with the host cell used. In certain aspects, this disclosure relates to an expression
vector comprising a nucleotide sequence encoding an ornithine transcarbamylase (OTC)
polypeptide and operably linked to at least one regulatory sequence. Regulatory sequences
are art-recognized and are selected to direct expression of the encoded polypeptide.
Accordingly, the term regulatory sequence includes promoters, enhancers, and other
expression control elements. Exemplary regulatory sequences are described in Goeddel;
Gene Expression Technology: Methods in Enzymology, Academic Press, San Diego, CA
(1990). It should be understood that the design of the expression vector may depend on such
factors as the choice of the host cell to be transformed and/or the type of protein desired to be
expressed. Moreover, the vector's copy number, the ability to control that copy number and
the expression of any other protein encoded by the vector, such as antibiotic markers, should
also be considered.

In some embodiments the disclosure relates to a vector comprising a polynucleotide
which encodes a polyribonucleotide of any one of SEQ ID NOs: 21 to 27. In some
embodiments the disclosure relates to a vector comprising a polynucleotide of any one of
SEQ ID NOs: 31 to 39,

This present disclosure also pertains to a host cell transfected with a recombinant gene
which encodes an ornithine transcarbamylase (OTC) polypeptide of the disclosure. The host
cell may be any prokaryotic or eukaryotic cell. For example, an ornithine franscarbamylase
(OTC) polypeptide may be expressed in bacterial cells such as E. coli, insect cells {(e.g., using
a baculovirus expression system), yeast, or mammalian cells. Other suitable host cells are
known to those skilled in the art.

In some embodiments the disclosure relates to a host cell comprising a vector
comprising a polynucleotide which encodes a polyribonucleotide of any one of SEQ ID NOs:
21 to 27. In some embodiments the disclosure relates to a host cell comprising a vector
comprising a polynucleotide of any one of SEQ 1D NOs: 31 to 39.

The present disclosure further pertains to methods of producing an ornithine
transcarbamylase (OTC) polypeptide of the disclosure. For example, a host cell transfected

with an expression vector encoding an omithine transcarbamylase (OTC) polypeptide can be
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cultured under appropriate conditions to allow expression of the polypeptide to occur. The
polypeptide may be secreted and isolated from a mixture of cells and medium containing the
polypeptides. Alternatively, the polypeptides may be retained in the cytoplasm orin a
membrane fraction and the cells harvested, lysed and the protein isolated. A cell culture
includes host cells, media and other byproducts. Suitable media for cell culture are well
known in the art. The polypeptides can be isolated from cell culture medium, host cells, or
both using techniques known in the art for purifying proteins, including ion-exchange
chromatography, gel filtration chromatography, ultrafiltration, electrophoresis, and
immuncaffinity purification with antibodies specific for particular epitopes of the
polypeptides (e.g., an ornithine transcarbamylase (OTC) polypeptide).

A recombinant ornithine transcarbamylase (OTC) nucleic acid can be produced by
ligating the cloned gene, or a portion thereof, into a vector suitable for expression in either
prokaryotic cells, eukaryotic cells (yeast, avian, insect or mammalian), or both. Expression
vehicles for production of a recombinant polypeptide include plasmids and other vectors. For
instance, suitable vectors include plasmids of the types: pBR322-derived plasmids, pEMBL-
derived plasmids, pEX-derived plasmids, pBTac-derived plasmids and pUC-derived plasmids
for expression in prokaryotic cells, such as E. coli. In certain embodiments, the mammalian
expression vectors contain both prokaryotic sequences to facilitate the propagation of the
vector in bacteria, and one or more eukaryotic transcription units that are expressed in
eukaryotic cells. The pcDNAT/amp, pcDNA/neo, pRe/CMV, pSV2gpt, pSV2neo, pSV2-dhfr,
pTk2, pRSVneo, pMSG, pSVT7, pko-neo and pHyg derived vectors are examples of
mammalian expression vectors suitable for transfection of eukaryotic cells. Some of these
vectors are modified with sequences from bacterial plasmids, such as pBR322, to facilitate
replication and drug resistance selection in both prokaryotic and eukaryotic cells.
Alternatively, derivatives of viruses such as the bovine papilloma virus (BPV-1), or Epstein-
Barr virus (pHEBo, pREP-derived and p205) can be used for transient expression of proteins
in eukaryotic cells. The various methods employed in the preparation of the plasmids and
transformation of host organisms are well known in the art. For other suitable expression
systems for both prokaryotic and eukaryotic cells, as well as general recombinant procedures,
see Molecular Cloning A Laboratory Manual, 2nd Ed., ed. by Sambrook, Fritsch and
Maniatis (Cold Spring Harbor Laboratory Press, 1989) Chapters 16 and 17. In some instances,
it may be desirable to express the recombinant polypeptide by the use of a baculovirus

expression system. Examples of such baculovirus expression systems include pVL-derived
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vectors (such as pVIL1392, pVL1393 and pVL941), pAcUW-derived vectors (such as
pAcUW1), and pBlueBac-derived vectors (such as the B-gal containing pBlueBac III).

Techniques for making fusion genes are well known. Essentially, the joining of
various DNA fragments coding for different polypeptide sequences is performed in
accordance with conventional techniques, employing blunt-ended or stagger-ended termini for
ligation, restriction enzyme digestion to provide for appropriate termini, filling-in of cohesive
ends as appropriate, alkaline phosphatase treatment to avoid undesirable joining, and
enzymatic ligation. In another embodiment, the fusion gene can be synthesized by
conventional techniques including automated DNA synthesizers. Alternatively, PCR
amplification of gene fragments can be carried out using anchor primers which give rise to
complementary overhangs between two consecutive gene fragments which can subsequently
be annealed to generate a chimeric gene sequence (see, for example, Current Protocols in
Molecular Biology, eds. Ausubel et al., John Wiley & Sons: 1992).

In the present context, DNA constructs encoding an ornithine transcarbamylase (OTC)
protein of the disclosure are particularly suitable for generating polyribonucleotides. For
example, such vectors may be used as the basis to transcribe, in vitro, a polyribonucleotide
encoding an ornithine transcarbamylase (OTC) protein. Methods for in vitro transcription are
well known in the art. In certain embodiments, the polyribonucleotides are
polyribonucleotides of the disclosure and comprise, for example, any of the ornithine
transcarbamylase (OTC) coding sequences described herein, in the presence or absence of a 5°
and/or 3’-UTR, as described herein. In certain embodiments, the polyribonucleotide is
modified, as described herein.

Exemplary Methods - Treatments and Conditions

The methods, polyribonucleotides, polynucleotides, and pharmaceutical compositions
of this disclosure provide numerous in vive and in vitro methods, and may be useful to treat a
condition, in particular OTC deficiency. The treatment may comprise treating a subject (e.g.,
a patient with a disease, in particular OTC deficiency, and/or a lab animal with a condition, in
particular OTC deficiency, and/or an animal model of a condition, in particular OTC
deficiency). Similarly, compositions of the disclosure, including modified
polyribonucleotides, may be used in vitro or ex vivo to study OTC deficiency in cell or
animal-based models. For example, cells deficient for OTC expression can be used to analyze
the ability to restore OTC expression and/or activity, as well as the time period over which

expression and/or activity persists. Such cells and animal models are also suitable to identify
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other factors involved in the pathway, whether binding partners or factors in the same
biochemical pathway. In other embodiments, compositions of the disclosure, such as
polyribonucleotides of the disclosure, can be used to study or track mitochondrial delivery.
Polynucleotides of the disclosure can be administered to cells or subjects, such as as
DNA or as polyribonucleotide, such as mRNA. Following administration, OTC is expressed
in the cells or subject. In certain embodiments, the disclosure provides methods of delivering
OTC activity to cells or a subject in need thereof, such as cells or a subject having an OTC
deficiency. In certain embodiments, the disclosure provides methods of delivering OTC
activity to mitochondria. In certain embodiments, the disclosure provides methods of
delivering OTC activity to liver. In certain embodiments, delivery may be, for example,

intravenous or intraperitoneal. In other embodiments, delivery may be oral or pulmonary.

In certain embodiments, the disclosure provides methods of decreasing ammonia
levels in plasma and/or urine in a subject in need thereof or in cells in culture, such as a
subject having an OTC deficiency. In other embodiments, the disclosure provides methods of
decreasing orotic acid levels in plasma and/or urine in a subject in need thereof or in cells in
culture. In certain embodiments, the disclosure provides methods of increasing citrulline in

plasma and/or urine in a subject in need thereof or in cells in culture.

In certain embodiments, ammonia levels, orotic acid levels and/or citrulline are used
as biomarkers to (i) identify subjects in need of treatment and/or (ii) to evaluate efficacy of

treatment using modified polyribonucleotides of the disclosure.

Examples of polyribonucleotide sequences of the disclosure for use with these
methods include SEQ ID Nos: 21-27 (e.g., polyribonucleotides comprising any of SEQ ID
Nos: 21-27), as well as sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identical to any one or more of the foregoing. In certain embodiments, the
polyribonucleotides are modified polyribonucleotides containing a combination of
unmodified and modified ribonucleotides, wherein 30-45% or 30-50% or 30-40% of the
uridines are analogs of uridine and 5-10% or 5-20% or 5-30% of the cytidines are analogs of
cytidine. In certain embodiments, the modified polyribonucleotide contains a combination of
unmodified and modified ribonucleotides, wherein 30-45% or 30-50% or 30-40% of uridines
in said input mixture are analogs of uridine and 5-10% or 5-20% or 5-30% of cytidines in said
input mixture are analogs of cytidine. In certain embodiments, the cytidine analog is 5-

iodocytidine and the uridine analog is 5-iodouridine. Also contemplated is such modified
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polyribonucleotides having any of the analogs described herein or percentages or modified
residues, as disclosed herein (e.g., type of analog and/or percentage of modification and/or
presence or absence of particular modifications). In some embodiments, a polyribonucleotide
of the disclosure encodes an ornithine transcarbamylase (OTC) protein, such as an ornithine
transcarbamylase (OTC) protein described herein, or a protein comprising an amino acid
sequence at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identical

thereto.

EXEMPLIFICATION

The disclosure now being generally described, it will be more readily understood by
reference to the following examples, which are included merely for purposes of illustrating
certain embodiments of the present disclosure. These examples are not intended to limit the

disclosure.

Example 1: Ornithine transcarbamylase (OTC) Polynucleotide and Polyribonucleotide

Construction

Preparation of DNA constructs

Several constructs for transcribing mRNA encoding human OTC have been prepared
which contain a T7 promoter, a 5* UTR, a coding sequence for human OTC (natural or
codon-optimized) and in some cases a 3° UTR. The sequences of these constructs reflecting
the promoter region, the UTRs and the coding region are given in SEQ ID NOs: 31 to 39 and
the names of these DNA constructs together with their characteristics as regards the promoter,
the UTR(s) and the coding region are listed in Table 9.

TABLE 9

Construct Name 5 UTR 3*UTR Promoter Codon

optimiz
ed
T7-hOTCeDNA (with | Ngpueal UTR | Natural UTR | T7 No
natural UTRs at 5° and | from human | from human
OTC oTC

3" end) (SEQ ID NO:
3D
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T7-hOTC (SEQ ID Minimal - 7 No
NO: 32) UTR
T7-5"hAg-hOTC human o- - T7 No
(SEQ ID NO: 33) globin UTR
T7-5’ETH-hOTC- CYBA CYBA T7 No
3’ETH (SEQ ID NO:

34)
T7-hOTCcDNA(CO) | Natural UTR | Natural UTR | T7 Yes
(SEQ ID NO: 35) from human | from human

OTC oT1C
T7-hOTC(CO) (SEQ | Minimal - T7 Yes
ID NO: 36) UTR
T7-5hAg-hOTC{CO)} | human - - 7 Ves
(SEQ ID NO: 37) globin UTR
T7-5ETH- CYBA CYBA T7 Yes
hOTC(CO)-3’ETH
(SEQ ID NO: 38)
T7-TISU-hQTC(CO) | TISU +T - T7 Yes
(SEQ ID NO: 39)

The following sequence (SEQ ID NO: 40) corresponds to the Minimal 5 UTR;
specifically the DNA sequence of the 5° UTR used in the constructs noted above as Minimal.

The depicted sequence corresponds to one strand of the double stranded nucleic acid.
1 GGGAGACGCC ACC (SEQ ID NO: 40)

The following sequence (SEQ ID NO: 41) corresponds to a hAg 5’ UTR, specifically
the DNA sequence of a 5> UTR derived from human alpha globin and used in the 5° UTR of
the constructs noted above as hAg. The depicted sequence corresponds to one strand of the

double stranded nucleic acid.

1 GGGAGACTCT TCTGGTCCCC ACAGACTCAG AGAGRACGCC ACC (SEQ ID NO:
41}
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The following sequence (SEQ ID NO: 43) corresponds to the TISU+T 5° UTR;
specifically the DNA sequence of the 5° UTR used in the constructs noted above. The

depicted sequence corresponds to one strand of the double-stranded nucleic acid
1 GGGAGACTGC CAAG (SEQ ID NO: 43)

The following sequence (SEQ ID NO: 47) corresponds to the CYBA 5° UTR;
specifically the DNA sequence of the 5° UTR used in the constructs noted above. The

depicted sequence corresponds to one strand of the double-stranded nucleic acid

GGGAGACCGC GCLTAGCAGT GTCCCAGUCG GGTTCGTETC GCCGCCACC (SEQ ID
NO: 47)

Codon Optimization of hOTC sequence and its use in constructs

The coding region (ORF) of OTC was codon optimized for expression in humans and for use
in the context of modified polyribonucleotides. The resulting optimized sequence was
combined with regulatory elements (Kozak/TISU, UTR(s)), T7 Promoter and flanking
cloning sites. The sequence set forth in SEQ ID NO: 4 worked surprisingly well and
outperformed numerous sequences in the context of our modified polyribonucleotides and
UTRs.

Design of Stop Sequence

As described below, a codon optimized construct with human alpha globin UTR at the 5° end
was identified as the lead construct in expression studies. Therefore, STOP RNA (resulting in
no detectable translation) was designed only for this UTR containing construct. For this, the
Kozak element was scrambled from GCCACC to CGCCCG and the start ATG was mutated

to TGA. Moreover, to rule out any translation initiation from downstream ATGs, thereby

resulting in truncated protein products, all downstream in-frame ATG were also mutated to
TGA. The resulting sequence contained in the DNA construct for expressing a corresponding
polyribonucleotide is shown in SEQ ID NO: 44 (only the promoter, the 5’ UTR, and the
coding region including the stop codon; the mutated start codon is indicated in bold; the
natural stop codon is indicated in italics; the artificially introduced stop codons are indicated
by underlining). Cloning sites were kept identical to the test sequence to rule out positional

effects.
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Example 2: Cloning of templates and production of the SNIM® RNA

To generate the respective template for in vitro transcription, the cloning vector
pETH1 was cut with restriction enzymes Nhel and Afel. For cloning of human OTC
sequences into pETHI1 5’ (Nhel) and 3” (Afel) cloning sites were added to the human OTC
sequences and cloned into the respective sites of the cloning vector pETH1 (which also allows
for polyadenylation if desired) to achieve T7-hOTCcDNA (Table 9, SEQ ID NO: 31), T7-
hOTCcDNA(CO) (Table 9, SEQ ID NO: 35), T7-hOTC (Table 9, SEQ 1D NO: 32), T7-
hOTC(CO) (Table 9, SEQ ID NO: 36), T7-5"ETH-hOTC-3’ETH (Table 9, SEQ ID NO: 34),
T7-5’ETH-hOTC(CO)-3’ETH (Table 9, SEQ ID NO: 38), T7-5’hAg-hOTC (Table 9, SEQ ID
NQO: 33), and T7-5"hAg-hOTC(CO) (Table 9, SEQ ID NO: 37). Cloning of mouse OTC
sequence (SEQ ID NO: 45) into pETH1 was performed through the addition of 5° (HindI1I)
and 3’ (BstBI) cloning sites to the murine OTC sequence (SEQ ID NO: 45). The correct
clones were sequence confirmed.

The respective template for in vitro transcription was linearized by restriction
digestion with Afel (New England BioLabs). Template was further purified by chloroform
ethanol precipitation. Uncapped, non polyadenylated mRNA was produced using a standard
in vitro transcription mix containing T7 RNA polymerase (Thermo Fisher Scientific). For in
vitro transcription to generate modified polyribonucleotides, cytidine-5 -triphosphate was
replaced by 5-methylcytidine-5"-triphosphate, 2 "-fluoro-2’-deoxycytidine-5"-triphosphate or
5-iodocytidine-5 ~triphosphate and uridine-5"-triphosphate was replaced by 2-thiouridine-5 -
triphosphate or 5-iodouridine-5 -triphosphate (Jena Biosciences) as indicated in the
description of the respective example. Subsequently mRNA was purified by ammonium
acetate precipitation and ultrafiltration using a 100 MWCO cut of filter (Sartorius).

Capping of uncapped, non polyadenylated mRNA was carried ouf using Vaccinia
virus capping enzyme and a mRNA cap 2-o-methyltransferase (New England BioLabs)
resulting in a cap 1 structure followed by purification via ammonium acetate precipitation.
Non polyadenylated mRNA was further polyadenylated by using a poly(A) polymerase (New
England BioLabs). Again mRNA was purified by ammonium acetate precipitation. Poly(A)
length was determined by capillary gel electrophoresis to be ~200 nucleotides.

Example 3: Lack of urea production by HepG2 cells is due to defective Ornithine
Transcarbamylase (OTC) and Arginase I (Argl) expression

Mavri-Damelin et al. (Int. J. Biochem Cell Biol. 39 (2007), 555-564) have investigated
the functional deficiency of HepG2 celis (ATCC HB-8065) in urea production. They have
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demonstrated that the lack of urea production by HepG2 cells is due to defective Ornithine

Transcarbamylase (OTC) and Arginase I (Argl) expression, while other urea cycle enzymes
like Carbamoyl Phosphate Synthase I (CPSI), Arginosuccinate Synthetase (AS) and

Arginosuccinate Lyase (AL}, were expressed at levels comparable to cultured primary human

hepatocytes (Mavri-Damelin, 2007). As OTC catalyzes the reaction between carbamoyl
phosphate (CP) and ornithine (Orn) to form citruliine (Cit) and phosphate (Pi), HepG2 cells

are also incapable of producing citrulline. Thus, the HepG2 cell line is a suitable tool to

investigate OTC deficiency in vitro and was used as a model system to investigate whether or

not it is possible to restore urea cycle function by transient expression of OTC in these cells

(Fig. 1).

In contrast to HepG2 cells, primary human hepatocytes have high endogenous levels
of OTC (Fig. 3 (A) and (B)). Figures 3 (A) and (B) also show that, despite the high
endogenous level of OTC in primary human hepatocytes, the level of enzymatically active

enzyme can still be increased in a dose dependent manner by transfection of these cells with
SNIM® RNA (e.g., modified polyribonucleotides of the disclosure) encoding OTC.

The data shown in figure 1 confirms prior experiments demonstrating that OTC and

arginase are not expressed in HepG2 cells. For the production of the data shown in Figure 1,
RNA from HepG2 cells (ACC 180, DSMZ, Germany) was isolated using NucleoSpin® RNA
Kit (cat# 740955.250, Machery-Nagel, Germany), cDNA was synthesized from 1 pg total
RNA using First strand cDNA Synthesis Kit (cat.# K1612, Fermentas/ Thermo Scientific,

Germany). gPCR was performed with SsoAdvanced Universal SYBR Green Supermix (cat#
172-5271, Bio-Rad, Germany) on a LC96 Instrument (Roche Life Sciences, Germany). The

following primer pairs were used:

TABLE 10

Primer
Target gene NM_no name Primer forward Primer reverse
Carbamoyl-
phosphate synthase |CSP1 |NM_001875.4 | huCSP1 | caagtittgcagtggaateg actgggtagccaatggtgic
agininosuccinate
lyase ASL |NM_000048.3 | huASL |acatggcctcggagagt atggacgegttgaacticte
arginase ARGI1 |NM_000045.3 | huARGI | cctoctgaaggaactaaaaggaa | cettggeagatatacagggagt
argininosuccinate
synthase 1 Assl |NM_054012.3 |huASS1 |cetgtgcttataacctgggatg | gageetitgctggacatage
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orniting
carbamoyltransferase | OTC |NM_00531.5 [huOTC |ccagatcctggetgattace ccagctgagggtaagacctt

Reference gene primer were purchased from Bio-Rad, Germany:

Beta-Actin: PrimePCR™ SYBR® Green Assay: ACTB, Human

TATA-box binding protein: PrimePCR™ SYBR® Green Assay: TBP, Human

Results were calculated applying the ACT method. Pfaffl, M.W.(2001): A new mathematical
model for relative quantification in real-time RT-PCR. Nucleic Acids Res., 29(9): e45

Example 4: Transfection wit OTC-SNIM®RNA leads to OTC protein and activily in HepG2
cells

Figure 2 (A) shows the cxogenous expression of OTC protein by modified
polyribonucleotides of the disclosure in HepG2 cells.

OTC-protein was detected by Western blot. 7.5x10" HepG2 cells (ACC 180, DSMZ,
Germany) per well were seeded in 24 well plates. 24 h after seeding cells were transfected
with 250 or 25 ng/well OTC-or Luc2-SNIM®RNA (control) containing 25% 2-thiouridine-
5'-triphosphate and 25% 5-methyleytidine-5 -triphosphate using EffectA (Ethris internal
transfection reagent). OTC modified polyribonucleotide was generated by in vitro
transcription of Construct T7-5"hAg-hOTC(CO) (Table 9, SEQ ID NO: 37). 24 h afier
transfection, cells were lysed. 15 pug of total cell lysate were separated per lane on a 10 % by
SDS-PAGE 10% Mini-PROTEAN® TGX™ Precast Protein Gels (cat# 4561034, Bio-Rad,
Germany) and blotted on a PVDF membrane using Trans-Blot Turbo Transfer Pack, Mini,
PVDF, 7 x 8.5 cm (cat# B170-4156, Bio-Rad, Germany) and a Trans-Blot Turbo instrument
(cat.# #17041558P1, Bio-Rad, Germany). Membranes were blocked in NET-gelatin buffer
(50 mM Tris [pH 7.5], 150 mM NaCl, 0.05 % Triton™ X-100, 5 mM EDTA and 0.25 %
gelatin (sigma-aldrich, Germany). Signals were analyzed on a Gel Doc™ XR+ System, Bio-
Rad, Germany). Representative images are shown.

Used antibodies:

Rabbit anti-OTC, cat# AP6928c, ABGENT (BioCat), USA, Dilution 1:2000
Rabbit anti-Vinculin, cat# ab91459, abcam, UK, Dilution 1:5000

Goat anti-rabbit IgG-HRP, cat#2004, SCBT, USA, Dilution 1:10000
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Example 5: OTC activity after exogenous expression of OTC protein by modified
polyribonucleotides of the disclosure (e.g., SNIM®RNA) in HepG2Z cells

Figure 2 (B) shows the OTC activity in HepG2 cells after exogenous expression of
OTC protein. OTC modified polyribonucleotides were generated by in vitro transcription in
the presence of 35 % 5-iodouridine-5"-triphosphate and 7.5 % 5-iodocytidine-5 -triphosphate
of Construct T7-5’hAg-hOTC(CO) (Table 9, SEQ ID NO: 37). OTC-activity was detected by
OTC activity assay. 5x10* HepG2 cells were seeded in 96-well plates. 24 h after seeding cells
were transfected with OTC-SNIM®RNA using Lipofectamine2000 (cat#11668027, Thermo-
Fisher Scientific, Germany). 24 h after transfection OTC-activity assay was performed.
Protocol adapted from Ye et al.,, 1996 (YE, X, ROBINSON, M., BATSHAW, M., FURTH, E.,
SMITH, I, and WILSON, J. (1996). Prolonged metabolic correction in adulf ornithine
transcarbamylase deficiency mice with adenoviral vectors. J. Biol. Chem. 271, 3639-3646).
Plates were thawed at 37 °C (app. 15 min). Citrulline-standards {cat# C7629, sigma-aldrich,
Germany) confrols were added to the wells. The substrates ornithine (cat# 02375 sigma-
aldrich, Germany) and carbamoylphosphate (Lithium carbamoylphosphate dibasic hydrate,
cat# C5625, sigma-aldrich, Germany, prepared freshly from dry powder stored at -20 °C)
were added. Plates were incubated at 37 °C for 30 min. During that time OTC converted
ornithine and carbamoylphosphate to citrulline and ortho-phosphate. To stop the enzymatic
reaction, a mix of phosphoric acid and sulphuric acid (sigma-aldrich, Germany) was added.
Thus, the pH was lowered and the detection reaction was started. For the detection of
citrulline, diacetylmonooxim (2,3-Butanedione monoxime, B0753, sigma-aldrich, Germany)
was added and the plates were heated up to 70 °C for 15 min. In a reaction called Fearon-
reaction citrulline was converted to a yellow product (Abs 490 nm), The absorbance was
measured using a Tecan Infinite F200 Pro plate reader (Tecan, Austria). Absolute citrulline
values were determined by a standard curve. Mean +/- SEM of three experimental replicates
was calculated.
TABLE 11: Reagents used for OTC-activity assay

volume substance molar concentration | concentration | solution
added to weight in assay in buifer in
well [pL] lg/Mol] JmM]
Lysis Buffer pH 7.7
Triethanolamine 149 250 250 mM H,O
70
Triton X-100 0.1 %
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Assay Buffer 7.7

L-Omithine 1,4 5 25 mM H,0
20 monohydrochloride

Triethanolamine 149 250 1250 mM
CaP-Buffer

Lithium
10 carbamoylphosphate | 153 15 150 mM HyO

dibasic hydrate
Developing Buffer

2,3-Butanedione o in
10 monoxime 101 3% Methanol
Stop Solution

phosphoric acid 3tol
50

sulfuric acid Tto3

Example 6: Primary human hepatocytes have high endogenous level of OTC

Figures 3 (A) and (B) show that primary human hepatocytes have high endogenous
level of OTC. Figure 3 (A) shows a Western blot of OTC after transient transfection of
primary human hepatocytes with OTC encoding modified polyribonucleotides of the
disclosure (e.g., SNIM®-RNAs) generated through in vitro transcription in the presence 25 %
2-thiouridine-5"-triphosphate and 25 % 5-methylcytidine-5"-triphosphate of Construct T7-
5’hAg-hOTC(CO) (Table 9, SEQ ID NO: 37). ; UT = not transfected.
OTC-protein in primary human hepatocytes was detected by Western blot. Cultures of
primary human hepatocytes in 96-well plates were purchased from Lonza (cat# CC-2698A
Lonza, Swiss) 24 h after arrival, cells were transfected with 2000, 200 or 20 ng/well OTC-or
EGFP-encoding modified polyribonucleotides (e.g., SNIM®RNA) (EGFP = control) using
Lipofectamine2000 (cat#11668027, Thermo-Fisher Scientific, Germany). 24 h after
transfection cells were lysed. Total cell lysates were separated by SDS-PAGE 10% Mini-
PROTEAN® TGX™ Precast Protein Gels, 15-well (cat #4561036, Bio-Rad, Germany) and
blotted on a PVDF membrane using Trans-Blot Turbo Transfer Pack, Mini, PVDF, 7 x 8.5 cm
(cat# B170-4156, Bio-Rad, Germany) and a Trans-Blot Turbo instrument (cat.# #17041555P1,
Bio-Rad, Germany). Membranes were blocked in NET-gelatin buffer (50 mM Tris [pH 7.5],
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150 mM NaCl, 0.05 % Triton™ X-100, 5 mM EDTA and 0.25 % gelatin (sigma-aldrich,
Germany) for 30 min before the membranes were incubated overnight at 4 °C with the
primary antibody, diluted in NET-gelatin. After three washes with NET-gelatin, horseradish
peroxidase-conjugated secondary antibody was added for 1 h at RT. The membrane was
washed again three times with NET-gelatin until signals were visualized with a
chemiluminescent substrate kit (Luminata Crescendo Western HRP substrate, cat#
WBLURO0100 Merck Millipore, Germany) and recorded using the ChemiDoc™ MP System,
Bio-Rad, Germany. Representative images are shown.

Used antibodies:

Rabbit anti-OTC, cat# AP6928c, ABGENT (BioCat), USA, Dilution 1:2000

Rabbit anti-Vinculin, cat# ab91459, abcam, UK, Dilution 1:5000

Goat anti-rabbit IgG-HRP, cat#2004, SCBT, USA, Dilution 1:10000

Example 7: Enzymatic activity of OTC after transient transfection of primary human
hepatocytes with OTC encoding SNIM®-RNA

Figure 3 (B) shows the enzymatic activity of OTC after transient transfection of
primary human hepatocytes with OTC encoding modified polyribonucleotides (e.g., SNIM®-
RNAs) generated through in vitro transcription in the presence of 25 % 2-thiouridine-5"-
triphosphate and 25 % S-methylcytidine-5"-triphosphate of Construct T7-5’hAg-hOTC(CO)
(Table 9, SEQ ID NO: 37).

OTC-activity in primary human hepatocytes was detected by OTC-activity assay.
Cultures of primary human hepatocytes in 96-well plates were purchased from Lonza (cat#
CC-2698A Lonza, Swiss). 24 h after arrival cells were transfected with 2000, 200 or 20
ng/well OTC-or EGFP encoding modified polyribonucleotides (e.g., SNIM®RNA
(EGFP=control)) using Lipofectamine2000 (cat#11668027, Thermo-Fisher Scientific,
Germany). 24 h after transfection cells were lysed, frozen and OTC-activity assay was
performed. Protocol adapted from Ye et al., 1996 (YE, X, ROBINSON, M., BATSHAW, M.,
FURTH, E., SMITH, 1, and WILSON, J. (1996). Prolonged metabolic correction in adult
ornithine transcarbamylase deficiency mice with adenoviral vectors. J.Biol, Chem. 271,
3639-3646). Plates were thawed at 37 °C (app. 15 min). The substrates ornithine (cat# 02375
sigma-aldrich, Germany) and carbamoylphosphate (Lithium carbamoylphosphate dibasic
hydrate, cat# C5625, sigma-aldrich, Germany, prepared freshly from dry powder stored at -
20 °C) were added. Plates were incubated at 37 °C for 30 min. During that time OTC
converted ornithine and carbamoylphosphate to citrulline and ortho-phosphate. To stop the

66



WO 2018/127382 PCT/EP2017/082963

enzymatic reaction, a mix of phosphoric acid and sulphuric acid (sigma-aldrich, Germany)
was added. Thus, the pH was lowered and the detection reaction was started. For the detection
of citrulline, diacetylmonooxim (2,3-Butanedione monoxime, B0753, sigma-aldrich,
Germany) was added and the plates were heated up to 70 °C for 15 min. In a reaction called
Fearon-reaction citrulline was converted to a yellow product (Abs 490 nm). The absorbance
was measured using a Tecan Infinite F200 Pro plate reader (Tecan, Austria). Mean +/- SEM

of three experimental replicates was calculated.

Example 8: Expression of OTC protein by SNIM®RNA in HepG2 cells

Figure 4(A) shows that modified polyribonucleotides (e.g., SNIM® RNA) (+) with
codon optimized coding sequence shows higher translation than the respective wild type
sequence (not codon optimized (-)), independently from the UTR that has been employed.
Modified polyribonucleotides were generated through in vitro transcription in the presence of
50 % S5-iodouridine-5 -triphosphate and 30 % 2’-fluoro-2’-deoxycytidine-5 "-triphosphate of
Constructs T7-hOTCcDNA (Table 9, SEQ ID NO: 31), T7-hOTCcDNA(CO) (Table 9, SEQ
ID NO: 35), T7-hOTC (Table 9, SEQ ID NO: 32), T7-hOTC(CO) (Table 9, SEQ ID NO: 36),
T7-5’ETH-hOTC-3’ETH (Table 9, SEQ ID NO: 34), T7-5’ETH-hOTC(CO}-3’ETH (Table 9,
SEQ ID NO: 38), T7-5’hAg-hOTC (Table 9, SEQ ID NO: 33), and T7-5"hAg-hOTC(CO)
(Table 9, SEQ ID NO: 37), respectively.

OTC-protein was detected by Western blot. 5x10% HepG2 cells (ACC 180, DSMZ,
Germany) per well were seeded in 96-well plates. 24 h after seeding cells were transfected
with 150 ng/well OTC encoding polyribonucleotides using Lipofectamine2000
(cat#11668027, Thermo-Fisher Scientific, Germany). 24 h after transfection cells were lysed
using lysis buffer (25 mM TRIS, 0.1 % Triton-X 100) complemented with protease inhibitor
(cOmplete, EDTA-free, cat# 11873580001, Roche, Germany) and DNase (DNase I Solution
(2500 U/mL), cat# 90083, Thermo Fisher Scientific, Germany). After lysis the samples were
mixed with NuPAGE® LDS Sample Buffer (NP0O007) and NuPAGE® Sample Reducing
Agent {10X) (NP0004) and heated for 10 min at 70 °C. Gel electrophoresis was performed
using 15 pL of the lysate on NuPAGE 10 % Bis-Tris Midi Gels (WG1203BOX) with the
XCell4 SureLock™ Midi Cell, Thermo-Fisher Scientific, Germany. The gels were blotted on
a PVDF membrane using Trans-Blot Turbo Transfer Pack, Midi, PVDF, 7x 8.5 cm
{(cat#1704157, Bio-Rad, Germany) and a Trans-Blot Turbo instrument (cat# 17041558P1,
Bio-Rad, Germany). Membranes were blocked in NET-gelatin buffer (50 mM Tris [pH 7.5],
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150 mM NaCl, 0.05 % Triton™ X-100, 5 mM EDTA and 0.25 % gelatin (sigma-aldrich,
Germany) for 30 min before the membranes were incubated overnight at 4 °C with the
primary antibody, diluted in NET-gelatin. After three washes with NET-gelatin, horseradish
peroxidase-conjugated secondary antibody was added for 1 h at RT. The membrane was
washed again three times with NET-gelatin until signals were visualized with a
chemiluminescent substrate kit (Luminata Crescendo Western HRP substrate, cat#
WBLURO0100 Merck Millipore, Germany) and recorded using the ChemiDoc™ MP System,
Bio-Rad, Germany.

Rabbit anti-OTC, cat# AP6928c, ABGENT (BioCat), USA, Dilution 1:2000

Rabbit anti-Vinculin, cat¥# ab91459, abcam, UK, Dilution 1:5000

Goat anti-rabbit IgG-HRP, cat#2004, SCBT, USA, Dilution 1:10000

Example 9: OTC activity after transfection with OTC-SNIM®RNA in HepG2 cells cDNA =
cDNA; Minimal = mini, Ethris = Eth (CYBA), a-Globin = hdg

Figure 4(B) shows OTC activity after transfection with OTC encoding modified
polyribonucleotides (e.g., SNIM®RNA) in Hep(G2 cells. cDNA = ¢cDNA; Minimal = mini,
Ethris = Eth (CYBA), o-Globin = hAg. Modified polyribonucleotides were generated through
in vitro transcription in the presence of 50 % 5-iodouridine-5 "-triphosphate and 30 % 2°-
fluoro-2’-deoxycytidine-5"-triphosphate of Constructs T7-hOTCcDNA (Table 9, SEQ ID NO:
31), T7-hOTCcDNA(CO) (Table 9, SEQ ID NO: 35), T7-hOTC (Table 9, SEQ ID NO: 32),
T7-hOTC(CO) (Table 9, SEQ ID NO: 36), T7-5’ETH-hOTC-3"ETH (Table 9, SEQ ID NO:
34y, T7-5’ETH-hOTC(CO)-3’ETH (Table 9, SEQ ID NO: 38), T7-5"hAg-hOTC (Table 9,
SEQ ID NO: 33), and T7-5’hAg-hOTC(CO) (Table 9, SEQ ID NO: 37) respectively.

OTC-activity in HepG2 cells (ACC 180, DSMZ, Germany) was detected by OTC-
activity assay. 5x10° HepG2 cells were seeded per well in 96-well plates. 24 h after seeding
cells were transfected with 500-4 ng/well OTC encoding modified polyribonucleotide with
different UTRs transcribed from the constructs indicated above using Lipofectamine2000
(cat#11668027, Thermo-Fisher Scientific, Germany). 24 h after transfection cells were lysed,
frozen OTC-activity assay was performed. Protocol adapted from Ye et al., 1996 (YE, X,
ROBINSON, M., BATSHAW, M., FURTH, E., SMITH, I., and WILSON, J. (1996). Prolonged
metabolic correction in adult ornithine transcarbamylase deficiency mice with adenoviral
vectors. J.Biol. Chem. 271, 3639-3646). Plates were thawed at 37 °C (app. 15 min).
Citrulline-standards (cat# C7629, sigma-aldrich, Germany) controls were added to the wells.

The substrates ornithine (cat# 02375 sigma-aldrich, Germany) and carbamoylphosphate
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(Lithium carbamoylphosphate dibasic hydrate, cat# C5625, sigma-aldrich, Germany, prepared
freshly from dry powder stored at -20 °C) were added. Plates were incubated at 37 °C for 30
min. During that time OTC converted omithine and carbamoylphosphate to citrulline and
ortho-phosphate. To stop the enzymatic reaction, a mix of phosphoric acid and sulphuric acid
(sigma-aldrich, Germany) was added. Thus, the pH was lowered and the detection reaction
was started. For the detection of citrulline, diacetylmonooxim (2,3-Butanedione monoxime,
B0753, sigma-aldrich, Germany) was added and the plates were heated up to 70 °C for 15 min.
In a reaction called Fearon-reaction citrulline was converted to a yellow product (Abs 490
nm). The absorbance was measured using a Tecan Infinite F200 Pro plate reader (Tecan,
Austria). Absolute citrulline values were determined by a standard curve. Mean +/- SEM of

three independent experiments was calculated.

Example 10: OTC activity after transfection with OTC-SNIM®RNA in HepG2 cells

Figure 5 (A) shows OTC activity after transfection with modified polyribonucleotides
(e.g., OTC-SNIM®RNA) in HepG2 cells. co = codon optimized; cDNA = ¢cDNA; Minimal =
mini, Ethris = Eth (CYBA), a-Globin = hAg. Modified polyribonucleotides (e.g., SNIM®-
RNA) was generated through in vitro transcription in the presence of 50 % 5 -iodouridine-5'-
triphosphate and 30 % 2"-fluoro-2"-deoxyfluoro-2'-deoxycytidine-5 "-triphosphate of
Constructs T7-hOTCcDNA (Table 9, SEQ ID NO: 31), T7-hOTCecDNA(CO) (Table 9, SEQ
ID NO: 35), T7-hOTC (Table 9, SEQ ID NO: 32), T7-hOTC(CO) (Table 9, SEQ ID NO: 36),
T7-5’ETH-hOTC-3’ETH (Table 9, SEQ ID NO: 34), T7-5’ETH-hOTC(CO)-3’ETH (Table 9,
SEQ ID NO: 38), T7-5’hAg-hOTC (Table 9, SEQ ID NO: 33), and T7-5"hAg-hOTC(CO)
(Table 9, SEQ ID NO:; 37) respectively.
Figure 5 (B) shows OTC activity after transfection with OTC encoding modified
polyribonucleotides (e.g., OTC-SNIM®RNA) in HepG2 cells. co = codon optimized; cDNA
= cDNA; Minimal = mini, Ethris = Eth (CYBA), a-Globin = hAg. Modified
polyribonucleotides were generated through in vitro transcription in the presence of 50 % 5-
iodouridine-5"-triphosphate and 30 % 2’ -fluoro-2’-deoxycytidine-5"-triphosphate of
Constructs T7-hOTCcDNA (Table 9, SEQ ID NO: 31), T7-hOTCcDNA(CO) (Table 9, SEQ
ID NQ: 35), T7-hOTC (Table 9, SEQ ID NO: 32), T7-hOTC(CO) (Table 9, SEQ ID NO: 36),
T7-5’ETH-hOTC-3’ETH (Table 9, SEQ ID NO: 34), T7-5’ETH-hOTC(CO)-3’ETH (Table 9,
SEQ ID NO: 38), T7-5’hAg-hOTC (Table 9, SEQ ID NO: 33), and T7-5’hAg-hOTC(CO)
(Table 9, SEQ ID NO: 37) respectively.
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OTC-activity in HepG2 cells (ACC 180, DSMZ, Germany) was detected by OTC-
activity assay. HepG2 cells were seeded per well in 96-well plates. 24 h after seeding cells
were transfected with 4-500-ng/well OTC-SNIM®RNA with different UTRs using
Lipofectamine2000 (cat# 11668027, Thermo-Fisher Scientific, Germany). 6, 24, 48, 72 and
144 h after transfection cells were lysed, frozen and OTC-activity assay was performed.
Protocol adapted from Ye et al., 1996 (YE, X, ROBINSON, M., BATSHAW, M., FURTH, E.,
SMITH, I, and WILSON, J. (1996). Prolonged metabolic correction in adult ornithine
transcarbamylase deficiency mice with adenoviral vectors. J.Biol. Chem. 271, 3639-3646).
Plates were thawed at 37 °C (app. 15 min). Citrulline-standards (cat# C7629, sigma-aldrich,
Germany) controls were added to the wells. The substrates ornithine (cat# 02375 sigma-
aldrich, Germany) and carbamoylphosphate (Lithium carbamoylphosphate dibasic hydrate,
cati? C5625, sigma-aldrich, Germany, prepared freshly from dry powder stored at -20 °C)
were added. Plates were incubated at 37 °C for 30 min. During that time OTC converted
omithine and carbamoylphosphate to citrulline and ortho-phosphate. To stop the enzymatic
reaction, a mix of phosphoric acid and sulphuric acid (sigma-aldrich, Germany) was added.
Thus, the pH was lowered and the detection reaction was started. For the detection of
citrulline, diacetylmonooxim (2,3-Butanedione monoxime, B0753, sigma-aldrich, Germany)
was added and the plates were heated up to 70 °C for 15 min. In a reaction called Fearon-
reaction citrulline was converted to a yellow product (Abs 490 nm). The absorbance was
measured using a Tecan Infinite F200 Pro plate reader (Tecan, Austria). Absolute citrulline
values were determined by a standard curve. Furthermore, area under curve (activity over

time) was calculated. Mean +/- SEM of three independent experiments was calculated.

Example 11: OTC activity after exogenous expression of OTC protein by SNIM®RNA in
HepG2 cells

Figure 5 (C) shows OTC activity after exogenous expression of OTC protein by OTC
encoding modified polyribonucleotides (e.g., OTC-SNIM®RNA) in HepG2 cells. Modified
polyribonucleotides were generated by in vitro transcription in the presence of 35 % 5-
iodouridine-5"~triphosphate and 7.5 % S-iodocytidine-5-triphosphate of Construct T7-5"hAg-
hOTC(CO) (Table 9, SEQ ID NO: 37) or T7-TISU-hOTC(CO) (Table 9, SEQ ID NO: 39).
OTC-activity was detected by OTC activity assay.5x104 HepG2 cells were seeded in 96 well
plates. 24 h after seeding cells were transfected with OTC-encoding modified
polyribonucleotides (e.g., OTC-SNIM®RNA) using Lipofectamine2000 (cat#11668027,
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Thermo-Fisher Scientific, Germany). 24 h after transfection, OTC-activity assay was
performed.

OTC-activity in HepG2 cells (ACC 180, DSMZ, Germany) was detected by OTC-
activity assay. 5x10" HepG2 cells were seeded per well in 96-well plates. 24 h after seeding
cells were transfected with 500-4 ng/well OTC-SNIM®RNA with different UTRs or 500
ng/well EGFP-SNIM®RNA or OTC-STOP-SNIM®RNA (this RNA is not translated due to
mutated start codons) using Lipofectamine2000 (cat#11668027, Thermo-Fisher Scientific,
Germany). 24 h after transfection cells were lysed, frozen and OTC-activity assay was
performed. Protocol adapted from Ye et al., 1996 (YE, X, ROBINSON, M., BATSHAW, M.,
FURTH, E., SMITH, I, and WILSON, J. (1996). Prolonged metabolic correction in adult
ornithine transcarbamylase deficiency mice with adenoviral vectors. J Biol. Chem. 271,
3639-3646). Plates were thawed at 37 °C (app. 15 min). Citrulline-standards (cat# C7629,
sigma-aldrich, Germany) controls were added to the wells, The substrates omithine (cat#
02375 sigma-aldrich, Germany) and carbamoylphosphate (Lithium carbamoylphosphate
dibasic hydrate, cat# C5625, sigma-aldrich, Germany, prepared freshly from dry powder
stored at -20 °C) were added. Plates were incubated at 37 °C for 30 min. During that time
OTC converted ornithine and carbamoylphosphate to citrulline and ortho-phosphate. To stop
the enzymatic reaction, a mix of phosphoric acid and sulphuric acid (sigma-aldrich, Germany)
was added. Thus, the pH was lowered and the detection reaction was started. For the detection
of citrulline, diacetylmonooxim (2,3-Butanedione monoxime, B0753, sigma-aldrich,
Germany) was added and the plates were heated up to 70 °C for 15 min. In a reaction called
Fearon-reaction citrulline was converted to a yellow product (Abs 490 nm). The absorbance
was measured using a Tecan Infinite F200 Pro plate reader (Tecan, Austria). Absolute
citrulline values were determined by a standard curve. Mean +/- SEM of three experimental

replicates was calculated.

Example 12: IP-10 induction is reduced in codon optimized OTC constructs

Figure 6 shows IP-10 induction is reduced in codon optimized OTC constructs.
SNIM®-RNA was generated through in vitro transcription in the presence of 50 % 5-
iodouridine-5"-triphosphate and 30 % 2"-fluoro-2’-deoxycytidine-5 '-triphosphate of
Constructs T7-hOTCcDNA (Table 9, SEQ ID NO: 31), T7-hOTCcDNA(CQ} (Table 9, SEQ
ID NO: 35), T7-hOTC (Table 9, SEQ ID NO: 32), T7-hOTC(CO) (Table 9, SEQ ID NO: 36),
T7-5’ETH-hOTC-3’ETH (Table 9, SEQ ID NO: 34), T7-5’ETH-hOTC(CO)-3’ETH (Table 9,
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SEQ ID NO: 38), T7-5’hAg-hOTC (Table 9, SEQ ID NO: 33), and T7-5’hAg-hOTC(CO)
(Table 9, SEQ ID NO: 37) respectively.

IP-10 induction after transfection was determined in HepG2 cells (ACC 180, DSMZ,
Germany). 5x10° cells were seeded per well in 96-well plates. 24 h after seeding cells were
transfected with 500-8 ng/well OTC-SNIM®RNA with different UTRs using
Lipofectamine2000 (cat#11668027, Thermo-Fisher Scientific, Germany). 24 h after
transfection IP-10 levels of different cytokines in cell culture supernatants were measured
with the ProcartaPlex™ Multiplex Immunoassay custom kits (Affymetrix eBioscience, USA)
in combination with the Magpix instrument (Luminex®, USA). Mean +/- SEM of three

independent experiments was calculated.

Example 13: Induction of OTC protein in HepG2 ceils 8-12 h afier transfection

Figure 7(A) shows the induction of OTC protein in HepG2 cells 8-12 h after transfection.
SNIM®-RNA was generated through in vitro transcription in the presence of 35 % 5-
iodouridine-5"-triphosphate and 7.5 % 2’-fluoro-2’-deoxycytidine-5 ~triphosphate of
Constructs T7-hOTCcDNA{CO) (Table 9, SEQ ID NO: 37 SNIM®, The respective hOTC-
STOP-RNA was used as a negative control.

OTC-protein was detected by Western blot. 5x10* HepG2 cells (ACC 180, DSMZ, Germany)
per well were seeded in 96 well plates. 24 h after seeding cells were transfected with 500-4
ng/well OTC-SNIM®RNA using Lipofectamine2000 (cat#11668027, Thermo-Fisher
Scientific, Germany). 6, 8, 10, 12, 24 and 48 h after transfection cells were lysed using lysis
buffer (25 mM TRIS, 0.1 % Triton-X 100} complemented with protease inhibitor (cOmplete,
EDTA-free, cat# 11873580001, Roche, Germany) and DNase (DNase I Solution {2500
U/mL), cat# 90083, Thermo Fisher Scientific, Germany). After lysis the samples were mixed
with NuPAGE® LDS Sample Buffer (NP0007) and NuPAGE® Sample Reducing Agent
(10X) (NP0O004) and heated for 10 min at 70 °C. Gel electrophoresis was performed using 15
pL of the lysate on NuPAGE 10 % Bis-Tris Midi Gels (WG1203BOX) with the XCell4
SureLock™ Midi Cell, Thermo-Fisher Scientific, Germany. The gels were blotted on a PVDF
membrane using Trans-Blot Turbo Transfer Pack, Midi, PVDF, 7 x 8.5 cm (cat#1704157,
Bio-Rad, Germany) and a Trans-Blot Turbo instrument (cat# 17041555P1, Bio-Rad,
Germany). Membranes were blocked in NET-gelatin buffer (50 mM Tris [pH 7.5], 150 mM
NaCl, 0.05 % Triton™ X-100, 5 mM EDTA and 0.25 % gelatin (sigma-aldrich, Germany) for
30 min before the membranes were incubated overnight at 4 °C with the primary antibody,

diluted in NET-gelatin. After three washes with NET-gelatin, horseradish peroxidase-
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conjugated secondary antibody was added for 1 h at RT. The membrane was washed again
three times with NET-gelatin until signals were visualized with a chemiluminescent substrate
kit (Luminata Crescendo Western HRP substrate, cat# WBLURO0100 Merck Millipore,
Germany) and recorded using the ChemiDoc™ MP System, Bio-Rad, Germany.

Rabbit anti-OTC, cat# AP6928c, ABGENT (BioCat), USA, Dilution 1:2000
Rabbit anti-Vinculin, cat# ab91459, abcam, UK, Dilution 1:5000
Goat anti-rabbit IgG-HRP, cat#2004, SCBT, USA, Dilution 1:10000

Example 14: OTC activity after transfection with OTC-SNIM®RNA in HepG2 cells
Figure 7(B) shows OTC activity after transfection with OTC-SNIM®RNA in HepG2 cells.
SNIM®-RNA was generated through in vitro transcription in the presence of 35 % 5-
iodouridine-5 '~triphosphate and 7.5 % 5-iodocytidine-5"-triphosphate of Constructs T7-
hOTCcDNA(CO) (Table 9, SEQ ID NO: 37). The respective SNIM® hOTC-STOP-RNA was
used as a negative control.
OTC-activity in HepG2 cells (ACC 180, DSMZ, Germany) was detected by OTC-activity
assay. 5x10% HepG2 cells were seeded per well in 96-well plates. 24 h after seeding cells were
transfected with 500-4 ng/well OTC-SNIM®RNA or 500 ng/well OTC-STOP-SNIM®RNA
(this RNA is not translated due to mutated start codons) using Lipofectamine2000
(cat#11668027, Thermo-Fisher Scientific, Germany). 0. 5,1, 2, 3,4, 6, 8,10, 12,24 and 48 h
after transfection cells were lysed, frozen and OTC-activity assay was performed. Protocol
adapted from Ye et al., 1996 (YE, X, ROBINSON, M., BATSHAW, M., FURTH, E., SMITH, I,
and WILSON, J. (1996). Prolonged metabolic correction in adult ornithine transcarbamylase
deficiency mice with adenoviral vectors. J Biol. Chem. 271, 3639-3646). Plates were thawed
at 37 °C (app. 15 min). Citrulline-standards (cat# C7629, sigma-aldrich, Germany) controls
were added to the wells. The substrates ornithine (cat# 02375 sigma-aldrich, Germany) and
carbamoylphosphate (Lithium carbamoylphosphate dibasic hydrate, cat# C5625, sigma-
aldrich, Germany, prepared freshly from dry powder stored at -20 °C) were added. Plates
were incubated at 37 °C for 30 min. During that time OTC converted ornithine and
carbamoylphosphate to citrulline and ortho-phosphate. To stop the enzymatic reaction, a mix
of phosphoric acid and sulphuric acid (sigma-aldrich, Germany) was added. Thus, the pH was
lowered and the detection reaction was started. For the detection of citrulline,
diacetylmonooxim (2,3-Butanedione monoxime, BO753, sigma-aldrich, Germany) was added
and the plates were heated up to 70 °C for 15 min. In a reaction called Fearon-reaction
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citrulline was converted to a yellow product (Abs 490 nm). The absorbance was measured
using a Tecan Infinite F200 Pro plate reader (Tecan, Austria). Absolute citrulline values were
determined by a standard curve. Mean +/- SEM of three experimental replicates was
calculated.

Example 15: SNIM® RNA allows long term expression of OTC

Figure 7(C) shows that SNIM® RNA allows long term expression of OTC. SNIM®-RNA
was generated through in vitro transcription in the presence of 35 % 5-iodouridine-5"-
triphosphate and 7.5 % 5-iodocytidine-5 "-triphosphate of Constructs T7-hOTCcDNA(CO)
(Table 9, SEQ ID NO: 37). The respective SNIM® hOTC-STOP-RNA was used as a negative
control.

OTC-protein was detected by Western blot. 5x10* HepG2 cells (ACC 180, DSMZ, Germany)
per well were seeded in 24 well plates. 24 h after seeding cells were transfected with 500-4
ng/well OTC-SNIM®RNA or OTC-STOP-SNIM®RNA (this RNA is not translated due to
mutated start codons) using Lipofectamine2000 (cat#11668027, Thermo-Fisher Scientific,
Germany). 6, 8, 10, 12, 24 and 48 h after transfection cells were lysed using lysis buffer (25
mM TRIS, 0.1 % Triton-X 100) complemented with protease inhibitor (cOmplete, EDTA-free,
cat# 11873580001, Roche, Germany) and DNase (DNase 1 Solution (2500 U/mL), cat# 90083,
Thermo Fisher Scientific, Germany). As positive control 1 ug mouse liver lysate was used.
After lysis the samples (250. 62, 16 and 4 ng/well) were mixed with NuPAGE® LDS Sample
Buffer (NP0007) and NuPAGE® Sample Reducing Agent (10X) (NP0004) and heated for 10
min at 70 °C. Gel electrophoresis was performed using 15 puL of the lysate on NuPAGE 10 %
Bis-Tris Midi Gels (WG1203BOX) with the XCell4 SureLock™ Midi Cell, Thermo-Fisher
Scientific, Germany. The gels were blotted on a PVDF membrane using Trans-Blot Turbo
Transfer Pack, Midi, PVDF, 7 x 8.5 cm (cat#1704157, Bio-Rad, Germany) and a Trans-Blot
Turbo instrument (cat# 17041558P1, Bio-Rad, Germany). Membranes were blocked in NET-
gelatin buffer (50 mM Tris [pH 7.5], 150 mM NaCl, 0.05 % Triton™ X-100, 5 mM EDTA
and 0.25 % gelatin (sigma-aldrich, Germany) for 30 min before the membranes were
incubated overnight at 4 °C with the primary antibody, diluted in NET-gelatin. After three
washes with NET-gelatin, horseradish peroxidase-conjugated secondary antibody was added
for 1 h at RT. The membrane was washed again three times with NET-gelatin until signals
were visualized with a chemiluminescent substrate kit (Luminata Crescendo Western HRP
substrate, cat¥ WBLURO0100 Merck Millipore, Germany) and recorded using the
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ChemiDoc™ MP System, Bio-Rad, Germany. Densitometry was performed using the
ImageLab™ software (Bio-Rad, Germany).

Rabbit anti-OTC, cat# AP6928c, ABGENT (BioCat), USA, Dilution 1:2000

Goat anti-rabbit IgG-HRP, cat#2004, SCBT, USA, Dilution 1:10000

Example 16: OTC protein translation after transfection with OTC-SNIM®RNA in HepG2

cells

Figure 7(D) shows OTC protein translation after transfection with OTC-SNIM®RNA in

HepG2 cells. SNIM®-RNA was generated through in vitro transcription in the presence of 35 %
5-iodouridine-5 '-triphosphate and 7.5 % 5-iodocytidine-5 ~triphosphate of Constructs T7-
hOTCeDNA(CO) (Table 9, SEQ ID NO: 37). The respective SNIM® hOTC-STOP-RNA was

used as a negative control.

Example 17: Quantification of full length SNIM®RNA in liver samples at 6 hours after
intravenous application in Balb/c mice

Figure 8 shows the quantification of full length SNIM®RNA in vive, SNIM®-RNA was
generated through in vitro transcription in the presence of 50 % 5-iodouridine-5"-triphosphate
and 30 % 2’-fluorocytidine-2’deoxy-5’-triphosphate of Constructs T7-5’hAg-OTC(CO) (SEQ
ID NO: 25) and T7-mOTCORF(CO) (transcribed from SEQ ID NO: 45).

The in vivo expression of OTC-SNIM®RNA was analyzed in Balb/c mice at 6 h after i.v.
injection. Endogenous OTC expression is at the normal physiologic level in this strain. In
order to overcome this OTC endogenous expression, high doses (2 & 4 mg/kg) of formulated
OTC-SNIM®RNA with mouse (SEQ ID NO: 45) and human sequences (SEQ ID NOs: 25
and 44), each in separate lipoplexes were applied. Delivered SNIM®RNA was detected by
qPCR. For RNA isolation NucleoSpin RNA Plus Kit {(cat# 740984, Machery-Nagel, Germany)
was used. 30-60 mg liver tissue samples were homogenized in 700 pL RNA lysis buffer and
total RNA was isolated from 350 pL (vield, purity 7.2). To analyze only RNA with a poly-A
tail, 1 pg of total RNA was reverse transcribed to cDNA using oligo-dT primer using
Transcriptor First Strand cDNA Synthesis Kit (cat# 896866001, Roche, Germany). gPCR
primer pairs were designed for both applied RNAs ETH-OTC-RNA-18 (hOTC) and 27
(mOTC) (Table). Due to codon optimization of the sequences specific primers could be
designed not detecting endogenous OTC-mRNA.

TABLE 12
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Species | Primer name Primer forward Primer reverse UPL#

human | huOTCSNIMI18#18 | ctecagagagaacgecaccat | aagttgcgeaccatgaagt | 18

mouse | mOTCSNIM31#62 | tgagaaagggccacacaag | cageatgtactggateteticg | 62

Both primer pairs were located in the initial one-third of the sequence to facilitate the analysis
of complete, not degraded RNA molecules, containing a poly-A and also the 5" end of the
sequence. A standard curve was generated using 1 pg total RNA (control liver) into which
decreasing amounts (1x102%- 1x107 ng/ 1 pg total RNA) of either ETH-OTC-RNA-18 or -27
were spiked. UPL-based gPCR was performed on a L.C96 (Roche) using FastStart Essential
DNA Probes Master (cat# 6402682001, Roche, Germany). A standard curve was generated
(concentration of RNA against CT value) and results were calculated using Prism 6 for
Windows (GraphPad Software, Inc., USA).

Example 18: Expression of OTC protein in liver samples after intravenous application of
OTC SNIM® RNA

Human OTC SNIM® RNA (SEQ ID NO:25) and murine OTC SNIM® RNA (transcribed
from SEQ ID NO:45), generated by in vitro franscription in the presence of 35% 5-
iodouridine-5'-triphosphate and 7.5% 5-iodocytidine-5 ~triphosphate respectively, were
complexed in lipid formulations and applied intravenously into normal Balb/c mice. For
human OTC SNIM® RNA, two doses (2 and 4 mg/kg) were tested whereas murine OTC
SNIM® RNA was applied at 2 mg/kg doses. At 6 hours post treatment, mice were euthanized
and livers were harvested for analysis of OTC protein using Western Blot,

These are the same liver samples from the experiment described in Example 17.

Western Blot analysis confirmed a 2-fold increase of OTC protein in liver samples from
treated animals compared to vehicle controls. Figure 9(A) is a representative Western blot for
OTC and vinculin (used for normalization) from the analysed samples. Each animal sample
was analysed in three independent Western blots. The densitometric analysis of the three
replicate blots/sample is presented as Figure 9(B).

Procedure for OTC Western Blot

Frozen livers were removed from the tube and a sample piece was cut off from the organ

using a scalpel. Subsequently, the samples were put into a homogenizing-tube (Lysing Matrix
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D, cat# 116913500, MP biomedicals, Germany) filled with 500 L of lysis buffer (0.25 M
Triethanolamine, 0.1 % Triton X-100). Homogenization was performed for 3x 20 secina
Tissue homogenizer (MP FastPrep-24 Tissue and Cell Homogenizer, MP biomedicals,
Germany). After homogenization, the samples were incubated for 10 min on ice and then
centrifuged for 10 min at 4 °C with 20160 RCF in a Mikro 22R centrifuge (Hettich
Zentrifugen, Germany). Subsequently, 200 pL of the supernatant was pipetted into a separate
tube and diluted 1:100 in lysis buffer. BCA assay (BCA Protein Assay Kit, cat#, 23225,
Thermo Fisher Scientific, Germany) was performed to determine the total protein
concentration. 15 pg total protein lysate were mixed with 5 L. Bolt® LDS Sample Buffer (4X)
(cat# BO0O7, Thermo-Fisher Scientific, Germany) and 1 uL. Bolt® Sample Reducing Agent
(cat#, BOO09, Thermo-Fisher Scientific, Germany) and heated for 10 min at 70 °C. SDS-
PAGE was performed on Bolt™ 4-12% Bis-Tris Plus Gels (N\W04122BOX, Thermo-Fisher-
Scientific, Germany). After electrophoresis gels were blotted on a PVDF membrane using
Trans-Blot Turbo Transfer Pack, Mini, PVDF, 7 x 8.5 cm (cat# B170-4156, Bio-Rad,
Germany) and a Trans-Blot Turbo instrument (cat# 1704155SP1, Bio-Rad, Germany). After
blotting, membranes were blocked in NET-gelatin buffer (50 mM Tris [pH 7.5], 150 mM
NaCl, 0.05 % Triton™ X-100, 5 mM EDTA and 0.25 % gelatin (sigma-aldrich, Germany) for
30 min before the membranes were incubated overnight at 4 °C with the primary antibody,
diluted in NET-gelatin. After three washes with NET-gelatin, horseradish peroxidase-
conjugated secondary antibody was added for 1 h at RT. The membrane was washed again
three times with NET-gelatin until signals were visualized with a chemiluminescent substrate
kit (Luminata Crescendo Western HRP substrate, caté WBLURO0100 Merck Millipore,
Germany) and visualized using the ChemiDoc™ MP System, Bio-Rad, Germany.
Densitometry was performed using the Imagel.abTM software (Bio-Rad, Germany).

Rabbit anti-OTC, cat# AP6928c¢, ABGENT (BioCat), USA, Dilution 1:2000

(Antibody does not discriminate between mouse and human OTC)

Rabbit anti-Vinculin, cat# ab91459, abcam, UK, Dilution 1:10000

Goat anti-rabbit IgG-HRP, cat#2004, SCBT, USA, Dilution 1:10000

Example 19: Detection of human OTC specific peptides in liver samples from Balb/c mice
treated with human OTC SNIM® RNA
Liver samples from mice treated with 4mg/kg human OTC SNIM® RNA (SEQ ID NO: 25),
generated by in vitro transcription in the presence of 35% S-iodouridine-5-triphosphate and
7.5% S-iodocytidine-5"-triphosphate respectively, were analysed by LC-MS/MS for the
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detection of human OTC specific peptides. The same liver samples had been analysed in
Example 17 for the presence of SNIM® RNA and Example 18 for increased OTC protein.
Samples from untreated mice served as negative control. A positive control was generated in
which protein lysate from HepG2 cells transfected with human OTC SNIM® RNA (SEQ ID
NO: 25) was spiked into liver protein lysate from untreated mouse. Human specific peptides
were detected only in murine liver samples treated with human OTC SNIM® RNA (SEQ ID
NO: 25) and these data are presented as Figure 9C.

Procedure for LC-MS/MS based detection of human OTC specific peptides

Figure 9 (C) shows an LC-MS/MS analysis of mouse liver samples (underlined = human
specific). SNIM®-RNA was generated through in vitro transcription in the presence of 50 %
S-iodouridine-5"-triphosphate and 30 % 2’-fluro-2’-deoxycytidine-5 -triphosphate of
Constructs T7-5"hAg-hOTC(CO) (SEQ ID NO: 25).

Human specific peptides in mouse liver lysates were detected by LC-MS/MS. Liver samples
from the group treated with 4 mg/kg human OTC-SNIM®RNA, the control group (vehicle)
and a positive control (HepG2 cell lysate from cells transfected with OTC-SNIM®RNA.
spiked in an untreated control liver sample, vehicle) were separated by SDS-PAGE. One gel
was blotted on a membrane and OTC-Western Blot was performed as in-process control.
From the second gel, sections from separated lanes (at 36-40 kDa) were excised. Excised gel-
samples were transferred to in-gel-digest using Asp-N peptidase was performed. After
digestion peptides were analyzed by LC-MS/MS.

Reduction, alkylation and tryptic digest: The SDS-PAGE bands were reduced with
dithiothreitol (DTT) in order to break disulfide bonds, alkylated with iodoacetamide (IAA) in
order to prevent their reformation and subsequently digested with Asp-N. Peptides were
acidified to 1% FA.

Enzyme used: Asp-N: 0.02 pg, sequencing prade, Roche Diagnostics GmbH, Germany
Nano-LC-ESI-MS Analysis: Half of the digest was used for MS/MS analysis. Separation was
performed on an EASYnLC1000 system (Thermo Fisher Scientific) using the following
columns and chromatographic conditions: Peptides were loaded onto a C18 column
(Acclaim® PepMap 100 pre-column, C18, 3 um, 2 cm x 75 pm Nanoviper, Thermo Fisher
Scientific) and subsequently fractionated on an analytical column (EASY-Spray column, 25
cm x 75 um ID, PepMap C18 2 pm particles, 100 A pore size, Thermo Fisher Scientific)
using a linear gradient (A: 0.1% formic acid in water; B: 0.1% formic acid in ACN) at a flow

rate of 280 nl/min. The gradient used was: 1-30% B in 80 minutes, 30-60% B in 20 minutes,
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100% B for 10 minutes, Mass spectrometry was performed on a linear ion trap mass
spectrometer (Thermo LTQ Orbitrap XL, Thermo Electron} coupled online to the nano-LC
system. For electrospray ionization a distal coated SilicaTip (FS-360-50-15-D-20) and a
needle voltage of 1.4 kV was used. The LTQ Orbitrap was operated in parallel mode
performing precursor mass scanning in the Orbitrap (60 000 FWHM resolution at m/z 400)
and isochronous acquisition of five data dependent CID MS/MS scans of the most intense
precursor signals in the LTQ ion trap using a normalized collision energy of 35%. After two
repeated fragmentations within 15 sec the precursor was excluded for 180 sec. An inclusion
list was used for peptides up to missed cleavage 1. Moreover, annotated modifications like
acetylation, succinylation and phosphorylation were also included in this list (Uniprot entry
P00480). In case a mass of the inclusion list was detected a MS/MS was triggered
independent of the precursor intensity. In total always five MS/MS specira were acquired.
Database search and quantification: Protein identification was done with the software Mascot
with the settings given below, Two separate database searches were performed against the
human and mouse sequences of the SwissProt database. Additionally, database searches were
performed against the customer sequence allowing for variable modifications of acetylation,
succinylation and phosphorylation using an in-house Mascot server.

Mascot settings:

Database: SwissProt (last updated March 15th 2015)

Taxonomy: human or mus musculus

Enzyme: Asp-N

Fixed modifications: Carbamidomethyl (C)

Variable modifications: Oxidation (M)

Mass values: Monoisotopic

Protein Mass: Unrestricted

Peptide Mass Tolerance: £+ 50 ppm

Fragment Mass Tolerance: = 0.6 Da

Max Missed Cleavages: 2

Instrument type: ESI-TRAP

Database: Customer_database database (7 sequences; 2140 residues)

Taxonomy: unrestricted

Enzyme: Asp-N_ambic

Fixed modifications: Carbamidomethyl (C)

Variable modifications: Oxidation (M), Acetyl (K),Phospho (ST),Succinyl N6 (K)
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Mass values: Monoisotopic

Protein Mass: Unrestricted

Peptide Mass Tolerance: + 50 ppm
Fragment Mass Tolerance: + 0.8 Da
Max Missed Cleavages: 4
Instrument type: ESI-TRAP

Example 20: Expression of human OTC protein and its physiological activity in OTC
knockout mice (OTC™**) after single application of human OTC SNIM® RNA

Human OTC SNIM® RNA (SEQ ID NO: 25), generated by in vitro transcription in the
presence of 35% S-iodouridine-5°-triphosphate and 7.5% 5-iodocytidine-5"-triphosphate
respectively, was complexed in a lipid formulation and applied intravenously into OTC
knockout mice (OTC®®"). Two different doses (0.5mg/kg and 2mg/kg) were tested in the
current PK/PD study. Mice were injected at dayl and then analysed at dav 2, 5, 8 and 12 for
OTC protein (Western blot) and blood ammonia levels (as a marker for physiological activity

of the expressed OTC protein).

For Western Blot analysis, experimental procedure described in Example 18 was followed.
Densitometric analtysis of Western blots as presented as Figure 11. Each symbol represents
the mean intensity ratio of OTC/Vinculin (mean of three replicate Western blots) from each
animal. t-test was performed using GraphPadPrism.

Significantly higher amounts of OTC protein were detected in liver samples from mice treated
with a single dose of human OTC SNIM® RNA (SEQ ID NO: 25) at high dose (2mg/kg) for
a period of up to 11 days post single application.

Besides OTC protein, the functionality of the expressed protein was analysed by measuring
blood ammonia levels at different time points post treatment. These data are provided in
Figure 12.

Experimental Procedure

OTC "™ were treated on day 1 with either 0.5 or 2 mg/kg human OTC SNIM RNA (SEQ
ID NO: 25) or with 2% sucrose (vehicle control) (n=6 / dose and time point). Animals were
challenged i.p. with 0.2 M NH,Cl solution (Dose 5 mmol/kg b.w.) at 2, 5, 8, or 12 days.

Shortly before the challenge, blood samples were taken for ammonia measurement (pre).
Terminal samples, as well as liver, lung, spleen and urine were collected 40 min after the
challenge.
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Relative OTC expression as quantified using Western Blot correlated with reduction in
plasma ammonia levels. Furthermore, a physiological effect (reduction of ammonia levels)
was seen also in animals treated with a low dose of human OTC SNIM® RNA (SEQ ID NQ:
25).

Correlation analysis using data points for all animals at all time points are shown in Figure 13,

These data confirm expression and physiological activity of human OTC SNIM® RNA (SEQ
ID NO: 25) after a single intravenous application for up to 11 days post treatment in an OTC

mouse model.

Incorporation bv Reference

All publications and patents mentioned herein are hereby incorporated by reference in
their entirety as if each individual publication or patent was specifically and individually
indicated to be incorporated by reference.

While specific embodiments of the subject disclosure have been discussed, the above
specification is illustrative and not restrictive. Many variations of the disclosure will become
apparent to those skilled in the art upon review of this specification and the claims below.
The full scope of the disclosure should be determined by reference to the claims, along with

their full scope of equivalents, and the specification, along with such variations,
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SEQUENCE LISTING

1. Coding sequences

The following polyribonucleotide (e.g., RNA) sequence (SEQ ID NO: 1) encodes wildtype
human ornithine transcarbamylase (OTC) as annotated under NCBI Reference Sequence
NM_000531.5 (the region encoding the signal peptide for mitochondrial import is underlined)

AUgCUgUUUEalCUgaggaucCuguuasdcasuygcagouuulagaaauggucacaaculcaugyuucy
aaauulucgguguggacasaccaciacaasaunaaagugcagougaagggocgugacculcucacucuas
daaacunuacoggagaagaaauuaaauauaugcuanggcuatcageagaucugaaauuuaggauaaaa
CAgasaggagaguauuugecuuuavugeaagggaaguccuuaggcauganuuuugagaaaagaaguac
uCcgaacaagaulgucuacagasacaggculugcacuucugggagygacalccluuguuuuculaccacac
gagauauucauulgggugugaaugaaagucucacggacacggeocguguanugucuageauggeagau
geaguauuggcucgaguguauaaacaaucagauuuggacaceccuggouaaagaagcauccaucccaau
UauCasugggougucagalluguaccaucCulauccagauccuggougattacCucacgouccagyaac
acuavagcuclucugaaaggucuuaccoucagouggaucggggauggyaacaataucougcacuccauc
augaugagcogeagcgaaauucggaaugoacouucaggeagcuacuccaaaggguuaugagooggauge
uaguguaaccaaguuggeagageaguaugoeaaagagaaugguaccaagouguugougacasauganc
cauuggaagcagocgcauggaggraaugualuaauuacagacacuuggauaagcaugggacaagaagaqg
gagaagaaagagcggouccaggeuuuccaagguiacocagguuacaaugaagacugcuaaaguugouge
cucugacuggacauuuulacacugocuugoccagaaagecagaagaaguggaugaugaagucouuuuauu
CUCCUCPauCaACUadUgUUCCeagagyCagasaatiagiaayugyacaaucauggougucalgguauoc
cugcugacagauuacucaccucagouccagaagocuaaauuuuga {(SEQ ID NO: 1)

The following nucleotide (e.g., DNA) sequence (SEQ ID NO: 2) encodes wildtype human
ornithine transcarbamylase (OTC) as annotated under NCBI Reference Sequence
NM_000531.5 (the region encoding the signal peptide for mitochondrial import is underlined)

Atgcetgtttaatctgaggatcctgttaaacaatgecagettttagaaatggtcacaacttcatgyttoy
agatttitcggtgtggacaaccactacaaaataaagtgecagetgaagggeegtgacctteteactetaa
adaactttaccggagaagaaattaaatatatgetatggetatcageagatoctgaaatttaggataaaa
cagasaggagagtatttgectttattgeaagggaagtcottaggeatgatttttgagaaaagaagtac
tecgaacaagattgtectacagaaacaggetttgeacttectgggaggacateottgttttottaccacac
aagatattcatttgggtgtgaatgaaagtctcacggacacggeccgtgtattgtetageatyggcagat
geagtattyggctegagtgtataaacaatcagatttggacacectggetaaagaageatceateocaat
tatcaatgggctgteagatttgtaccatectatecagateoctggetgattacctecacgotocaggaac
actatagctctctgaasaggtettacecctecagetyggateggggatgggaacaatatoctgeactecate
atgatgagcegeagcegaaaticggaatgecacctteaggcagetactecaaagyggttatgagoeggatyge
tagtgtaaccaagtiggeagageagtatgecaaagagaatggtaccaagetgttgetgacaaatgate
cattggaagcagegecatggaggeaatgtattaattacagacactitggataageatgggacaagaagag
gagaagaaaaageggcelccaggetttecaaggttaccaggttacaatgaagactgectasagttgetge
ctetgactggacatttttacactgettgeccagaaagecagaagaagtygatgatgaagtottttatt
cteoctegatcactagtgtticeragagyragaaaacagaaagtggacaatcatggetgteatggtgtec
ctgctgacagattactecacctcagetccagaagectaaattttga (8EQ ID NO: 2)
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The following amino acid sequence (SEQ ID NO: 3) shows the human wildtype ornithine
transcarbamylase (OTC) as annotated under NCBI Reference Sequence NM_000531.5 (the
signal peptide for mitochondrial import is underlined)

MLEFNLRILLNNAAFRNGHNFMVRNFRCGOPLONEVOLKGRDLLTLENFTGEEIKYMLWLSADLEFRIK
QKGEYLPLLOGESLGMIFERKRSTRTRLSTETGFALLGGHPCFLTTODIHLGVNESLTDTARVLSSMAD
AVLARVYROSDLDTLAKEASIPLINGLSDLYRPIQILADYLTLOEHY SSLKGLTLSWIGDGNNILEST
MMSAARFGMHELOAATPRGYEPDASVIRKLAEQYAKENGTRLLLTNDPLEAAHGGNVLITDTWISMGQER
ERKKKRLOAFOGYOVIMEKTAKVAARSDWT FLHCLPREKPEEVDDEVFYSPRELVFPEAENRKWTIMAVMVS
LLTDYSPQLOKPRE (SEQ ID NO: 3}

The following polyribonucleotide {e.g., RNA) sequence (SEQ ID NO: 4) encodes wildtype
human ornithine transcarbamylase (OTC) but is codon-optimized (the signal peptide for
mitochondrial import is underlined)

AUGCUGUUCAACCUGCGEAUCCUGCUGARACAACGCCGCCUUCCGEAACGECCACRAACUUCAUGEUGCE
CAACUUCAGRUGCEGCCAGCCCCUGCAGAACAAGGUGCAGCUGAAGEGCAGGGACCUGCUGACCCUGA
AGARACUUCACCGGCGARAGAGAUCAAGUACAUGCUGUGECUGAGCGLCGACCUGARGUUCCGGAUCAAG
CAGAAGGGCGAGUACCUGCCCCUGCUGCAGGGCAAGUCUCUGGGCAUGAUCUUCGAGAAGCGGAGCAL
CCGGACCCGGCUGUCUACCGAGACAGGAUUUGCCLUGCUGGGCGGUCACCCUUGCUUUCUGACCACCC
AGGAUAUCCACCUGGGCGUGAACGAGAGCCUGACCGACACAGCCAGAGUGCUGAGCAGCAUGGCCGAU
GCCGUGCUGGCCAGAGUGUACAAGCAGAGCGACCUGGACACCCUGGLCARAGAGGCCAGCAUCCCCAU
CAUCAACGGCCUGUCCGACCUGUACCACCCCAUCCAGAUCCUGGCCCGACUACCUGACCCUGCAGGAAC
ACUACAGCUCCCUGAAGGGCCUGACACUGAGCUGGAUCGGLCGACGGCAACAACAUCCUGCACUCUAUC
AUGAUGAGCGLCGCCAAGUUCGGECAUGCAUCUGCAGGCCGCCACCCCCAAGGGLUAUGAGCCUGAUGC
CAGCGUGACCAAGCUGGCCGAGCAGUACGCCAARGAGAACGGCACCAAGCUGCUGCUGACCAACGACC
CUCUGGAAGCCGCCCACGGELGGLCAAUGUGCUGAUCACCGAUACCUGGAUCAGCAUGGGCCAGGAAGAL
GAAAAGAAGAAGCGGCUGCAGGCCUUCCAGGGCUACCAAGUGACCAUGAAGACCGCCARAGUGGCCGC
CAGCGACUGGACCUUCCUGCACUGCCUGCCCAGARAGCCCGAAGAGGUGGACGACGAGGUGUUCUACA
GCCCCCGEUCCCUGGUGUUUCCCGAGGCUGAGAACCGGAAGUGGACCAUCAUGGCUGUGAUGGUGUCU
CUGCUGACCGACUACUCCCCCCAGCUGCAGAAGCCCAAGUUCUGA (SEQ ID NO: 4)

The following nucleotide (e.g., DNA) sequence (SEQ ID NO: 5) encodes wildtype human
ornithine transcarbamylase (OTC) but is codon-optimized (the signal peptide for
mitochondrial import is underlined)

ATGCTGTTCAACCTGCGGATCCTGUTGAACAACGCCGLCTTCCGGAACGGCCACARCTTCATGETECG
CAACTTCAGATGCGGCCAGCCCCTCCAGAACAAGGT GCAGCTGAAGGGCAGGGACCTGCTGACCCTGA
AGAARCTTCACCGGCCGAAGAGATCAAGTACATGUCTGTGLECTGAGCGCCGACCTGAAGTTCCGGATCAAG
CAGAAGGGCGAGTACCTGCCCCTGUTGCAGGGCAAGT CTUCTGEGCATGATCTTCGAGAAGCGRAGCAL
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CCGGACCCGGUTETCTACCCGAGACAGGATTTGCCCTGCTGGEECGECCACCCTTGCTTTCTGACCALCE
AGGATATCCACCTGGGCETGARCCGAGAGCLUTGACCGACACAGCCAGAGTGCTGAGCAGCATGGUCGAT
GLCGTGCTGECCAGAGTCTACAAGCAGAGCGACCTGGACACCCTGGUCARAGAGGCCAGCAT CCCCAT
CATCAACGGCCTGTCCGACCTGTACCACCCCATCCAGATCCTGGUCGACTACCTGACCCTGCAGGAAC
ACTACAGUTCCCTGAAGGGCCTEACACTGAGCTGCATCGGCGACGGCARCAACATCCTGCACTCTATC
ATGATGAGCGCCGCCAAGTTCGGCATGCATCTGCAGECCECCACCCCCARGEEUTATGAGCCTGATGEC
CAGCGTGACCAAGCTGGCCGAGCAGTACGCCAARGAGAACGGCACCAAGUTGUTGCTGACCAACGACT
CTCTGGRAAGCCGCCCACGGCGGCAATGTGCTGATCACCGATACCTGGATCAGCATGLGCCAGGARAGAD
GAARAGARGAAGCGGCTGCAGGCCTTCCAGGEUTACCAAGT GACCAT GAAGACCBCCARAGTGGCCGT
CAGCGACTGGACCTTCCTGCACTGCCTGCCCAGARAGCCCGAAGAGG TGGACGACGAGGTETTCTACA
GCCCCCEETICCCTGETGTTTCCCEAGGCUGAGAACCGEAAGTGGACCATCATGGC TS TEATGETETCT
CTGCTGACCGACTACTCCCCCCAGCTGCAGRAGCCCAAGTTCTGA (SEQ ID NO: 5)

2, Promoter sequences

The following polyribonucleotide (e.g., RNA) sequence (SEQ ID NO: 6) corresponds to a T7

promoter sequence. The underlined G denotes the transcription start site,
1 UARUACGACU CACUAUAG GGAGA(SEQ ID NO: 6)

The following polyribonucleotide (e.g., RNA) sequence (SEQ ID NO: 7) corresponds to a T3

promoter sequence. The underlined G denotes the transcription start site.
1 AAUUAACCCU CACUARAG GGAGA(SEQ ID NO: 7)

The following polyribonucleotide (e.g., RNA) sequence (SEQ ID NO: 8) corresponds to a
SP6 promoter sequence. The underlined G denotes the transcription start site.
1 AUUUAGGUGA CACUAUAG AAG({SEQ ID NO: 8)

The following polyribonucleotide (e.g., RNA) sequence (SEQ ID NO: 9) corresponds to a
K11 promoter sequence. The underlined G denotes the transcription start site.
1 AAUUAGGGCA CACUAUAGGG A (SEQ ID NO: 9)

3. UTR sequences
The following polyribonucleotide (e.g., RNA) sequence (SEQ ID NO: 10) corresponds to a 5°

UTR referred to as Minimal (with the 3’ part of the T7 promoter sequence).
1 GGGAGACGCC ACC (SEQ ID NO: 10)

The following polyribonucleotide (e.g., RNA) sequence (SEQ ID NO: 11)

corresponds o a 5° UTR referred to as Minimal.
1 CGCCACC (SEQ ID WNO: 11}
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The following polyribonucleotide (e.g., RNA) sequence (SEQ ID NO: 12) corresponds to a 5’
UTR referred to as hAg, a 5° UTR derived from human alpha globin (with the 3” part of the

T7 promoter sequence).
1 GGEGAGACUCU UCUGGUCCCC ACAGACUCAG AGAGAACGCC ACC (SEQ ID NO:
12}

The following polyribonucleotide (e.g., RNA) sequence (SEQ ID NO: 13)
corresponds to a 5° UTR referred to as hAg, a 5° UTR derived from human alpha globin,

without promoter sequence.
1 CUCUUCUGGUC CCCACAGACU CAGAGAGAAC GCCACC (SEQ ID NO: 13)

The following polyribonucleotide (e.g., RNA) sequence (SEQ ID NO: 14} corresponds to a 5°
UTR referrcd to as TISU (with the 3° part of the T7 promoter sequence).
1 GGGAGACGCC AAG (SEQ ID NO: 14)

The following polyribonucleotide (e.g., RNA) sequence (SEQ ID NO; 15)
corresponds to a 5’ UTR referred to as TISU, without promoter sequence.
1 GCCRAG (SEQ ID NO: 15)

The following polyribonucleotide {e.g., RNA) sequence (SEQ ID NO: 16) corresponds to a 57

UTR referred to as TISU+T (with the 3° part of the T7 promoter sequence).
1 GGGAGACUGC CBAG (SEQ ID NO: 16)

The following polyribonucleotide (e.g., RNA) sequence (SEQ ID NO: 17}
corresponds to a 5° UTR referred to as TISU+T, without promoter sequence,
1 CUGCCARAG (SEQ ID NO: 17)

The following polyribonucleotide {e.g., RNA) sequence (SEQ ID NO: 18) corresponds to a 5°
UTR referred to as CYBA 5" UTR, without promoter sequence.

1 C CGCGUCUAGC AGUGUCCCAG CCGGGUUCGEU GUCGCCGCCA CC (SEQ ID
NO: 18)

The following polyribonucleotide {e.g., RNA}) sequence (SEQ ID NO: 19) corresponds to a 3’
UTR referred to as CYBA 3" UTR.
1 CCUCGCCCCG GACCUGCCCU CCCGCCAGGU GCACCCACCU GCAAUABAUG
51 CAGCGAAGCC GGGA (SEQ ID NO: 19)

The following polyribonucleotide (e.g., RNA) sequence (SEQ ID NO: 20) corresponds to a 5°
UTR referred to as CYBA 5’ UTR, with the 3” part of the T7 promoter sequence.

1 GGGAGACCGC GCCUAGCAGU GUCCCAGCCG GGUUCGUGUC GCCGCCACC (SEQ
ID NO: 20)

4. Specific constructs (UTRs + coding sequences)
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The following sequence (SEQ ID NO: 21) corresponds to 2 polyribonucleotide (e.g.,
RNA) sequence comprising Minimal UTR (SEQ ID NO: 10) and human wildtype OTC (SEQ
ID NO: 1).

GGGAGACGCCACCAUGCUGUUUAAUCUGAGGAUCCUGUUARACAAUGCAGCUUTUAGARAUGGUCACA
ACUUCAUGGUUCGAARUUUUCGGUGUGGACAACCACUACARAAUARAGUGCAGCUGRAGGGCCGUGAC
CUUCUCACUCUAAAAAACUUUACCGGAGAAGAAAUUARAVAUATUGCUAUGGCUAUCAGCAGAUCUGAA
AUUUAGGAUARAACAGARAGGAGAGUAUUUGCCUUUAUUGCAAGGGAAGUCCUUAGGCAUGAUTUUUG
AGAARAGAAGUACUCGAACAAGAUUGUCUACAGAAACAGGCUUUGCACUUCUGGGAGGACATCCUTGU
UUUCUUACCACACAAGAUATUCAUUUGGGUGUGARAUGAAAGUCUCACGGACACGGCCCGUGTADUGUC
UAGCAUGGCAGAUGCAGUAUUGGCUCGAGUGUAUAAACAAUCAGAUUUGGACACCCUGGCUAAAGAAG
CAUCCAUCCCAAUUAUCAAUGGGCUGUCAGAUUUGUACCAUCCUAUCCAGAUCCUGGCUGAUUACCUC
ACGCUCCAGGAACACUAUAGCUCUCUGARAGGUCUUACCCUCAGCUGGAUCGGEGAUGGGAACARUAU
CCUGCACUCCAUCAUGAUGAGCGCAGCGARAUUCGGAAUGCACCUUCAGGCAGCUACUCCARAGEEUY
AUGAGCCGGAUGCUAGUGUAACCAAGUUGGCAGAGCAGUAUGLCARAGAGALUGGUACCARAGCUGUUG
CUGACAAAUGAUCCAUUGGAAGCAGCGCAUGGAGGCAAUGUAUUAAUUACAGACACUUGGAUAAGCAU
GGGACAAGARGAGGAGAAGARABAGCGGCUCCAGGCUUUCCAAGGUUACCAGGUUACRAUGRAGACUG
CURAAGUUGCUGCCUCUGACUGGACAUUUUUACACUGCUUGCCCAGARAGCCAGRAGAAGUGGAUGAU
GAAGUCUUUUAUUCUCCUCGAUCACUAGUGUUCCCAGAGGLAGARARACAGAAAGUGGACAAUCAUGEC
UGUCAUGGUGUCCCUGCUGACAGAUUACUCACCUCAGCUCCAGARGCCUARRTUUUGA (SEQ ID
NO: Z1)

The following sequence (SEQ ID NO: 22) corresponds to a polyribonucleotide (e.g.,
RNA) sequence comprising human alpha globin UTR (SEQ ID NO: 12) and human wildtype
OTC (SEQ ID NO: 1),

GGGAGACUCUUCUGGUCCCCACAGACUCAGAGAGRACGCCACCAUGCUGUUUAAUCUGAGGAUCCUGUY
UARACAAUGCAGCUUUUAGAAAUGGUCACAACUUCAUGEUUCGARARUUUUCGGUGUGGACAACCACUA
CRAARAUAARAGUGCAGCUGAAGGGCCEUGACCUUCUCACUCUARAARACUUUACCGGAGARGARAATUAR
AUAUAUGCUAUGGCUAUCAGCAGAUCUGAARUUUAGGAUAAAACAGARAGGAGAGUADTUUGCCUUTAU
UGCAAGGGAAGUCCUUAGGCAUGAUUUUUGAGAAAAGAAGUACUCGAACAAGAUUGUCUACAGAAACA
GGCUUUGCACUUCUGGGAGGACAUCCUUGUUUUCUUACCACACARGATAUUCATUUGGGUGUSRAUGA
BAGUCUCACGGACACGGCCCGUGUAUUGUCUAGCAUGGCAGAUGCAGUATUGGCUCGAGUGUAURAAL
AAUCAGAUUUGGACACCCUGGCUARAGAAGCAUCCAUCCCAAUUAUCAAUGGECUGUCAGRUUUGUAD
CAUCCUAUCCAGAUCCUGGCUGAUUACCUCACGCUCCAGGAACACUAUAGCUCUCUGAAAGGUCUUAC
CCUCAGCUGGAUCGEGGAUGEEAACAAUAUCCUGCACUCCAUCAUGAUGAGCGCAGCGAAATUCGGAA
UGCACCUUCAGGCAGCUACUCCAAAGGGUUAUGAGCCGGAUGCUAGUGUAACCAAGUUGGCAGAGCAC
UAUGCCAAAGAGAAUGGUACCAAGCUGUUGCUGACAAAUGAUCCAUUGGAAGCAGCGCAUGGAGGCAA
UGUAUUAAUUACAGACACUUGCGAUAAGCAUGGGACAAGAAGAGGAGAAGAAAAAGCGGCUCCAGGLUU
UCCAAGGUUACCAGGUUACAAUGAAGACUGCUAAAGUUGCUGCCUCUGACUGGACAUUUUUACACUGT
UUGCCCAGAAAGUCAGAAGAAGUGGAUGAUGAAGUCUUUUATUCUCCUCGAUCACUAGUGUUCCCAGA
GGCAGARAACAGAAAGUGGACAAUCAUGGCUGUCAUGGUGUCCCUGCUGACAGAUUACUCACCUCAGC
UCCAGRAGCCUAAAUUUUGA (SEQ ID NO: 22)

The following sequence (SEQ ID NO: 23} corresponds to a polyribonucleotide (e.g.,
RNA) sequence comprising CYBA 5° UTR (SEQ ID NO: 20), human wildtype OTC (SEQ
ID NO: 1) and CYBA 3’ UTR (SEQ ID NO: 19),
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GGEGAGACCGCGCCUAGCAGUGUCCCAGCCEGGUUCGUGUCGCCGCCACCAUGCUGUUUAAUCUGAGGA
UCCUGUUARACAAUGCAGCUUUUAGRAAUGGUCACAACUUCAUGGUUCGARADUUUCGGUGUGGACAA
CCACUACARARUARAGUGCAGCUGARAGEGCCEUGACCUUCUCACUCUAAARABACUUUACCGGAGARGA
ABRUUABAUAUAUGCUAUGGCUAUCAGCAGAUCUGARAUUUAGCGAUARARCAGAARMGGAGAGUATUUGC
CUUUAUUGCAAGGGAAGUCCUUAGGCAUGAUUUUUGAGAAAAGAAGUACUCGARCARGAUUGUCUACA
GAAACAGGCUUUGCACUUCUGGGAGGACAUCCUUGUUUUCUUACCACACARGAUAUUCAUUUGEGUGT
GAAUGAAAGUCUCACGGACACGGECCCEUGUAUUGUCUAGCAUGGCAGAUGCAGUAUUGECUCGAGUGU
AUARACAAUCAGAUUUGGACACCCUGGCUARAAGAAGCAUCCAUCCCAAUUAUCAAUGGGCUGUCAGAT
UUGUACCAUCCUAUCCAGAUCCUGGCUGAUUACCUCACGCUCCAGGAACACUAVAGCUCUCUGAARGG
UCUUACCCUCAGCUGGAUCEGEGAUGGGAACARUAUCCUGCACUCCAUCAUGAUGAGCGCAGCGARAD
UCGGAAUGCACCUUCAGGCAGCUACUCCAAAGGGUUAUGAGCCGGAUGCUAGUGUARACCARAGUUGGECA
GAGCAGUAUGCCAAAGAGAAUGGUACCAAGCUGUUGCUGACALATUGAUCCAUUGGRAAGCAGCGCAUGE
AGGCAAUGUAUUAAUUACAGACACUUGGAUAAGCAUGGGACAAGRAGAGLEAGAAGAAARAGCGGCUCT
BAGGCUUUCCAAGGUUACCAGGUUACAAUGARAGACUGCUARAGUUGCUGCCUCUGACUGGACADUUTUA
CACUGCUUGCCCAGARAGUCAGAAGARGUGGAUGAUGARGUCUUUUAUUCUCCUCGAUCACUAGUGUD
CCCAGAGGCAGAARACAGAAAGUGGACAAUCAUGGCUGUCAUGGUGUCCCUGCUGACAGAUUACUCAC
CUCAGCUCCAGAAGCCUAAAUTUUGACCUCGCCCCEGACCUGCCCUCCCGCCAGGUGCACCCACCUGC
BAURAARUGCAGCGAAGCCGGGA (SEQ ID NO: 23)

The following sequence (SEQ ID NO: 24) corresponds to a polyribonucleotide (e.g.,
RNA) sequence comprising Minimal UTR (SEQ ID NO: 10) and human codon-optimized
OTC (SEQ ID NO: 4).

GGGAGACGCCACCAUGCUGUUCAACCUGCGGAUCCUGCUGAACAACGCCECCUUCCGGARACGGCCACA
ACUUCAUGGUGCGCAACUUCAGAUGCGGCCAGCCCCUGCAGRACARAGGUGCAGCUGARGGGCAGGGAC
CUGCUGACCCUGAAGAACUUCACCGGLGARGAGAUCAAGUACAUGCUGUGGCUGAGCGCCGACCUGAA
GUUCCGGAUCAAGCAGAAGGGCGAGUACCUGCCCCUGCUGCAGGGCAAGUCUCUGEGCAUGAUCTUCE
AGAAGCGGAGCACCCGGACCCGGECUGUCUACCGAGACAGGATUTUGCCCUGCUGGEGCGEGCCACCCUUGC
DUUCUGACCACCCAGGAUAUCCACCUGGGCGUGAACGAGAGCCUGACCGACACAGCCAGAGUGCUGAG
CAGCAUGGCCGAUGCCEUGCUGGCCAGAGUGUACAAGCAGAGCEACCUGGACALCCUGGCCARAGAGE
CCAGCAUCCCCAUCAUCAACGGCCUGUCCGACCUGUACCACCCCAUCCAGATCCUGGLCGACUACCUG
ACCCUGCAGGAACACUACAGCUCCCUGAAGGGUCUGACACUGAGCUGGAUCGECGACGECAACAACALU
CCUGCACUCUAUCAUGAUGAGCGCCGCCARGUUCGGECAUGCAUCUGCAGGCCGLCACCLCCCAAGGGCY
AUGAGCCUGAUGCCAGCEUGACCARGCUGGCCGAGCAGUACGCCARAAGAGAACGGCACCAAGCUGCUG
CUGACCARACGACCCUCUGGAAGCCGCCCACGECGECARUGUGCUGAUCACCGATACCUGGAUCAGCAU
GGGCCAGGAAGAGGAARAGAAGRAGCGGCUGLAGGCCUUCCAGGGCUACCAAGUGACCAUGAAGACCG
CCAAAGUGGCCGCCAGCGACUGGACCUUCCUGCACUGCCUGCCCAGARAGCCCGAAGAGGUGGACGAC
GAGGUGUUCUACAGCCCCCGGUCCCUGGUGUUUCCCGAGGCCGAGRACCGEAAGUGGACCAUCAUGGC
UGUGAUGEUGUCUCUGCUGACCGACUACUCCCCCCAGCUGCAGAAGCCCAAGUUCUGA (SBEQ ID
NO: 24)

The following sequence (SEQ ID NO: 25) corresponds to a polyribonucleotide (e.g.,
RNA) sequence comprising human alpha globin UTR (SEQ ID NO: 12) and human codon-
optimized OTC (SEQ ID NO: 4),

GGGAGACUCUUCUGGUCCCCACAGACUCAGAGAGAACGCCACCAUGCUGUUCAACCUGCEGGAUCCUGC
UGAACAACGCCGCCUUCCGEAACGGCCACAACUUCAUGGUGCECAACUUCAGAUGCGGCCAGCCCCUG
CAGAACRAGGUGCAGCUGAAGGGCAGGGACCUGCUGACCCUGAAGAACUUCACCGGCGAAGAGAUCAR
GUACAUGCUGUGGCUGAGCGCCGACCUGAAGUUCCGGAUCAAGCAGARGGECHAGUACCUGCCCCUGT
UGCAGGGCARGUCUCUGGGCAUGAUCUUCGAGAAGCGGAGCACCCGGACCCGECUGUCUACCGAGACA
GGAUUUGCCCUGCUGGGCGECCACCCUUGCUNUCUGACCACCCAGGAUAUCCACCUGGGLGUGAACGA
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GAGCCUGACCGACACAGCCAGAGUGCUGAGCAGCAUGGCCGAUGCCGUGLUGGCCAGAGUGUACAAGC
AGAGCGACCUGBACACCCUGGCCARAGAGGCCAGCAUCCCCAUCAUCAACGGCCUGUCCGACCUGUAC
CACCCCAUCCAGAUCCUGGCCGACUACCUGACCCUGCAGGAACACUACAGCUCCCUGRAGGGCCUGAL
ACUGAGCUGGAUCGGCGACGGCAACAACAUCCUGCACUCUAUCAUGAUGAGCGCCGCCAAGUUCEGCA
UGCAUCUGCAGGCCGLCACCCCCAAGGECUAUGAGCCUGATGCCAGCGUGACCAAGCUGGCCGAGCAG
UACGCCAAAGAGARUGGCACCAAGCUGCUGCUGACCAACGACCCCCUGGAAGCLGCCCAUGGLGGCAA
UGUGCUGAUCACCGACACCUGGAUCAGCAUGGGCCAGGAAGAGGAARAGAAGRAGCGGCUGCAGGCCU
UCCAGGGCUACCAAGUGACCAUGAAGACCGCCARAGUGGCCGCCAGCGACUGGACCUUCCUGCACUGT
CUGCCCAGAAAGCCCGAAGAGGUGGACGACGAGGUGUUCTACAGCCCCLGGUCCCUGEUGUUUCCCGA
GGCCGAGAACCGGRAGUGGACCAUCAUGGCUGUGAUGGUGUCHCUGCUGACCGACUACUCCCCCCAGC
UGCAGRAGCCCAAGUUCUGA (SEQ ID NO: 25)

The following sequence (SEQ ID NO: 26) corresponds to a polyribonucleotide (e.g.,
RNA) sequence comprising CYBA 5’ UTR (SEQ ID NO: 20), human codon-optimized OTC
(SEQ ID NO: 4) and CYBA 3° UTR (SEQ ID NO: 19).

GGGAGACcgcgecuagcagugueocageeggguucguguegeeGCCACCAUGCUGUUCARCCUGCGGA
UCCUGCUGAACAARCGCCGCCUUCCGEAALGGCCACARACUUCAUGGUGCGCAACUUCAGAUGCGGLCAG
CCCCUGCAGRACAAGGUGCAGCUGRAGGGCAGGGACCUGCUGACCCUGAAGARCUUCACCGGCGAAGA
GAUCAAGUACAUGCUGUGGCUGAGCECCGACCUGAAGUUCCGGAUCRAGCAGRAGGGUGAGUACCUGT
CCCUGCUGCAGGGCAAGUCUCUGGGCAUGAUCUUCGAGAAGCGGAGCACCCGRACCCEGCUSUCHACT
GAGACAGGAUUUGCCCUGCUGEGCGECCACCCUUGCUUUCUGACCACCCAGGAUAUCCACCUGGECGU
GAACGAGAGCCUGACCGACACAGCCAGAGUGCUGAGCAGCAUGGCCGAUGCCGUGCUGGCCAGAGUGT
ACAAGCAGAGCGACCUGGACACCCUGGCCARAAGAGGCCAGCAUCCCCAUCAUCAACGGCCUGUCTGAL
CUGUACCACCCCAUCCAGAUCCUGGECCCACUACCUGACCCUGCAGGARCACUACAGCUCCCUGAAGGE
CCUGACACUGAGCUGGAUCGGCGACGGCAACAACAUCCUGCACUCUAUCAUGAUGRAGCGCCGCCAAGY
UCGGCAUGCAUCUGCAGGCCGCCACCCCCAAGGGLUAUGAGCCUGAUGCCAGCGUGACCAAGCUGGECT
GAGCAGUACGCCAAAGAGAACGGCACCAAGCUGCUGCUGACCAACGACCCUCUGGAAGCCGCCCACGE
CGGCAAUGUGCUGAUCACCGAUACCUGGAUCAGCAUGGGECCAGGAAGAGGRAAAAGARGAAGCGGCUGC
AGGCCUUCCAGGGCUACCAAGUGACCAUGAAGACCGCCARAGUGGCCGCCAGCGACUGGACCUUCCUG
CACUGCCUGCCCAGAAAGCCCGAAGAGGUGGACGACGAGGUGUUCUACAGCCCCCGGUCCCUGGUGUY
UCCCGAGGCCOAGRACCGGAAGUGGACCAUCAUGGCUGUGAUGEUGUCUCUGCUGACCGACUACUCCT
CCCAGCUGCAGAAGUCCAAGUUCUGACCUCYCCCCOgacCUgeCCuUcCCgeCcagguygraccoaccuygs
aalUaaaugcagcgaagecggga (SEQ ID NO: 26)

The following sequence (SEQ ID NO: 27) corresponds to a polyribonucleotide (e.g.,
RNA) sequence comprising a TISU + T element (SEQ ID NO: 16) and human codon-
optimized OTC (SEQ ID NQ: 4).

GGGAGACUGCCAAGAUGCUGUUCAACCUGCGGAUCCUGCUGAACRACGCCGCCUUCCGGAACGGCCAC
AACUUCAUGEUGCGCAACUUCAGRAUGCEGECCAGCCCCUGCAGRACAAGGUGCAGCUGAAGGGCAGGGA
CCUGCUGACCCUGAAGRACUUCACCGGCGAAGAGAUCARGUACAUGCUGUGGCUGAGCGLCGACCUGA
AGUUCCGGAUCAAGCAGAAGGGCGAGUACCUGCCCCUGCUGCAGGGCAAGTCUCUGGHCADGAUCTUC
GAGAAGCGEGAGCACCCGGACCCEGCUGUCUACCGAGACAGGAUUUGCCCUGCUGGHCGGCCACCCUUG
CUUUCUGACCACCCAGGAUAUCCACCUGGGCGUGAACGAGAGCCUGACCGACACAGCCAGAGUGCUGA
GCAGCAUGGCCGAUGCCGUGCUGGCCAGAGUGUACAAGCAGAGCGACCUGCACACCCUGGCCARRGAG
GCCAGCAUCCCCAUCAUCAACGGCCUGUCCGACCUGUACCACCCCAUCCAGAUCCUGGCCGACUACCU
GACCCUGCAGGAACACUACAGCUCCCUGAAGGGCCUGACACUGAGLCUGGAUCGGCGACGGCAACAACA
UCCUGCACUCUAUCAUGAUGAGCGCCGUCAAGUUCGGCAUGCAUCUGCAGGCCGLCACCCCCAAGEGT
UAUGAGCCUGAUGCCAGCGUGACCARGCUGGCCGAGCAGUACGCCARAGAGARACGGCACCAAGCUGCU
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GCUGACCAACGACCCUCUGGAAGCCGCCCACGGCGECAAIGUGCUGAUCACCGAUACCUGGAUCAGCA
UGGGCCAGGAAGAGGAARRGABGARAGCGGCUGCAGGCCUUCCAGGGCUACCARGUGACCAUGAAGACT
GCCAARAGUGGCCGCCAGCCACUGCGACCUUCCUGCACUGCCUGCCCAGARAGCUCGAAGAGGUGGACGA
CEAGGUGUUCUACAGCCCCCGRUCCCUGRUGUUUCCCGAGGCCGAGAACCEGAAGUGGACCAUCAUGE
CUGUGAUGGUGUCUCUGCUGACCGACTUACUCCCCCCAGCUGCAGRAGCCCAAGUUCUGA (5EQ ID
NC: 27)

5. Further UTR sequences

The following polyribonucleotide (e.g., RNA) sequence (SEQ ID NO: 28)
corresponds to a 5° UTR derived from a-globin 5° UTR, referred to as HBA2 (NM_000517.4)

with the transcription start site at position 30.
1 cauaaacccu ggcocgogoucy cgogocggea Cucuucuggu Ccoccacagac

51 ucagagagaa cccacc (SEQ ID NO: 28)

The following polyribonucleotide (e.g., RNA) sequence (SEQ ID NO: 29)
corresponds to a 5 UTR derived from a-globin 5° UTR, referred to as ETH.
1 © ucuucugguc cccacagacu cagagagaac gccacc (SEQ ID NO: 28)

The following polyribonucleotide (e.g., RNA) sequence (SEQ ID NO: 30) corresponds to

hGH 3’ UTR, as disclosed in WO 2012/170930.
1 CGGGUGGCAU CCCUGUGACC CCUCCCCAGU GCCUCUCCUG GCCCUGGAAG

51 UUGCCACUCC AGUGCCCACC AGCCUUGUCC UAAUAARAUU AAGUUGCAUC (SEQ
ID NO: 30)

6. Specific constructs (Promotor + UTRs + coding sequences)

The following seguence (SEQ ID NO: 31) corresponds to a polynucleotide (e.g.,
DNA) sequence comprising the T7 promoter and the human wildtype OTC (SEQ ID NO: 1)
together with its natural 5° and 3* UTR. The start and stop codon is underlined.

TAATACGACTCACTATAGGGAGACAGCGGTGGAGCTTGECATAAAGTTCAAATGCTCCTACAL
CCTGCCCTGCAGTATCTCTAACCAGGEGACTTTGATRAAGGAAGCTGAAGGGTGATATTACCTTTGCTC
CCTCACTGCAACTGAACACATTTCTTAGTTITTAGGTGGCCCCCGLTGGCTAACTTGCTGTGGAGTTT
TCAAGGGCATAGAATCGTCCTTTACACARTTARAAGARGATGCTGTTTAATCTGAGGATCCTGTTARA
CRATGCAGCTTTTAGRAATGGTCACARACTTCATGGTTCGARATTTITCGGETGTGGACAACCACTACARS
ATARAGTGCAGCTGAAGGGCCGTGACCTTCTCACTCTARAARMACTTTACCGGAGAAGARATTARATAT
ATGCTATGGCTATCAGCAGATCTGAAATTTAGGATAARACAGAAAGGAGAGTATTTGCCTTTATTGCA
AGGGAAGTCCTTAGGCATGATTTTTGAGAAAAGRACTACTCGAACAAGATTGTCTACAGAAACAGGET
TTGCACTTCTIGGGAGGACATCCTTGTTTITCTTACCACACAAGATATTCATTTGGGTGTGCAATGAAAGT
CTCACGGACACGGCCCETGTATTGTCTAGCATGGCAGATGCAGTATTGOCTCGAGTGTATAAACAATC
AGATTTGGACACCCTGGCTAARGAAGCATCCATCCCAATTATCAATGGGCTGTCAGATTTGTACCATC
CTATCCAGATCCTGECTGATTACCTCACGCTCCAGGAACACTATAGCTCTCTGAAAGGTCTTACCCTC
AGCTGGATCGGGGATGGGARCAATATCCTGCACTCCATCATGATGAGCGCAGCGAAATTCGGAATGCA
CCTTCAGGCAGCTACTCCAAAGGGTTATGAGCCGEATGCTAGTGTAACCAAGTTGGCAGAGCAGTATG
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CCARRGAGAATGGTACCAAGCTGITGCTCGACARATGATCCATTCGAAGCAGCGCATGGAGGCAATGTA
TTAATTACAGACACTTGCGATAAGCATGGGACAAGAAGAGGAGAAGRARARAGCGGCTCCAGGCTTTCCA
AGGTTACCAGGTTACAATGAAGACTGCTARAGTTGCTGCCTCTGACTGGACATTTTTACACTECTTEC
CCAGARAGCCAGAAGAAGTGEATGATGAAGTCTTTTATTCTCCTCGATCACTAGTGTTCCCAGAGGCA
GAAAACAGAARGCTGGACAATCATGGCTGTCATGEGTGTCCCTGCTGACAGATTACTCACCTCAGCTCCA
GAAGCCTARATTTITCGATGTTETGI TACTTGTCAAGARAGRAGCARTGTTCTTCAGTAACAGAATGAGT
TGETTTATGGGGAARAGAGRAGRGCAATCTABARDATARACARATCCCTARCACGTGCTATGGETGAAL
CGTATGATATGCTTTGCCATTGTGAAACTTTCCTTAAGCCTITAATTTAAGTGCTGATGCACTGTAAT
ACGTGCTTAACTTTGCTTAAACTCTCTAATTCCCARTTICTGAGTTACATTTAGATATCATATTAATT
ATCATATACATTTACTTCAACATAARATACTGTGTTCATAATGTATAATGTCTAAGCCATTARGTGTA
ATCTATGCTTATTACCTAAATAAATTATCACCCATGCTAATTTA (S8EQ ID NO: 31

The following sequence (SEQ ID NO: 32) corresponds to a polynucleotide (e.g.,
DNA) sequence comprising the T7 promoter, Minimal UTR and human wildtype OTC (SEQ
ID NO: 1). The start and stop codon is underlined.

TAATACGACTCACTATAGGGAGACGCCACCATGCTGTTTAATCTGAGGATCCTGTTARACAATGCAGC
TTTTAGARATGGTCACAACTTCATGGTTCGARATTT TCGGTGTGGACAACCACTACAAAATARAGTGC
AGCTGAAGGGCCGTGACCTTCTCACTCTARAARACTTTACCGGAGRAGARATTAAATATATGCTATGE
CTATCAGCAGATCTGARATTTAGGATAAAACAGARAGGAGAGTATTTGCCTTTATTGCAAGGGAAGTC
CTTAGGCATGATTTTTGAGARAAGAAGTACTCGAACAAGATTGTCTACAGAAACAGGCTTTGCACTTC
TGGGAGGACATCCTTGTTTTCTTACCACACAAGATATTCATT TGGGTGTGAATGAAAGTCTCACGGAC
ACGGCCCGTGTATTGTCTAGCATGGCAGATGCAGTATTGGCTCGAGTGTATAARCAATCAGATTTGGA
CACCCTGGCTARAGAAGCATCCATCCCAATTATCAATGGGCTGTCAGAT TTGTACCATCCTATCCAGA
TCCTGGCTGATTACCTCACGCTCCAGGAACACTATAGCTCTCTGAAAGGTCTTACCCTCAGCTGGATC
GGGGATGGGAACAATATCCTGCACTCCATCATGATGAGCGCAGCGAAATTCGGAATGCACCTTCAGGC
AGCTACTCCAAAGGGTTATGAGCCGGATGCTAGTGTAACCAAGT TGGCAGAGCAGTATGCCARAGAGA
ATGGTACCAAGCTGTTGCTGACAAATGATCCATTGGAAGCAGCGCATGGAGGCAATGTATTAATTACA
GACACTTGGATAAGCATGGGACAAGARGAGGAGAAGARAAAGCGGCTCCAGGCTTTCCAAGGTTACCA
GGTTACAATGAAGACTGCTAAAGTTGCTGCCTCTGACTGGACATTTTTACACTGCTTGCCCAGARAGE
CAGAAGAAGTGGATGATGAAGTCTTTTATTCTCCTCGATCACTAGTGTTCCCAGAGGCAGAAAACAGA
ARGTGGACAATCATGGCTGTCATGGTGTCCCTGCTGACAGATTACTCACCTCAGCTCCAGAAGCCTAR
ATTTTGA (SEQ ID NO:32)

The following sequence (SEQ ID NO: 33) corresponds to a polynuclectide (e.g.,
DNA) sequence comprising the T7 promoter, human alpha globin UTR and human wildtype
OTC (SEQ ID NO: 1). The start and stop codon is underlined.

TAATACGACTCACTATAGGGAGACTCTTCTGGTCCCCACAGACTCAGAGAGAACGCCACCATG
CTGTTTAATCTGAGGATCUTGTITARACAATCCAGCTTT TAGARATGGTCACAACTTCATGGTTCGARA
ITTTCGCTGTGCACAACCACTACAARATARAGTGCAGCTGAAGGGCCGTGACCTTCTCACTCTARDAR
ACTTTACCGGAGRAGARATTAAATATATGCTATGGUTATCAGCAGATCT GAAATTTAGGATARARACAG
ABAGGAGAGTATTIGCCTTTATTGCRAAGGGAAGTCCTTAGGCATGATTT TTGAGAAAAGARGTACTCG
BACARGATTGTCTACAGAAACAGGCTTTGCACTTCTGGGAGGACATCCTTIGTTTTCTTACCACACARG
ATATTCATTTGGCTGTGAATGAARGTCTCACGCACACGECCCGTGTATTGTCTAGCATGGCAGATGCA
GTATTGGCTCGAGTGTATAAACBATCAGATTITGCGACACCCTGGCTAAAGARGCATCCATCCCAATTAT
CAATGGGCTGTCAGATTTGTACCATCCTATCCAGATCCTGGCTGAT TACCT CACGCTCCAGGAACACT
ATAGCTCTCTIGAAAGGTCTTACCCTCAGCTGGATCGGEEATGGGAACAATATCCTGCACTCCATCATG
ATGAGCGCAGCGARATTCGGAATGCACCTTCAGGCAGCTACTCCARAAGCETTATGAGCCGGATGCTAG
TGTAACCARGTTGGCAGAGCAGTATGCCARAGAGRATGETACCAAGCTGTITGCTGACARATGATCCAT
TGGAAGCAGCGCATGGAGGCAATGTATTAATTACAGACACTTGGATAAGCATGGGACAAGAAGAGGAG
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ABRGAARRAGCGGCTCCAGGCTTTCCARAGGTTACCAGGTTACAATGAAGACTGCTAAAGTTGCTGLCTC
TGACTGGACATTTTTACACTGCTTGCCCAGARAGCCAGARGAAGTGGATGATGRAAGTCTTTTATTCTC
CTCGATCACTAGTGTTCCCAGAGGCAGARARACAGAAAGTGCACARRTCATGGCTGTICATGETGTICCCTG
CTGACAGATTACTCACCTCAGCTCCAGAAGCCTARATTTITGA (SEQ ID NO:33)

The following sequence (SEQ ID NO: 34) corresponds to a polynucleotide (e.g.,
DNA) sequence comprising the T7 promoter, CYBA 5’ UTR, human wildtype OTC (SEQ ID
NO: 1) and CYBA 3’ UTR. The start and stop codon is underlined.

TAATACGACTCACTATAGGGAGACCECGCCTAGCAGTETCCCAGCCEGETTCETGTCECCGCCACCAT
GCTGTTTAATCTGAGGATCCTGTTAARCAATGCAGCTTTTAGAAAT GGTCACAACTTCATGGTITCGAA
ATTTTCGGTGTGGACAARCCACTACAARATAAAGTGCAGUTGAAGGGCCGTGACCTTCTCACTCTARAR
ARCTTTACCCGAGAAGABATTAAATATATGCTATGGCTATCAGCAGATCTGARATTTAGGATAARACA
GAAAGGAGAGTATTTGCCTTTATTGCAAGGGAAGTCCTTAGGCATGATTTTTGAGARARGAAGTACTC
GARCARGATTGTCTACAGAARCAGGECTTIGCACTTCTGGGAGCGACATCCTTGTITTCTTACCACACARA
GATATTCATTTGGGTGTGAATGARAAGTCTCACGGACACGECCCOETETATTGTCTAGCATGGCAGATGC
AGTATTGGECTCGAGTGTATAARCARTCAGATTTGGACACCCTGGCTAAAGARGCATCCATCCCAATTA
TCARTGGGCTGTCAGATTTGTACCATCCTATCCAGATCCTGGCTGATTACCTCACGCTCCAGGAACAD
TATAGCTCTCTGAAAGGTCTTACCCTCAGCTGGATCHGELGATGEGARCAATAT CCTGCACTCCATCAT
GATGAGCGCAGCGARAATTCGGAATGCACCTTCAGGCAGCTACTCCARAGGGTTATCAGCUGGATGCTA
GTGTAACCAAGTTGGCAGAGCAGTATGCCARAGAGRATGETACCAAGUTGTIGCTGACARATGATCCA
TTGGRAGCAGCGCAT GGAGGCARTGTATTAATTACAGACACT TGLATAAGCAT GGGACAAGAAGAGGA
GAAGRAAAAGCGGCTCCAGGCTTITCCAAGGTTACCAGGTTACAATGAAGACTGCTARAGTTGCTGCCT
CTGACTGGACATTTTTACACTGCTTGCCCAGARAGCCAGRAGRAAGTGCATGATGAAGTCTTTTATTCT
CCTCGATCACTAGTGITCCCAGAGGCAGAARACAGARAGTGGACAATCATGGCTGTCATGGTGTCCCT
GUTGACAGATTACTCACCTCAGCTCCAGAAGCCTAAATTTTGACCTCGLCCCGGACCTGCCCTCCLGE
CAGGTGCACCCACCTGCAATAAATGCAGCGRAGCCEGGA (BEQ ID NO: 34)

The following sequence (SEQ 1D NO: 35) corresponds to a polynucleotide (e.g.,
DNA) sequence comprising the T7 promoter and the human codon optimized OTC (SEQ ID
NO: 4) together with its natural 5° and 3’ UTR. The start and stop codon is underlined.

TARTACGACTCACTATAGGGAGACAGCGGTGGAGCTTGGCATAAAGTTCAARTGCTCCTACACCCTGE
CCTGCAGTATCTCTAACCAGGGEACTTTCGATARGGAAGCTGARGGGTGATATTACCTTTGCTCCCTCA
CTGCAACTGARCACATTTCTTIAGTTTTTAGGTGGCCCCCGCTGGCTAACTTGCTGTGGAGTTTICAAG
GGCATAGAATCGTCCTTTACACAATTAARAGAAGATGCTGTTCAACCTGCGGATCCTGCTGRACAACE
CCGCCTTCCGEAACGGCCACARCTTCATGGTGCGCAACTTCAGATGCGGUCCAGCCCCTGCAGAACAAG
GTGCAGCTGARAGGCCGGGACCTGCTGACCCTGAAGRACTTCACCGGUGAAGAGATCAAGTACATGCT
GTGGECTGAGCGCCGACCTGAAGTTCCGGAT CAAGCAGAAGGGLGAGTACCTGLCCCTGCTGCAGGGAA
AGTCCCTGGGCATGATCTITCGAGARGUGGAGCACCCGEACCCEGCTGTCTACCGAGACAGGATTTGCC
CTGCTGGECGECCACCCTTGCTITTCTGACCACCCAGGATATCCACCTGGECETGAACGAGAGCCTGAC
CGRCACAGCCAGAGTGCTGAGCAGCATGGCCEATGCCLTOCT GGCCAGAGTGTACAAGCAGAGCGACC
TGGACACCCTGGCCARAGAGGCCAGCATCCCCATCATCAACGGLCTETCCGACCTGTACCACCCCATC
CAGATCCTGGCCEACTACCTGACCCTGCAGGARACACTACAGCAGUCTGAAGGGCCTGACACTGAGCTG
GATCGGCGACGGCAACAACATCCTGCACTCTATCATGATGAGCGCCGCCAAGTTCGLCATGCATCTEC
AGGCCGLCACCCCCAAGGGCTATCGAGCCTCGATGCCAGCETGACCAAGCTGGCCGAGCAGTACGCCAAL
GAGAACGGCACCARGCTGCTGCTGACCAACGACCCTCTGGAAGCCGCCCACGGCGGLAATGTGUTGAT
CACCGATACCTGGATCAGCATGGGCCAGGAAGAGGAARAGPAGAAGCGGCTGCAGGCCTTCCAGGGET
ACCARAGTGACCATGAAGACCGCCARAGTGGCCHCCAGCGACTGCACCTTCCTGCACTGCCTGCCCAGA
ARGCCCGAAGAGGTGGACGALGAGGETGITCTACAGCCCCCEETCCCTGETGTTTCCCCAGGUCEAGAR
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CCGGAAGTGGACCATCATGOGUTCGTGATGETGTCTICTGCTGACCGACTACT CCCCCCAGCTGCAGRARD
CCAAGTTCTGATGTTGTGTTACTTGTCAAGARAGARGCAATGTTCTTCAGTAACAGRAATGAGTTGETT
TATGGGGARRACAGARAGAGAATCTAAARAAATARACARATCCCTAACACGTGGETATGGGETGARCCGETAT
GATATGCTTTGCCATIGIGAAACTTTCCTTAAGCCTTTAATTTAAGTGCTGATGCACT GTRAATACGTG
CTTAACTTTGCTTAAACTCTCTAATTCCCAATTTCTGAGTTACATTTAGATATCATATTARTTATCAT
ATACATTTACTTCAACATARAATACTGTGTTCATAATGTATAATGTCTAAGCCATTAAGTGTAATCTA
TGCTTATTACCTAAATAAATTATCACCCATGCTAATITA (SEQ ID NO: 35)

The following sequence (SEQ ID NO: 36) corresponds to a polynucleotide (e.g.,
DNA) sequence comprising the T7 promoter, Minimal UTR and human codon-optimized
OTC (SEQ ID NO: 4). The start and stop codon is underlined.

TAATACGACTCACTATAGGGAGACGCCACCATGCTGTTCAACCTGCGGATCCTGCTGAACAACGCCGT
CTTCCGGARCGGCCACAACTTCATGGTGCGCAACTTCAGATGCGGCCAGCCCCTGCAGAACARGGTGE
AGCTGAAGGGCAGGGACCTGCTGACCCTGAAGAACT TCACCGGCGAAGAGATCAAGTACATGCTGTGE
CTGAGCGCCGACCTGAAGTTCCGGATCAAGCAGARGGGCGAGTACCTGCCCCTGCTGCAGGGCARGTC
TCTGGGCATGATCTTCGAGAAGCGGAGCACCCGGACCCGGCTGTCTACCGAGACAGGATTTGCCCTGC
TGGGCGGCCACCCTTGCTTTCTGACCACCCAGGATATCCACCTGGGCGTGARCGAGAGCCTGACCGAC
ACAGCCAGAGTGCTGAGCAGCATGGCCGATGCCGTGCTGGCCAGAGTGTACAAGCAGAGCGACCTGGA
CACCCTGGCCAAAGAGGCCAGCATCCCCATCATCAACGGCCTGTCCGACCTGTACCACCCCATCCAGA
TCCTGGCCGACTACCTGACCCTGCAGGAACACTACAGCTCCCTGAAGGECCTGACACTGAGCTGGATC
GGCGACGGECAACARCATCCTCCACTCTATCATGATGAGCGCCGCCAAGTTCCCCATGCATCTGCAGGC
CGCCACCCCCARGGGCTATGAGCCTGATGCCAGCGTGACCAAGCTGGCCGAGCAGTACGCCARAGAGA
ACGGCACCAAGCTGCTGCTGACCAACGACCCTCTGGAAGCCGCCCACGGCGECAATGTGCTGATCACT
GATACCTGGATCAGCATGGGCCAGGAAGAGGAARAGAAGAAGCGGCTGCAGGCCTTCCAGGGCTACCA
AGTGACCATGAAGACCGCCARAGTGGCCGCCAGCGACTGGACCTTCCTGCACTGCCTGCCCAGARAGT
CCGAAGAGGTGGACGACGAGGTGTTCTACAGCCCCCGETCCCTGGTGTTTCCCGAGGCCGAGAACCEE
AAGTGGACCATCATGGCTGTGATGGTGTCTCTGCTGACCGACTACTCCCCCCAGCTGCAGAAGCCCAA
GTTCTGA (SEQ ID NO: 36)

The following sequence (SEQ 1D NO: 37) corresponds to a polynucleotide (e.g.,
DNA) sequence comprising the T7 promoter, human alpha globin UTR (SEQ ID NO: 12) and
human codon-optimized OTC (SEQ ID NO: 4). The start and stop codon is underlined.

TAATACGACTCACTATAGGGAGACTCTTCTGGTCCCCACAGACTCAGAGAGAACGCCACCATGCTGTT
CAACCTGCGGATCCTGCTGAACAACGCCGCCTTCCEGAACGGCCACAACTTCATGGTGCGCAACTTCA
GATGCGGCCAGCCCCTGCAGAACAAGGTGCAGCTGAAGGGCAGGGACCTGCTGACCCTGAAGAACTTC
ACCGGLGAAGAGATCAAGTACATGCTGTGECTGAGCGCCGACCTEAAGTTCCGGATCAAGCAGAAGGE
CGAGTACCTGCCCCTGCTGUCAGGCCARGTCTCTGGECATGATCTTCGAGAAGCGGAGCACCCGGACCT
GGCTGICTACCGAGACAGGATTTGCCCTGCTGGGUGECCACCCTTGCTTTCTGACCACCCAGGATATC
CACCTGGGCETGAACGAGAGCCTGACCCACACAGCCAGAGTGCTGAGCAGCATGGCCEATGCCETGCT
GGCCAGAGTGTACAAGCAGAGCGACCTGGACACCCTGECCARAGAGGCCAGCATCCCCATCATCAALG
GCCTGTCCGACCTGTACCACCCCATCCAGATCCTGGCCGACTACCTGACCCTGCAGGARCACTACAGT
TCCCTGAAGGLUCTGACACTGAGCTGEATCGGCGACGECAACAACATCCTGCACTCTATCATGATGAG
CGCCGCCAAGTTCGGUATGCATCTGCAGGCCGCCACCCCCAAGGGCTATGAGCCTGATGCCAGCGTGA
CCARAGCTGGCCGAGCAGTACGCCARAGAGAATGGCACCARGCTGECTGUTGACCAACGACCCCCTGGAR
GCCGCCCATGGCGGECARTGTGCTGATCACCGACACCTGGAT CAGCATGGGCCAGGAAGAGGARDAGARA
GRAGUGGCTGCAGGCCTTCCAGEGCTACCARGTGACCATGARGACCGCCAARGTGGCCGCCAGCGACT
GGACCTTCCTGUACTGCCTGUCCAGARAGCCCGAAGAGGTGGACGACGAGGETGTTCTACAGCCCCCGE
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TCCCTGETETTTCCCGAGGCUGAGAACCEEAAGTGGACCATCATGECTETGATGGTCTCTCTGCTGAC
CGACTACTCCCCCCAGUTGCAGAAGCCCAAGTTCTGA (8EQ ID NO:37)

The following sequence (SEQ ID NO: 38) corresponds to a polynucleotide (e.g.,
DNA) sequence comprising the T7 promoter, CYBA 5° UTR, human codon-optimized OTC
(SEQ ID NO: 4) and CYBA 3’ UTR. The start and stop codon is underlined.

TAATACGACTCACTATAGGGAGACcgcgectageagtgteccageeggyttegtgtegecGCCACCAT
GCTGTTCAACCTGCGGATCCTGCTGAACAACGCCGCCTTCCGGAACGGCCACAACTTCATGGTGCGCA
ACTTCAGATGCGGCCAGCCCCTGCAGAACAAGGTGCAGCTGAAGGGCAGGGACCTGCTGACCCTGAAG
AACTTCACCGGUGAAGAGAT CARGTACATGCTGTGGCTGAGCGCCGACCTGAAGTTCCGGATCAAGCA
GAAGGGCGAGTACCTGCCCCTGCTGCAGGGCARGTCTCTGEGCATGATCTTCGAGAAGCGGAGCACCC
GGACCCGGCTGTCTACCGAGACAGGATTTGCCCTGLTGGGCEGCCACCCTTGCTTTCTGACCACCCAL
GATATCCACCTGGGCETGAACGAGAGCCTGACCGACACAGUCAGAGTGCTGAGCAGCATGGCCGATGC
CETGCTGGCCAGAGTETACAAGCAGAGLGACCTGGACACCCTGGCCARAGRGGCCAGCATCCCCATCA
TCAACGGUCTGTCCGACCTGTACCACCCCATCCAGATCCTGGECCGACTACCTGACCCTGCAGGAACAL
TACAGCTCCCTGAAGGGUCTGACACTGAGCTGGATCGGCGACGGCAACAACATCCTGCACTCTATCAT
GATGAGCGCCGCCAAGTTCGECATGCATCTGCAGGUCGLCACCCCCAAGGCGCTATGAGCCTGATGCCA
GCGTGACCARGCTGGECCGAGCAGTACGCCARAGAGAALCGGCACCAAGCTGCTGCTGACCARACGACCCT
CTGGARAGCCGCCCACGGCGGCAATGTGCTGATCACCCGATACCTEGATCAGCATGLECCAGGAAGAGGA
ARAGARGAAGCGGCTGCAGGCCTTCCAGGGUTACCARGTGACCATGAAGACCGCCARAGTGGCCGLCA
GCGACTGGACCTTCCTGCACTGCCTGCCCAGARAGCCCEARAGAGGT GCACGACGAGGTGTTCTACAGC
CCCCGGTCCCTGETGTTTCCCRAGGCUGAGAACCGGAAGTGGACCATCATGGCTGTGATGETGTCTCT
GCTGACCGACTACTCCCCCCAGLUTGCAGAAGCCCAAGTTCTGAcctegecceygacetgeoecocoge
caggtgcacocacctgeaatasatgcagogaagocggga (SEQ ID NO: 38)

The following sequence (SEQ 1D NO: 39} corresponds to a polynucleotide (e.g.,
DNA) sequence comprising the T7 promoter, a TISU + T element and human codon-
optimized OTC (SEQ ID NO: 4), The start and stop codon is underlined.

TAATACGACTCACTATAGGGAGACTGCCAAGATGCTGTTCAACCTGUGGATCCTGUTGARCARCGCCG
CCTTCCGGARCGGCCACAACTTCATGETGCGCAACTTCAGATGUGGCCAGCCCCTGCAGRACAAGETG
CAGCTGAAGGGECAGCEACCTGCTGACCCTGARAGAACTTCACCGGCGAAGAGAT CARGTACATGLTGTG
GCTGAGCGCCEACCTGAAGTTCCGEATCAAGCAGRAGGGUGAGTACCTGCCCCTGCTGCAGGGCARAGT
CTCTGGGCATGATCTTCGAGRAGCUGGAGCACCCGGACCCGGCTGTCTACCGAGACAGGATTTGCCCTG
CTGEEECEECCACCCTTGCTTTICTGACCACCCAGGATATCCACCTEEGCETGAALGAGAGCCTGACCGA
CACAGCCAGAGTGCTGAGCAGCATGGCCGATGCCGTGCTEGGCCAGAGTGTACAAGCAGAGCUGACCTGE
ACACCCTGGCCARAGAGGCCAGCATCCCCATCATCARACGGCCTGTCCCGACCTGTACCACCCCATCCAG
ATCCTGGCCGACTACCTGACCCTGCAGGAACACTACAGCTCCOTGARAGGGCCTGACACTGAGUTGGAT
CGGUGACGGCAACARCATCCTGCACTCTATCATGATGAGCGCCGLCAAGTTCGGCATGCATUTGUAGG
CCGCCACCCCCAAGGGCTATGAGCCTGATGCCAGCGTGACCAAGCTGGCCGAGCAGTACGCCAAAGAG
AACGGCACCAAGUTGCTGCTGACCAACGACCCTCTGGAAGLCGCCCACGGCGGCAATGTGCTGATCAL
CGATACCTGGATCAGCATGGGCCAGGAAGAGGARRAGAAGARGCEECTGCAGGCCTTCCAGGGCTACC
ALGTGACCATGAAGACCGCCAAAGTGGCCGCCAGCGACTGGACCTTCCTGCACTGCCTGCCCAGARAG
CCCEAAGAGETGCACGACGAGGTGTTCTACAGCCLCCGGTCCCTRETCTTTCCCGAGGLCGAGAACCG
GAAGTGGACCATCATGGCIGTGATGGTGTLTCTECTGACCGACTACTCCCCCCAGCTGCAGAAGCCCA
AGTTCIGA (SEQ ID NO: 39)
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The following polynucleotide (e.g., DNA) sequence (SEQ ID NO: 40) corresponds to

a 5 UTR referred t0 as Minimal,
1 GGGAGACGCC ACC (BEQ ID NO: 40)

The following polynucleotide (e.g., DNA) sequence (SEQ ID NO: 41) corresponds to
a 5" UTR referred to as hAg, a 5° UTR derived from human alpha globin.

1 GGGAGACTCT TCTGGTCCCC ACAGACTCAG AGAGAACGCC ACC (SEQ ID NO:
41)

The following polynucleotide (e.g., DNA) sequence (SEQ ID NO: 42) corresponds to

a 5° UTR referred to as TISU.
1 GGGAGACGCC AAG (SEQ ID NO: 42)

The following polynucleotide (e.g., DNA) sequence (SEQ ID NQ: 43) corresponds to
a 5" UTR referred to as TISU+T.
1 GGGAGACTGC CAAG (SEQ ID NO: 43)

The following polynucleotide (e.g., DNA) sequence (SEQ ID NO: 44) shows the
hOTC-STOP-RNA construct with the T7 promoter followed by a human alpha globin 5°
UTR. The mutated start codon is shown in bold; the natura] stop codon is shown in italics and
the artificially created stop codons are underlined,

TAATACGACTCACTATAGGGAGACTCTTCTGGTCCCCACAGACT CAGAGAGARCCGCCCGPRACTETT
CAACCTGCGGATCCTGCTGARCAACGCCGCCTTCCGEARCGGCCACARCTTCTGAGTGCGCAACTTCA
GTGACGGCCAGCLCCTGCAGAACAAGGTGCAGCTGARAGGGCAGGGACCTGCTGACCCTGALGAACTTC
ACCGGCGAAGAGATCAAGTACTGACTGTGEUTGAGCGCCGACCTGRAAGTTCCGGATCAAGCAGAAGGE
CGAGTACCTGCCCCTGUTGCAGGGCARGTCTCTGGECTGAATCTT CGAGRAGCGGAGCACCCEGACCC
GGCTGTCTACCGAGACAGGATTTGCCCTECTGEGCEECCACCCTTGCTTTCTGACCACCCAGGATATC
CACCTGGGCGTGAACGAGAGCCTGACCGACACAGCCAGAGTGCTGAGCAGCTCGAGCCETGACCETECT
GGCCAGAGTGTACAAGCAGAGCGACCTGGACACCCTGECCARAGAGGCCAGCATCCCCATCATCARCE
GCCTGTCCGACCTGTACCACCCCATCCAGATCCTGGCCGACTACCTGACCLTGCAGGAACACTACAGC
TCCCTGAAGGGLUTGACACTGAGCTGEAT CGGCEACGGCARCAACATCCTGCACTCTATCTGATGAAG
CGCCGCCAAGTTCGGCTGACATCTGCAGGCCGCCACCCCCARAGGGCTTGAAGCCTGTGACCAGCGTGA
CCAAGCTGGCCGAGCAGTACGCCARAGAGAACGGCACCAAGCTGCTGUTGACCAACGACCCTCTGOAA
GCCGCCCACGGLGGCATGATGCTGATCACCGATACCTGGAT CAGCTGAGGCCAGGAAGAGGARARAGAA
GAAGCGGCTGCAGGCCTTCCAGGEGCTACCAAGTGACCATGARGACCECCARAGTGGCLGCCAGCGALT
GGACCTTCCTGCACTGCCTGCCCAGARAGCCCEAAGAGCGTGGACGACGAGSTSTTCTACAGCCUCCGE
TCCCTGGTGTITTCCCGAGGCCGAGAACCGGAAGTGGACCATCTGAGCTGTGTIGAGTGTCTCTGCTGAC
CGACTACTCCCCCCAGCTGCAGAAGCCCAAGTTC TGA

SEQ ID NO: 44)

The following polynucleotide (e.g., DNA) sequence (SEQ 1D NO: 45) corresponds to the
codon optimized ORF from the murine OTC sequence (NM_008769.4) from NCBI Database
flanked by a minimal 5° UTR (T7-mOTCORF(CO); Start and stop codon is underlined
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TAATACGACTCACTATAGGGAGACGCCACCATGCTGAGCAACCTGAGAATCCTGCTGAACAACGCCGC
CCTGAGARAGGGUCACACAAGCGTCGTGCGECACTTTTGETGCECCAAGCCTETGCAGAGCCAGGETGC
AGCTGAAGGGCAGGRACCTGCTGACCCTGARGAACT TCACCGGUGAAGAGATCCAGTACATGLTGTGE
CTGAGCGCCGACCTGAAGTTCAGAATCAAGCAGAAGGGLGAGTACCTGCCCCTGCTGCAGGGCAAGTC
TCTGGGCATGATCTTCGAGAAGAGAAGCACCAGRAACCAGGCTGAGCACCGAGACAGGCTTCGLTCTGL
TGEGCGGCCACCCTAGCTTTCTGACCACCCAGGATATCCACCTGGECGTGAACGAGAGCCTGACCEAC
ACAGCCAGAGTCCTGAGCAGCATGACCGATGCCGTGCTGGLCAGAGTGTACAAGCAGTCCGACUTGGEA
CACCCTGGCCARMAGAGGCCAGCATCCCCATCGTGAACGECCTGAGCGACCTGTACCACCCCATCCAGA
TCCTGGCCCACTACCTGACCCTGCAGGAACACTACGGCTCCCTGAAGGGCCTGACACTGAGCTGGATC
GGCGACGECARCAACATCCTGUCACTCTATCATGATGAGCECCGUCAAGTTCGGCATGCATCTGCAGEL
CGCTACCCCCAAGGGUTACGAGUCAGACCCCARCATCOGTGAAGCTGGUCGAGCAGTACGCCARAAGAGA
ACGGCACCAAGUTGAGCATGACCARACGACCCCCTGEARGCCECTAGAGGCGECAACGTGUTGATCALC
GACACCTGGATCAGCATGGECCAGGAAGATGAGARGARGAAGAGACTGCAGGCCTTCCAGGGCTACCA
AGTGACCATGAAGACCGCCARGGTGGCCOGCTAGCGACTGGACCTTCCTGCACTGCCTGCCCAGARAGC
CCGAAGAGGTGGACGACGAGGTGTTCTACAGCCCTAGAAGCCTGETGTTCCCCGAGGCLCGAGAACAGA
AAGTGGACCATCATGGCTGTGATGETGTCTCTGCTGACCGACTACTCCCCCETGCTGCAGAAGCLCAR
GTTCTGA (SEQ ID NO: 45)

The following polyribonucleotide (e.g., RNA) sequence (SEQ ID NO: 46) corresponds to the
RNA sequence which results from franscription of the DNA sequence shown in SEQ ID NO:
45 showing the codon optimized ORF from the murine OTC sequence (NM_008769.4) from
NCBI Database flanked by a minimal 5* UTR (T7-mOTCORF(CO); Start and stop codon is
underlined

GGGAGACGCCACCAUGCUGAGCAACCUGAGAAUCCUGCUGAACAACGCCGCCCUGAGARAGG
GCCACACAAGCGUCGUGCGGCACUUUUGGUGCGGCAAGCCUGUGCAGAGCCAGGUGCAGCUG
AAGGGCAGGGACCUGCUGACCCUGAAGAACUUCACCGGCGAAGAGAUCCAGUACAUGCUGUG
GCUGAGCGCCGACCUGAAGUUCAGAAUCAAGCAGAAGGGCGAGUACCUGCCCCUGCUGCAGG
GCAAGUCUCUGGGCAUGAUCUUCGAGAAGAGAAGCACCAGAACCAGGCUGAGCACCGAGACA
GGCUUCGCUCUGCUGGGCGGCCACCCUAGCUUUCUGACCACCCAGGAUAUCCACCUGGGCGU
GAACGAGAGCCUGACCGACACAGCCAGAGUGCUGAGCAGCAUGACCGAUGCCGUGCUGGCCA
GAGUGUACAAGCAGUCCGACCUGGACACCCUGGCCARAGAGGCCAGCAUCCCCAUCGUGAAC
GGCCUGAGCGACCUGUACCACCCCAUCCAGRUCCUGGCCGACUACCUGACCCUGCAGGAACA
CUACGGCUCCCUGAAGGGCCUGACACUGAGCUGGAUCGGCGACGGCARCAACAUCCUGCACU
CUAUCAUGAUGAGCGCCGCCAAGUUCGGCAUGCAUCUGCAGGCCGCUACCCCCARGGGCUAC
GAGCCAGACCCCAACAUCGUGAAGCUGGCCGAGCAGUACGCCARAGAGAACGGCACCAAGCU
GAGCAUGACCAACGACCCCCUGGAAGCCGCUAGAGGCGGCAACGUGCUGAUCACCGACACCU
GGAUCAGCAUGGGCCAGGAAGAUGAGAAGAAGAAGAGACUGCAGGCCUUCCAGGGCUACCAA
GUGACCAUGAAGACCGCCRAGGUGGCCGCUAGCGACUGGACCUUCCUGCACUGCCUGCCCAG
ARAGCCCGAAGAGGUGGACGACGAGGUGUUCUACAGCCCUAGRAGCCUGGUGUUCCCCGAGE
CCGAGAACAGAAAGUGGACCAUCAUGGCUGUGAUGGUGUCUCUGCUGACCGACUACUCCCCC
GUGCUGCAGAAGCCCAAGUUCUGA

The following polynucleotide (e.g., DNA) sequence (SEQ ID NO: 47) corresponds to
a 5’ UTR referred to as CYBA.

1 GGGAGACCGC GCCTAGCAGT GTCCCAGCLG GGTTCGTGTC GCCGCCACC
{(SEQ ID NO: 47)

a5



WO 2018/127382 PCT/EP2017/082963

Claims

1. A modified polyribonucleotide comprising a primary sequence which that is at least 95%
identical to SEQ ID NO: 4 and which encodes an ornithine transcarbamylase (OTC) protein,
wherein the modified polyribonucleotide contains a combination of unmodified and modified
ribonucleotides, wherein 30-50% of the uridines are analogs of uridine and 5-30% of the

cytidines are analogs of cytidine.

2. A modified polyribonucleotide comprising a primary sequence that is at least 95%
identical to SEQ ID NO: 4 and which encodes an omithine transcarbamylase (OTC) protein,
wherein the modified polyribonucleotide contains a combination of unmodified and modified
ribonucleotides, wherein the modified polyribonucleotide is made using an input mixture of
ribonucleotides, wherein 30-50% of uridines in said input mixture are analogs of uridine and

5-30% of cytidines in said input mixture are analogs of cytidine.

3. The modified polyribonucleotide of claim 1 or 2, wherein the modified
polyribonucleotide comprises a primary sequence that is at least 95% identical to SEQ ID NO:
4.

4. The modified polyribonucleotide of any of claims 1-3, wherein the modified
polyribonucleotide contains a combination of unmodified and modified ribonucleotides,
wherein 30-45% of the uridines are analogs of uridine and 5-10% or 5-20% of the cytidines

are analogs of cytidine.

5. 'The modified polyribonucleotide of any of claims 1-3, wherein the modified
polyribonucleotide is made using an input mixture of ribonucleotides, wherein 30-45% of the

uridines are analogs of uridine and 5-10% or 5-20% of the cytidines are analogs of cytidine.

6. A modified polyribonucleotide comprising a primary sequence at least 99% identical
to a sequence selected from the group consisting of SEQ ID NOs: 21-27, wherein the

modified polyribonucleotide contains a combination of unmodified and modified
56



WO 2018/127382 PCT/EP2017/082963

ribonucleotides, wherein 5-50% of the uridines are analogs of uridine and 5-50% of the

cytidines are analogs of cytidine.

7. The modified polyribonucleotide of claim 6, wherein 25-50% or 25-45% of uridines

are analogs of uridine and 5-20% or 5-30% of cytidines are analogs of cytidine.

8. The modified polyribonucleotide of claim 7, wherein 30-40% of uridines are analogs

of uridine and 5-10% of cytidines are analogs of cytidine.

0. A modified polyribonucleotide comprising a primary sequence at least 95% identical
to SEQ ID NO: 1 or at least 95% identical to SEQ ID NO: 4, wherein the modified
polyribonucleotide contains a combination of unmodified and modified ribonucleotides,
wherein the modified polyribonucleotide is made using an input mixture of ribonucleotides,
wherein 5-50% of uridines in the input mixture are analogs of uridine and 5-50% of cytidines

in the input mixture are analogs of cytidine.

10.  The modified polyribonucleotide of claim 9, wherein 25-50% or 25-45% of uridines in
said mixture are analogs of uridine and 5-30% or 5-20% of cytidines in said mixture are

analogs of cytidine.

11.  The modified polyribonucleotide of claim 10, wherein 30-40% of uridines in said

mixture are analogs of uridine and 5-10% of cytidines in said mixture are analogs of cytidine.

12.  The modified polyribonucleotide of any one of claims 1-11, wherein the modified

polyribonucleotide is codon-optimized for expression in mammalian cells.

13.  The modified polyribonucleotide of claim 12, wherein the polyribonucleotide contains
a coding region identical to the sequence shown in SEQ ID NO: 4.

14.  The modified polyribonucleotide of any of claims 1-13, wherein the modified
polyribonucleotide further comprises a 3° UTR, a 5" UTR, ora 3’ UTR and a 5° UTR, and
wherein the UTR(s) aid(s) in enhancing expression of an ornithine transcarbamylase (OTC)

protein in cells.
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15.  The modified polyribonucleotide of claim 14, wherein the 5° UTR comprises one or
more sequences selected from the group consisting of SEQ ID NOs: 11, 13, 15, 17 and 18,
wherein the ribonucleotides of the 5° UTR are positioned upstream (5°) of the ribonucleotides
encoding the ornithine transcarbamylase (OTC) protein, such as the ribonucleotides of SEQ
ID NOs: 1 or 4, and 3’ from ribonucleotides corresponding to a portion of a promoter

sequence, for example, directly 3° with less than 40 contiguous nucleotides intervening,

16.  The modified polyribonucleotide of claim 15, wherein the ribonucleotides of the 5°
UTR are directly 3° from ribonucleotides corresponding to a portion of the promoter without

any intervening nucleotides.

17.  The modified polyribonucleotide of claim 15 or 16, wherein the 5° UTR and the
portion of a promoter together consist essentially of SEQ ID NO: 10.

18.  The modified polyribonucleotide of claim 15 or 16, wherein the 5° UTR and the
portion of a promoter together consist essentially of SEQ ID NO: 12.

19.  The modified polyribonucleotide of claim 15 or 16, wherein the 5° UTR and the
portion of a promoter together consist essentially of SEQ ID NO: 14.

20.  The modified polyribonucleotide of claim 15 or 16, wherein the 5° UTR and the
portion of a promoter together consist essentially of SEQ ID NO: 16.

21.  The modified polyribonucleotide of claim 15 or 16, wherein the 5° UTR sequence
consists essentially of SEQ ID NO: 18.

22.  The medified polyribonucleotide of any one of claims 14-21, wherein the 3 UTR
comprises one or more copies of a 3° UTR sequence selected from the group consisting of
SEQ ID NOs: 19 and 30, wherein the ribonucleotides of the 3* UTR are positioned
downstream (3”) of the ribonucleotides encoding the omithine transcarbamylase (OTC)
protein, such as the ribonucleotides of SEQ ID NOs: 1 or 4, for example, directly downstream

with less than 40 contiguous nucleotides intervening.
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23.  The modified polyribonucleotide of claim 22, wherein the 3’ UTR comprises one or
more sequences selected from the group consisting of SEQ ID NOs: 19 and 30, wherein the
ribonucleotides of the 3’ UTR are positioned directly downstream (3°) of the ribonucleotides
encoding the ornithine transcarbamylase (OTC) protein, such as the ribonucleotides of SEQ

ID NOs: 1 or 4, for example, with no nucleotides intervening.

24.  The modified polyribonucleotide of claim 22 or 23, wherein the 3’ UTR comprises
one copy of SEQ ID NO: 19.

25.  The modified polyribonucleotide of claim 22 or 23, wherein the 3° UTR comprises
two copies of SEQ 1D NO: 19,

26.  Themodified polyribonucleotide of claim 22 or 23, wherein the 3° UTR comprises
one copy of SEQ ID NO: 30.

27.  The modified polyribonucleotide of any one of claims 14-26, wherein the modified
polyribonucleotide further comprises a portion of a promoter sequence, wherein the
ribonucleotides of the portion of a promoter sequence are positioned upstream (5°) of the

ribonucleotides of the 5 UTR and/or omithine transcarbamylase (OTC) coding sequence(s).

28.  The modified polyribonucleotide of claim 27, wherein the promoter sequence is
selected from the group consisting of SEQ ID NOs: 6-9 {either including or excluding

sequence upstream from the transcription start site).

29.  The modified polyribonucleotide of claim 27 or 28, wherein the portion of the
promoter sequence corresponds to a region transcribed by a DNA-dependent RNA-

polymerase.

30. A polyribonucleotide comprising a primary polyribonucleotide sequence that is at least
99% identical to a sequence selected from any of SEQ ID NOs: 21-27 (in the presence or

absence of the promoter sequence).

31.  The polyribonucleotide of claim 30, wherein the polyribonucleotide comprises the
primary polyribonucleotide sequence of SEQ 1D NO: 21.
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32.  The polyribonucleotide of claim 30, wherein the polyribonucleotide comprises the
primary polyribonucleotide sequence of SEQ ID NO: 22.

33.  The polyribonucleotide of claim 30, wherein the polyribonucleotide comprises the
primary polyribonucleotide sequence of SEQ ID NO: 23.

34.  The polyribonucleotide of claim 30, wherein the polyribonucleotide comprises the
primary polyribonucleotide sequence of SEQ ID NO: 24.

35.  The polyribonucleotide of claim 30, wherein the polyribonucleotide comprises the
primary polyribonucleotide sequence of SEQ ID NO: 25.

36.  The polyribonucleotide of claim 30, wherein the polyribonucleotide comprises the
primary polyribonucleotide sequence of SEQ ID NO: 26.

37.  The polyribonucleotide of claim 30, wherein the polyribonucleotide comprises the
primary polyribonucleotide sequence of SEQ ID NO: 27.

38.  The polyribonucleotide of any one of claims 1-37, wherein the polyribonucleotide

further comprises at least one 5’ cap structure.

39.  The polyribonucleotide of any one of claims 1-38, wherein the polyribonucleotide
further comprises a polyA tail at the 3" end of the polyribonucleotide, and wherein the polyA

tail comprises at least 100 bases.

40.  The polyribonucleotide of any one of claims 30-39, wherein the polyribonucleotide is
a modified polyribonucleotide.

41.  The modified polyribonucleotide of claim 40, wherein the modified
polyribonucleotide contains a combination of unmodified and modified ribonucleotides,
wherein 5-50% of the uridines are analogs of uridine and 5-50% of the cytidines are analogs

of cytidine.
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42,  The modified polyribonucleotide of claim 41, wherein 25-50% or 25-45% of the

uridines are analogs of uridine and 5-30% or 5-20% of the cytidines are analogs of cytidine.

43.  The modified polyribonucleotide of claim 42, wherein 30-40% of the uridines are

analogs of uridine and 5-10% of the cytidines are analogs of cytidine.

44.  The modified polyribonucleotide of claim 40, wherein the modified
polyribonucleotide contains a combination of unmodified and modified ribonucleotides,
wherein the modified polyribonucleotide is made using an input mixture of ribonucleotides,
wherein 5-50% of uridines in said input mixture are analogs of uridine and 5-50% of cytidines

in said input mixture are analogs of cytidine.

45.  The modified polyribonucleotide of claim 44, wherein 25-50% or 25-45% of the
uridines in said input mixture are analogs of uridine and 5-30% or 5-20% of the cytidines in

the input mixture are analogs of cytidine.

46.  The modified polyribonucleotide of claim 45, wherein 30-40% of the uridines in the
input mixture are analogs of uridine and 5-10% of the cytidines in the input mixture are

analogs of cytidine.

47.  The modified polyribonucleotide of any one of claims 1-29 or 40-46, wherein the
modified polyribonucleotide is translated more efficiently in cells of a subject as compared to
an unmodified polyribonucleotide having the same primary sequence as the modified

polyribonucleotide.

48.  The modified polyribonucleotide of any one of claims 1-29 or 40-46, wherein the
modified polyribonucleotide has enhanced stability in cells of a subject as compared to the
stability of an unmodified polyribonucleotide having the same primary sequence as the

modified polyribonucleotide.

49.  The modified polyribonucleotide of any one of claims 1-29 or 40-46, wherein the
modified polyribonucleotide has diminished immunogenicity as compared to the
immunogenicity of an unmodified polyribonucleotide having the same primary sequence as

the modified polyribonucleotide.
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50. A composition comprising the polyribonucleotide of any of claims 1-49, formulated

with one or more pharmaceutically acceptable carriers and/or excipients.

51.  The composition of claim 50, wherein the modified polyribonucleotide is formulated

in a nanoparticle or nanocapsule.

52.  The composition of claim 51, wherein the modified polyribonucleotide is formulated

in a cationic lipid, cationic polymer, or nanocemulsion.

53.  The modified polyribonucleotide or composition of any one of claims 1-29 or 40-52,
wherein the uridine analogs are selected from the group consisting of pseudouridine, 2-

thiouridine, 5-iodouridine, and S-methyluridine.

54.  The modified polyribonucleotide or composition of any one of claims 1-29 or 40-52,
wherein the cytidine analogs are selected from the group consisting of 5-methylcytidine, 2’-

amino-2’-deoxycytidine, 2’-fluoro-2’-deoxycytidine, and 5-iodocytidine.

55.  The modified polyribonucleotide or composition of any one of claims 1-29 or 40-52,

wherein the cytidine analog is 5-iodocytidine and the uridine analog is S-iodouridine.

56.  The modified polyribonucleotide or composition of any one claims 1-29 or 40-55,
wherein the modified polyribonucleotide does not comprise 5-methylcytidine and/or

pseudouridine and/or the analogs do not comprise 5-methylcytidine and/or pseudouridine.

57.  The modified polyribonucleotide, method, or composition of any one of claims 1-29 or
40-56, wherein the modified polyribonucleotide does not comprise analogs of adenosine and

analogs of guanosine.

58. A method of treating ornithine transcarbamylase (OTC) deficiency comprising
administering to a patient in need thereof a polyribonucleotide of any one of c¢laims 1 to 49 or

53 to 57, or a composition of any one of clatms 50 to 52.

59. A method of decreasing plasma ammonia levels in a subject in need thereof,
comprising administering to said subject a polyribonucleotide of any one of claims 1 to 49 or
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53 to 57, or a composition of any one of claims 50 to 52, thereby decreasing plasma ammonia

levels.

60.  The method of claim 59, wherein the subject in need thereof is a subject having or

suspected of having an OTC deficiency.

61. A polynucleotide that encodes a polyribonucleotide comprising a primary
polyribonucleotide sequence selected from any of SEQ ID NOs: 4 or 21-27, or a primary
polynucleotide sequence at least 98% or 99% identical to any of SEQ ID NOs: 4 or 21-27.

62. A polynucleotide that encodes the polyribonucleotide of any of claims 30-39.
63. A polynucleotide comprising a sequence selected from any of SEQ ID NOs: 31-39.
64. A vector comprising the polynucleotide of any of claims 61-63.

65. A polyribonucleotide encodable or encoded by the polynucleotide of any of claims 61-
63.

66. A method of producing a modified polyribonucleotide, comprising
providing a polynucleotide according to any of claims 61-64;

providing an input mixture of nucleotide triphosphates (A, C, U, and G), wherein 25-
50% of the uridines in the input mixture are analogs of uridine and 5-30% of the cytidines in

the input mixture are analogs of cytidine; and
transcribing polyribonucleotide in vitro to produce the modified polyribonucleotide.

67.  The method of claim 66, wherein 30-45% of the uridines in the input mixture are
analogs of uridine and 5-10% of the cytidines in the input mixture are analogs of cytidine.
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