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RNA MANUFACTURING

Technical Field of the Invention

[1] The present invention relates to methods for dSRNA reduction during in vitro
transcription through step wise addition of nucleotides. The present invention further relates
to nucleic acids produced by a method of the invention and to the use of such nucleic acids

in methods of treating a subject in need thereof.

Background
[2] In vitro production of RNA has become increasingly important in the biotechnology

and pharmaceutical industries. Improvements to manufacturing processes, particularly those
that can produce high-quality RNA (e.g., mRNA) at large scale, including specifically
therapeutic-grade RNA (e.g., mRNA), are important and valuable.

Summary

[3] RNA transcribed in vitro (e.g., by T7 RNA Polymerase (RNAP)) can contain
aberrant products, including at significant levels. Without wishing to be bound by theory, it
1s proposed that some or all such products can be generated by unconventional activity of a
utilized RNAP. One such aberrant product 1s dsSRNA, which can prove particularly
problematic, for example in light of its propensity to induce inflammatory cytokines and/or
to activate immuno-eftector proteins which, among other things, can lead to inhibition of
protein synthesis. dSRNA i1s typically the major contaminant of in vitro RNA transcription
reactions.

[4] Commonly, aberrant products, and particularly dsRNA, are removed from in vitro-
transcribed RNA preparations by purification; a variety of purification technologies are
available (e.g., via LiCl and/or alcohol-based precipitation, size exclusion and/or ion-
exchange chromatography, silica matrix purnification, ion-pair reversed-phase high
performance liquid chromatography [HPLC], cellulose-based separation, etc.). However,
most or all of such puritication strategies may be impractical and/or otherwise not ideal,
particularly for commercial scale and/or pharmaceutical-grade production, among other
things because they often remove the desired RNA product together with the aberrant
product (and/or other contaminant), resulting in undesirably high loss of RNA product.

|5] Among other things, the present disclosure provides an insight that, surprisingly,
limiting the amount of UTP or a functional analog thereof when synthesizing RNA by
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transcription reactions, and supplementing the reaction mix with UTP or a functional analog
thereof during the course of the transcription reaction, yields RNA of increased purity,
reduced immunogenicity and favorable stability.

|6] Furthermore, the present disclosure provides an insight that benefits could be gained
by reducing production of aberrant products (and/or other contaminants) in the first instance.
The present disclosure provides technologies for performing in vitro transcription that can
generate product RNA preparations with reduced levels of certain contaminants (e.g.,
aberrant products), and particularly of dsSRNA. Advantages of provided technologies
include, but are not limited to, more efficient manufacturing, including higher vield of
product RNA (e.g., less product loss during processing), fewer processing steps (which may
contribute to reduced product loss), lower production cost, shorter production timelines, etc.
Moreover, the present disclosure teaches that provided improved production technologies
(e.g.., improved transcription reaction conditions) have various advantages (including the
foregoing) even relative to improved purification technologies.

7] In one aspect, the invention relates to a method of producing an RNA comprising
transcribing RNA from a DNA template using a reaction mix which comprises adenosine
triphosphate (ATP), guanosine triphosphate (GTP), cytidine triphosphate (CTP) and uridine
triphosphate (UTP), or functional analogs thereof, wherein the starting concentration of
UTP, or a functional analog thereof, is lower than the starting concentration of CTP and/or
ATP, or a functional analog thereof, wherein the method comprises supplementing the
reaction mix during the course of the transcription reaction with a composition which
comprises UTP, or a functional analog thereof, and is substantially free of CTP or ATP, or a
functional analog thereof.

[8] In one aspect, the invention relates to a method of producing an RNA comprising
transcribing RNA from a DNA template using a reaction mix which comprises adenosine
triphosphate (ATP), guanosine triphosphate (GTP), cytidine triphosphate (CTP) and uridine
triphosphate (UTP), or functional analogs thereof, wherein the starting concentration of
CTP, or a functional analog thereof, is equal to the starting concentration of ATP, or a
functional analog thereof, and wherein the starting concentration of UTP, or a functional
analog thereof, is lower than the starting concentration of CTP or ATP, or a functional
analog thereof, wherein the method comprises supplementing the reaction mix with UTP, or

a functional analog thereof, during the course of the transcription reaction.
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[9] In one aspect, the invention relates to a method of producing a composition
comprising RNA having a reduced double-stranded (ds) RNA content, wherein the method
comprises transcribing RNA from a DNA template using a reaction mix which comprises
adenosine triphosphate (ATP), guanosine triphosphate (GTP), cytidine triphosphate (CTP)
and uridine triphosphate (UTP), or functional analogs thereof, wherein the starting
concentration of UTP, or a functional analog thereof, is lower than the starting concentration
of CTP and/or ATP, or a functional analog thereof, wherein the method comprises
supplementing the reaction mix during the course of the transcription reaction with a
composition which comprises UTP, or a functional analog thereof, and is substantially free
of CTP or ATP, or a functional analog thereof.

[10] In one aspect, the invention relates to a method of producing a composition
comprising RNA having a reduced double-stranded (ds) RNA content, wherein the method
comprises transcribing RNA from a DNA template using a reaction mix which comprises
adenosine triphosphate (ATP), guanosine triphosphate (GTP), cytidine triphosphate (CTP)
and uridine triphosphate (UTP), or functional analogs thereof, wherein the starting
concentration of CTP, or a functional analog thereof, is equal to the starting concentration of
ATP, or a functional analog thereof, and wherein the starting concentration of UTP, or a
functional analog thereof, is lower than the starting concentration of CTP or ATP, or a
functional analog thereof, wherein the method comprises supplementing the reaction mix
with UTP, or a functional analog thereof, during the course of the transcription reaction.
[11] In some embodiments, the double-stranded (ds) RNA content of the composition
comprising RNA 1s reduced compared to the dsSRNA content of a composition comprising
RNA transcribed from the same DNA template using equimolar amounts of adenosine
triphosphate (ATP), guanosine triphosphate (GTP), cytidine triphosphate (CTP) and uridine
triphosphate (UTP), or functional analogs thereof.

[12] In some embodiments, the immunogenicity of the composition comprising RNA is
reduced compared to the immunogenicity of a composition comprising RNA transcribed
from the same DNA template using equimolar amounts of adenosine triphosphate (ATP),
guanosine triphosphate (GTP), cytidine triphosphate (CTP) and uridine triphosphate (UTP),
or functional analogs thereof.

[13] Insome embodiments, uridine triphosphate (UTP), or a functional analog thereof, is

present 1n a starting concentration that limits the rate of transcription.
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[14] In some embodiments, the ratio of the starting concentration of uridine triphosphate
(UTP), or a functional analog thereof, to the starting concentration of cytidine triphosphate
(CTP) or adenosine triphosphate (ATP), or a functional analog thereof, is between about
1:1.5 and about 1:15.

[15] In some embodiments, the reaction mix is supplemented with uridine triphosphate
(UTP), or a functional analog thereof, when the concentration of UTP, or a functional analog
thereof, nears depletion.

[16] In some embodiments, the reaction mix 1s supplemented at least once with uridine
triphosphate (UTP), or a functional analog thereof, during the course of the transcription
reaction.

[17] In some embodiments, the reaction mix 1s supplemented continuously with uridine
triphosphate (UTP), or a functional analog thereof, during the course of the transcription
reaction.

[18] In some embodiments, the reaction mix is supplemented periodically with uridine
triphosphate (UTP), or a functional analog thereof, during the course of the transcription
reaction.

[19] In some embodiments, supplementing the reaction mix with uridine triphosphate
(UTP), or a functional analog thereof, maintains or restores the initial ratio of the
concentration of UTP, or a functional analog thereof, to the concentration of cytidine
triphosphate (CTP) or adenosine triphosphate (ATP), or a functional analog thereof.

[20] In some embodiments, the reaction mix 1s supplemented with uridine triphosphate
(UTP), or a functional analog thereof, until the end of the transcription reaction.

[21] In some embodiments, the starting concentration ot guanosine triphosphate (GTP),
or a functional analog thereof, 1s lower than the starting concentration of cytidine
triphosphate (CTP) or adenosine triphosphate (ATP), or a functional analog thereof. In some
embodiments, guanosine triphosphate (GTP), or a functional analog thereof, preferably is
present 1n a starting concentration that limits the rate of transcription.

[22] In some embodiments, the ratio of the starting concentration of guanosine
triphosphate (GTP), or a functional analog thereof, to the starting concentration of cytidine
triphosphate (CTP) or adenosine triphosphate (ATP), or a functional analog thereof, is
between about 1:1.5 and about 1:15.

[23] In some embodiments, the reaction mix is supplemented with guanosine triphosphate

(GTP), or a functional analog thereof, during the course of the transcription reaction.
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[24] In some embodiments, the reaction mix is supplemented with guanosine triphosphate
(GTP), or a functional analog thereof, when the concentration of GTP, or a functional analog
thereof, nears depletion.

[25] In some embodiments, the reaction mix is supplemented at least once with guanosine
triphosphate (GTP), or a functional analog thereof, during the course of the transcription
reaction.

[26] In some embodiments, the reaction mix is supplemented continuously with
guanosine triphosphate (GTP), or a functional analog thereof, during the course of the
transcription reaction.

[27] In some embodiments, the reaction mix is supplemented periodically with guanosine
triphosphate (GTP), or a functional analog thereof, during the course of the transcription
reaction.

[28] In some embodiments, supplementing the reaction mix with guanosine triphosphate
(GTP), or a functional analog thereof, maintains or restores the initial ratio of the
concentration of GTP, or a functional analog thereof, to the concentration of cytidine
triphosphate (CTP) or adenosine triphosphate (ATP), or a functional analog thereof.

[29] In some embodiments, the reaction mix is supplemented with guanosine triphosphate
(GTP), or a functional analog thereof, until the end of the transcription reaction.

|30] In some embodiments, a provided method does not comprise supplementing the
transcription mix with cytidine triphosphate (CTP) and/or adenosine triphosphate (ATP), or
a functional analog thereof, during the course of the transcription reaction.

[31] In some embodiments, the reaction mix comprises a start nucleotide corresponding
to the first nucleotide in the RNA molecule.

[32] In some embodiments, the start nucleotide 1s a nucleoside monophosphate, a
nucleoside diphosphate, a nucleoside triphosphate or a dinucleoside triphosphate.

[33] In some embodiments, the start nucleotide 1s a 5’ cap or a 5° cap analog.

[34] In some embodiments, the 5° cap or 5° cap analog is selected from the group
consisting of G[5” 1ppp[5°1G, m7G[5 Ippp[5°]1G, m3>*'G[5 Ippp[5°]1G, my"*"
°G[5’1ppp[5°]1G (3°-ARCA), m2"* OGpppG (2°-ARCA), m2’? CGppspG D1 (B-S-ARCA
D1), m2"* °GppspG D2 (B-S-ARCA D2) and m2’* CGppp(m2’-0)ApG (CC413).

[35] In some embodiments, the 5° cap or 5° cap analog in the reaction mix is present in

excess compared to guanosine triphosphate (GTP), or a functional analog thereof.
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[36] In some embodiments, the ratio of the starting concentration of 5° cap or 5° cap
analog to the starting concentration of guanosine triphosphate (GTP), or a functional analog
thereot, 1s between about 2:1 and about 20:1.

[37] In some embodiments, the ratio of the starting concentration of 5° cap or 5° cap
analog to the starting concentration of guanosine triphosphate (GTP), or a functional analog
thereotf, 1s about 4:1.

[38] In some embodiments, the reaction mix further comprises an RNA poly‘merase, a
buffer and at least one monovalent or divalent cation.

[39] In some embodiments, the cation is Li", Na*, K, NH**,
tris(hydroxymethyl)aminomethane cation, Mg**, Ba** or Mn*".

[40] In some embodiments, the RNA polymerase is selected from the group consisting of
T7 RNA polymerase, T3 RNA polymerase and SP6 RNA polymerase.

[41] In some embodiments, the functional analog of uridine triphosphate (UTP) is
selected from the group consisting of Pseudo-UTP, N1-Methylpseudo-UTP, 2-Thio-UTP
and 4-Thio-UTP.

[42] In some embodiments, the functional analog of guanosine triphosphate (GTP) is
selected from the group consisting of 7-Deaza-GTP, N1-Methyl-GTP and O6-Methyl-GTP.
[43] In some embodiments, the DNA template encodes one or more of a 5° untranslated
region (UTR), a 37 UTR, an open reading frame and a poly(A)-tail.

[44] In some embodiments, the RNA comprises one or more of a 5° untranslated region
(UTR), a 3° UTR, an open reading frame and a poly(A)-tail.

[45] In some embodiments, the RNA encodes at least one peptide or protein.

[46] In some embodiments, the RNA 1s mRNA.

[47] In some embodiments, the RNA is a self-replicating RNA.

[48] In some embodiments, RNA produced by a method of the invention has a length of
between 200 to 20000 nucleotides, between 200 to 12000 nucleotides, between 200 to 8000
nucleotides, between 500 to 5000 nucleotides, between 500 to 2500 nucleotides, in
particular between 600 to 2500 nucleotides or between 800 to 2000 nucleotides.

[49] In some embodiments, the pH value of the reaction mix is kept substantially constant
during the course of the transcription reaction.

[S0] In some embodiments, the progress of the transcription reaction is monitored in real
time.

[S1] In some embodiments, the method is performed using a bioreactor.



WO 2022/122689 PCT/EP2021/084488

[S2] In one aspect, the invention relates to an RNA produced by a method of the
invention.

[S3] In one aspect, the invention relates to a composition comprising RNA produced by
the method of the invention.

[S4] In one aspect, the invention relates to a method of treating a subject comprising the
steps of: (i) obtaining RNA produced by the method of the invention, or obtaining a
composition comprising RNA produced by the method of the invention, and (i1)
administering the RNA or the composition comprising RNA to the subject.

[S5]  In one aspect, the invention relates to a method of producing an RNA by in vitro
transcription, wherein the method comprises restricting concentration of UTP or functional
analogs thereof during the 1n vitro transcription reaction.

[S6] In one aspect, the mmvention relates to an in vitro transcription reaction comprising an
RNA template comprising a promoter that directs transcription of a template to generate a
transcript, optionally with a polyA sequence element; an RNA polymerase that acts on the
promoter; and adenosine triphosphate (ATP), guanosine triphosphate (GTP), cytidine
triphosphate (CTP) and uridine triphosphate (UTP), or functional analogs thereof, wherein
the starting concentration of UTP or functional analog thereof, 1s lower than the
concentration of CTP and/or ATP or functional analogs thereof.

[S7]  In one aspect, the invention relates to a method of treating a subject by administering
the RNA produced by a method of the invention or the composition comprising RNA
produced by a method of the invention to the subject.

[38] In one aspect, the invention relates to a method for reducing the amount of double-
stranded RNA resulting from 1in vitro transcription of RNA, the method comprising in vitro
transcribing RNA from a template under transcription conditions in which the amount or
concentration of UTP or a functional analog thereof is a limiting amount or concentration
for the transcribing of the RNA in comparison to the amount or concentration of one or
more of ATP, CTP and/or GTP or a respective analog thereof.

[S9] In one aspect, the invention relates to a method for reducing the amount of double-
stranded RNA 1n a composition comprising RNA resulting from in vitro transcription of
RNA, the method comprising in vitro transcribing RNA from a template under transcription
conditions in which the amount or concentration of UTP or a functional analog thereof is a

limiting amount or concentration for the transcribing of the RNA in comparison to the
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amount or concentration of one or more of ATP, CTP and/or GTP or a respective analog
thereof.

[60] In one aspect, the invention relates to a method for reducing the immunogenicity of a
composition comprising RNA resulting from 1n vitro transcription of RNA, the method
comprising in vitro transcribing RNA from a template under transcription conditions in
which the amount or concentration of UTP or a functional analog thereof is a limiting
amount or concentration for the transcribing of the RNA 1n comparison to the amount or
concentration of one or more of ATP, CTP and/or GTP or a respective analog thereof.

[61] In an embodiment, the double-stranded RNA is the result of at least two distinct
RNA molecules annealing to each other, 1.e., the result of inter-molecular binding. In an
embodiment, the double-stranded RNA 1s the result of intra-molecular binding, 1.e., parts of

an RNA molecule annealing to itself, e.g., in cases where the transcript backfolds on itself.

Brief Description of the Drawing

[62] Figure 1 demonstrates exemplary results for dSRNA content generated by an IVT
reaction transcribing unmodified RNA with step-wise addition of NTP. RNA was in vitro
transcribed with reduced starting concentration (Iimited) of indicated NTP. G — GTP, A-
ATP, U-UTP, A/U-ATP+UTP. The limited NTP were fed step-wise to the IVT reaction
until the final concentration NTP was reached for all NTPs. All RNA were co
transcriptionally capped using CC413 cap analog. As a control the Iimitation of GTP was
used. A. RNA yield was unaffected compared to control by the type of NTP that was fed
over the course of the reaction. B. RNA integrity was unaftected compared to control by the
type of NTP that was fed over the course of the reaction. C. dsSRNA content was increased
compared to control when ATP was fed and reduced when UTP was fed. Feeding both ATP
and UTP abrogated each other’s effect, resulting in a dsRNA content comparable to that of
control (GTP fed). D. Capping etficiency was reduced compared to control when GTP was
not fed.

[63] Figure 2 demonstrates exemplary results for dSRNA content generated by an IVT
reaction of unmodified RNA with step-wise addition of UTP or GTP and UTP, which
rescues capping efficiency. RNA was in vitro transcribed with reduced starting
concentration (Iimited) of indicated NTP. G — GTP, U-UTP, G/U-GTP+UTP. The limited
NTP were step wise fed to the IVT reaction until the final concentration NTP was reached

for all NTPs. As a control the limitation of GTP was used. All RNA were ¢co
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transcriptionally capped using D1-B-S1 ARCA cap analog. A. RNA yield was increased
compared to control when UTP or UTP and GTP in combination were fed under these
reaction conditions. B. Integrity of purified RNA was reduced when UTP or GTP and UTP
were fed. When GTP and UTP were fed in combination RNA integrity was rescued to the
level of that when the IVT reaction was GTP fed (control). C. dsRNA content was reduced
by teeding UTP compared to the control GTP fed. Feeding both GTP und UTP reduces the
dsRNA content as well, but to a lesser extent than the UTP fed alone. D. Capping efficiency
was reduced compared to control when feeding UTP alone but was rescued by feeding GTP
and UTP in combination.

[64] Figure 3 demonstrates exemplary results for dsSRNA content generated by IVT
reaction transcribing N1-methyl psueoduridine (m1¥WTP) containing RNA with step- wise
addition of mI'¥WTP or mlyTP and GTP. RNA was in vitro transcribed with reduced starting
concentration (limited) of indicated NTP. G — GTP, ml¥ - m1¥TP, G/m1¥ -GTP+
m1Y¥Y'TP. The limited NTP were fed step wise to the IVT reaction until the final
concentration NTP was reached for all NTPs. As a control the limitation of GTP was used.
All RNA were co transcriptionally capped using CC413 GAG cap analog. A. RNA vyield
was unaffected compared to control by the type of NTP that was fed over the course of the
reaction. B. RNA Integrity was reduced compared to control when m1WTP was fed. When
GTP and m1YTP were fed in combination, RNA integrity was rescued to the level of the
GTP ted control. C. dsRNA content was reduced by feeding m1¥WTP compared to the
standard GTP fed control. Feeding of both GTP und mIWTP reduced dsRNA content
comparably to those from a mI'¥'TP-only fed reaction. D. Capping efficiency was reduced
compared to control when m1WTP fed, but were rescued by feeding both GTP and m1W¥TP.
[65] Figure 4 demonstrates exemplary results of higher order structure for RNA product

using circular dichroism.

Certain Definitions

[66] Certain terms used herein may be understood to be defined as described in “A
multilingual glossary of biotechnological terms: (IUPAC Recommendations)”, H.G.W.
Leuenberger, B. Nagel, and H. Kdlbl, Eds., Helvetica Chimica Acta, CH-4010 Basel,
Switzerland, (1995).

[67] Also, indications of relative amounts of a component characterized by a generic term

are typically meant to refer to the total amount of all specific variants or members covered
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by said generic term. If a certain component defined by a generic term is specified to be
present 1n a certain relative amount, and 1f this component is further characterized to be a
specific variant or member covered by the generic term, it is meant that no other variants or
members covered by the generic term are additionally present such that the total relative
amount of components covered by the generic term exceeds the specified relative amount;
more preterably no other variants or members covered by the generic term are present at all.
[68] A: Terms “a” and “an” and “the” and similar reference used in the context of
describing the invention (especially in the context of the claims) are to be construed to cover
both the singular and the plural, unless otherwise indicated herein or clearly contradicted by
context. Recitation of ranges of values herein is merely intended to serve as a shorthand
method of referring individually to each separate value falling within the range. Unless
otherwise indicated herein, each individual value is incorporated into the specification as if
1t was individually recited herein. All methods described herein can be performed in any
suitable order unless otherwise indicated herein or otherwise clearly contradicted by context.
The use of any and all examples, or exemplary language (e.g., “such as™), provided herein is
intended merely to better illustrate the invention and does not pose a limitation on the scope
of the invention otherwise claimed. No language in the specification should be construed as
indicating any non-claimed element essential to the practice of the invention.

[69] About or Approximately: The term “about” or “approximately”, when used herein in
reference to a value, refers to a value that is similar, in context to a stated reference value. In
general, those skilled 1n the art, familiar with the context, will appreciate the relevant degree
of variance encompassed by “about” or “approximately’ in that context. Those skilled in the
art will appreciate that, in many embodiments (as will be understood from context), the term
“about” means approximately or nearly, and in the context of a numerical value or range set
forth herein preferably means +/- 10 % of the numerical value or range. For example, in
some embodiments, the term “about” or “approximately” may encompass a range of values
that are within 25%, 20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%,
8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, or less of the referred value.

[70]  Administration: As used herein, the term “administration™ typically refers to the
administration of a composition to a subject or system. Those of ordinary skill in the art will
be aware of a variety of routes that may, in appropriate circumstances, be utilized for
administration to a subject, for example a human. For example, in some embodiments,

administration may be ocular, oral, parenteral, topical, efc. In some particular embodiments,
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administration may be bronchial (e.g., by bronchial instillation), buccal, dermal (which may
be or comprise, for example, one or more of topical to the dermis, intradermal, intradermal,
transdermal, eic.), enteral, intra-arterial, intradermal, intragastric, intramedullary,
intramuscular, intranasal, intraperitoneal, intrathecal, intravenous, intraventricular, within a
specific organ (e. g. intrahepatic), mucosal, nasal, oral, rectal, subcutaneous, sublingual,
topical, tracheal (e.g., by intratracheal instillation), vaginal, vitreal, efc. In some
embodiments, administration may be intramuscular. In some embodiments, administration
may involve dosing that is intermittent (e.g., a plurality of doses separated in time) and/or
periodic (e.g., individual doses separated by a common period of time) dosing. In some
embodiments, administration may involve continuous dosing (e.g., perfusion) for at least a
selected period of time.

|71]  Agent: In general, the term “agent”, as used herein, is used to refer to an entity (e.g.,
for example, a lipid, metal, nucleic acid, polypeptide, polysaccharide, small molecule, etc.,
or complex, combination, mixture or system [e.g., cell, tissue, organism] thereof), or
phenomenon (e.g., heat, electric current or field, magnetic force or field, efc.). In appropriate
circumstances, as will be clear from context to those skilled in the art, the term may be
utilized to refer to an entity that is or comprises a cell or organism, or a fraction, extract, or
component thereot. Alternatively or additionally, as context will make clear, the term may
be used to refer to a natural product in that it is found in and/or is obtained from nature. In
some 1nstances, again as will be clear from context, the term may be used to refer to one or
more entities that 1s man-made in that it is designed, engineered, and/or produced through
action of the hand of man and/or 1s not found in nature. In some embodiments, an agent may
be utilized 1n 1solated or pure form; in some embodiments, an agent may be utilized in crude
torm. In some embodiments, potential agents may be provided as collections or libraries, for
example that may be screened to identify or characterize active agents within them. In some
cases, the term “agent” may refer to a compound or entity that is or comprises a polymer; in
some cases, the term may refer to a compound or entity that comprises one or more
polymeric moieties. In some embodiments, the term “agent” may refer to a compound or
entity that 1s not a polymer and/or is substantially free of any polymer and/or of one or more
particular polymeric moieties. In some embodiments, the term may refer to a compound or
entity that lacks or 1s substantially free of any polymeric moiety.

[72] Analog: As used herein, the term “analog” refers to a substance that shares one or

more particular structural features, elements, components, or moieties with a reference
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substance. Typically, an “analog” shows significant structural similarity with the reference
substance, for example sharing a core or consensus structure, but also differs in certain
discrete ways. In some embodiments, an analog 1s a substance that can be generated from
the reference substance, e.g., by chemical manipulation of the reference substance. In some
embodiments, an analog is a substance that can be generated through performance of a
synthetic process substantially similar to (e.g., sharing a plurality of steps with) one that
generates the reference substance. In some embodiments, an analog is or can be generated
through performance of a synthetic process different from that used to generate the reference
substance.

73] Antibody agent: As used herein, the term “antibody agent” refers to an agent that
specifically binds to a particular antigen. In some embodiments, the term encompasses any
polypeptide or polypeptide complex that includes immunoglobulin structural elements
sufficient to confer specific binding. Exemplary antibody agents include, but are not limited
to monoclonal antibodies or polyclonal antibodies. In some embodiments, an antibody agent
may include one or more constant region sequences that are characteristic of mouse, rabbit,
primate, or human antibodies. In some embodiments, an antibody agent may include one or
more sequence elements are humanized, primatized, chimeric, efc., as is known in the art. In
many embodiments, the term “antibody agent™ 1s used to refer to one or more of the art-
known or developed constructs or formats for utilizing antibody structural and functional
teatures 1n alternative presentation. For example, embodiments, an antibody agent utilized in
accordance with the present disclosure is in a format selected from, but not limited to, intact
IgA, IgG, IgE or IgM antibodies; bi- or multi- specific antibodies (e.g., Zybodies®, etc.);
antibody fragments such as Fab fragments, Fab’ fragments, F(ab’)2 fragments, Fd’
fragments, Fd fragments, and 1solated complementarity determining regions (CDRS) or sets
thereof; single chain Fvs; polypeptide-Fc fusions; single domain antibodies (e.g., shark
single domain antibodies such as [gNAR or fragments thereof); cameloid antibodies;
masked antibodies (e.g., Probodies®); Small Modular ImmunoPharmaceuticals
(“SMIPsTM?”); single chain or Tandem diabodies (TandAb®); VHHSs; Anticalins®:;
Nanobodies® minibodies; BITE®s; ankyrin repeat proteins or DARPINs®; Avimers®:
DARTSs; TCR-like antibodies; Adnectins®; Affilins®; Trans-bodies®; Affibodies®;
TrimerX®; MicroProteins; Fynomers®, Centyrins®; and KALBITOR®s. In some
embodiments, an antibody may lack a covalent modification (e.g., attachment of a glycan)

that 1t would have if produced naturally. In some embodiments, an antibody may contain a
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covalent modification (e.g., attachment of a glycan, a payload [e.g., a detectable moiety, a
therapeutic moiety, a catalytic moiety, efc.], or other pendant group [e.g., poly-ethylene
glycol, efc.]. In many embodiments, an antibody agent is or comprises a polypeptide whose
amino acid sequence includes one or more structural elements recognized by those skilled in
the art as a complementarity determining region (CDR); in some embodiments an antibody
agent 1s or comprises a polypeptide whose amino acid sequence includes at least one CDR
(e.g., at least one heavy chain CDR and/or at least one light chain CDR) that is substantially
1identical to one found in a reference antibody. In some embodiments an included CDR is
substantially 1dentical to a reference CDR in that it 1s either identical in sequence or contains
between 1-5 amino acid substitutions as compared with the reference CDR. In some
embodiments an included CDR 1is substantially identical to a reference CDR in that it shows
at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%,
99%, or 100% sequence i1dentity with the reference CDR. In some embodiments, an included
CDR 1s substantially 1dentical to a reference CDR in that 1t shows at least 95%, 96%, 97%.
98%, 99%, or 100% sequence 1dentity with the reference CDR. In some embodiments an
included CDR 1is substantially identical to a reference CDR 1n that at least one amino acid
within the included CDR 1is deleted, added, or substituted as compared with the reference
CDR but the included CDR has an amino acid sequence that is otherwise identical with that
of the reference CDR. In some embodiments an included CDR is substantially identical to a
reference CDR 1n that 1-5 amino acids within the included CDR are deleted, added, or
substituted as compared with the reterence CDR but the included CDR has an amino acid
sequence that 1s otherwise identical to the reference CDR. In some embodiments, an included
CDR 1s substantially 1dentical to a reference CDR in that at least one amino acid within the
included CDR 1s substituted as compared with the reference CDR but the included CDR has
an amino acid sequence that 1s otherwise 1dentical with that of the reference CDR. In some
embodiments, an included CDR 1s substantially identical to a reference CDR 1in that 1-5
amino acids within the included CDR are deleted, added, or substituted as compared with the
reference CDR but the included CDR has an amino acid sequence that is otherwise identical
to the reference CDR. In some embodiments, an antibody agent is or comprises a
polypeptide whose amino acid sequence includes structural elements recognized by those
skilled in the art as an immunoglobulin variable domain. In some embodiments, an antibody
agent 1s a polypeptide protein having a binding domain which is homologous or largely

homologous to an immunoglobulin-binding domain.
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[74] Antibody agents can be made by the skilled person using methods and commercially
available services and kits known in the art. For example, methods of preparation of
monoclonal antibodies are well known 1n the art and include hybridoma technology and
phage display technology. Further antibodies suitable for use in the present disclosure are
described, for example, 1n the following publications: Antibodies A Laboratory Manual,
Second edition. Edward A. Greenfield. Cold Spring Harbor Laboratory Press (September 30,
2013); Making and Using Antibodies: A Practical Handbook, Second Edition. Eds. Gary C.
Howard and Matthew R. Kaser. CRC Press (July 29, 2013); Antibody Engineering: Methods
and Protocols, Second Edition (Methods 1n Molecular Biology). Patrick Chames. Humana
Press (August 21, 2012); Monoclonal Antibodies: Methods and Protocols (Methods 1n
Molecular Biology). Eds. Vincent Ossipow and Nicolas Fischer. Humana Press (February 12,
2014); and Human Monoclonal Antibodies: Methods and Protocols (Methods in Molecular
Biology). Michael Steinitz. Humana Press (September 30, 201 3)).

[75] Antibodies may be produced by standard techniques, for example by immunization
with the appropriate polypeptide or portion(s) thereof, or by using a phage display library. If
polyclonal antibodies are desired, a selected mammal (e.g., mouse, rabbit, goat, horse, etc.)
1s immunized with an immunogenic polypeptide bearing a desired epitope(s), optionally
haptenized to another polypeptide. Depending on the host species, various adjuvants may be
used to increase immunological response. Such adjuvants include, but are not limited to,
Freund’s, mineral gels such as aluminum hydroxide, and surface- active substances such as
lysolecithin, pluronic polyols, polyanions, peptides, o1l emulsions, keyhole limpet
hemocyanin, and dinitrophenol. Serum from the immunized animal 1s collected and treated
according to known procedures. If serum containing polyclonal antibodies to the desired
epitope contains antibodies to other antigens, the polyclonal antibodies can be purified by
immunoaffinity chromatography or any other method known 1n the art. Techniques for
producing and processing polyclonal antisera are well known in the art.

[76] Antigen: The term “antigen”, as used herein, refers to an agent that elicits an
immune response; and/or (11) an agent that binds to a T cell receptor (e.g., when presented by
an MHC molecule) or to an antibody. In some embodiments, an antigen elicits a humoral
response (e.g., including production of antigen-specific antibodies); in some embodiments,
an antigen elicits a cellular response (e.g., involving T-cells whose receptors specifically
interact with the antigen). In some embodiments, an antigen binds to an antibody and may or

may not induce a particular physiological response 1n an organism. In general, an antigen
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may be or include any chemical entity such as, for example, a small molecule, a nucleic
acid, a polypeptide, a carbohydrate, a lipid, a polymer (in some embodiments other than a
biologic polymer [e.g., other than a nucleic acid or amino acid polymer) efc. In some
embodiments, an antigen 1s or comprises a polypeptide. In some embodiments, an antigen 1s
or comprises a glycan. Those of ordinary skill in the art will appreciate that, in general, an
antigen may be provided 1n 1solated or pure form, or alternatively may be provided in crude
form (e.g., together with other materials, for example 1n an extract such as a cellular extract
or other relatively crude preparation of an antigen-containing source). In some
embodiments, antigens utilized in accordance with the present invention are provided in a
crude form. In some embodiments, an antigen 1s a recombinant antigen.

[77] Autologous: The term “autologous” 1s used to describe anything that is derived from
the same subject. For example, “autologous cell” reters to a cell derived from the same
subject. Introduction of autologous cells into a subject 1s advantageous because these cells
overcome the immunological barrier which otherwise results 1n rejection.

78] Allogeneic: The term “allogeneic” 1s used to describe anything that is derived from
different individuals of the same species. Two or more individuals are said to be allogeneic
to one another when the genes at one or more loct are not identical.

[79] Base pair: As 1s understood in the art, a “base pair’ 1s a structural motif of a
secondary structure wherein two nucleotide bases associate with each other through
hydrogen bonds between donor and acceptor sites on the bases. Complementary bases, A:U
and G:C are understood to be able to form stable base pairs through hydrogen bonds
between donor and acceptor sites on the bases; the A:U and G:C base pairs are called
Watson-Crick base pairs. A weaker base pair (called Wobble base pair) 1s formed by the
bases G and U (G:U). Base pairs A:U and G:C may be referred to as “canonical” base pairs.
Other base pairs, such as G:U (which occurs fairly often in RNA) and other relatively
uncommon base-pairs (e.g. A:C; U:U) may be referred to as non-canonical base pairs.

[80] Batch: As used herein, the term “batch™ or “batch reaction™ or similar terms refers to
at least one discrete supplementation event for at least one component (€.g., 1n some
embodiments) specifically at least one for UTP or analog thereof, optionally at least one for
other component(s), optionally multiple components supplemented in same discrete
supplementation event.

[81] Binding: It will be understood that the term “binding”, as used herein, typically

refers to a non-covalent association between or among two or more entities. “Direct”
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binding involves physical contact between entities or moieties; indirect binding involves
physical interaction by way of physical contact with one or more intermediate entities.
Binding between two or more entities can typically be assessed in any of a variety of
contexts — including where interacting entities or moieties are studied in isolation or in the
context of more complex systems (e.g., while covalently or otherwise associated with a
carrier entity and/or in a biological system or cell).

[82] Bioreactor: The term “bioreactor” as used herein refers to a vessel used for in vitro
transcription described herein. A bioreactor can be of any size so long as it 1s useful for in
vitro transcription. For example, in some embodiments, a bioreactor can be at least 0.5 liter,
including 1, 2, 3,4, 5,6, 7, 8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50 liters or more, or any
volume 1n between. The internal conditions of the bioreactor, including, but not limited to
pH and temperature, are typically controlled during in vitro transcription. The bioreactor can
be composed of any material that is suitable for in vitro transcription under the conditions as
described herein, including glass, plastic or metal. One of ordinary skill in the art will be
aware of and will be able to choose suitable bioreactor volume for use in practicing in vitro
transcription.

[83] Cap: As used herein, the term *“cap” refers to a structure comprising or essentially
consisting of a nucleoside-5 ‘-triphosphate that is typically joined to a 5°-end of an uncapped
RNA (e.g., an uncapped RNA having a 5°- diphosphate). In some embodiments, a cap is or
comprises a guanine nucleotide. In some embodiments, a cap is or comprises a naturally-
occurring RNA 57 cap, including, e.g., but not limited to a N7-methylguanosine cap, which
has a structure designated as “m7G.” In some embodiments, a cap is or comprises a
synthetic cap analog that resembles an RNA cap structure and possesses the ability to
stabilize RNA 1f attached thereto, including, e.g., but not limited to anti-reverse cap analogs
(ARCAS) known 1n the art). Those skilled in the art will appreciate that methods for joining
acaptoad end of an RNA are known in the art. For example, in some embodiments, a
capped RNA may be obtained by in vifro capping of RNA that has a 5° triphosphate group
or RNA that has a 5’ diphosphate group with a capping enzyme system (including, e.g., but
not limited to vaccinia capping enzyme system or Saccharomyces cerevisiae capping
enzyme system). Altermatively, a capped RNA can be obtained by in vitro transcription
(IVT) of a DNA template, wherein, in addition to the GTP, an IVT system also contains a
cap analog, e.g., as known in the art. Non-limiting examples of a cap analog include a

m7GpppQ cap analog or an N7-methyl-, 2°-O- methyl -GpppG ARCA cap analog or an N7-
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methyl-, 3°-O-methyl-GpppG ARCA cap analog, or any commercially available cap
analogs, including, e.g., CleanCap (Trilink), EZ Cap, efc.. In some embodiments, a cap
analog 1s or comprises a trinucleotide cap analog. Various cap analogs are described herein
and known 1n the art, e.g., commercially available.

[84]  Codon: As 1s understood in the art, the term “codon” refers to a base triplet in a
coding nucleic acid that specifies which amino acid will be added next during protein
synthesis at the ribosome.

[85] Comparable: As used herein, the term “comparable” refers to two or more agents,
entities, situations, sets of conditions, efc., that may not be identical to one another but that
are sufficiently similar to permit comparison there between so that one skilled in the art will
appreciate that conclusions may reasonably be drawn based on differences or similarities
observed. In some embodiments, comparable sets of conditions, circumstances, individuals,
or populations are characterized by a plurality of substantially identical features and one or a
small number of varied features. Those of ordinary skill in the art will understand, in
context, what degree of 1dentity is required in any given circumstance for two or more such
agents, entities, situations, sets of conditions, efc. to be considered comparable. For example,
those of ordinary skill in the art will appreciate that sets of circumstances, individuals, or
populations are comparable to one another when characterized by a sufficient number and
type of substantially identical features to warrant a reasonable conclusion that differences in
results obtained or phenomena observed under or with different sets of circumstances,
individuals, or populations are caused by or indicative of the variation in those features that
are varied.

[86] Complementary: As used herein, the term “complementary” is used in reference to
oligonucleotide hybridization related by base-pairing rules. For example, the sequence “C-
A-G-T7 1s complementary to the sequence “G-T-C-A.” Complementarity can be partial or
total. Thus, any degree of partial complementarity is intended to be included within the
scope of the term “complementary” provided that the partial complementarity permits
oligonucleotide hybridization. Partial complementarity is where one or more nucleic acid
bases 1s not matched according to the base pairing rules. Total or complete complementarity
between nucleic acids 1s where each and every nucleic acid base is matched with another
base under the base pairing rules. As is understood in the art, percent complementarity
indicates the percentage of contiguous residues in a nucleic acid molecule that can form

hydrogen bonds (e.g., Watson-Crick base pairing) with a second nucleic acid sequence (e.g.,

17



WO 2022/122689 PCT/EP2021/084488

5,0,7,8,9, 10 out of 10 being 50%, 60%, 70%, 80%, 90%, and 100% complementary).
“Pertectly complementary” or “fully complementary” means that all the contiguous residues
of a nucleic acid sequence will hydrogen bond with the same number of contiguous residues
in a second nucleic acid sequence. In many embodiments, degree of complementarity
according to the invention is at least 70%, preferably at least 75%, preferably at least 80%,
more preterably at least 85%, even more preferably at least 90% or most preferably at least
95%, 96%, 97%, 98% or 99%. In certain emodiments, the degree of complementarity
according to the invention is 100%.

[87] Comprising: Unless expressly specified otherwise, the term “comprising™ is used in
the context of the present document to indicate that further members may optionally be
present in addition to the members of the list introduced by “comprising™. It is, however,
contemplated as a specific embodiment of the present invention that the term “comprising”
encompasses the possibility of no further members being present, i.e. for the purpose of this
embodiment “comprising” 1s to be understood as having the meaning of “consisting of”

[88] Decreasing, reducing, inhibiting: As is understood in the art, terms such as
“decreasing”, “reducing” or “inhibiting” may be used herein to refer to an ability to cause an
overall and/or relative decrease, e.g., in an entity, event, frequency, activity, etc. In some
embodiments, a decrease, for example, may be 5% or greater, 10% or greater, 20% or
greater, 25% or greater, 30% or greater, 35% or greater, 40% or greater, 45% or greater, in
some embodiments of 50% or greater, 60% or greater, 70% or greater, and in some
embodiments 75% or greater. In some embodiments, a decrease may be 2 fold or greater, 3
fold or greater, 4 fold or greater, 5 fold or greater, 6 fold or greater, 7 fold or greater, 8 fold
or greater, 9 told or greater, 10 fold or greater, 15 fold or greater, 20 fold or greater, 25 fold
or greater, 30 fold or greater, 40 fold or greater, 50 fold or greater, 100 fold or greater, etc.
In some embodiments, a decrease is assessed relative to an appropriate reference. In some

be??

embodiments, inhibition may be complete or “”essentially complete, for example to an
undetectable level, e.g., to zero or essentially to zero.

[89]  Derivative: As used herein, the term “derivative” refers to a structural analogue of a
reference substance. That is, a “derivative” is a substance that shows significant structural
similarity with the reference substance, for example sharing a core or consensus structure,
but also differs in certain discrete ways. In some embodiments, a derivative is a substance

that can be generated from the reference substance by chemical manipulation. In some

embodimets, a derivative 1s a substance that can be generated through performance of a
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synthetic process substantially similar to (e.g., sharing a plurality of steps with) one that
generates the reference substance. For example, in some embodiments, a “derivative” of a
nucleic acid residue may be or comprise a difference on a nucleotide base, on the sugar or
on the phosphate. In some embodiments, a “derivative” of a nucleic acid may be a nucleic
acid that contains one or more nucleotides and/or nucleotide analogs not occurring naturally.
In some embodiments, a derivative of a nucleic acid is more stable than a comparable
nucleic acid lacking the relevant derivatization. In some embodiments, the term
“derivative” 1s used to refer to a nucleic acid sequence that “”is a variant with respect to a
particular reference sequence; in some such embodiments, such derived (i.e., variant)
sequence shows comparable or improved stability and/or translation efficiency relative to its
parent reference sequence, for example, when it replaces such parent reference sequence in
an RNA molecule.

|90]  Detecting: The term “detecting” is used broadly herein to include appropriate means
of determining the presence or absence of an entity of interest or any form of measurement
of an entity of interest in a sample. Thus, “detecting” may include determining, measuring,
assessing, or assaying the presence or absence, level, amount, and/or location of an entity of
interest. Quantitative and qualitative determinations, measurements or assessments are
included, including semi-quantitative. Such determinations, measurements or assessments
may be relative, for example when an entity of interest is being detected relative to a control
reference, or absolute. As such, the term “quantifying” when used in the context of
quantifying an entity of interest can refer to absolute or to relative quantification. Absolute
quantification may be accomplished by correlating a detected level of an entity of interest to
known control standards (e.g., through generation of a standard curve). Alternatively,
relative quantification can be accomplished by comparison of detected levels or amounts
between two or more different entities of interest to provide a relative quantification of each
of the two or more different entities of interest, i.e., relative to each other.

[91] Determine: Those of ordinary skill in the art, reading the present specification, will
appreciate that a step of “determining” can utilize or be accomplished through use of any of
a variety ot techniques available to those skilled in the art, including for example specific
techniques explicitly referred to herein. In some embodiments, determining involves
manipulation of a physical sample. In some embodiments, determining involves
consideration and/or manipulation of data or information, for example utilizing a computer

or other processing unit adapted to perform a relevant analysis. In some embodiments,
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determining involves receiving relevant information and/or materials from a source. In some
embodiments, determining involves comparing one or more features of a sample or entity to
a comparable reference.

[92] Dosage form or unit dosage form: Those skilled in the art will appreciate that the
term “dosage form™ may be used to refer to a physically discrete unit of an active agent
(e.g., a therapeutic or diagnostic agent) for administration to a subject. Typically, each such
unit contains a predetermined quantity of active agent. In some embodiments, such quantity
1s a unit dosage amount (or a whole fraction thereof) appropriate for administration in
accordance with a dosing regimen that has been determined to correlate with a desired or
beneficial outcome when administered to a relevant population (i.e., with a therapeutic
dosing regimen). Those of ordinary skill in the art appreciate that the total amount of a
therapeutic composition or agent administered to a particular subject is determined by one or
more attending physicians and may involve administration of multiple dosage forms.

193] Encapsulate: The term “encapsulate” or “encapsulation™ is used herein to refer to at
least a portion of a component is enclosed or surrounded by another material or another
component 1n a composition. In some embodiments, a component can be fully enclosed or
surrounded by another material or another component in a composition.

[94] Excipient: As used herein, the term “excipient” refers to a non-therapeutic agent that
may be included in a pharmaceutical composition, for example to provide or contribute to a
desired property or effect (e.g., desired consistency, delivery, and/or stabilizing effect, ezc.).
In some embodiments, the term “excipient™ 1s intended to indicate substance(s) which may
be present 1n a pharmaceutical composition and which are not active ingredients such as,
e.g., carniers, binders, lubricants, thickeners, surface active agents, preservatives,
emulsifiers, buffers, flavoring agents, or colorants. In some embodiments, suitable
pharmaceutical excipients to be added to a LNP composition may include, for example,
salts, starch, glucose, lactose, sucrose, gelatin, sodium chloride, glycerol, propylene, glycol,
water, ethanol and the like.

|95] Encode: As used herein, the term “encode” or “encoding” refers to sequence
information of a first molecule that guides production of a second molecule having a defined
sequence of nucleotides (e.g., mRNA) or a defined sequence of amino acids. For example, a
DNA molecule can encode an RNA molecule (e.g., by a transcription process that includes a
DNA-dependent RNA polymerase enzyme). An RNA molecule can encode a polypeptide
(e.g., by a translation process). Thus, a gene, a cDNA, or a single-stranded RNA (e.g., an
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mRNA) encodes a polypeptide if transcription and translation of mRNA corresponding to
that gene produces the polypeptide in a cell or other biological system. In some
embodiments, a coding region of a single-stranded RNA encoding a target polypeptide agent
refers to a coding strand, the nucleotide sequence of which is identical to the mRNA
sequence of such a target polypeptide agent. In some embodiments, a coding region of a
single-stranded RNA encoding a target polypeptide agent refers to a non-coding strand of
such a target polypeptide agent, which may be used as a template for transcription of a gene
or cDNA. Asis understood in the art, the phrase “nucleic acid encoding a peptide or
protein” means that the nucleic acid, if present in the appropriate environment, for example
within a cell and/or in a cell-free translation system, can direct the assembly of amino acids
to produce the peptide or protein via a process of translation. In some embodiments, a
coding 1s able to interact with cellular translation machinery allowing translation of such
coding RNA to yield the encoded peptide or protein.

[96] Endogenous: As used herein “endogenous” refers to material from or produced
Inside an organism, cell, tissue or system in which it is found.

[97] Exogenous: As used herein, the term “exogenous”™ refers to a material introduced
into or produced outside of an organism, cell, tissue or system in which it is located.

98] Expression: As 1s understood in the art, the term “expression” is used to refer to
production of a templated nucleic acid (typically an RNA template) and/or of a polypeptide
encoded thereby. Thus, in some embodiments, the term may be used to refer to production
of RNA, of polypeptide, of RNA and polypeptide; alternatively or additionally, in some
embodiments, it may refer to comprises partial expression of nucleic acids. Furthermore,
expression may be transient or stable or continuous. As used herein, “expression” of a
nucleic acid sequence refers to one or more of the following events: (1) production of an
RNA template from a DNA sequence (e.g., by transcription); (2) processing of an RNA
transcript (e.g., by splicing, editing, 5° cap formation, and/or 3” end formation); (3)
translation of an RNA 1nto a polypeptide or protein; and/or (4) post-translational
modification of a polypeptide or protein. Those skilled in the art will appreciate that the
term “expression” or “translation”, when applied to an RNA, typically refers to a process by
which a ribosome (e.g., in a cell) reads a strand of coding RNA (e.g. messenger RNA) and
directs the assembly of a sequence of amino acids to make an encoded peptide or protein.
991 Expression control sequence: As will be appreciated by those skilled in the art

reading the present disclosure, the term “expression control sequence”, as used herein, refers
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to a sequence element whose presence and/or identity influences one or more features of
expression of another sequence. Often, an expression control sequence is a nucleic acid
sequence element, and often it acts in cis. Thus, in some embodiments, an expression
control sequence may be, for example, a promoter, an enhancer, a repressing element, a
looping site, a termination site, a ribosome-binding sequence, a translation pause signal,
and/or another control element(s) which, for example, may control or regulate transcription
of a gene and/or or translation of a transcribed RNA. In particular embodiments of the
invention, the expression control sequences can be regulated. The precise structure of
expression control sequences present in and/or otherwise associated with a particular
cxpressable construct may vary, for example, depending on species or cell type of relevant
expression machinery (e.g., RNA polymerase, splicosome, ribosome, etc) but in many
embodiments may include 5’ -untranscribed and 5°- and 3’-untranslated sequences involved
In mitiating transcription and translation, respectively. More specifically, in some
embodiments, 5’ -untranscribed expression control sequences may include a promoter region
which encompasses a promoter sequence for transcription control of a functionally linked
gene. In some embodiments, expression control sequences may also include enhancer
sequences or upstream activator sequences. In many embodiments, an expression control
sequence of a DNA molecule may include 5’ -untranscribed and 5°- and 3’-untranslated
sequences such as TATA box, capping sequence, CAAT sequence and the like.

[100] Fed-batch process: The term “fed-batch process™ as used herein refers to a process
in which one or more components are introduced into a vessel, e.g., a bioreactor, at some
time subsequent to the beginning of a reaction. In some embodiments, one or more
components are introduced by a fed-batch process to maintain its concentration low during a
reaction. In some embodiments, one or more components are introduced by a fed-batch
process to replenish what 1s depleted during a reaction.

101} Five prime untranslated region: As used herein, the terms “five prime untranslated
regton” or “5° UTR” refer to a sequence of an mRNA molecule that begins at the
transcription start site and ends one nucleotide (nt) before the start codon (usually AUG) of
the coding region of an RNA.

[102] Fragment: “Fragment”, with reference to a nucleic acid sequence, relates to a part of
a nucleic acid sequence, e.g., a sequence which represents less than the parental sequence
from which the fragment 1s derived, e.g., a nucleic acid sequence shortened at the 5°- and/or

3’-end(s), and/or by removal of one or more internal residues. In some embodiments, a
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fragment of a nucleic acid sequence comprises at least 80%, or in some embodiments at
least 90%, 95%, 96%, 97%, 98%, or 99% of the corresponding nucleotide residues from
such parental nucleic acid sequence. In many embodiments, a fragment retains one or more
properties or attributes of its parental sequence. For example, in some embodiments, a
fragment of a translatable RNA 1s characterized by stability and/or translational efficiency
that 1s at least reasonably comparable to that of its parent. In some embodiments, a nucleic
acid whose nucleic acid sequence represents a two or more discontinuous sequences derived
from the same parental nucleic acid fused together 1s considered to be a fragment of that
parental nucleic acid.

[103] “Fragment™, with reference to an amino acid sequence (peptide or protein), relates to
a part of an amino acid sequence, e.g. a sequence which represents the amino acid sequence
shortened at the N-terminus and/or C-terminus and/or missing one or more internal residues.
In some embodiments, a fragment shortened at the C-terminus (N-terminal fragment) is
obtainable e.g. by translation of a truncated open reading frame that lacks the 3’-end of the
open reading frame. In some embodiments, a fragment shortened at the N-terminus (C-
terminal fragment) is obtainable e.g. by translation of a truncated open reading frame that
lacks the 5°-end of the open reading frame, as long as the truncated open reading frame
comprises a start codon that serves to initiate translation. In many embodiments, a fragment
of an amino acid sequence comprises e.g2. at least 1 %, at least 2 %, at least 3 %, at least 4 %,
at least 5 %, at least 10 %, at least 20 %, at least 30 %, at least 40 %, at least 50 %, at least
60 %, at least 70 %, at least 80%, at least 90% of the amino acid residues from an amino
acid sequence. In many embodiments, a fragment includes at least 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37, 38,39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 55, 60, 65, 70, 75, 80 85, 90 95, 100 or
more amino acids, In many embodiments, a fragment retains one or more properties or
attributes of its parental sequence. . In some embodiments, a polypeptide whose nucleic
acid sequence represents a two or more discontinuous sequences derived from the same
parental polypeptide fused together is considered to be a fragment of that parental
polypeptide.

[104] Functional: As used herein, a “functional” biological molecule 1s a biological
molecule in a form in which it exhibits a property and/or activity by which it 1s
characterized. In some embodiments, a biological molecule may have one function (i.e.,

monofunctional), two functions (i.e., bifunctional) or many functions (i.e., multifunctional).
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[105] Functional analog: In certain embodiments, an “analog™ 1s a “functional analog”.
The term ““functional analog” refers to an analog of a substance which comprises or shares
one or more functions with the reference substance. For example, a functional analog of a
nucleoside triphosphate (NTP) shares one or more functions with the reference NTP. For
example, a functional analog of GTP shares one or more functions with GTP. For example,
a functional analog of CTP shares one or more functions with CTP. For example, a
functional analog of ATP shares one or more functions with ATP. For example, a functional
analog of UTP shares one or more functions with UTP. In certain embodiments, a functional
analog of an NTP is translatable. In certain embodiments, a functional analog of an NTP can
be incorporated into a product molecule, e.g., into an RNA instead of, 1.e., replacing, the
reference NTP. In certain embodiments, the functional analog of an NTP, when incorporated
in an RNA molecule, allows translation of the RNA molecule, wherein the functional analog
functions as the reference NTP during translation. In some embodiments, a functional
analog of an NTP has further characteristics not shared with the reference NTP; for example,
it 1s known that incorporation of Pseudo-UTP and/or N1-Methylpseudo-UTP 1nstead of, i.e.,
replacing, UTP, may result in RNA with reduced immunogenicity compared to RNA
transcribed from the same template using non-modified UTP. In some embodiments, a
functional analog of UTP can be incorporated into an RNA molecule instead of UTP and/or
1s translatable, e.g., as or instead of UTP. Similarly, a functional analog of GTP can be
incorporated into an RNA molecule instead of GTP and/or is translatable, e.g., as or instead
of GTP. The same applies to CTP and ATP. In certain embodiments, a functional analog of
an NTP can be incorporated during synthesis of an RNA molecule at any given position
where the respective NTP is expected or predicted, e.g., by the matrix used such as DNA
from which the RNA 1s transcribed.

[106] Functional linkage: As used herein, “functional linkage” or “functionally linked”
relates to a connection within a functional relationship. A nucleic acid 1s “functionally
linked™ 1f 1t 1s functionally related to another nucleic acid sequence. For example, a
promoter 1s functionally linked to a coding sequence 1f 1t influences transcription ot said
coding sequence. Functionally linked nucleic acids are typically adjacent to one another,
where appropriate separated by further nucleic acid sequences, and, in particular
embodiments, are transcribed by RNA polymerase to give a single RNA molecule (common

transcript). In particular embodiments, a nucleic acid 1s functionally linked according to the
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invention to expression control sequences which may be homologous or heterologous with
respect to the nucleic acid.

[107] Gene: As used herein, the term “gene” refers to a DNA sequence 1n a chromosome
that codes for a product (e.g., an RNA product and/or a polypeptide product). In some
embodiments, a gene includes coding sequence (i.e., sequence that encodes a particular
product); in some embodiments, a gene includes non-coding sequence. In some particular
embodiments, a gene may include both coding (e.g., exonic) and non-coding (e.g., intronic)
sequences. In some embodiments, a gene may include one or more regulatory elements that,
for example, may control or impact one or more aspects of gene expression (e.g., cell-type-
specific expression, inducible expression, efc.).

[108] Gene product or expression product: As used herein, the term “gene product” or
“expression product” generally refers to an RNA transcribed from the gene (pre- and/or
post-processing) or a polypeptide (pre- and/or post-modification) encoded by anRNA
transcribed from the gene.

[109] Heterologous: The term “heterologous™ 1s used herein to describe an entity relative
to a reference and to specify that the entity originated in a source that is different, and/or in
association with one or more components that are different, from the relevant reference. As
an example, the introduction of one individual’s cell into a different individual constitutes a
heterologous transplant. A heterologous gene i1s a gene derived from a source other than the
subject.

[110] Homology: As used herein, the term “homology” or “homolog” refers to the overall
relatedness between polynucleotide molecules (e.g., DNA molecules and/or RNA
molecules) and/or between polypeptide molecules. In some embodiments, polynucleotide
molecules (e.g., DNA molecules and/or RNA molecules) and/or polypeptide molecules are
considered to be “homologous™ to one another 1f their sequences are at least 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, or
99% 1dentical. In some embodiments, polynucleotide molecules (e.g., DNA molecules
and/or RNA molecules) and/or polypeptide molecules are considered to be “homologous™ to
one another if their sequences are at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, or 99% similar (e.g., containing residues with
related chemical properties at corresponding positions). For example, as is well known by
those of ordinary skill in the art, certain amino acids are typically classified as similar to one

another as “hydrophobic” or “hydrophilic” amino acids, and/or as having “polar” or “non-
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polar” side chains. Substitution of one amino acid for another of the same type may often be
considered a “homologous” substitution.

[111] Host cell: As used herein, refers to a cell into which exogenous material (e.g., DNA
such as recombinant or otherwise) has been introduced. Persons of skill upon reading this
disclosure will understand that such terms refer not only to the particular subject cell, but
also to the progeny of such a cell. Because certain modifications may occur in succeeding
generations due to either mutation or environmental influences, such progeny may not, in
fact, be 1dentical to the parent cell, but are still included within the scope of the term “host
cell” as used herein. In some embodiments, host cells include prokaryotic and eukaryotic
cells selected from any of the Kingdoms of life that are suitable for expressing an exogenous
DNA (e.g., a recombinant nucleic acid sequence). Exemplary cells include those of
prokaryotes and eukaryotes (single-cell or multiple-cell), bacterial cells (e.g., strains of E.
coli, Bacillus spp., Streptomyces spp., efc.), mycobacteria cells, fungal cells, yeast cells (e.g.,
S. cerevisiae, S. pombe, P. pastoris, P. methanolica, etc.), plant cells, insect cells (e.g., SF-
9,SF-21, baculovirus-infected insect cells, Trichoplusia ni, efc.), non-human animal cells,
human cells, or cell fusions such as, for example, hybridomas or quadromas. In some
embodiments, a host cell is a human, monkey, ape, hamster, rat, or mouse cell. In some
embodiments, a host cell 1s eukaryotic. For example, an eukaryotic host cell may be CHO
(e.g., CHOKI, DXB-1 1 CHO, Veggie-CHO), COS (e.g., COS-7), retinal cell, Vero, CV1,
kidney (e.g., HEK293, 293 EBNA, MSR 293, MDCK, HaK, BHK), HeLa, HepG2, WI38,
MRC 35, Colo205, HB 8065, HL-60, (e.g., BHK21), Jurkat, Daudi, A431 (epidermal), CV-1,
U937, 3T3, L cell, C127 cell, SP2/0, NS-0, MMT 060562, Sertoli cell, BRL 3 A cell,
HT1080 cell, myeloma cell, tumor cell, or a cell line derived from an aforementioned cell.
[112] Hybridizing: A nucleic acid 1s “capable of hybridizing” or “hybridizes” to another
nucleic acid if the two sequences are complementary with one another. A nucleic acid is
“complementary” to another nucleic acid 1f the two sequences are capable of forming a
stable duplex with one another, e.g., hybridize to one another to form a double-stranded
molecule. Complementarity can be total or partial. Those skilled in the art are aware that
ability of two sequences to hybridize with one another may depend on conditions (e.g.,
temperature, pH) and/or presence of other potentially competing sequences. In some
embodiments, hybridization is carried out under stringent conditions, so that only highly
complementary sequences form stable hybrids. Exemplary such stringent conditions are

described, for example, in Molecular Cloning: A Laboratory Manual, J. Sambrook et al.,
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Editors, 2nd Edition, Cold Spring Harbor Laboratory press, Cold Spring Harbor, New York,
1989 or Current Protocols in Molecular Biology, F.M. Ausubel et al., Editors, John Wiley &
Sons, Inc., New York. For example, in some embodiments, stringent hybridization may
involve incubation of a hybridizing nucleic acid with a membrane containing a
complementary nucleic acid at 65°C in hybridization buffer (3.5 x SSC, 0.02% Ficoll, 0.02%
polyvinylpyrrolidone, 0.02% bovine serum albumin, 2.5 mM NaH2PO4 (pH 7), 0.5% SDS,
2 mM EDTA). SSC 1s 0.15 M sodium chloride/0.15 M sodium citrate, pH 7; after such
incubation, the membrane to which the DNA has been transferred is washed, for example, in
2 x SSC at room temperature and then in 0.1-0.5 x SSC/0.1 x SDS at temperatures of up to
68°C.

[113] Identity: As used herein, the term “identity” refers to the overall relatedness between
polymeric molecules, e.g., between nucleic acid molecules (e.g., DNA molecules and/or
RNA molecules) and/or between polypeptide molecules. In some embodiments, polymeric
molecules are considered to be “substantially identical” to one another if their sequences are
at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%., 80%, 85%, 90%,
95%, or 99% 1dentical. Calculation of the percent 1dentity of two nucleic acid or polypeptide
sequences, for example, can be performed by aligning the two sequences for optimal
comparison purposes (e.g., gaps can be introduced in one or both of a first and a second
sequences for optimal alignment and non-identical sequences can be disregarded for
comparison purposes). In certain embodiments, the length of a sequence aligned for
comparison purposes 1s at least 30%, at least 40%, at least 50%, at least 60%, at least 70%,
at least 80%, at least 90%, at least 95%, or substantially 100% of the length of a reference
sequence. The nucleotides at corresponding positions are then compared. When a position in
the first sequence 1s occupied by the same residue (e.g., nucleotide or amino acid) as the
corresponding position in the second sequence, then the molecules are identical at that
position. The percent identity between the two sequences is a function of the number of
identical positions shared by the sequences, taking into account the number of gaps, and the
length of each gap, which needs to be introduced for optimal alignment of the two
sequences. The comparison of sequences and determination of percent identity between two
sequences can be accomplished using a mathematical algorithm. For example, the percent
identity between two nucleotide sequences can be determined using the algorithm of Meyers
and Miller (CABIOS, 1989, 4: 11-17), which has been incorporated into the ALIGN

program (version 2.0). In some exemplary embodiments, nucleic acid sequence comparisons
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made with the ALIGN program use a PAM120 weight residue table, a gap length penalty of
12 and a gap penalty of 4. The percent identity between two nucleotide sequences can,
alternatively, be determined using the GAP program in the GCG software package using an
NWSgapdna. CMP matnix.

|1114] Improved, increased or reduced: As used herein, these terms, or grammatically
comparable comparative terms, indicate values that are relative to a comparable reference
measurement. For example, in some embodiments, an assessed value achieved with an agent
of interest may be “improved” relative to that obtained with a comparable reference agent.
Alternatively or additionally, in some embodiments, an assessed value achieved in a subject
or system of interest may be “improved” relative to that obtained in the same subject or
system under different conditions (e.g., prior to or after an event such as administration of an
agent of interest), or in a different, comparable subject (e.g., in a comparable subject or
system that differs from the subject or system of interest in presence of one or more
indicators of a particular disease, disorder or condition of interest, or in prior exposure to a
condition or agent, efc.). In some embodiments, comparative terms refer to statistically
relevant differences (e.g., that are of a prevalence and/or magnitude sufficient to achieve
statistical relevance). Those skilled in the art will be aware, or will readily be able to
determine, in a given context, a degree and/or prevalence of difference that is required or
sufticient to achieve such statistical significance.

|115] Increase, enhance: As 1s understood in the art, terms such as “increase”™ or
“enhance” may be used herein to refer to an overall and/or relative increase or enhancement
€.g., In an entity, event, frequency, activity, etc. In some embodiments, an increase, for
example, may be by about at least 10%, in some embodiments at least 20%, in some
embodiments at least 30%, in some embodiments at least 40%, in some embodiments at
least 50%, 55%, 65%, 70%, 75%, in some embodiments at least 80%., 85%., 90%, 95% and
in some embodiments at least 100% or more. In some embodiments, an increase or
enhancement can be 2-fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold, 8-fold, 9-fold, 10-fold or
more.

[116] In vitro: The term *“in vitro™ as used herein refers to events that occur in an artificial
environment, e.g., in a test tube or reaction vessel (e.g., a bioreactor), in cell culture, efc.,
rather than within a multi-cellular organism.

[117] In wvitro transcription, Transcription: As i1s known in the art, the terms

“transcription” and “transcribing” relate to a process during which a nucleic acid molecule
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with a particular nucleic acid sequence (the “nucleic acid template™) is read by an RNA
polymerase so that the RNA polymerase synthesizes its complementary single-stranded
RNA molecule. During transcription, the genetic information in the nucleic acid template is
transcribed. In some embodiments, the nucleic acid template is or comprises DNA; however,
In some embodiments, €.g. in the case of transcription from an alphaviral nucleic acid
template, the nucleic acid template may be or comprise RNA. In some embodiments, a
nucleic acid template may include one or more residues that is neither DNA nor RNA and/or
that 1s a DNA or RNA analog (e.g., that contains one or more modifications — e.g., a
backbone modification or a base modification) relative to canonical DNA or RNA. In many
embodiments, a transcribed RNA may be translated into protein. In many embodiments, as
will be clear from context, the term “transcription” used herein refers to “in vitro
transcription”. As used herein, the term “in vitro transcription™ or “IVT” refers to the
process whereby transcription occurs in vitro (i.e., outside of an organism and typically in a
non-cellular system) to produce a synthetic RNA product; in many embodiments, the present
disclosure describes IVT to generate and RNA product for use in certain applications,
including, e.g., production of protein or polypeptides. In some embodiments, an produced
RNA product can be translated in vitro, or can be introduced directly into cells, where in
some embodiments 1t can be can be translated. In certain particular embodiments, a
produced RNA product is of sufficient scale and/or quality for administration to an
organism, and in some embodiments, a human (e.g., as a pharmaceutically active RNA). In
some embodiments, an RNA product may be selected from, e.g., but not limited to,
mRNAs, antisense RNA molecules, shRNA molecules, long non-coding RNA molecules,
ribozymes, aptamers, guide RNAs (e.g., for CRISPR), ribosomal RNAs, small nuclear
RNAs, small nucleolar RNAs, and the like. An IVT reaction typically utilizes a DNA
template (e.g., a linear DNA template) as described and/or utilized herein, ribonucleotides
(e.g., non-modified ribonucleotide triphosphates or modified ribonucleotide triphosphates),
and an appropriate RNA polymerase. In some embodiments, cloning vectors are applied for
the generation of transcripts. In some such embodiments, cloning vectors are designated as
“transcription vectors”™ (which are according to the present invention encompassed by the
term “vector”). In some embodiments, cloning vectors may be plasmids. In some
embodiments, an RNA 1s in vitro transcribed RNA (IVT-RNA) and may be obtained by in
vitro transcription of an appropriate DNA template. Those skilled in the art are aware of a

variety of promoter sequences that can appropriately be used for controlling transcription by
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a relevant RNA polymerase. In some embodiments, a DNA template for in vitro
transcription may be obtained by cloning of a nucleic acid, such as for example a cDNA,
and introducing it into an appropriate vector for in vitro transcription. In some embodiments,
a cCDNA may be obtained by reverse transcription of RNA.

[118] In vitro transcription RNA composition:. As used herein, the term “in vitro
transcription RNA composition™ refers to a composition comprising RNA synthesized by in
vitro transcription. In some embodiments, such a composition can comprise excess in vitro
transcription reagents (including, e.g., ribonucleotides and/or capping agents), nucleic acids
or fragments thereof such as DNA templates or fragments thereof, polypeptides or fragments
thereot such as recombinant enzymes or host cell proteins or fragments thereof, and/or other
impurities. In some embodiments, an in vitro transcription RNA composition may have been
treated and/or processed prior to a purification processes that ultimately produces an RNA
transcript preparation comprising RNA transcript at a desired concentration in an
appropriate buffer for formulation and/or further manufacturing and/or processing. For
example, 1n some embodiments, an in vitro transcription RNA composition may have been
treated to remove or digest DNA template (e.g., using a DNase). In some embodiments, an
in vitro transcription RNA composition may have been treated to remove or digest
polypeptides (e.g., enzymes such as RNA polymerases, RNase inhibitors, efc.) present in an
in vitro transcription reaction (e.g., using a protease). Thus, in some embodiments, following
RNA transcription, a DNA template can be removed or separated from a composition
comprising RNA; those skilled in the art are aware of a variety of methods, e.g., DNA
hydrolysis, by which such removal may be accomplished. In some embodirhents, an RNase
inhibitor may be added during DNA removal or digestion to protect RNA from potential
degradation. In some embodiments, an in vitro transcription RNA composition may have
been treated to remove or digest peptides (e.g., enzymes such as RNA polymerases, RNase
inhibitors, etc.) present in an in vitro transcription reaction (e.g., using a protease).

[119] In vive: As used herein, the term “in vivo™ refers to events that occur within a multi-
cellular organism, such as a human and a non-human animal.
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