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protein-coding nucleotide sequences generated by a codon optimiza-
tion algorithm to identify those sequences that generate a full- length
mRNA transcript, and optionally, high protein expression. In particu-
lar, the present invention relates to screening methods wherein a plural-
ity of protein-coding nucleotide sequences is provided as two or more
DNA fragments which are assembled via homologous ends into plas-
mids that comprise the nucleotide sequences of interest flanked by a 5'
untranslated region (5' UTR) and a 3' untranslated region (3' UTR) and
operationally linked to an RNA polymerase promoter. The assembly
process can take place in the presence of a RecA family recombinase
protein and/or a 3' to 5' exonuclease. The plasmid once assembled can
be amplified by a replication cycle reaction.
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SCREENING CODON-OPTIMIZED NUCLEOTIDE SEQUENCES

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims priority to U.S. Provisional Application Serial
No. 63/485,058 filed February 15, 2023, and to European Patent Application Number
23305310.7 filed March 8, 2023, the disclosures of which are hereby incorporated by

reference.

SEQUENCE LISTING
[0002] The present specification makes reference to a Sequence Listing submitted
electronically which is named “PAT23020-WO-PCT sequence listing st26.xml”. The file
was generated on February 1, 2024, and is 41,899 bytes in size. The entire contents of the

sequence are herein incorporated by reference.

FIELD OF THE INVENTION
[0003] The present invention relates to methods for screening protein-coding
nucleotide sequences generated by a codon optimization algorithm to identify those
sequences that generate a full-length mRNA transcript, and optionally, high protein
expression. In particular, the present invention relates to screening methods wherein a
plurality of protein-coding nucleotide sequences is provided as two or more DNA fragments
which are assembled via homologous ends into plasmids that comprise the nucleotide
sequences of interest flanked by a 5” untranslated region (5 UTR) and a 3’ untranslated

region (3’ UTR) and operationally linked to an RNA polymerase promoter.

BACKGROUND OF THE INVENTION
[0004] mRNA therapy is increasingly important for treating various diseases,
especially those caused by dysfunction of proteins or genes. Genetic mutations in the DNA
sequence of an organism can lead to aberrant gene expression, resulting in defects in protein
production or function. For example, mutations in an underlying DNA sequence can lead to
insufficient expression or over-expression of a protein, or production of dysfunctional
proteins. Restoration of normal or healthy levels of the protein can be achieved through
mRNA therapy, which is widely applicable to a range of diseases caused by gene or protein

dysfunction.
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[0005] In mRNA therapy, mRNA encoding a functional protein that can replace a
defective or missing protein is delivered to a target cell or tissue. Administration of an mRNA
encoding a therapeutic protein efficacious in treating or preventing a disease or disorder can
also provide a cost-effective alternative to therapy with a recombinantly produced peptide,
polypeptide, or protein. mRNA therapy can restore the normal levels of an endogenous
protein or provide an exogenous therapeutic protein without permanently altering the genome
sequence or entering the nucleus of the cell. mRNA therapy takes advantage of the cells’ own
protein production and processing machinery to treat diseases or disorders, is flexible to
tailored dosing and formulation, and is broadly applicable to any disease or condition caused
by an underlying gene or protein defect or treatable through the provision of an exogenous
protein.

[0006] Vaccines based on mRNA therapy enable expression of complex antigens in
their natural conformation and with their natural post-translational modifications in an
immunized subject. Unlike traditional technologies, the manufacture of mRNA vaccines
does not require complex and costly bacterial fermentation, tissue culture, or purification
processes.

[0007] The efficacy and therapeutic benefits of mRNA therapy can be significantly
impacted by expression levels of an mRNA-encoded protein. To promote higher expression
of the mRNA-encoded protein, optimization of the composition and order of codons within a
protein-coding nucleotide sequence (“codon optimization™) is often performed. However,
codon optimization may not remove, and in some instances may introduce, cryptic
transcription termination sites or sequence motifs that interfere with the efficient transcription
of the nucleotide sequence, e.g., by leading to premature termination during in vitro
transcription. Moreover, other parameters such as guanine-cytosine (GC) content may impact
efficient expression of a nucleotide sequence.

[0008] Sequence optimization algorithms typically generate several candidate
“optimized” protein-coding nucleotide sequences. These candidate sequences commonly are
cloned into template plasmids that provide the necessary elements (e.g., an RNA polymerase
promoter) to test their performance in an in vifro synthesis reaction, in particular to confirm
that the optimized nucleotide sequence is transcribed into a full-length mRNA transcript.
Often it is also necessary to confirm empirically that the resulting mRNA transcripts have the
ability to direct high protein expression.

[0009] Traditional methods for cloning candidate sequences into template plasmids

typically involve the maintenance and/or amplification of the template plasmids in
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Escherichia coli. Such cell-based methods have a number of drawbacks. For example, they
are time-consuming because they require F. coli transformation, cell growth and screening of
transformants. Sometimes the candidate sequence may exert detrimental effects on the
recipient cells. These can favour the selection of template plasmid that comprise one or more
mutations in the candidate sequences.

[00010] Consequently, current screening methods for codon-optimized protein-coding
nucleotide sequences are resource intensive and difficult to perform at scale, hampering
efforts to identify optimized sequences that are suitable for the efficient commercial
production of full-length mRNA transcripts at an early development stage. Accordingly, a
need exists for improved methods that can easily be performed at scale to screen large

numbers of optimized protein-coding nucleotide sequences.

SUMMARY OF THE INVENTION
[00011] The present invention addresses the need for methods that can easily be
performed at scale to screen large numbers of optimized protein-coding nucleotide sequences.
In particular, the methods of the invention build on advances in the efficient chemical
synthesis of short DNA fragments and long DNA fragments, and molecular biology
techniques that allow their rapid and accurate assembly via one or more sets of homologous
ends.
[00012] For example, a nucleotide sequence encoding a protein that was generated by
a sequence optimization algorithm (e.g., a codon optimization algorithm) can be divided
computationally into DNA fragments with overlapping homologous ends which allows their
easy re-assembly by highly efficient molecular biology techniques described herein. The
DNA fragments can be prepared by chemical synthesis with an accuracy of less than 1 error
in 5,000 bases, such that quantities (typically at 250-1000 ng) of error-free DNA fragments of
4,000 base pairs (bp) can be provided by commercial suppliers within a few days of ordering
at low cost. Including delivery times, assembly of the DNA fragments via homologous ends
and insertion of the resulting nucleotide sequence into a vector backbone using commercially
available reagents yields within 4-5 days a plasmid which can be used as the template for the
in vitro synthesis of mRNA transcripts. The assembly and cell-free amplification can be done
in 1-2 days.
[00013] Either the plasmid backbone or the DNA fragments may provide a 5’
untranslated region (5 UTR), a 3° untranslated region (3’ UTR), and an RNA polymerase
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promoter. 5’ and 3’ UTRs are typically located on the respective ends of the protein coding
nucleotide sequence in a mature mRNA. The RNA polymerase promoter enables
transcription of the nucleotide sequence when the assembled plasmid is added to an in vifro
transcription reaction mixture.

[00014] For efficient assembly of a plasmid, it may be advantageous to include the

5” UTR and the 3° UTR sequences in the DNA fragments. Doing so may prevent the plasmid
backbone from circularizing without an insert encoding the nucleotide sequence of interest.
The plasmid backbone can be provided in the form of multiple vector fragments, which may
make the assembly of a plasmid containing the nucleotide sequence of interest more efficient.
[00015] By utilizing an optimized workflow, the inventors have found that they can
screen protein-coding nucleotide sequences generated by a sequence optimization algorithm
within a couple of weeks of their original design, making it possible to provide in less than a
month a template plasmid comprising an optimized nucleotide sequence which is suitable for
the production of full-length mRNA transcripts. mRNA transcripts produced from such a
plasmid typically have a high in vivo potency.

[00016] In particular, the invention relates, among other things, to a screening method
that comprises the following steps:

a. providing a plurality of nucleotide sequences encoding a protein generated
by a sequence optimization algorithm;

b. for each nucleotide sequence, providing an insert comprising the nucleotide
sequence and a first set of homologous ends, or two or more DNA
fragments that, when assembled via at least a second set of homologous
ends, yield the insert;

c. providing a vector backbone comprising the first set of homologous ends,
or two or more vector fragments that, when assembled via at least a third set
of homologous ends, yield the vector backbone;

d. for each nucleotide sequence, assembling the insert and the vector backbone
via the first set of homologous ends in the presence of a RecA family
recombinase protein, wherein the assembly yields a plasmid comprising the
nucleotide sequence flanked by a 5” untranslated region (5° UTR) and a 3’
untranslated region (3’ UTR) and operationally linked to an RNA
polymerase promoter, wherein the 5> UTR, the 3’ UTR and the RNA

polymerase promoter are either part of the insert or the vector backbone;
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e. adding each plasmid to an in vifro transcription reaction mixture to
transcribe the nucleotide sequence into an mRNA transcript; and

f.  selecting nucleotide sequences that generate a full-length mRNA transcript.

[00017] In some embodiments, the assembling in step (d) is performed in the presence
of an exonuclease, typically, a 3’ to 5’ exonuclease.

[00018] In some embodiments, the RecA family recombinase protein is an Escherichia
coli RecA, or a functional variant or homolog thereof. The RecA family recombinase protein
may in some embodiments be a T4 phage UvsX recombinase, which optionally may be
provided in combination with a T4 phage UvsY protein.

[00019] The invention also relates to a screening method that comprises the following
steps:

a. providing a plurality of nucleotide sequences encoding a protein generated
by a sequence optimization algorithm;

b. for each nucleotide sequence, providing an insert comprising the nucleotide
sequence and a first set of homologous ends, or two or more DNA
fragments that, when assembled via at least a second set of homologous
ends, yield the insert;

c. providing a vector backbone comprising the first set of homologous ends,
or two or more vector fragments that, when assembled via at least a third set
of homologous ends, yield the vector backbone;

d. for each nucleotide sequence, assembling the insert and the vector backbone
via the first set of homologous ends in the presence of a 3’ to 5’
exonuclease, wherein the assembly yields a plasmid comprising the
nucleotide sequence flanked by a 5” untranslated region (5 UTR) and a 3’
untranslated region (3’ UTR) and operationally linked to an RNA
polymerase promoter, wherein the 5> UTR, the 3° UTR and the RNA
polymerase promoter are either part of the insert or the vector backbone;

e. adding each plasmid to an in vifro transcription reaction mixture to
transcribe the nucleotide sequence into an mRNA transcript; and

f.  selecting nucleotide sequences that generate a full-length mRNA transcript.

[00020] In some embodiments, the 3’ to 5° exonuclease is an exonuclease III family
type-AP (apurinic I apyrimidinic) endonuclease and/or a DnaQ single-stranded DNA-specific
3’ to 5° exonuclease. The exonuclease III family type-AP (apurinic I apyrimidinic)

endonuclease may be an Escherichia coli exonuclease 111, Bacillus subtilis ExoA, Mth212 or
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AP endonuclease I. The DnaQ single-stranded DNA-specific 3’ to 5’ exonuclease may be an
Escherichia coli exonuclease I, exonuclease T (Exo T) or exonuclease X. In some
embodiments, the 3’ to 5° exonuclease is a combination of exonuclease III and exonuclease I,
or a combination of exonuclease III, exonuclease I and exonuclease T.

[00021] In some embodiments, the vector backbone comprises an origin of replication.
The plasmid obtained in step (d) may be modified by introduction of an origin of replication

using a transposon.

[00022] In some embodiments, the plasmid obtained in step (d) is amplified by a
replication cycle reaction (RCR) prior to performing step (e).

[00023] The invention also relates to a screening method that comprises the following
steps:

a. providing a plurality of nucleotide sequences encoding a protein generated by
a sequence optimization algorithm;

b. for each nucleotide sequence, providing an insert comprising the nucleotide
sequence and a first set of homologous ends, or two or more DNA fragments
that, when assembled via at least a second set of homologous ends, yield the
insert;

c. providing a vector backbone comprising the first set of homologous ends, or
two or more vector fragments that, when assembled via at least a third set of
homologous ends, yield the vector backbone;

d. for each nucleotide sequence, (i) assembling the insert and the vector
backbone via the first set of homologous ends, wherein the assembly yields a
plasmid comprising an origin of replication, and the nucleotide sequence
flanked by a 5° untranslated region (5° UTR) and a 3’ untranslated region (3’
UTR) and operationally linked to an RNA polymerase promoter, wherein the
5’ UTR, the 3° UTR and the RNA polymerase promoter are either part of the
insert or the vector backbone, and (i1) amplifying the plasmid by a replication
cycle reaction (RCR);

e. adding each amplified plasmid to an in vifro transcription reaction mixture to
transcribe the nucleotide sequence into an mRNA transcript; and

f. selecting nucleotide sequences that generate a full-length mRNA transcript.

[00024] In some embodiments, the RCR comprises forming a reaction mixture
comprising the plasmid obtained in step (d); and (i) a first enzyme group that catalyzes

replication of the plasmid, (i1) a second enzyme group that catalyzes an Okazaki fragment
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joining reaction and synthesizes two sister plasmids constituting a catenane, and (iii) a third
enzyme group that catalyzes the separation of two sister plasmids.

[00025] The first enzyme group may comprise a combination of an enzyme having
DnaA activity, one or more nucleoid proteins, an enzyme or enzyme group having DNA
gyrase activity, single-strand binding protein (SSB), an enzyme having DnaB-type helicase
activity, an enzyme having DNA helicase loader activity, an enzyme having DNA primase
activity, an enzyme having DNA clamp activity, and an enzyme or enzyme group having
DNA polymerase III* activity.

[00026] In some embodiments, the one or more nucleoid proteins is IHF or HU. In
some embodiments, the enzyme or the enzyme group having DNA gyrase activity is a
complex of GyrA and GyrB. In some embodiments, the enzyme having DnaB-type helicase
activity is DnaB helicase. In some embodiments, the enzyme having DNA helicase loader
activity is DnaC helicase loader. In some embodiments, the enzyme having DNA primase
activity is DnaG primase. In some embodiments, the enzyme having DNA clamp activity is
DnaN clamp. In some embodiments, the enzyme or the enzyme group having DNA
polymerase III* activity may be one or more enzymes selected from the group consisting of

DnaX, HolA, HolB, HolC, HolD, DnaE, DnaQ, and HolE.

[00027] In some embodiments, the first enzyme group comprises SSB, IHF, DnaG,
DnaN, Pollll*, DnaB, DnaC, DnaA, GyrA and GyrB (optionally all Escherichia coli
enzymes).

[00028] In some embodiments, the second enzyme group comprises an enzyme having

DNA polymerase I activity; and/or an enzyme having DNA ligase activity; and/or an enzyme
having RNaseH activity. The enzyme having DNA polymerase I activity may be Escherichia
coli polymerase I. The enzyme having DNA ligase activity may be FEscherichia coli DNA
ligase or T4 phage ligase. The enzyme having RNaseH activity may be RNaseH. In some
embodiments, the second enzyme group comprises DNA polymerase I, DNA ligase, and
RNaseH.

[00029] In some embodiments, the third enzyme group comprises an enzyme having
topoisomerase III activity and/or an enzyme having topoisomerase IV activity. The enzyme
having topoisomerase III activity may be Lscherichia coli topoisomerase III. The enzyme
having topoisomerase 1V activity is Escherichia coli topoisomerase I'V. In some
embodiments, the third enzyme group comprises FLscherichia coli topoisomerase I1I and

Escherichia coli topoisomerase V.
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[00030] In some embodiments, to reduce formation of DNA multimers during RCR,
the plasmid further comprises a pair of ter sequences that are each inserted outward with
respect to the origin of replication.

[00031] In some embodiments, the RCR reaction mixture is incubated at a constant
temperature in a range of 25-80°C. Alternatively, the reaction mixture may be incubated in a

temperature cycle alternating temperatures of 30°C or more with temperatures of 27°C or

less.

[00032] The screening methods described herein may be carried out under cell-free
conditions.

[00033] A screening method in accordance with the invention may further comprise

the following additional steps in order to ascertain that a selected nucleotide sequence is
efficiently expressed:
g for each nucleotide sequence selected in step (f), transfecting a cell with the
full-length mRNA transcript;
h. for each cell transfected in step (g), determining the amount of the encoded
protein expressed from the full-length mRNA transcript; and
1. selecting the nucleotide sequence, whose full-length mRNA transcript yields
the largest amount of the encoded protein.
[00034] A sequence optimization algorithm (e.g., a codon optimization algorithm) for
generating a plurality of nucleotide sequences encoding a protein of interest which are then
the subject of a screening method of the invention may comprise the following steps:
(1) receiving an amino acid sequence encoding the protein;
(i)  receiving a first codon usage table, wherein the first codon usage table
comprises a list of amino acids, wherein each amino acid in the table is
associated with at least one codon and each codon is associated with a usage
frequency;
(iii)  removing from the codon usage table any codons associated with a
usage frequency which is less than a threshold frequency;
(iv)  generating a normalized codon usage table by normalizing the usage
frequencies of the codons not removed in step (iii);
(v) generating a nucleotide sequence encoding the amino acid sequence by
selecting a codon for each amino acid in the amino acid sequence based on the
usage frequency of the one or more codons associated with the amino acid in

the normalized codon usage table; and
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(vi)  repeating step (v) to generate the plurality of nucleotide sequences.
[00035] Such a codon optimization algorithm may further comprise the following
additional steps:

(vil) determining the codon adaptation index of each of the nucleotide

sequences, wherein the codon adaptation index of a sequence is a measure of

codon usage bias and can be a value of 0 to 1;

(viil) removing any nucleotide sequence if its codon adaptation index is less

than or equal to a predetermined codon adaptation index threshold.
[00036] In certain embodiments, the codon adaptation index threshold may be 0.7, or
0.75, or 0.85, or 0.9, or, in particular, 0.8.
[00037] Alternatively or in addition, a sequence optimization algorithm for generating
a plurality of nucleotide sequences encoding a protein of interest which are then the subject
of a screening method of the invention may comprise the following steps:

1. determining whether any one of the nucleotide sequences contains a

termination signal; and

ii. removing any nucleotide sequence if the nucleotide sequence contains

one or more termination signals.
[00038] Each of the nucleotide sequences provided in step (a) in a screening method of
the invention may be processed by a fragmentation algorithm, wherein the fragmentation
algorithm divides each nucleotide sequence into two or more nucleic acid fragments and adds
the homologous ends required for the assembling of the plasmid performed in step (d).
[00039] Each of the two or more DNA fragments or the insert, as applicable, may be
provided by a chemical synthesis process. In some embodiments, the two or more DNA
fragments or the insert is about 1000 base pairs long. In other embodiments, the two or more
DNA fragments or the insert is at least 1000 base pairs long. For example, each of the two or
more DNA fragments or the insert may be 1000 base pairs to 4000 base pairs long. In some
embodiments, each of the two or more DNA fragments or the insert are/is 1000 base pairs to
7000 base pairs long. In other embodiments, each of the two or more DNA fragments or the
insert are/is 1000 base pairs to 20,000 base pairs long.
[00040] In certain embodiments, the chemical synthesis process that is used to provide
the two or more DNA fragments or the insert has a median error rate of less than or equal to 1
error per 5000 base pairs. In one particular embodiment, the chemical synthesis process has a

median error rate of less than or equal to 1 error per 10,000 base pairs. In another particular
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embodiment, the chemical synthesis process has a median error rate of less than or equal to
1 error per 50,000 base pairs.
[00041] The homologous ends, which are required for assembly of the insert

comprising the nucleotide sequence of interest, may be 40 base pairs to 60 base pairs long.

[00042] In some embodiments, the plasmid is linearized before step (e).

[00043] In some embodiments, the RNA polymerase promoter is a SP6 polymerase
promoter.

[00044] In some embodiments, a screening method of the invention further comprises

one or more purification steps prior to performing step (e). In some embodiments, the one or
more purification steps take place before, or after, any amplification steps that take place with
respect to the plasmid obtained in step (d). In a specific embodiment, the one or more
purification steps comprises purifying the plasmid to remove (i) one or more enzyme(s) used
for assembly and/or (i1) one or more enzyme(s) used for amplification after assembly in step
(d).

[00045] In some embodiment, the one or more purification steps comprises extracting
the plasmid from FEscherichia coli cells.

[00046] In a specific embodiment, the purification comprises precipitating the plasmid
by adding (i) a chaotropic salt, and (ii) an alcohol and/or an amphiphilic polymer. In some
embodiments, the chaotropic salt is at a final concentration of 0.1-4 M, for example, about
125 mM, about 250 mM, about 375 mM, about 500 mM, about 625 mM, about 750 mM,
about 1.3 M, about 1.9 M or about 2.5 M. In another specific embodiment, the chaotropic salt
is guanidinium salt, e.g., guanidinium thiocyanate (GSCN). In some embodiments, the
amphiphilic polymer is selected from pluronics, polyvinyl pyrrolidone, polyvinyl alcohol,
polyethylene glycol (PEG), triethylene glycol monomethyl ether (MTEG), or combinations
thereof. In a specific embodiment, the amphiphilic polymer is MTEG. In some embodiments,
the alcohol is isopropanol or ethanol.

[00047] In some embodiments, the in vifro transcription reaction mixture in step (e) of
a screening method of the invention comprises the plasmid at a concentration of 0.05 mg/ml
or greater (e.g., 0.07 mg/ml or greater). In some embodiments, the in vifro transcription
reaction mixture comprises an RNA polymerase at a concentration of 0.1 mg/ml or greater.
[00048] In a particular embodiment, steps (b)-(f) of a screening method of the

invention are performed in 96-well plates.
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[00049] In some embodiments, steps (g)-(i) of a screening method of the invention are
performed in 96-well plates. In some embodiments, the cell transfected in step (h) is a

mammalian cell. In a specific embodiment, the mammalian cell is a human cell.

BRIEF DESCRIPTION OF THE DRAWINGS
[00050] Embodiments of the invention will be described, by way of example, with
reference to the following drawings, in which:
[00051] Figure 1 illustrates the overall scheme of the screening methods according to
the invention.
[00052] Figure 2 illustrates a codon optimization method according to an embodiment
of the present invention.
[00053] Figure 3 illustrates a particular embodiment of the invention in which a motif
screen filter, guanine-cytosine (GC) content analysis filter, and codon adaptation index (CAI)
analysis filter have been applied, in that order, to the list of optimized nucleotide sequences.
In a particular embodiment, the list of optimized nucleotide sequences for filtering has been
generated according to a method as shown in Figure 1.
[00054] Figure 4 illustrates an example repository of nucleotide sequence motifs which
includes a termination signal, suitable for use in removing nucleotide sequences containing
one more termination signal.
[00055] Figure 5 illustrates an example analysis of the guanine-cytosine (GC) content
of non-optimized and optimized nucleotide sequences, wherein the guanine-cytosine (GC)
content of portions of the nucleotide sequence encoding EPO is determined for adjacent non-
overlapping portions 30 nucleotides in length.
[00056] Figure 6A schematically illustrates a vector backbone suitable for use with the
screening methods of the invention. The circular plasmid shown in Figure 6A is linearized to
accept an insert encoding a nucleotide sequence of interest between a 5° UTR and 3° UTR via
suitable homologous ends. Figure 6B shows part of a circular plasmid that includes additional
components (e.g., DNA inserts). The plasmid contains a nucleotide sequence of interest
which was inserted between a 5> UTR and 3° UTR and is operationally linked to an SP6
RNA polymerase promoter. The 5 UTR and 3’ UTR sequences are flanked by first and
second polylinkers. In addition, a bacterial terminator sequence (a Staphylococcus aureus bla
terminator) is located immediately upstream of the SP6 RNA polymerase promoter to prevent
transcription of the nucleotide sequence of interest by bacterial RNA polymerases during

plasmid amplification in a bacterial cell.
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[00057] Figure 7 schematically illustrates linearization and/or fragmentation of a
vector backbone and assembly of a plasmid comprising the vector backbone and an insert
assembled from DNA fragments encoding a nucleotide sequence of interest. Assembly of the
vector fragments and/or DNA fragments is done via homologous ends. Homologous ends are
generated by dividing the nucleotide sequence of interest and the vector backbone into
overlapping DNA fragments and overlapping vector fragments, respectively, as shown
schematically in Figure 7. The DNA fragments and vector fragments include an additional set
of homologous ends (shown in light grey) for assembly into a plasmid. The DNA fragments
are assembled into an insert via overlapping regions (homologous ends), and the vector
fragments are assembled into a vector backbone via overlapping regions (homologous ends).
The additional set of homologous ends serves to assemble the insert and the vector backbone
into a circular plasmid as shown.

[00058] Figure 8A and Figure 8B show representative agarose gels with the products
of PCR reactions performed with primers flanking an insert to verify the correct assembly of
DNA fragments/inserts and a vector backbone. Figure 8 A shows the product of a PCR
reaction performed directly on the assembly reaction product. Figure 8B shows the product of
a PCR reaction performed on an F. coli colony transformed with the assembly reaction
product. The presence of an amplified insert band for all of the test reactions demonstrates
that the assembly reactions were successful with a range of vector backbone and insert
fragment numbers and sizes. Unreacted vector backbone was observed when performing PCR
directly on the assembly reaction product (see Figure 8A).

[00059] Figure 9A shows the result of gel electrophoresis analysis of 6 test plasmids
purified according to the QIAGEN® standard protocol. Figure 9B shows the results of a gel
electrophoresis analysis for 7 plasmids precipitated from cleared cell lysates by adding
guanidinium thiocyanate (GSCN) and triethylene glycol monomethyl ether (MTEG) and
washed with 100% isopropanol. Both uncut (UC) and linearized (L) plasmid DNA was run
on the agarose gel shown in Figure 9B. 1 pg of each of the purified plasmid preparations was
added to the wells of the gel shown in Figure 9A, and 0.5 pg was loaded into the wells of the
gel shown in Figure 9B. As can be seen from Figure 9B, the yield was much improved when
GSCN/MTEG precipitation was used for purification.

[00060] Figure 10 illustrates a typical analysis of in vitro transcription (IVT) reactions
by capillary electrophoresis. These results are shown as a digitally generated gel based on the

fluorescence signal obtained for each sample. Full-length mRNA was transcribed from each
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of the plasmids comprising the nucleotide sequence that had been generated with a codon
optimization algorithm as described herein.

[00061] Figure 11 illustrates that optimizing the concentration of plasmid and RNA
polymerase in the in vitro transcription reaction mixture improves the mRNA transcript yield.
Figure 11 shows the total RNA yield at varying concentrations of linearized plasmid. Using
an in vifro transcription reaction mixture with a total amount of 6 pg of linearized plasmid
DNA at a final concentration of about 0.07 mg/ml was found to be particularly suitable for
achieving a high mRNA transcript yield. Using less than 6 ug template DNA reduced mRNA
yield. Using more than 6 pug template DNA had little to no benefit to yield.

[00062] Figure 12A and Figure 12B illustrate that adjusting the amount of poly(A)
polymerase by assigning mRNA transcripts to bins based on their length results in a more
uniform tail length. In the experiment shown in Figure 12A, the same amount of poly(A)
polymerase was used to tail mRNA transcripts of different lengths (encoding nucleotide
sequences A-F; see Table 5). In the experiment shown in Figure 12B, the amount of poly(A)
polymerase in the tailing reaction was assigned based on the length of nucleotide sequences
A-F. The reaction mixtures for mRNA transcripts of nucleotide sequences with a length of 0
to 1 kilobases were assigned a specified amount of poly(A) polymerase in accordance with
the manufacturer’s instructions (“bin 17). The reaction mixtures for mRNA transcripts of
nucleotide sequences with a length of 1 to 2 kilobases were assigned about half of the
specified amount (“bin 27), reaction mixtures for mRNA transcripts of nucleotide sequences
with a length of 2 to 4 kilobases (“bin 3”) were assigned about one quarter of the specified
amount, and reaction mixtures for mRNA transcripts of nucleotide sequences with a length of
4 to 8 kilobases (“bin 4”) were assigned about one eighth of the specified amount. In both
experiments, the total amount of mRNA in each tailing reaction was the same. Binned tailing
resulted in a more uniform poly(A) tail of about 60 nucleotides to about 300 nucleotides in
length for all tested mRNA transcripts (see Figure 12B). Most mRNA transcripts had a length
of about 150-200 nucleotides. In contrast, “one size fits all” tailing reactions resulted in tail
lengths ranging from less than 100 nucleotides to over 800 nucleotides (see Figure 12A).
[00063] Figure 13 A and Figure 13B illustrate the use of magnetic particles for the
purification of plasmid DNA from an impure plasmid preparation. Figure 13A shows the
yields achieved when liquids and magnetic particles were transferred manually into and
between 96-well plates. Figure 13B illustrates how an automatic liquid handling system more

than halved processing time and dramatically increased the yield of recovered plasmid DNA.
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DETAILED DESCRIPTION OF THE INVENTION

Definitions

[00064] In order for the present invention to be more readily understood, certain terms
are first defined below. Additional definitions for the following terms and other terms are set
forth throughout the Specification.

[00065] As used in this Specification and the appended claims, the singular forms “a”,
“an” and “the” include plural referents unless the context clearly dictates otherwise.

[00066] Unless specifically stated or obvious from context, as used herein, the term
“or” is understood to be inclusive and covers both “or” and “and”.

[00067] The terms “for example”, “for instance”, “e.g.” and “i.e.” as used herein, are
used interchangeably and merely by way of example, without limitation intended, and should
not be construed as referring only those items explicitly enumerated in the specification.
[00068] The terms “or more”, “at least”, “more than”, and the like, e.g., “at least one”
are understood to include, but are not limited, to at least 1, 2, 3,4, 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, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63,
64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88,
89,90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109,
110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127,
128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145,
146, 147, 148, 149 or 150, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000,
5000 or more than the stated value. Also included is any greater number or fraction in
between.

[00069] Conversely, the term “no more than” includes each value less than the stated
value. For example, “no more than 100 nucleotides” includes 100, 99, 98, 97, 96, 95, 94, 93,
92, 91, 90, 89, 88, 87, 86, 85, 84, 83, 82, 81, 80, 79, 78, 77, 76, 75, 74, 73, 72, 71, 70, 69, 68,
67, 66, 65, 64, 63, 62, 61, 60, 59, 58, 57, 56, 55, 54, 53, 52, 51, 50, 49, 48, 47, 46, 45, 44, 43,
42, 41, 40, 39, 38, 37, 36, 35, 34, 33, 32, 31, 30, 29, 28, 27, 26, 25, 24, 23,22, 21, 20, 19, 18,
17, 16, 15, 14, 13, 12, 11, 10,9, 8, 7, 6, 5, 4, 3, 2, 1, and 0 nucleotides. Also included is any
lesser number or fraction in between.

[00070] The terms “plurality”, “at least two”, “two or more”, and the like, are

understood to include, but are not limited to, at least 2, 3,4, 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,
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40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64,
65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89,
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110,
111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128,
129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146,
147, 148, 149 or 150, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 2000, 3000, 4000, 5000
or more. Also included is any greater number or fraction in between.
[00071] Unless specifically stated or evident from context, as used herein, the term
“about” 1s understood to be within a range of normal tolerance in the art, for example, within
2 standard deviations of the mean. “About” can be understood to be within 10%, 9%, 8%,
7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.1%, 0.05%, 0.01%, or 0.001% of the stated value.
Unless otherwise clear from the context, all numerical values provided herein reflect normal
fluctuations that can be appreciated by a skilled artisan.
[00072] As used herein, the terms “abortive transcript” or “pre-aborted transcript” or
the like are any transcript that is shorter than a full-length mRNA molecule encoded by the
DNA template that results from the premature release of RNA polymerase from the template
DNA in a sequence-independent manner. In some embodiments, an abortive transcript may
be less than 90% of the length of the full-length mRNA molecule that is transcribed from the
target DNA molecule, e.g., less than 80%, 70%, 60%, 50%, 40%, 30%, 20%, 10%, 5%, 1%
of the length of the full-length mRNA molecule.
[00073] As used herein, the term “cell-free” refers to screening methods or steps
thereof that do not involve the use of a cell (e.g., a bacterial cell such as . coli). To the
extent that only a particular step is referred to as being “cell-free”, the possibility that
subsequent, or intermediate steps may be carried out with the involvement of cells (e.g., a
bacterial or eukaryotic cell) is not excluded.
[00074] As used herein, the terms “codon” and “codons” refer to a sequence of three
nucleotides which together form a unit of the genetic code. Each codon corresponds to a
specific amino acid or stop signal in the process of translation or protein synthesis. The
genetic code is degenerate, and more than one codon can encode a specific amino acid
residue. For example, codons can comprise DNA or RNA nucleotides.
[00075] As used herein, “full-length mRNA” is as characterized when using a specific
assay, e.g., gel electrophoresis and detection using UV and UV absorption spectroscopy with
separation by capillary electrophoresis. In a typical situation, at least 80% (e.g., 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%., 97%, 98%, 99%. 99.01%, 99.05%, 99.1%, 99.2%, 99.3%,
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99.4%, 99.5%, 99.6%, 99.7%, 99.8%, or 99.9%) of the mRNA molecule that is transcribed
from the target DNA is full-length.

[00076] As used herein, the term “in vitro” refers to events that occur in an artificial
environment, e.g., in a test tube or reaction vessel, in cell culture, etc., rather than within a
multi-cellular organism.

[00077] 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. In the context of cell-based
systems, the term may be used to refer to events that occur within a living cell (as opposed to,
for example, in vitro systems).

[00078] As used herein, the term “messenger RNA (mRNA)” refers to a
polyribonucleotide that encodes at least one polypeptide. mRNA, as used herein,
encompasses both modified and unmodified RNA. mRNA may contain one or more coding
and non-coding regions. mRNA can be purified from natural sources, produced using
recombinant expression systems and optionally purified, in vifro transcribed, or chemically
synthesized. Where appropriate, e.g., in the case of chemically synthesized molecules,
mRNA can comprise nucleoside analogs such as analogs having chemically modified bases
or sugars, backbone modifications, efc. An mRNA sequence is presented in the 5’ to 3’
direction unless otherwise indicated.

[00079] As used herein, the term “nucleic acid”, in its broadest sense, refers to any
compound and/or substance that is or can be incorporated into a polynucleotide chain. In
some embodiments, a nucleic acid is a compound and/or substance that is or can be
incorporated into a polynucleotide chain via a phosphodiester linkage. In some embodiments,
“nucleic acid” refers to individual nucleic acid residues (e.g., nucleotides and/or nucleosides).
In some embodiments, “nucleic acid” refers to a polynucleotide chain comprising individual
nucleic acid residues. In some embodiments, “nucleic acid” encompasses RNA as well as
single and/or double-stranded DNA and/or cDNA. Furthermore, the terms “nucleic acid”,
“DNA”, “RNA”, and/or similar terms include nucleic acid analogs, i.e., analogs having other
than a phosphodiester backbone. A nucleic acid sequence is presented in the 5’ to 3” direction
unless otherwise indicated.

[00080] As used herein, the term “nucleotide sequence”, in its broadest sense, refers to
the order of nucleobases within a nucleic acid. In some embodiments, “nucleotide sequence”
refers to the order of individual nucleobases within a gene. In some embodiments,
“nucleotide sequence” refers to the order of individual nucleobases within a protein-coding

gene. In some embodiments, “nucleotide sequence” refers to the order of individual
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nucleobases within single and/or double stranded DNA and/or cDNA. In some embodiments,
“nucleotide sequence” refers to the order of individual nucleobases within RNA. In some
embodiments, “nucleotide sequence” refers to the order of individual nucleobases within
mRNA. In a particular embodiment, “nucleotide sequence” refers to the order of individual
nucleobases within the protein-coding sequence of RNA or DNA. A nucleotide sequence is
normally presented in the 5’ to 3’ direction unless otherwise indicated.

[00081] As used herein, the term “premature termination” refers to the termination of
transcription before the full length of the DNA template has been transcribed. As used herein,
premature termination can be caused by the presence of a nucleotide sequence motif (also
referred to herein simply as “motif”), e.g., a termination signal, within the DNA template and
results in mRNA transcripts that are shorter than the full-length mRNA (“prematurely
terminated transcripts” or “truncated mRNA transcripts”). Examples of a termination signal
include the £. coli rrnB terminator t1 signal (consensus sequence: ATCTGTT) and variants
thereof, as described herein.

[00082] As used herein, the term “template DNA” (or “DNA template”) relates to a
DNA molecule comprising a nucleic acid sequence encoding an mRNA transcript to be
synthesized by in vitro transcription. The template DNA is used as template for in vitro
transcription in order to produce the mRNA transcript encoded by the template DNA. The
template DNA comprises all elements necessary for in vitro transcription, particularly a
promoter element for binding of a DNA-dependent RNA polymerase, such as, e.g., T3, T7
and SP6 RNA polymerases, which is operably linked to the DNA sequence encoding a
desired mRNA transcript. Furthermore, the template DNA may comprise primer binding sites
5" and/or 3' of the DNA sequence encoding the mRNA transcript to determine the identity of
the DNA sequence encoding the mRNA transcript, e.g., by PCR or DNA sequencing. The
“template DNA” in the context of the present invention may be a linear or a circular DNA
molecule. As used herein, the term “template DNA” may refer to a DNA vector, such as a
plasmid DNA, which comprises a nucleic acid sequence encoding the desired mRNA
transcript.

[00083] 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 application belongs and
as commonly used in the art to which this application belongs. The publications and other
reference materials referenced herein to describe the background of the invention and to

provide additional detail regarding its practice are hereby incorporated by reference.
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Providing nucleotide sequences of interest for screening

[00084] Step (a) of a screening method of the invention provides a plurality of
nucleotide sequences encoding a protein generated by a sequence optimization algorithm,
e.g., a codon optimization algorithm.

[00085] As used herein, the terms “codon optimization” and “codon-optimized” refer
to modifications of the codon composition of a naturally occurring or wild-type nucleic acid
encoding a peptide, polypeptide or protein that do not alter its amino acid sequence, thereby
improving protein expression of said nucleic acid. Further computational analysis steps (e.g.,
one or more motif screens, and/or a GC content analysis) can be performed to select a subset
of “optimized” nucleotide sequences.

[00086] Accordingly, in the context of the present invention, the terms “sequence
optimization” or “codon optimization” may also refer to a process by which one or more
optimized nucleotide sequences are arrived at by removing with filters less than optimal
nucleotide sequences from a list of nucleotide sequences, such as filtering by guanine-
cytosine content, codon adaptation index, presence of destabilizing nucleic acid sequences or

motifs, and/or presence of pause sites and/or terminator signals.

Generating a plurality of nucleotide sequences

[00087] In some embodiments, a codon-optimized nucleotide sequence is generated by
selecting a codon, for each amino acid in an amino acid sequence of a protein of interest,
based on the usage frequency of the one or more codons associated with the amino acid in a
normalized codon usage table. The optimized nucleotide sequence is generated by arranging
the selected codons in the order in which their associated amino acid appears in the amino
acid sequence.

[00088] The genetic code has 64 possible codons. Each codon comprises a sequence of
three nucleotides. The usage frequency for each codon in the protein-coding regions of the
genome can be calculated by determining the number of instances that a specific codon
appears within the protein-coding regions of the genome, and subsequently dividing the
obtained value by the total number of codons that encode the same amino acid within protein-
coding regions of the genome. These calculations can be performed on nucleotide sequences
found, for example, in publicly accessible repositories and/or databases.

[00089] A codon usage table specifies the usage frequency of each codon in a given
organism. Each amino acid in the table is associated with at least one codon, and each codon

is associated with a usage frequency. Codon usage tables are stored in publicly available
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databases, such as the Codon Usage Database (Nakamura ef al. (2000) Nucleic Acids
Research 28(1), 292; available online at www kazusa.or jp/codon/), and the High-
performance Integrated Virtual Environment-Codon Usage Tables (HIVE-CUTs) database
(Athey et al., (2017), BMC Bioinformatics 18(1), 391; available online at

hive biochemistry.gwu.edu/review/codon).

[00090] A codon optimization algorithm for use with the screening method of the
invention may receive an amino acid sequence of a protein of interest and a first codon usage
table which reflects the frequency of each codon in a given organism (e.g., a human). The
process then removes codons from the first codon usage table if they are associated with a
codon usage frequency which is less than a threshold frequency (e.g., 10%). The codon usage
frequencies of the codons not removed in the first step are normalized to generate a
normalized codon usage table.

[00091] Normalizing the codon usage table involves re-distributing the usage
frequency value for each removed codon; the usage frequency for a certain removed codon is
added to the usage frequencies of the other codons with which the removed codon shares an
amino acid. In this example, the re-distribution is proportional to the magnitude of the usage
frequencies of the codons not removed from the table. The codon optimization algorithm uses
the normalized codon usage table to generate a plurality of codon-optimized nucleotide
sequences. Each of the optimized nucleotide sequences encode the amino acid sequence of
the protein of interest.

[00092] The generation of a codon-optimized nucleotide sequence is based on a
probabilistic selection of codons. The list may include any number of duplicate codon-
optimized nucleotide sequences, i.e., identical optimized nucleotide sequences, because the
generation of a codon-optimized nucleotide sequence is based on a probabilistic selection of
replacement codons. Identical optimized sequences are removed when generating the

plurality of nucleotide sequences for use in the screening method of the invention.

Filtering the plurality of codon-optimized nucleotide sequences

[00093] The number of codon-optimized nucleotide sequences may depend at least
upon the length and content of the amino acid sequence of the protein of interest, the value of
the threshold codon usage frequency, the content of the first codon usage table, and the
number of times the codon optimization algorithm is run, i.e., the number of times an
optimized nucleotide sequence is generated. For example, a plurality of nucleotide sequences

may comprise 10,000 or more codon-optimized nucleotide sequences.
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[00094] It may, therefore, be desirable to reduce the number of codon-optimized
nucleotide sequences in the plurality of nucleotide sequences before, e.g., synthesis. This may
advantageously reduce the time it takes to synthesize every sequence in the list and the
resources necessary to do so.

[00095] Accordingly, in a typical embodiment, one or more further algorithmic step(s)
are performed on the plurality of optimized nucleotide sequences in order to filter or remove
optimized nucleotide sequences. The one or more further algorithmic step(s) may be referred
to as motif screen, GC content analysis, and codon adaptation index (CAI) analysis.

[00096] Typically, a plurality of codon-optimized nucleotide sequences for use in the
screening method of the invention ranges from 10-100 codon-optimized nucleotide sequences
encoding the same protein of interest. For example, 10, 20, 30, 40, or 50 codon-optimized
nucleotide sequences encoding the same protein of interest may be screened at the same time.
In some embodiments, a screening method of the invention is performed with a plurality of
nucleotide sequences encoding different proteins of interest. For example, the plurality of
nucleotide sequences may include a first set of nucleotide sequences encoding a first protein
of interest and a second set of nucleotide sequences encoding a second protein of interest. In
some embodiments, there may be further sets of nucleotide sequences (e.g., a third, fourth
and fifth set) encoding further proteins of interest (e.g., a third, fourth, and fifth protein of
interest).

[00097] In some instances, a plurality of nucleotide sequences may include 50, 70, 90,
100, 200 or 300 nucleotide sequences, representing multiple sets of nucleotide sequences
encoding different proteins of interest. Each set may comprise 10 to 30 different codon-
optimized nucleotide sequences encoding the same protein of interest. In a specific
embodiment, over 90 (e.g., 96) or over 300 (e.g., 384) nucleotide sequences may be screened
at the same time using a screening method of the invention.

[00098] Filtering the plurality of codon-optimized sequences using the methods
described herein produces an updated list of nucleotide sequences containing more effective
sequences than if that same certain number of sequences were randomly selected from the
list. The efficiency and reduction in complexity achieved by filtering does not, therefore,
come at the cost of sacrificing a large number of effective optimized nucleotide sequences.
For example, in certain embodiments, nucleotide sequences comprising termination signals
the presence of which may lead to premature termination of in vifro transcription are
removed. The absence of termination signals facilitates the synthesis of full-length mRNA

transcripts from the nucleotide sequences using in vifro transcription.
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[00099] Expressed more broadly, filtering the plurality of nucleotide sequences
generated by a codon optimization algorithm identifies and removes nucleotide sequences
failing to meet one or more criteria. The criteria may each relate to a certain further
algorithmic step as described herein. In other words, the criteria may comprise retaining only
nucleotide sequences that (a) lack a termination signal (a first criterion), (b) have a guanine-
cytosine content within a predetermined guanine-cytosine content range (a second criterion),
and (c) have a codon adaptation index greater than a predetermined codon adaptation index
threshold (a third criterion). It will be appreciated that the numbering of the criteria used is
for the sake of clarity only and is not intended to be limiting on the order of the steps, which
is described in greater detail elsewhere herein. It will be appreciated that although specific
criteria are described in detail herein, these may not be the only criteria for which the

plurality of nucleotide sequences is screened.

Motif Screen

[000100] In some embodiments, a motif screen filter may be applied to the plurality of
nucleotide sequences generated by a codon optimization algorithm. In such embodiments, the
plurality of nucleotide sequences is analyzed to determine whether each nucleotide sequence
contains a termination signal. Any codon-optimized nucleotide sequence that contains one or
more termination signal may be removed.

[000101] In some embodiments, a termination signal may have the nucleotide sequence:
5’-X1ATCTX,TX;3-3’, wherein X1, X, and X3 are independently selected from A, C, T or G.
In a specific embodiment, a termination signal may have one of the following nucleotide
sequences: TATCTGTT; TTTTTT, AAGCTT;, GAAGAGC; and TCTAGA. The motif screen
filter may determine whether each codon-optimized nucleotide sequence contains one, some,
or all of these termination signals.

[000102] Each optimized nucleotide sequence may be analyzed in its entirety, i.e., from
the first nucleotide in the sequence to the last nucleotide in the sequence. In a particular
embodiment, the analysis of a certain optimized nucleotide sequence may stop when the
presence of a termination signal is determined in that sequence; that sequence may then be
removed without analyzing every one of its nucleotides. In the particular embodiment, this
form of analysis may be applied to each codon-optimized nucleotide sequence in the plurality
of nucleotide sequences. Analysis in this way can be advantageous because it is

computationally efficient not to analyze an entire sequence if the presence of a termination
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signal in that sequence has already been determined. The additional motif-screen(s) yield(s) a

subset of optimized nucleotide sequences that can be subjected to further analysis steps.

GC Content Analysis

[000103] In some embodiments, a guanine-cytosine (GC) content filter may be applied
to the plurality of codon-optimized nucleotide sequences. In such embodiments, the plurality
of nucleotide sequences is analyzed to determine a GC content of each of the nucleotide
sequences. As used herein, the GC content of a sequence is the percentage of bases in the
nucleotide sequence that are guanine (G) or cytosine (C). Any optimized nucleotide sequence
that has a GC content falling outside a predetermined GC content range (e.g., 40%-60%) may
be removed from the plurality of nucleotide sequences generated by the codon optimization
algorithm.

[000104] Each optimized nucleotide sequence may be analyzed in its entirety, i.e., from
the first nucleotide in the sequence to the last nucleotide in the sequence. The GC content of
the entire optimized nucleotide sequence may then be determined and sequences removed
accordingly.

[000105] In some embodiments, only a portion of each optimized nucleotide sequence is
analyzed and the GC content of that portion determined. In such embodiments, if the GC
content of the analyzed portion falls outside the predetermined GC content range, the
nucleotide sequence having that portion is removed from the list.

[000106] In a particular embodiment, the GC content filter is applied to each nucleotide
sequence portion by portion, with the filter halting and the sequence being removed if a
portion is determined to have a GC content falling outside the predetermined range. Analysis
in this way can be advantageous because it is computationally efficient not to analyze an
entire sequence if the presence of a portion in that sequence having a GC content falling
outside the predetermined GC content range has already been found.

[000107] In a particular embodiment, the portions are non-overlapping, however, in
other embodiments, the portions may overlap. It will be appreciated that this particular
embodiment can be performed with any length of portion, for example, 5 to 300 nucleotides,
or 10 to 200 nucleotides, or 15 to 100 nucleotides, or 20 to 50 nucleotides, or, in particular,
30 nucleotides or 100 nucleotides. In some embodiments, the predetermined GC content
range may be selectable by a user. It will also be appreciated that this particular embodiment

can be performed with any length of optimized nucleotide sequence.
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Codon Adaptation Index (CAI) Analysis
[000108] In some embodiments, a codon adaptation index (CAI) analysis may be

performed on the plurality of nucleotide sequences. In such embodiments, the nucleotide
sequences are analyzed to determine their CAI, wherein CAl is a measure of codon usage
bias and can take a value of 0 to 1. Any nucleotide sequence having a CAlI less than or equal
to a predetermined CAI threshold may be removed from the plurality of nucleotide sequences
generated by the codon optimization algorithm.

[000109] In some embodiments, the CAI threshold is 0.7, 0.75, 0.85, or 0.9. In a
particular embodiment, the CAI threshold is 0.8.

[000110] A CAI may be calculated, for each optimized nucleotide sequence, in any way
that would be apparent to a person skilled in the art, for example, as described in “The codon
adaptation index--a measure of directional synonymous codon usage bias, and its potential
applications” (Sharp and L1, 1987. Nucleic Acids Research 15(3), p.1281-1295; available
online at www.ncbi.nlm.nih.gov/pmc/articles/PMC340524/).

Providing DNA fragments of a nucleotide sequence of interest

Processing of nucleotide sequences into DNA fragments

[000111] If required, each of the nucleotide sequences provided in step (a) of a
screening method of the invention may be divided into two or more DNA fragments with
homologous ends. The homologous ends can be used for the assembly of the plasmid formed
in step (d) of the screening method. Fragmentation can be performed manually, or by a
fragmentation algorithm. In each instance, overlapping DNA fragments are generated,
whereby the overlapping regions are the homologous ends required for assembly of the
fragments. The overlapping regions (homologous ends) can be 15 to 60 base pairs long. In
some embodiments, the overlapping regions (homologous ends) are 15 to 30 base pairs long,
e.g., 15 to 20 base pairs long. In some embodiments, the overlapping regions (homologous
ends) are 40 to 60 base pairs long.

[000112] The two or more DNA fragments are typically about 1000 base pairs long. In
some embodiments, the two or more DNA fragments are at least 1000 base pairs long. For
example, each of the two or more DNA fragments may be 1000 base pairs to 4000 base pairs
long.

[000113] Error-free DNA fragments sized from 1000 base pairs to 4000 base pairs can
be readily provided by chemical synthesis. The use of short DNA fragments may be
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advantageous, e.g., because they can typically be delivered within a few business days from
submitting an order to an external provider. Moreover, they may be more readily assembled
into larger constructs using commercially available molecular cloning kits. The inventors
have found that a DNA fragment size of about 1000 base pairs can be particularly

advantageous in the screening methods of the invention.

Chemical synthesis

[000114] Each of the two or more DNA fragments or the insert, as applicable, may be
provided by a chemical synthesis process. In some embodiments, the two or more DNA
fragments or the insert is about 1000 base pairs long. In other embodiments, the two or more
DNA fragments or the insert is at least 1000 base pairs long. For example, each of the two or
more DNA fragments or the insert may be about 900 base pairs to about 4000 base pairs long.
In a particular embodiment, each of the two or more DNA fragments or the insert may be
about 1000 base pairs to about 3000 base pairs long.

[000115] In certain embodiments, the chemical synthesis process that is used to provide
the two or more DNA fragments has a median error rate of less than or equal to 1 error per
5000 base pairs. In particular embodiments, the chemical synthesis process has a median
error rate of less than or equal to 1 error per 10,000 base pairs.

[000116] Many commercial suppliers provide chemically synthesized DNA fragments
that meet the above requirements. For example, Integrated DNA Technologies (IDT)
provides “gBlock” DNA fragments of 1000 base pairs in length with a median error rate of 1
error per 5000 base pairs at an amount of 1000 ng, which are ready for shipping within 3-5
days. IDT’s “gBlock HiFi” DNA fragments are provided at a length of 1000-3000 base pairs
at a median error rate of 1 error per 12,000 base pairs. Other commercially available products
include GeneArt’s “Strings” and “High-Q Strings” DNA fragments with lengths of up to
3000 base pairs and 1200 base pairs, respectively, at median error rates of less 1 error per
5000 base pairs and less than 1 error per 10,000 base pairs, respectively.

[000117] Due to advances in the ability to accurately, reliably and rapidly synthesize
high-quality long DNA fragments at scale, the insert comprising the nucleotide sequence of
interest may be provided without the need to generate two or more DNA fragments. For
example, it has become possible to synthesize DNA at an error rate of 1:68,000 that is up to
7,000 base pairs in length. Indeed, using sophisticated microfluidic technology, DNA of
20,000 base pairs in length or more can be synthesized at very low error rates. Therefore, in

some embodiments, the insert may be about 1,000 base pairs to about 20,000 base pairs long.

24



WO 2024/170684 PCT/EP2024/053871

In particular embodiments, the insert may be about 1,000 base pairs to about 8,000 base pairs
long. In specific embodiments, the insert may be about 1,000 base pairs to about 7,000 base
pairs long. In some embodiments, the chemical synthesis process used to prepare the inserts
has a median error rate of less than or equal to 1 error per 20,000 base pairs, e.g., less than or
equal to 1 error per 30,000 base pairs. In particular embodiments, the chemical synthesis
process used to prepare the inserts has a median error rate of less than or equal to 1 error per

40,000 base pairs, e.g., less than or equal to 1 error per 50,000 base pairs.

Providing the vector backbone

[000118] Step (c) of a screening method of the invention provides a vector backbone for
receiving an insert comprising a codon-optimized nucleotide sequence of interest. Assembly
of the vector backbone and the insert yields a plasmid that serves as a template for the in vifro
transcription of the nucleotide sequence into an mRNA transcript in step (e) of the screening
method.

[000119] The vector backbone typically comprises a positive selection marker gene. A
positive selection marker gene can encode a gene product (e.g., a protein or enzyme) that
provides resistance to an antibiotic, enabling the selection of bacterial colonies (e.g.,
Escherichia coli) carrying a plasmid comprising the nucleotide sequence on growth medium
containing the antibiotic. Commonly used positive selection markers include kanamycin
resistance and ampicillin resistance genes.

[000120] In some embodiments, the vector backbone can also comprise a negative
selection marker gene. Typically, negative selection marker genes encode gene product that
impedes growth or survival of a bacterial organism (e.g., Escherichia coli). A negative
selection marker is commonly placed in the vector backbone in such a manner that the
presence of an insert comprising a nucleotide sequence of interest either displaces the marker
gene or disrupts its function such that bacterial colonies carrying a plasmid comprising the
nucleotide sequence of interest survive, while those without the plasmid perish. A commonly
used negative selection marker gene is the ccdB gene, which encodes the CcdB toxin.
[000121] The vector backbone commonly also comprises an origin of replication. The
origin of replication may be used to maintain the resulting plasmid in a bacterial organism
(e.g., Escherichia coli) and control its copy number. Alternatively, or in addition, the origin
of replication may allow replication of the plasmid in a cell-free amplification method, for
example, by a replication cycle reaction (RCR). The origin of replication is capable of

binding to a member of an enzyme group that catalyses replication of the plasmid, typically,
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an enzyme having DnaA activity. The origin of replication can be obtained from known
sequences existing in bacteria such as Escherichia coli and Bacillus subtilis, and/or can be
obtained by using sequences that are capable of binding to an enzyme having DnaA activity.
[000122] In some embodiments, the vector backbone comprises an origin of replication
having the nucleotide sequence of SEQ ID NO: 1. In other embodiments, the vector backbone
comprises an origin of replication of having the nucleotide sequence of SEQ ID NO: 2.
Without wishing to be bound by any particular theory, the inventors believe that an origin of
replication having the nucleotide sequence of SED ID NO: 2 comprises a stabilizing mutation
for maintenance of plasmids with nucleotide sequence of interest (typically codon-optimized
mammalian gene sequences, in particular human gene sequences) in bacterial cells
(specifically, Escherichia coli).

[000123] The vector backbone may contain additional elements such as a

5° untranslated region (5° UTR), a 3’ untranslated region (3’ UTR), an RNA polymerase
promoter and, optionally, a poly(A) sequence or a poly(C) sequence. If present in the vector
backbone, these elements are arranged in such a manner that insertion of the nucleotide
sequence links them operationally. In particular, the 5 UTR, 3’UTR and the optional poly(A)
or poly(C) sequence are arranged in such a manner that the 5 UTR is positioned at the 5° end
of the nucleotide sequence and the 3° UTR and the optional poly(A) or poly(C) sequence are
positioned at the 3’ end of the nucleotide sequence, respectively. Moreover, the RNA
polymerase promoter is positioned upstream of the 5° UTR such that adding the resulting
plasmid comprising the nucleotide sequence in an in vitro transcription reaction mixture
under appropriate reaction conditions results in the synthesis of an mRNA transcript
comprising the 5° UTR, the nucleotide sequence, the 3° UTR and, optionally, the poly(A) or
poly(C) sequence.

[000124] In some embodiments, the vector backbone is provided by linearizing a
plasmid, for example, by using a suitable restriction enzyme. The plasmid is linearized in
such manner that the vector backbone is ready to receive an insert comprising a nucleotide
sequence of interest so as to form a suitable template for in vitro transcription of an mRNA
transcript comprising the nucleotide sequence. For example, if the vector backbone comprises
the elements described in the preceding paragraph, it is provided in such a manner that
insertion of the nucleotide sequence yields a plasmid comprising the nucleotide sequence
flanked by the 5° UTR and the 3’ UTR and operationally linked to an RNA polymerase

promoter.
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[000125] In some embodiments, the vector backbone is provided using polymerase
chain reaction (PCR). In these embodiments, a plurality of primer pairs encoding the first, or
first and third sets of homologous ends, as applicable, are provided. The provided
homologous ends allow the assembly of the vector backbone with the DNA fragments or
inserts comprising corresponding homologous ends. In the presence of the primer pairs, a
DNA polymerase, and a template plasmid comprising the vector backbone, the PCR can be
performed to provide copies of the vector backbone for use in step (¢) of a screening method
of the invention.

[000126] The use of PCR may be advantageous for two reasons. The PCR reaction
mixture may be used directly in the assembly step (d) without any purification step. In
addition, the use of PCR makes it possible to provide the vector backbone as vector
fragments without having to redesign the source plasmid to provide suitable restriction sites.
For example, primer pairs may be designed in such a manner that PCR amplification yields
two or more vector fragments with overlapping ends (7.e., homologous ends) that, when

assembled via these ends, results in the vector backbone.

Homologous ends

[000127] Joining two or more DNA fragments together to form a nucleotide sequence
encoding a protein of interest that was generated by a codon optimization algorithm relies on
homologous ends that are present in each of the DNA fragments. Typically, the DNA
fragments are designed to comprise homologous ends that are about 15 base pairs to about 60
base pairs long.

[000128] Homologous ends used for the assembly of DNA sequences (such as inserts,
vector backbones, and plasmids) as described herein may include the terminal nucleic acid of
the DNA sequence. In some embodiments, the homologous ends are removed from the
terminal nucleic acid of the DNA sequence. For example, the homologous ends may be
within 300 base pairs of the terminal nucleic acid of the DNA sequence, e.g., within 100 base
pairs, within 30 base pairs, or within 10 base pairs.

[000129] For example, a nucleotide sequence may be divided up into three DNA
fragments A, B and C that when assembled in this order form the nucleotide sequence. DNA
fragment A on its 3’ end comprises a nucleic acid sequence 1 that is homologous to nucleic
acid sequence 1’ found at the 5” end of DNA fragment B. DNA fragment B on its 3” end
comprises a nucleic acid sequence 2 that is homologous to nucleic acid sequence 2’ found at

the 5° end of DNA fragment C. Nucleic acid sequences 1 and 2 and nucleic acid sequences 1’
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and 2’ are one set of homologous ends, corresponding to the second set of homologous ends
in a screening method in accordance with the invention. In addition, DNA fragment A
comprises a nucleic acid sequence 3 at its 5° end that is homologous to nucleic acid sequence
3’ found at the 3’ end of the vector backbone. DNA fragment C comprises a nucleic acid
sequence 4 at its 3° end that is homologous to nucleic acid sequence 4’ found at the 5° end of
the vector backbone. Nucleic acid sequences 3 and 4 and nucleic acid sequences 3’ and 4’ are
a further set of homologous ends, corresponding to the first set of homologous ends in a
screening method in accordance with the invention. Assembly via the second set of
homologous ends yields an insert comprising the nucleotide sequence. The insert comprises
homologous ends from the first set such that assembly of the insert and the vector backbone
via the first set of homologous ends yields a plasmid. In some embodiments, the first set of
homologous ends comprises a first polylinker sequence (comprised within nucleic acid
sequences 3 and 3’, respectively) and a second polylinker sequence (comprised within
nucleic acid sequences 4 and 4’, respectively).

[000130] In some embodiments, the vector backbone itself is provided as multiple
vector fragments. For example, the vector backbone may be divided up into three vector
fragments D, E and F that when assembled in this order form the vector backbone. Vector
fragment D on its 3” end comprises a nucleic acid sequence I that is homologous to nucleic
acid sequence I’ found at the 5° end of vector fragment E. Vector fragment E on its 3’ end
comprises a nucleic acid sequence II that is homologous to nucleic acid sequence II” found at
the 5° end of vector fragment F. Nucleic acid sequences I and II and nucleic acid sequences I’
and IT” correspond to the third set of homologous ends in a screening method in accordance
with the invention. In addition, vector fragment D comprises a nucleic acid sequence 4’ at its
5” end that is homologous to nucleic acid sequence 4 found at the 3’ end of the insert,
corresponding to the first set of homologous ends in a screening method in accordance with
the invention. Vector fragment F comprises a nucleic acid sequence 3’ at its 3” end that is
homologous to nucleic acid sequence 3 found at the 5° end of the insert. Accordingly, when
assembled via the third set of homologous ends, vector fragments D, E and F yield a vector
backbone with the first set of homologous ends. As described in the preceding paragraph,
assembly of the insert and the vector backbone via the first set of homologous ends yields a
plasmid. In some embodiments, the first set of homologous ends comprises a first polylinker
sequence (comprised within nucleic acid sequences 3 and 3, respectively) and a second

polylinker sequence (comprised within nucleic acid sequences 4 and 4’, respectively).
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Assembly process
[000131] Assembly of DNA fragments (insert) and vector fragments (vector backbone)
via homologous ends (as described in the preceding section) in step (d) of a screening method

of the invention can be done in a variety of ways.

Recombination-based assembly processes

[000132] A particularly useful method for performing step (d) of a screening method of
the invention involves joining the fragments or pieces of DNA via homologous ends using a
RecA family recombinase protein. Commonly, RecA-based assembly takes place in the
presence of an exonuclease, typically, a 3’ to 5° exonuclease. Recombination-based assembly
methods suitable for use with the invention are described, for example, in EP18828987A1
and EP19844229A1, which are incorporated herein by reference. Appropriate kits for
carrying out these methods are available, for example, the OriCiro® Cell-Free Cloning
System.

[000133] Examples of prokaryotic RecA family recombinase proteins include £. coli
RecA; RecA derived from highly thermophilic bacteria such as Thermus bacteria such as
Thermus thermophiles and Thermus aquaticus, Thermococcus bacteria, Pyrococcus bacteria,
and 7Thermotoga bacteria; as well as RecA derived from radiation-resistant bacteria such as
Deinococcus radiodurans. Examples of bacteriophage RecA family recombinase proteins
include T4 phage UvsX. Examples of archaeal RecA family recombinase proteins include
RadA. Examples of eukaryotic RecA family recombinase proteins include Rad51 and its
paralog, and Dem 1.

[000134] The RecA family recombinase protein used in the present invention may be a
wild-type protein or a variant thereof. Suitable variants include those disclosed in WO
2016/013592, which is incorporated herein by reference. One specific example of a variant is
a F203W mutant of . coli RecA.

[000135] Prior to linear double-stranded DNA fragments with homologous ends being
joined by a RecA-based assembly process, an exonuclease, typically a 3’ to 5’ exonuclease,
acts upon the double-stranded DNA fragments, converting the homologous ends to single-
stranded DNA. The RecA family recombinase protein then acts upon the single-stranded
ends, causing the complementary homologous ends to be joined together. The trimming of
the DNA strand by the exonuclease may be conducted on only one double-stranded DNA
fragment. For example, a homologous end of a first linear double-stranded DNA fragment

that has been converted to a single-stranded state may act upon a homologous end of a second
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linear double-stranded DNA fragment in a double-stranded state, thereby joining the two
together.

[000136] Accordingly, such methods are advantageous in the present context as they
can join multiple double-stranded DNA fragments in a single reaction, with fewer restrictions
on the location of homologous ends than in other methods. Since one or more double-
stranded DNA fragments are trimmed by an exonuclease to convert the homologous ends to a
single-stranded state, and since the RecA family recombinase protein joins the homologous
ends by recombination rather than annealing, the homologous end does not have to include
the terminal nucleic acid of the DNA fragment.. For example, the homologous ends may be
within 300 base pairs of the terminal nucleic acid of the DNA fragment, e.g., within 100 base
pairs, within 30 base pairs, or within 10 base pairs.

[000137] The homologous ends used for recombination in such methods can vary in
length. For assembly of a smaller number of fragments, shorter regions of overlap e.g., 15 to
30 base pairs long, typically about 25 base pairs, are sufficient. Longer overlap lengths (e.g.,
40 to 60 base pairs long) can improve assembly specificity and is particularly advantageous
for assembly of a larger number of fragments (e.g., more than 10 fragments) or larger pieces
of DNA (e.g. larger than 10 kb).

[000138] Typically, a 3’ to 5* exonuclease is used, which sequentially hydrolyzes linear
DNA from the 3’-end. Examples of suitable 3’ to 5’ exonucleases include linear double-
stranded DNA-specific 3’ to 5” exonucleases such as exonuclease 111 family type-AP
(apurinic I apyrimidinic) endonucleases and single-stranded DNA-specific 3° - 5’
exonucleases such as DnaQ superfamily protein. Examples of exonuclease III family type-AP
endonucleases include exonuclease III (derived from . coli), ExoA (the Bacillus subftilis
homologue of exonuclease I1T), Mth212 (Archaea homologue of exonuclease III), and AP
endonuclease I (human homologue of exonuclease III). Examples of DnaQ superfamily
proteins include exonuclease I (derived from . coli), exonuclease T (Exo T) (also known as
RNase T), exonuclease X, DNA polymerase III epsilon subunit, DNA polymerase I, DNA
polymerase II, T7 DNA polymerase, T4 DNA polymerase, Kienow DNA polymerase 5,
Phi29 DNA polymerase, ribonuclease III (RNase D), and oligoribonuclease (ORN).

[000139] It can be advantageous to combine a single-stranded DNA-specific 3' - 5'
exonuclease with a linear double-stranded DNA-specific 3'- 5' exonuclease, even where
double-stranded DNA only is to be joined, as this can result in improved joining efficacy. For
example, a combination of an exonuclease III family type-AP endonuclease and one or more

DnaQ superfamily proteins may be used. A combination of exonuclease III and exonuclease
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I, or a combination of exonuclease I1I, exonuclease I and exonuclease T is particularly
suitable.

[000140] The reaction solution of the joining reaction for such methods typically
contains at least one of nucleoside triphosphate and deoxynucleotide triphosphate, for the
RecA family recombinase proteins to exhibit appropriate activity. Typically, one or more of
dATP, dGTP, dCTP and dTTP is used, suitably dATP. An enzyme for regenerating
nucleoside triphosphate or deoxynucleotide triphosphate and its substrate is also typically
used. The reaction solution typically also includes a magnesium ion source, such as
magnesium salts such as magnesium acetate, magnesium chloride, or magnesium sulfate.
[000141] In some embodiments, gaps and nicks in the DNA obtained by the joining
reaction can be repaired after the joining by using gap repair enzymes and deoxynucleotide
triphosphates (ANTP). For example, as the gap repair enzymes, an enzyme having DNA
polymerase activity and/or an enzyme having DNA ligase activity may be used in

combination.

Alternative sequence homology-based assembly processes

[000142] Alternative sequence homology-based assembly methods utilizing enzyme
reagents for the assembly of DNA fragments via homologous ends are known (see, for
example, Casini ef al. Bricks and blueprints: methods and standards for DNA assembly, Nat.
Rev. Mol. Cell Biol. 2015, 16, p. 568-576). Accordingly, in some embodiments, step (d) is
performed in the presence of a DNA polymerase and/or an exonuclease, and optionally a
ligase. In some embodiments, the exonuclease is a 5° exonuclease that is part of the DNA
polymerase, i.e., a suitable DNA polymerase with exonuclease function is provided. In other
embodiments, a 5” exonuclease and a DNA polymerase are provided separately. In a
particular embodiment, step (d) is performed in the presence of a 5” exonuclease, a DNA
polymerase and a ligase. In some embodiments, the presence of ligase is optional, i.e., only
the presence of a 5° exonuclease and a DNA polymerase may be required.

[000143] Sequence homology-based methods join DNA fragments that share
homologous ends. Homologous ends can be 15 base pairs to 60 base pairs long. In some
embodiments, the homologous ends are 15 to 30 base pairs long. In other embodiments, the
homologous ends are 40 to 60 base pairs long. One benefit of homology-based methods is
that there is no requirement to remove any restriction sites from within the sequences to be

joined.
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[000144] A well-known exemplary homology-based DNA assembly method is Gibson
assembly (Gibson ef al. Enzymatic assembly of DNA molecules up to several hundred
kilobases. Nat. Methods 2009, 6, p. 343-345). Gibson assembly employs a “chew-back”
mechanism on one strand of the double-stranded DNA to create complementary single-
stranded overhangs. It utilizes a 5° exonuclease, a DNA polymerase and a ligase for assembly
of DNA fragments. Other homology-based DNA assembly methods may be employed to
perform step (d) of a screening method of the invention. Other suitable methods include, for
example, Circular Polymerase Extension Cloning (CPEC), Overlap Extension PCR (OE-
PCR), Uracil-Specific Excision Reagent (USER) assembly and enzymatic digestion which
can be used to convert the homologous ends of the DNA fragments/insert/vector
fragments/vector backbone into single-strand overhangs that can directly anneal.

[000145] Particularly useful methods for performing step (d) of a screening method of
the invention include Sequence and Ligation Independent Cloning (SLIC), Gibson assembly,
CPEC (circular polymerase extension cloning) and SLiCE (Seamless Ligation Cloning
Extract). Various commercial cloning kits are available which assemble nucleic acid
fragments via homologous ends without requirements for restriction enzymes, and no scar
sequences between fragments. These include GeneArt® Seamless Cloning and Assembly
(Thermo Fisher Scientific), NEBuilder® HiFi DNA Assembly (NEB), Cold Fusion Cloning
(System Biosciences), and In-fusion Cloning (Clontech).

[000146] In a specific embodiment, a 5* exonuclease recesses the double-stranded DNA
fragment from the 5° ends to generate single-stranded complementary overhangs out of the
homologous ends. These complementary overhangs of the homologous ends anneal, and a
DNA polymerase and optionally a ligase (e.g., a Taqg DNA ligase) can (optionally covalently)
join the complementary overhangs together to assemble the DNA fragments into an insert. In
the absence of a ligase, the DNA fragments are thought to be ligated (and thus covalently
joined) by an endogenous ligase following transformation of the assembled plasmid into
bacterial cells. In some embodiments, the 5” exonuclease is part of the DNA polymerase
(e.g., a T4 DNA polymerase). In other embodiments, the 5’ exonuclease (e.g., a TS
exonuclease) is provided as a separate enzyme, e.g., in addition to the DNA polymerase (e.g.,
a Phusion Flash® DNA polymerase). Examples of 5° exonucleases include A exonuclease,
exonuclease VIII, TS exonuclease, T7 exonuclease, and RecJ exonuclease. In a typical
embodiment, the 5 exonuclease (e.g., a TS exonuclease) and DNA polymerase (e.g., a fusion
DNA polymerase) do not compete, which allows simultaneous activity in a single isothermal

reaction. In some embodiments, step (d) of a screening method of the invention is performed
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at a temperature of about 40°C to about 60°C. In a specific embodiment, step (d) is an
isothermal reaction performed at about S0°C. In particular embodiments, step (d) of a
screening method of the invention is performed over a period of about 15 minutes to about 60
minutes.

[000147] In a typical embodiment, the 5’ exonuclease generates complementary single-
stranded overhangs out of the homologous ends of the DNA fragments. The complementary
single-stranded overhangs anneal and are joined (optionally covalently through the action of a
ligase) to form the insert with single-stranded overhangs complementary to single-stranded
overhangs of a vector backbone. The 5’ exonuclease also generates single-stranded overhangs
out of the homologous ends of the vector backbone, which are complementary to the single-
stranded overhangs of the insert. The complementary single-stranded overhangs of the insert
and vector backbone anneal and are joined (optionally covalently through the action of a
ligase) to introduce the insert (formed from the two or more DNA fragments) into the vector
backbone.

[000148] In some embodiments, the vector backbone itself is assembled from vector
fragments with homologous ends. In these embodiments, the 5’ exonuclease generates
complementary single-stranded overhangs out of the homologous ends of the vector
fragments. The complementary single-stranded overhangs anneal and are joined (optionally
covalently by the action of a ligase) to form a vector backbone with single-stranded
overhangs complementary to the single-stranded overhangs of the insert.

[000149] In a specific embodiment, an assembly method for use with the invention

employs a TS exonuclease, a fusion DNA polymerase and a 7ag DNA ligase.

Plasmid component

[000150] The assembly of the insert (optionally formed from two or more DNA
fragments) and the vector backbone (optionally formed from two or more vector fragments)
yields a plasmid. The nucleotide sequence in the assembled plasmid is flanked by a 5’
untranslated region (5 UTR) and a 3’ untranslated region (3> UTR) and operationally linked
to an RNA polymerase promoter. The 5° UTR, the 3° UTR and the RNA polymerase

promoter are either part of the insert or the vector backbone.
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3’ Untranslated region

[000151] A plasmid for use with a screening method of the invention comprises a
nucleotide sequence encoding a 5° UTR operably linked to the optimized nucleotide
sequence. In particular embodiments, the 5’ UTR is different from the 5 UTR of a naturally
occurring mRNA encoding the amino acid sequence. In a specific embodiment, the 5> UTR

has the nucleotide sequence of SEQ ID NO: 9.

3’ Untranslated region

[000152] A plasmid for use with a screening method of the invention comprises a
nucleotide sequence encoding a 3° UTR operably linked to a nucleotide sequence of interest.
In particular embodiments, the 3’ UTR is different from the 3’ UTR of a naturally occurring
mRNA encoding the amino acid sequence. In a specific embodiment, the 3° UTR has the

nucleotide sequence of SEQ ID NO: 10 or SEQ ID NO: 11.

RNA polymerase promoter

[000153] A plasmid for use with a screening method of the invention comprises an
RNA polymerase promoter. A nucleotide sequence of interest inserted in the plasmid is
operationally linked to the RNA polymerase promoter. In the presence of an RNA
polymerase, e.g., an SP6 RNA polymerase or a T7 RNA polymerase, in an in vitro
transcription mixture, the nucleotide sequence is transcribed into an mRNA transcript.
[000154] Any promoter that can be recognized by an SP6 RNA polymerase may be
used in a screening method of the invention. Typically, an SP6 promoter comprises 5'-
ATTTAGGTGACACTATAG-3' (SEQ ID NO: 12). Variants of the SP6 promoter have been
discovered and/or created to optimize recognition and/or binding of SP6 to its promoter. Non-
limiting variants include, but are not limited to:

5'-ATTTAGGGGACACTATAGAAGAG-3' (SEQ ID NO: 13); 5'-
ATTTAGGGGACACTATAGAAGG-3' (SEQ ID NO: 14); 5'-
ATTTAGGGGACACTATAGAAGGG-3' (SEQ ID NO: 15); 5'-
ATTTAGGTGACACTATAGAA-3' (SEQ ID NO: 16);
5'-ATTTAGGTGACACTATAGAAGA-3' (SEQ ID NO: 17); 5'-
ATTTAGGTGACACTATAGAAGAG-3' (SEQ ID NO: 18); 5'-
ATTTAGGTGACACTATAGAAGG-3' (SEQ ID NO: 19); 5'-
ATTTAGGTGACACTATAGAAGGG-3' (SEQ ID NO: 20); 5'-
ATTTAGGTGACACTATAGAAGNG-3' (SEQ ID NO: 21; and
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5'-CATACGATTTAGGTGACACTATAG-3' (SEQ ID NO: 22). Where N is used in the
nucleotide sequences, Nis A, C, T or G.

[000155] In addition, a suitable SP6 promoter may be about 95%, 90%, 85%, 80%,
75%, or 70% identical or homologous to any one of SEQ ID NO: 13 to SEQ ID NO: 22.
Moreover, a suitable SP6 promoter may include one or more additional nucleotides 5" and/or
3" to any of the promoter sequences described herein.

[000156] Alternatively, any promoter that can be recognized by a T7 RNA polymerase
may be used in the screening methods of the invention. Typically, a T7 promoter comprises

5'-TAATACGACTCACTATAG-3' (SEQ ID NO: 23).

Poly(4)/Poly(C) sequence

[000157] In certain embodiments, a plasmid for use with a screening method of the

invention comprises a poly(A) sequence or a poly(C) sequence at the 3” end of the 3’UTR.
Accordingly, in vitro transcription of the nucleotide sequence inserted in the plasmid yields
an mRNA transcript with a poly(A) or poly(C) tail on the 3’ terminus.

[000158] A poly(A) or poly(C) tail encoded by a poly(A) sequence or a poly(C)
sequence in the plasmid typically includes at least 50 adenosine or cytosine nucleotides, at
least 150 adenosine or cytosine nucleotides, at least 200 adenosine or cytosine nucleotides, at
least 250 adenosine or cytosine nucleotides, at least 300 adenosine or cytosine nucleotides, at
least 350 adenosine or cytosine nucleotides, at least 400 adenosine or cytosine nucleotides, at
least 450 adenosine or cytosine nucleotides, at least S00 adenosine or cytosine nucleotides, at
least 550 adenosine or cytosine nucleotides, at least 600 adenosine or cytosine nucleotides, at
least 650 adenosine or cytosine nucleotides, at least 700 adenosine or cytosine nucleotides, at
least 750 adenosine or cytosine nucleotides, at least 800 adenosine or cytosine nucleotides, at
least 850 adenosine or cytosine nucleotides, at least 900 adenosine or cytosine nucleotides, at
least 950 adenosine or cytosine nucleotides, or at least 1 kb adenosine or cytosine
nucleotides, respectively.

[000159] In some embodiments, a poly(A) or poly(C) tail may be about 10 to 800
adenosine or cytosine nucleotides (e.g., about 10 to 200 adenosine or cytosine nucleotides,
about 10 to 300 adenosine or cytosine nucleotides, about 10 to 400 adenosine or cytosine
nucleotides, about 10 to 500 adenosine or cytosine nucleotides, about 10 to 550 adenosine or
cytosine nucleotides, about 10 to 600 adenosine or cytosine nucleotides, about 50 to 600
adenosine or cytosine nucleotides, about 100 to 600 adenosine or cytosine nucleotides, about

150 to 600 adenosine or cytosine nucleotides, about 200 to 600 adenosine or cytosine
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nucleotides, about 250 to 600 adenosine or cytosine nucleotides, about 300 to 600 adenosine
or cytosine nucleotides, about 350 to 600 adenosine or cytosine nucleotides, about 400 to 600
adenosine or cytosine nucleotides, about 450 to 600 adenosine or cytosine nucleotides, about
500 to 600 adenosine or cytosine nucleotides, about 10 to 150 adenosine or cytosine
nucleotides, about 10 to 100 adenosine or cytosine nucleotides, about 20 to 70 adenosine or
cytosine nucleotides, or about 20 to 60 adenosine or cytosine nucleotides) respectively.
[000160] In some embodiments, a poly(A) sequence or a poly(C) sequence includes a
combination of poly(A)s and poly(C)s with various lengths as described herein. In some
embodiments, a tail structure includes at least 50%, 55%, 65%, 70%, 75%, 80%, 85%, 90%,
92%, 94%, 95%, 96%, 97%, 98%, or 99% adenosine nucleotides. In some embodiments, a
tail structure includes at least 50%, 55%, 65%, 70%, 75%, 80%, 85%, 90%, 92%, 94%, 95%,
96%, 97%, 98%, or 99% cytosine nucleotides.

Termination signal

[000161] The presence of the two more termination signals at the 3 end may avoid the
need for linearization of the plasmid prior to in vifro transcription of the nucleotide sequence
in step (e) of a screening method of the invention.

[000162] Accordingly, in certain embodiments, a plasmid for use with a screening
method of the invention comprises two or more termination signals arranged sequentially and
positioned at the 3’ end of the 3’UTR. In a specific embodiment, the plasmid comprises three
termination signals. In embodiments in which the plasmid comprises a poly(A) sequence or a
poly(C) sequence, the two or more termination signals are positioned at the 3” end of the
poly(A) sequence or poly(C) sequence.

[000163] In a typical embodiment, each termination signal is separated by 10 base pairs
or fewer. For example, each termination signal may be separated by 5-10 base pairs.
[000164] In some embodiments, the two or more termination signals comprise the
following nucleotide sequence: 5’-X1ATCTX,TX;3-3°, wherein X, Xp and X5 are
independently selected from A, C, T or G. In particular embodiments, the two or more
termination signals comprise the nucleic acid sequence 5’-X;ATCTGTT-3’. In one specific
embodiment, Xj is T. In another specific embodiment, X; is C. In further specific
embodiments, the two or more termination signals comprise one of the following nucleotide
sequences: TATCTGTT; and/or TTTTTT;, and/or AAGCTT; and/or GAAGAGC; and/or
TCTAGA. In particular embodiments, the two or more termination signals are selected from

S-TTTTATCTGTTTTTTT-3" (SEQ ID NO: 3), S’-TTTTATCTGTTTTTTTTT-3’ (SEQ ID
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NO: 4), 5’-CGTTTTATCTGTTTTTTT-3’ (SEQ ID NO: 5), -CGTTCCATCTGTTTTTTT-
3’ (SEQ ID NO: 6, 5’-CGTTTTATCTGTTTGTTT-3’ (SEQ ID NO: 7), or
5’-CGTTTTATCTGTTGTTTT-3" (SEQ ID NO: 8).

[000165] In some embodiments, the two or more termination signals are encoded by the
following nucleotide sequence: (a) 5’ -X1ATCTX2TX3-(Zn)-XsATCTXsTXe6-3” or (b) 57-
XiATCTXoTXs-(Zn)-X4sATCTX5TX6-(Zn)-X7ATCTXsTXo-3, wherein X1, Xa, X3, X4, Xs.
Xs, X7, Xg and Xo are independently selected from A, C, T or G, Zx represents a spacer
sequence of N nucleotides, and Zy represents a spacer sequence of M nucleotides, each of
which are independently selected from A, C, T or G, and wherein N and/or M are
independently 10 or fewer. For example, N canbe 5,6, 7,8,9or 10. M canbe 5, 6, 7, 8, 9 or
10. Z can be T. In one specific embodiment, a plasmid for use with a screening method of the
invention comprises the following sequence at its 3’ end of the 3’UTR:
TTTTATCTGTTTTTTTTTTTTTATCTGTTTTTTTTT (SEQ ID NO: 24). The core motif of
the termination signal is underlined. In another specific embodiments, a plasmid for use with
a screening method of the invention comprises the following sequence at its 3° end of the
3UTR: TTTTATCTGTTTTTTTTTTTTTATCTGTTTTTTTTTTTTTATCTGTTTTTTTTT
(SEQ ID NO: 25). The core motif of the termination signal is underlined.

Bacterial terminator

[000166] In some embodiments, a plasmid for use with a screening method of the
invention comprises a bacterial terminator. The bacterial terminator is located in the vector
backbone upstream of the RNA polymerase promoter in such a manner that it prevents
transcription of the optimized nucleotide sequences by a bacterial RNA polymerase.
[000167] Accordingly, a plasmid is provided herein which comprises a vector backbone
and an insert comprising an optimized nucleotide sequence encoding a therapeutic protein,
wherein (a) the optimized nucleotide sequence is flanked by a 5° untranslated region

(5 UTR) and a 3’ untranslated region (3° UTR) and operationally linked to an RNA
polymerase promoter; and (b) a bacterial terminator is located in the vector backbone
upstream of the RNA polymerase promoter, wherein the bacterial terminator prevents
transcription of the optimized nucleotide sequences by a bacterial RNA polymerase.
[000168] In some embodiments, the RNA polymerase promoter is an SP6 RNA
polymerase promoter. In a specific embodiment, the bacterial RNA polymerase is an

endogenous FLischerichia coli RNA polymerase.
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[000169] In some embodiments, the bacterial terminator is an Escherichia coli ropC
terminator. A suitable Escherichia coli ropC 1s found in the genome of Escherichia coli strain
JMEG66 (GenBank accession no.: CP042844.1; the region comprising nucleotides 1660501 to
1660620). In a specific embodiment, the bacterial terminator has the following sequence:
GGCGCCCTTAAATATTCTGACAAATGCTCTTTCCCTAAACTCCCCCCATAAAAAA
ACCCGCCGAAGCGGGTTTTTACGTTATTTGCGGATTAACGATTACTCGTTATCAG
AACCGCCCAG (SEQ ID NO: 28).

[000170] In some embodiments, the bacterial terminator is a Staphylococcus aureus bla
terminator. A suitable Staphylococcus aureus bla terminator is found in the genome of
Staphylococcus aureus strain 16405 (GenBank accession no.: CP053354.1; the region
comprising nucleotides 26736 to 27036). In a specific embodiment, the bacterial terminator
has the following sequence:
TATTCTAAATGCATAATAAATACTGATAACATCTTATAGTTTGTATTATATTTTGT
ATTATCGTTGACATGTATAATTTTGATATCAAAAACTGATTTTCCCTTTATTATTT
TCGAGATTTATTTTCTTAATTCTCTTTAACAAACTAGAAATATTGTATATACAAAA
AATCATAAATAATAGATGAATAGTTTAATTATAGGTGTTCATCAATCGAAAAAGC
AACGTATCTTATTTAAAGTGCGTTGCTTTTTTCTCATTTATAAGGTTAAATAATTC
TCATATATCAAGCAAAGTGACA (SEQ ID NO: 29)

Polylinkers

[000171] In some embodiments, it is advantageous to provide one or more polylinker
sequences (multiple cloning sites) in a plasmid for use with a screening method of the
invention. For example, a plasmid may comprise a first polylinker sequence and a second
polylinker sequence that frame an insert comprising a nucleotide sequence of interest and
thus make it possible to confirm by restriction digest the presence of the insert in the plasmid
based on its size. The first and second polylinkers may be included in the set of homologous
ends that are used for assembly of the insert and the vector backbone into a plasmid.
[000172] In some embodiments, the homologous ends are chosen such that in the
assembled plasmid the first polylinker sequence is located immediately upstream of the RNA
polymerase promoter, and the second polylinker sequence is located immediately
downstream of the 3° UTR.

[000173] In some embodiments, a plasmid for use with a screening method of the
invention comprises a bacterial terminator. The bacterial terminator is located in the vector

backbone of the plasmid upstream of the RNA polymerase promoter in such a manner as to

38



WO 2024/170684 PCT/EP2024/053871

prevent transcription of the nucleotide sequence by a bacterial RNA polymerase. In such
embodiments, a first polylinker sequence may be located between the bacterial terminator
and the RNA polymerase promoter, and a second polylinker sequence may located

immediately downstream of the 3 UTR.

Origin of replication

[000174] An origin of replication is capable of binding to a member of an enzyme group
that catalyzes replication of the plasmid, typically, an enzyme having DnaA activity. In some
embodiments, an origin of replication suitable for use with the screening methods of the
invention comprises the OriC’ sequence of Lscherichia coli, or a functional fragment thereof.
Typically, the origin of replication is comprised within the vector backbone prior to assembly
of the plasmid. In some embodiments, the origin of replication is introduced into an
assembled plasmid using a transposon.

[000175] In some embodiments, the plasmid comprises an origin of replication having
the nucleotide sequence of SEQ ID NO: 1. In other embodiments, the plasmid comprises an
origin of replication of having the nucleotide sequence of SEQ ID NO: 2. Without wishing to
be bound by any particular theory, the inventors believe that an origin of replication having
the nucleotide sequence of SED ID NO: 2 comprises a stabilizing mutation for maintenance
of plasmids with nucleotide sequence of interest (typically codon-optimized mammalian gene
sequences, in particular human gene sequences) in bacterial cells (specifically, Escherichia

coli).

Exemplary plasmids

[000176] In exemplary embodiments, a screening method of the invention may make
use of a plasmid comprising (i) a vector backbone comprising an origin of replication and (i1)
an insert comprising an optimized nucleotide sequence encoding a therapeutic protein,
wherein (a) the optimized nucleotide sequence is flanked by a 5* untranslated region (5’
UTR) and a 3’ untranslated region (3 UTR) and operationally linked to an RNA polymerase
promoter.

[000177] The optimized nucleotide sequence is typically generated by a codon
optimization algorithm as described herein. In a typical embodiment, the optimized
nucleotide sequence is codon optimized. In a specific embodiment, the optimized nucleotide

sequence consists of codons associated with a usage frequency which is greater than or equal
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to 10%. Moreover, the optimized nucleotide sequence typically has one or more of the
following additional features: (i) it does not contain a termination signal having the following
nucleotide sequence: 5’-X1ATCTX,TX;3-3’, wherein X1, Xz and X;3 are independently
selected from A, C, T or G; (ii) it does not contain any negative cis-regulatory elements and
negative repeat elements; (iii) it has a codon adaptation index greater than 0.8; and (iv) each
portion of the optimized nucleotide sequence has a guanine cytosine content range of 30% -
70%, when divided into non-overlapping 30 nucleotide-long portions. In a particular
embodiment, the optimized sequence is codon optimized and additionally comprises all of
features (1)-(iv). In specific embodiments, the optimized nucleotide sequence does not contain
a termination signal having one of the following sequences: TATCTGTT, TTTTTT;
AAGCTT; GAAGAGC; and TCTAGA.

[000178] In some embodiments, the plasmid comprises a bacterial terminator that is
located in the vector backbone upstream of the RNA polymerase promoter. The presence of
the bacterial terminator prevents transcription of the optimized nucleotide sequences by a
bacterial RNA polymerase. This is advantageous for the stable maintenance and propagation
of the plasmid in a bacterial cell.

[000179] For example, Escherichia coli is commonly used to amplify a plasmid after
assembly and prior to the in vitro transcription reaction, or in order to obtain large amounts of
plasmid DNA for manufacturing of a therapeutic mRNA comprising the optimized nucleotide
sequence. Accordingly, in a typical embodiment, the bacterial RNA polymerase is an
endogenous Lischerichia coli RNA polymerase. In some embodiments, the bacterial
terminator is an Lischerichia coli ropC terminator. In other embodiments, the bacterial
terminator is a Staphylococcus aureus bla terminator.

[000180] In some embodiments, the RNA polymerase promoter is an SP6 RNA
polymerase promoter. SP6 RNA polymerase has been shown to provide high yields of full-
length mRNA transcripts during large-scale manufacturing of therapeutic mRNA.

[000181] In some embodiments, the plasmid further comprises a first polylinker
sequence and a second polylinker sequence, wherein the first polylinker sequence is located
between the bacterial terminator and the RNA polymerase promoter, and a second polylinker
sequence is located between the optimized nucleotide sequence and the 3° UTR.

[000182] In some embodiments, the vector backbone comprises an origin of replication
having the nucleotide sequence of SED ID NO: 2.

[000183] The ultimate goal of a screening method of the invention can be to identify a

plasmid which comprises an optimized nucleotide sequence encoding a therapeutic protein of
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interest and can be used for the large-scale production of a therapeutic mRNA. Accordingly,
in some embodiments, the plasmid is used in a method of manufacturing a therapeutic
mRNA. Such a method may comprise adding the plasmid to an i vifro transcription reaction
mixture to transcribe the nucleotide sequence into mRNA transcripts; and purifying the
mRNA transcripts. Suitable reaction mixtures and conditions for in vifro transcription of the
mRNA transcripts from the plasmid are described elsewhere herein. Purification may be done
as described elsewhere herein by precipitating the mRNA transcripts through the addition of
(1) a chaotropic salt, and (ii) an alcohol or an amphiphilic polymer.

[000184] In some embodiments, the mRNA transcripts are subject to post-synthesis
processing as described herein. Such post-synthesis processing may comprise one or more
additional purification steps after each processing step. These additional purification steps
may also be done as described elsewhere herein by precipitating the mRNA transcripts

through the addition of (i) a chaotropic salt, and (i1) an alcohol or an amphiphilic polymer.

Cell-free process of plasmid amplification
[000185] Plasmid are typically amplified after assembly and prior to the in vitro
transcription reaction. Traditional methods carry out amplification by transforming a plasmid
into a bacterial cell, typically an Escherichia coli cell. In some embodiments, the screening
methods of the invention employ a cell-free amplification process, e.g., a replication cycle
reaction (RCR). Cell-free processes are particularly suitable for use with the screening
methods of the present invention, in which each of steps (a)-(e) can be performed more
rapidly without the use of bacterial cells
[000186] Exemplary RCR processes for use with the screening methods of the invention
include those described, for example, in Su’etsugu ef al., Exponential propagation of large
circular DNA by reconstitution of a chromosome-replication cycle, Nucleic Acids Research,
2017, Vol. 45, No. 20 11525-11534; and in EP3831941A1, EP3650543A1, EP3591051A1,
EP3460058A1 and EP3222717A1, which are all incorporated herein by reference.
[000187] Such a method involves amplification of a plasmid DNA comprising an origin
of replication using the following enzyme groups:

i.  afirst enzyme group that catalyzes replication of the plasmid,

ii.  asecond enzyme group that catalyzes an Okazaki fragment joining reaction and

synthesizes two sister plasmids constituting a catenane; and

iii.  athird enzyme group that catalyzes the separation of two sister plasmids.
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The two sister plasmids constituting a catenane are the two product plasmids synthesized by
DNA replication and in a connected state. Typically, the enzyme groups are used to prepare a
reaction solution or mixture including the plasmid, or which has the plasmid subsequently

added.

First enzyme group

[000188] Examples of the first enzyme group that catalyzes replication of the plasmid
include one or more enzymes or enzyme groups selected from the group consisting of an
enzyme having DnaA activity (e.g., £. coli DnaA), one or more nucleoid proteins, an enzyme
or enzyme group having DNA gyrase activity (e.g., a complex of £. coli GyrA and GyrB),
single-stranded binding protein (SSB) (e.g., £. coli SSB), an enzyme having DnaB-type
helicase activity (e.g., E. coli DnaB), an enzyme having DNA helicase loader activity (e.g., .
coli DnaC), an enzyme having DNA primase activity (e.g., £. coli DnaG), an enzyme having
DNA clamp activity (e.g., . coli DnaN), and an enzyme or enzyme group having DNA
polymerase IIT* activity, and combinations of all of the aforementioned enzymes or enzyme
groups.

[000189] The one or more nucleoid proteins used in the described RCR methods have
an activity similar to that of the nucleoid protein of F. coli. For example, a complex of E. coli
IhfA and/or IhfB (a heterodimer or a homodimer), or a complex of £. coli hupA and hupB
can be used.

[000190] Similarly, the enzyme or enzyme group having DNA polymerase III* activity
has an activity that is similar to that of the DNA polymerase III* complex of L. coli. For
example, an enzyme group comprising any of £. coli DnaX, HolA, HolB, HolC, HolD, DnaE,
DnaQ, and HolE; typically an enzyme group comprising a complex of F. coli DnaX, HolA,
HolB, and DnaE, and suitably an enzyme comprising a complex of £. coli DnaX, HolA,
HolB, HolC, HolD, DnaE, DnaQ, and HolE, can be used.

[000191] While examples of the members of this enzyme group are given as F. coli
enzymes, these enzymes are not intended to be limited in their biological origin, and variants
and homologs thereof with similar activity can be used. For example, many bacterial species
and phages have equivalents of these enzymes which perform corresponding functions in

cellular DNA replication.
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Second enzyme group

[000192] Examples of second enzyme groups that catalyze an Okazaki fragment
maturation and synthesize two sister plasmids constituting a catenane may include, for
example, one or more enzymes selected from the group consisting of an enzyme having DNA
polymerase I activity (e.g., £. coli DNA polymerase I), an enzyme having DNA ligase
activity (e.g., . coli DNA ligase or the DNA ligase of T4 phage), and an enzyme having
RNaseH activity (e.g. £. coli RNaseH), or a combination of these enzymes.

[000193] Again, while examples from E. coli are given, it is not intended for the origin
of such enzymes to be limited, and variants and homologs are available, for example from

phages and other bacterial species.

Third enzyme group

[000194] Examples of a third enzyme group that catalyzes the separation of two sister
plasmids is an enzyme group set forth in, for example, the enzyme group described in Peng H
& Marians KJ. PNAS. 1993, 90: 8571-8575, which is incorporated herein by reference.
Specifically, examples of the third enzyme group include one or more enzymes selected from
the group consisting of an enzyme having topoisomerase IV activity (e.g., £. coli topomerase
IV; a complex of ParC and ParE), an enzyme having topoisomerase III activity (e.g., F. coli
topomerase III), and an enzyme having RecQ-type helicase activity (e.g., . coli RecQ); or a
combination of the aforementioned enzymes. In particular, the third enzyme group may
comprise a combination of an enzyme having topoisomerase III activity and an enzyme
having RecQ-type helicase activity; and/or an enzyme having topoisomerase IV activity.
[000195] Once again, it is not intended for the origin of such enzymes to be limited to
those of £. coli, and variants and homologs are available, for example from phages and other

bacterial species.

Reaction solution

[000196] The reaction solution may comprise a buffer, ATP, GTP, CTP, UTP, dNTP, a

magnesium ion source, and an alkaline metal ion source. The buffer contained in the reaction
solution is not particularly limited, as long as it is suitably used in a pH range of pH 7 to 9,
and typically at pH 8. Examples of the buffer may include Tris-HCI, Hepes-KOH, a
phosphate buffer, MOPS-NaOH, and Tricine-HCl. Examples of the magnesium ion source
may include Mg(OAc),, MgCly, and MgSO4. Examples of the alkali metal ion may include

sodium ions (Na") and potassium ions (K*). Examples of the alkali metal ion source may
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include potassium glutamate, potassium aspartate, potassium chloride, potassium acetate,
sodium glutamate, sodium aspartate, sodium chloride, and sodium acetate.

[000197] The reaction solution may further comprise a protein non-specific adsorption
inhibitor and/or a nucleic acid non-specific adsorption inhibitor. These inhibitors are proteins,
nucleic acid molecules or nucleic acid-like factors that are irrelevant to the replication or
amplification reaction. Such additions are thought to reduce non-specific adsorption between
proteins and/or between a protein and plasmid, or adhesion of a protein and circular DNA
onto the surface of a vessel. Examples of a protein non-specific adsorption inhibitor include
bovine serum albumin (BSA), lysozyme, gelatin, heparin, and casein. Examples of a nucleic
acid non-specific adsorption inhibitor include tRNA, rRNA, mRNA, glycogen, heparin, oligo
DNA, polyinosine-polycytidine, polydeoxyinosine-polydeoxycytidine, polyadenine, and
polydeoxyadenine.

[000198] The reaction solution may further comprise linear DNA-specific exonuclease
and/or RecG-type helicase. The linear DNA-specific exonuclease is an enzyme that
successively hydrolyzes linear DNA from the 5'-terminus or 3'-terminus thereof. Examples
include RecBCD, A exonuclease, exonuclease III, exonuclease VIII, TS exonuclease, T7
exonuclease, and Plasmid-Safe™ ATP-Dependent DNase (Epicentre). The RecG-type
helicase has similar activity to that of £. coli RecG, although variants and homologs, such as
from other bacterial species, are also contemplated. These additions reduce the amount of
linear DNA generated as a result of duplex cleavage or the like during the amplification
process.

[000199] Further optional components of the reaction solution include an ammonium
salt, typically selected from ammonium sulfate, ammonium chloride, and ammonium acetate;
a reducing agent, typically selected from DTT, B-mercaptoethanol, and glutathione; and/or an
enzyme and a substrate, which are used for regeneration of ATP, typically selected from
creatine kinase and creatine phosphate, and pyruvate kinase and phosphoenolpyruvate.
[000200] An examplary reaction solution is provided in Table 1, in which the enzymes
used represent those from £. coli, as described above.

Table 1 — Exemplary cell-free amplification reaction solution

Reaction mixture

Reaction buffer
Tris-HCI (pH8.0) 20 mM
Dithiothreitol & mM
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Potassium glutamate 150 mM
Mg(OAc), 10 mM
Creatine phosphate 4 mM
ATP 1 mM
GTP, CTP, UTP each | mM
dNTPs each 0.1 mM
tRNA 50 ng/uL.
NAD 0.25 mM
Ammonium sulfate 10 mM
Bovine serum albumin (BSA) 0.5 mg/mL
Creatine kinase 20 ng/uL
Enzymes
SSB 400 nM
IHF 20 nM
DnaG 400 nM
DnaN 40 nM
PollIT* 5 nM
DnaB, DnaC 20 nM
DnaA 100 nM
RNaseH 10 nM
Ligase 50 nM
Poll 50 nM
GyrA, GyrB 50 nM
Topo IV 5nM
Topo III 50 nM
RecQ 50 nM

Reaction conditions

[000201]

The amplification reaction may take place at a single ‘isothermal’ temperature,

typically in the range of in a range of 20°C to 80°C, or at approximately 30°C, which is the

optimal temperature of DNA polymerase.

[000202]

Alternatively, the reaction can take place in a temperature cycle of repeating

incubation at 30°C or higher and incubation at 27°C or lower. The incubation at 30°C or

45




WO 2024/170684 PCT/EP2024/053871

higher is in a temperature range capable of initiating DNA replication, while incubation at
27°C or lower is at a temperature at which initiation of replication is suppressed and the
elongation reaction of DNA progresses.

[000203] The amplification reaction can be carried out in a water-in-oil emulsion,

prepared by mixing mineral oil and a surfactant into the reaction mixture.

In vitro transcription

[000204] In step (e) of a screening method of the invention, a plasmid is added to an in
vitro transcription reaction mixture to transcribe the nucleotide sequence into an mRNA
transcript. /n vifro transcription (also referred to commonly as “in vifro synthesis”) can be
typically performed with a linear or circular plasmid in a reaction mixture comprising a pool
of ribonucleotide triphosphates, a buffer system that may include DTT and magnesium ions,
and an appropriate RNA polymerase (e.g., T3, T7, or SP6 RNA polymerase),

[000205] In some embodiments, the plasmid is linearized before step (e) is performed.
Linearization is typically performed by a restriction enzyme that recognizes a single cut site
in the plasmid. Linearization results in a double-stranded DNA template in which the RNA
polymerase promoter of the plasmid is operationally linked to the 5> UTR, the nucleotide
sequence of interest, the 3° UTR, and optionally the poly(A) sequence or the poly(C)
sequence so as to yield an mRNA transcript in the presence of an in vifro transcription
mixture that includes these sequence elements in the specified order starting with the 5> UTR.
[000206] In some embodiments, the mRNA transcript synthesized from the nucleic acid
vector during in vitro transcription does not contain a poly(A) tail. A poly(A) tail may be

added to the mRNA transcript in a post-synthesis processing step.

Composition of the reaction mixture

[000207] In some embodiments, a concentration of 100 to 1000 Units/ml of the RNA

polymerase (e.g., T7 RNA polymerase) may be used in an in vifro transcription reaction
mixture as described herein. For example, a concentration of 300 to 500 Units/ml of a T7
RNA polymerase may be used in a screening method of the invention. In particular
embodiments, the RNA polymerase (e.g., an SP6 RNA polymerase) in an in vitro
transcription reaction mixture as described herein is at a concentration ranging from 0.01 —
0.1 mg/ml. For example, a concentration of about 0.1 mg/ml of SP6 RNA polymerase may be

used in a screening method of the invention.
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[000208] The concentration of each ribonucleotide (e.g., ATP, UTP, GTP, and CTP) in
a reaction mixture is about 0.1 mM to about 10 mM, e.g., about 1 mM to about 10 mM, about
2 mM to about 10 mM, about 3 mM to about 10 mM, about 1 mM to about 8 mM, about 1
mM to about 6 mM, about 3 mM to about 10 mM, about 3 mM to about 8 mM, about 3 mM
to about 6 mM, about 4 mM to about 5 mM. In some embodiments, each ribonucleotide is at
about 5 mM in a reaction mixture. In some embodiments, the total concentration of rNTPs
(for example, ATP, GTP, CTP and UTPs combined) used in the reaction range from 1 mM to
40 mM. In some embodiments, the total concentration of rNTPs (for example, ATP, GTP,
CTP and UTPs combined) used in the reaction range from 1 mM to 30 mM, or 1 mM to 28
mM, or 1 mM to 25 mM, or 1 mM to 20 mM. In some embodiments, the total INTPs
concentration is less than 30 mM. In some embodiments, the total INTPs concentration is less
than 25 mM. In some embodiments, the total INTPs concentration is less than 20 mM. In
some embodiments, the total INTPs concentration is less than 15 mM. In some embodiments,
the total rNTPs concentration is less than 10 mM.

[000209] In a particular embodiment, the concentration of each rNTP in a reaction
mixture is optimized based on the frequency of each nucleic acid in the nucleic acid sequence
that encodes a given mRNA transcript. Specifically, such a sequence-optimized reaction
mixture comprises a ratio of each of the four INTPs (e.g., ATP, GTP, CTP and UTP) that
corresponds to the ratio of these four nucleic acids (A, G, C and U) in the mRNA transcript.
[000210] In some embodiments, a start nucleotide is added to the reaction mixture
before the start of the in vifro transcription. A start nucleotide is a nucleotide which
corresponds to the first nucleotide of the mRNA transcript (+1 position). The start nucleotide
may be especially added to increase the initiation rate of the RNA polymerase. The start
nucleotide can be a nucleoside monophosphate, a nucleoside diphosphate, a nucleoside
triphosphate. The start nucleotide can be a mononucleotide, a dinucleotide or a trinucleotide.
In embodiments where the first nucleotide of the mRNA transcript is a G, the start nucleotide
is typically GTP or GMP. In a specific embodiment, the start nucleotide is a cap analog. The
cap analog may be selected from the group consisting of G[5'lppp[5']G, m’G[5']ppp[5']G,
ms22’G[5"Tppp[5'1G, m2”> “OG[5'Tppp[5']1G (3'-ARCA), mz"2 °GpppG (2'-ARCA), m,"*"
OGppspG D1 (B-S-ARCA D1) and m»”? °GppspG D2 (B-S-ARCA D2).

[000211] In specific embodiments, the first nucleotide of the RNA transcript is G, the
start nucleotide is a cap analog of G and the corresponding rNTP is GTP. In such
embodiments, the cap analog is present in the reaction mixture in an excess in comparison to

GTP. In some embodiments, the cap analog is added with an initial concentration in the range
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of about 1 mM to about 20 mM, about 1 mM to about 17.5 mM, about 1 mM to about 15
mM, about 1 mM to about 12.5 mM, about 1 mM to about 10 mM, about 1 mM to about 7.5
mM, about 1 mM to about 5 mM or about 1 mM to about 2.5 mM.

[000212] More typically in the context of the present invention, a cap structure such as a
cap analog is added to the mRNA transcripts obtained during in vifro transcription only after
the mRNA transcripts have been synthesized, e.g., in a post-synthesis processing step.
Typically, in such embodiments, the mRNA transcripts are first purified (e.g., by tangential
flow filtration) before a cap structure is added.

[000213] The reaction mixture typically includes a salt/buffering agent, e.g., Tris,
HEPES, ammonium sulfate, sodium bicarbonate, sodium citrate, sodium acetate, potassium
phosphate, sodium phosphate, sodium chloride, and magnesium chloride. The pH of the
reaction mixture may be from about 6 to 8.5, e.g., from 6.5 to 8.0 or, more typically, from 7.0

to 7.5. In some embodiments, the pH is 7.5.

SP6 RNA polymerase
[000214] In some embodiments, the mRNA is synthesized by a SP6 RNA polymerase.

In some embodiments, the SP6 RNA polymerase is a naturally occurring SP6 RNA
polymerase. In some embodiments, the SP6 RNA polymerase is a recombinant SP6 RNA
polymerase. In some embodiments, the SP6 RNA polymerase comprises a tag. Tags can be
used to facilitate protein detection or purification. In some embodiments, the tag is a his-tag,
which, for example, can be used for purification with Ni-NTA affinity chromatography.
[000215] SP6 RNA polymerase is a DNA-dependent RNA polymerase with high
sequence specificity for SP6 promoter sequences. Typically, SP6 RNA polymerase catalyzes
the 5'—3" in vitro synthesis of RNA on either single-stranded DNA or double-stranded DNA
downstream from its promoter. SP6 RNA polymerase incorporates native ribonucleotides
and/or modified ribonucleotides into the polymerized transcript.

[000216] The sequence for bacteriophage SP6 RNA polymerase was initially described
(GenBank: Y00105.1) as having the following amino acid sequence:

[000217] MQDLHAIQLQLEEEMFNGGIRRFEADQQRQIAAGSESDTAWNRRLLS
ELTIAPMAEGIQAYKEEYEGKKGRAPRALAFLQCVENEVAAYITMKVVMDMLNTDA
TLQATAMSVAERIEDQVRFSKLEGHAAKYFEKVKKSLKASRTKSYRHAHNVAVVAE
KSVAEKDADFDRWEAWPKETQLQIGTTLLEILEGSVFYNGEPVFMRAMRTYGGKTI
YYLQTSESVGQWISAFKEHVAQLSPAYAPCVIPPRPWRTPFNGGFHTEKVASRIRLVK
GNREHVRKLTQKQMPKVYKAINALQNTQWQINKDVLAVIEEVIRLDLGYGVPSFKP
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LIDKENKPANPVPVEFQHLRGRELKEMLSPEQWQQFINWKGECARLYTAETKRGSK
SAAVVRMVGQARKYSAFESIYFVYAMDSRSRVYVQSSTLSPQSNDLGKALLRFTEG
RPVNGVEALKWFCINGANLWGWDKKTFDVRVSNVLDEEFQDMCRDIAADPLTFTQ
WAKADAPYEFLAWCFEYAQYLDLVDEGRADEFRTHLPVHQDGSCSGIQHYSAMLR
DEVGAKAVNLKPSDAPQDIYGAVAQVVIKKNALYMDADDATTFTSGSVTLSGTELR
AMASAWDSIGITRSLTKKPVMTLPYGSTRLTCRESVIDYIVDLEEKEAQKAVAEGRT
ANKVHPFEDDRQDYLTPGAAYNYMTALIWPSISEVVKAPIVAMKMIRQLARFAAKR
NEGLMYTLPTGFILEQKIMATEMLRVRTCLMGDIKMSLQVETDIVDEAAMMGAAAP
NFVHGHDASHLILTVCELVDKGVTSIAVIHDSFGTHADNTLTLRVALKGQMVAMYI
DGNALQKLLEEHEVRWMVDTGIEVPEQGEFDLNEIMDSEY VFA (SEQ ID NO: 26)
[000218] A suitable SP6 RNA polymerase can be any enzyme having substantially the
same polymerase activity as bacteriophage SP6 RNA polymerase. Thus, in some
embodiments, an SP6 RNA polymerase suitable for the present invention may be modified
from SEQ ID NO: 26. For example, a suitable SP6 RNA polymerase may contain one or
more amino acid substitutions, deletions, or additions. In some embodiments, a suitable SP6
RNA polymerase has an amino acid sequence about 99%, 98%, 97%, 96%, 95%, 94%, 93%,
92%, 91%, 90%, 89%, 88%, 87%, 86%, 85%, 84%, 83%, 82%, 81%, 80%, 75%, 70%, 65%,
or 60% identical or homologous to SEQ ID NO: 26. In some embodiments, a suitable SP6
RNA polymerase may be a truncated protein (from N-terminus, C-terminus, or internally) but
retain the polymerase activity. In some embodiments, a suitable SP6 RNA polymerase is a
fusion protein.

[000219] In some embodiments, an SP6 RNA polymerase is encoded by a gene having
the following nucleotide sequence:
ATGCAAGATTTACACGCTATCCAGCTTCAATTAGAAGAAGAGATGTTTAATGGTG
GCATTCGTCGCTTCGAAGCAGATCAACAACGCCAGATTGCAGCAGGTAGCGAGA
GCGACACAGCATGGAACCGCCGCCTGTTGTCAGAACTTATTGCACCTATGGCTGA
AGGCATTCAGGCTTATAAAGAAGAGTACGAAGGTAAGAAAGGTCGTGCACCTCG
CGCATTGGCTTTCTTACAATGTGTAGAAAATGAAGTTGCAGCATACATCACTATG
AAAGTTGTTATGGATATGCTGAATACGGATGCTACCCTTCAGGCTATTGCAATGA
GTGTAGCAGAACGCATTGAAGACCAAGTGCGCTTTTCTAAGCTAGAAGGTCACG
CCGCTAAATACTTTGAGAAGGTTAAGAAGTCACTCAAGGCTAGCCGTACTAAGT
CATATCGTCACGCTCATAACGTAGCTGTAGTTGCTGAAAAATCAGTTGCAGAAAA
GGACGCGGACTTTGACCGTTGGGAGGCGTGGCCAAAAGAAACTCAATTGCAGAT
TGGTACTACCTTGCTTGAAATCTTAGAAGGTAGCGTTTTCTATAATGGTGAACCT
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GTATTTATGCGTGCTATGCGCACTTATGGCGGAAAGACTATTTACTACTTACAAA
CTTCTGAAAGTGTAGGCCAGTGGATTAGCGCATTCAAAGAGCACGTAGCGCAAT
TAAGCCCAGCTTATGCCCCTTGCGTAATCCCTCCTCGTCCTTGGAGAACTCCATTT
AATGGAGGGTTCCATACTGAGAAGGTAGCTAGCCGTATCCGTCTTGTAAAAGGT
AACCGTGAGCATGTACGCAAGTTGACTCAAAAGCAAATGCCAAAGGTTTATAAG
GCTATCAACGCATTACAAAATACACAATGGCAAATCAACAAGGATGTATTAGCA
GTTATTGAAGAAGTAATCCGCTTAGACCTTGGTTATGGTGTACCTTCCTTCAAGC
CACTGATTGACAAGGAGAACAAGCCAGCTAACCCGGTACCTGTTGAATTCCAAC
ACCTGCGCGGTCGTGAACTGAAAGAGATGCTATCACCTGAGCAGTGGCAACAAT
TCATTAACTGGAAAGGCGAATGCGCGCGCCTATATACCGCAGAAACTAAGCGCG
GTTCAAAGTCCGCCGCCGTTGTTCGCATGGTAGGACAGGCCCGTAAATATAGCGC
CTTTGAATCCATTTACTTCGTGTACGCAATGGATAGCCGCAGCCGTGTCTATGTG
CAATCTAGCACGCTCTCTCCGCAGTCTAACGACTTAGGTAAGGCATTACTCCGCT
TTACCGAGGGACGCCCTGTGAATGGCGTAGAAGCGCTTAAATGGTTCTGCATCA
ATGGTGCTAACCTTTGGGGATGGGACAAGAAAACTTTTGATGTGCGCGTGTCTAA
CGTATTAGATGAGGAATTCCAAGATATGTGTCGAGACATCGCCGCAGACCCTCTC
ACATTCACCCAATGGGCTAAAGCTGATGCACCTTATGAATTCCTCGCTTGGTGCT
TTGAGTATGCTCAATACCTTGATTTGGTGGATGAAGGAAGGGCCGACGAATTCCG
CACTCACCTACCAGTACATCAGGACGGGTCTTGTTCAGGCATTCAGCACTATAGT
GCTATGCTTCGCGACGAAGTAGGGGCCAAAGCTGTTAACCTGAAACCCTCCGAT
GCACCGCAGGATATCTATGGGGCGGTGGCGCAAGTGGTTATCAAGAAGAATGCG
CTATATATGGATGCGGACGATGCAACCACGTTTACTTCTGGTAGCGTCACGCTGT
CCGGTACAGAACTGCGAGCAATGGCTAGCGCATGGGATAGTATTGGTATTACCC
GTAGCTTAACCAAAAAGCCCGTGATGACCTTGCCATATGGTTCTACTCGCTTAAC
TTGCCGTGAATCTGTGATTGATTACATCGTAGACTTAGAGGAAAAAGAGGCGCA
GAAGGCAGTAGCAGAAGGGCGGACGGCAAACAAGGTACATCCTTTTGAAGACG
ATCGTCAAGATTACTTGACTCCGGGCGCAGCTTACAACTACATGACGGCACTAAT
CTGGCCTTCTATTTCTGAAGTAGTTAAGGCACCGATAGTAGCTATGAAGATGATA
CGCCAGCTTGCACGCTTTGCAGCGAAACGTAATGAAGGCCTGATGTACACCCTGC
CTACTGGCTTCATCTTAGAACAGAAGATCATGGCAACCGAGATGCTACGCGTGC
GTACCTGTCTGATGGGTGATATCAAGATGTCCCTTCAGGTTGAAACGGATATCGT
AGATGAAGCCGCTATGATGGGAGCAGCAGCACCTAATTTCGTACACGGTCATGA
CGCAAGTCACCTTATCCTTACCGTATGTGAATTGGTAGACAAGGGCGTAACTAGT
ATCGCTGTAATCCACGACTCTTTTGGTACTCATGCAGACAACACCCTCACTCTTA
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GAGTGGCACTTAAAGGGCAGATGGTTGCAATGTATATTGATGGTAATGCGCTTCA
GAAACTACTGGAGGAGCATGAAGTGCGCTGGATGGTTGATACAGGTATCGAAGT
ACCTGAGCAAGGGGAGTTCGACCTTAACGAAATCATGGATTCTGAATACGTATTT
GCCTAA (SEQ ID NO: 27).

[000220] A suitable gene encoding the SP6 RNA polymerase may be about 99%, 98%,
97%., 96%, 95%, 94%, 93%, 92%. 91%., 90%, 89%, 88%, 87%, 86%., 85%., 84%, 83%, 82%,
81%, or 80% identical or homologous to SEQ ID NO: 27.

[000221] A suitable SP6 RNA polymerase may be a commercially available product,
e.g., from Ambion, New England Biolabs (NEB), Promega, and Roche. The SP6 may be
ordered and/or custom designed from a commercial source or a non-commercial source
according to the amino acid sequence of SEQ ID NO: 26 or a variant of SEQ ID NO: 26 as
described herein. The SP6 RNA polymerase may be a standard-fidelity polymerase or may be
a high-fidelity/high-efficiency/high-capacity polymerase which has been modified to promote
RNA polymerase activities, e.g., mutations in the SP6 RNA polymerase gene or post-
translational modifications of the SP6 RNA polymerase itself. Examples of such modified
SP6 RNA polymerase include SP6 RNA Polymerase-Plus™ from Ambion, HiScribe SP6
from NEB, and RiboMAX™ and Riboprobe® Systems from Promega.

[000222] In some embodiments, the SP6 RNA polymerase is thermostable. In a
particular embodiment, the amino acid sequence of an SP6 RNA polymerase for use with the
invention contains one or more mutations relative to a wild-type SP6 polymerase that render
the enzyme active at temperatures ranging from 37°C to 56°C. In some embodiments, an SP6
RNA polymerase for use with the invention functions at an optimal temperature of 50°C-
52°C. In other embodiments, an SP6 RNA polymerase for use with the invention has a half-
life of at least 60 minutes at 50°C. For example, a particularly suitable SP6 RNA polymerase
for use with the invention has a half-life of 60 minutes to 120 minutes (e.g., 70 minutes to
100 minutes, or 80 minutes to 90 minutes) at S0°C.

[000223] In some embodiments, a suitable SP6 RNA polymerase is a fusion protein. For
example, an SP6 RNA polymerase may include one or more tags to promote isolation,
purification, or solubility of the enzyme. A suitable tag may be located at the N-terminus, C-
terminus, and/or internally. Non-limiting examples of a suitable tag include Calmodulin-
binding protein (CBP); Fasciola hepatica 8-kDa antigen (Fh8); FLAG tag peptide;
glutathione-S-transferase (GST); Histidine tag (e.g., hexahistidine tag (His6)); maltose-
binding protein (MBP); N-utilization substance (NusA); small ubiquitin related modifier
(SUMO) fusion tag; Streptavidin binding peptide (STREP); Tandem affinity purification
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(TAP); and thioredoxin (TrxA). Other tags may be used in the present invention. These and
other fusion tags have been described, e.g., in Costa et al. Frontiers in Microbiology 5 (2014):
63 and in PCT/US16/57044, the contents of which are incorporated herein by reference in

their entireties. In some embodiments, a His tag is located at SP6’s N-terminus.

17 RNA polymerase
[000224] In some embodiments, the mRNA is synthesized by a T7 RNA polymerase.
[000225] T7 RNA polymerase is a DNA-dependent RNA polymerase with high

sequence specificity for T7 promoter sequences. Typically, T7 RNA polymerase catalyzes
the 5'—3" in vitro synthesis of RNA on either single-stranded DNA or double-stranded DNA
downstream from its promoter. T7 RNA polymerase incorporates native ribonucleotides
and/or modified ribonucleotides into the polymerized transcript.

[000226] In some embodiments, the T7 RNA polymerase is thermostable. In a particular
embodiment, the amino acid sequence of a T7 RNA polymerase for use with the invention
contains one or more mutations relative to a wild-type T7 polymerase that render the enzyme
active at temperatures ranging from 37°C to 56°C. An example for a suitable RNA
polymerase is Hi-T7® RNA Polymerase from NEB. In some embodiments, a T7 RNA
polymerase for use with the invention functions at an optimal temperature of 50°C-52°C. In
other embodiments, a T7 RNA polymerase for use with the invention has a half-life of at
least 60 minutes at S0°C. For example, a particularly suitable T7 RNA polymerase for use
with the invention has a half-life of 60 minutes to 120 minutes (e.g., 70 minutes to 100

minutes, or 80 minutes to 90 minutes) at S0°C.

Nucleotides

[000227] Various naturally occurring or modified nucleosides may be used to produce
an mRNA transcript according to the present invention. In a typical embodiment, an mRNA
transcript is synthesized with natural nucleosides (i.e., adenosine, guanosine, cytidine, and
uridine). In other embodiments, an mRNA transcript is synthesized with natural nucleosides
(e.g., adenosine, guanosine, cytidine, and uridine) and one or of the following: nucleoside
analogs (e.g., 2-aminoadenosine, 2-thiothymidine, inosine, pyrrolo-pyrimidine, 3-methyl
adenosine, S-methylcytidine, C-5 propynyl-cytidine, C-5 propynyl-uridine, 2-
aminoadenosine, C5-bromouridine, C5-fluorouridine, C5-iodouridine, C5-propynyl-uridine,
C5-propynyl-cytidine, C5-methylcytidine, 2-aminoadenosine, 7-deazaadenosine, 7-

deazaguanosine, 8-oxoadenosine, 8-oxoguanosine, O(6)-methylguanine, pseudouridine (e.g.,
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N-1-methyl-pseudouridine), 2-thiouridine, and 2-thiocytidine); chemically modified bases;
biologically modified bases (e.g., methylated bases); intercalated bases; modified sugars (e.g.,
2’-fluororibose, ribose, 2’-deoxyribose, arabinose, and hexose); and/or modified phosphate
groups (e.g., phosphorothioates and 5'-N-phosphoramidite linkages).

[000228] In some embodiments, the mRNA comprises one or more nonstandard
nucleotide residues. The nonstandard nucleotide residues may include, e.g., S-methyl-cytidine
(“5mC”), pseudouridine (“yU”), and/or 2-thio-uridine (“2sU”) (see, e.g., U.S. Patent No.
8,278,036 or WO2011012316 for a discussion of such residues and their incorporation into
mRNA). The mRNA may be RNA, which is defined as RNA in which 25% of U residues are
2-thio-uridine and 25% of C residues are 5-methylcytidine. Teachings for the use of RNA are
disclosed in US Patent Publication US20120195936 and international publication
WO02011012316, each of which is hereby incorporated by reference in its entirety. The
presence of nonstandard nucleotide residues may render an mRNA more stable and/or less
immunogenic than a control mRNA with the same sequence but containing only standard
residues. In further embodiments, the mRNA may comprise one or more nonstandard
nucleotide residues chosen from isocytosine, pseudoisocytosine, S-bromouracil, 5-
propynyluracil, 6-aminopurine, 2-aminopurine, inosine, diaminopurine and 2-chloro-6-
aminopurine cytosine, as well as combinations of these modifications and other nucleobase
modifications. Some embodiments may further include additional modifications to the
furanose ring or nucleobase. Additional modifications may include, for example, sugar
modifications or substitutions (e.g., one or more of a 2'-O-alkyl modification, a locked
nucleic acid (LNA)). In some embodiments, the RNAs may be complexed or hybridized with
additional polynucleotides and/or peptide polynucleotides (PNA). In some embodiments
where the sugar modification is a 2'-O-alkyl modification, such modification may include,
but is not limited to, a 2'-deoxy-2'-fluoro modification, a 2'-O-methyl modification, a 2'-O-
methoxyethyl modification and a 2'-deoxy modification. In some embodiments, any of these
modifications may be present in 0-100% of the nucleotides, for example, more than 0%, 1%,
10%, 25%, 50%, 75%, 85%, 90%, 95%, or 100% of the constituent nucleotides may be

modified individually or in combination.

Reaction conditions

[000229] The reaction mixture may be incubated at about 37°C to about 56°C for thirty
minutes to six hours, e.g., about sixty to about ninety minutes. In some embodiments,

incubation takes place at about 37°C to about 42°C. In other embodiments, incubation takes
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place at about 43°C to about 56°C, e.g., at about 50°C to about 52°C. In certain
embodiments, the yield of accurately terminated mRNA transcripts obtained in an in vitro
transcription reaction is increased significantly by including two or more termination signals
in the plasmid which encodes a nucleotide sequence to be transcribed into an mRNA
transcript of interest and performing the in vitro transcription reaction at a temperature of
about 50°C to about 52°C.

[000230] In some embodiments, about 5 mM NTPs, about 0.05 mg/mL. RNA
polymerase, and about 0.1 mg/ml plasmid in a suitable RNA polymerase reaction buffer
(final reaction mixture pH of about 7.5) are incubated at about 37°C to about 42°C for 60
minutes to 180 minutes. In other embodiments, about 5 mM NTPs, about 0.05 mg/ml RNA
polymerase, and about 0.1 mg/ml plasmid in a suitable RNA polymerase reaction buffer
(final reaction mixture pH of about 7.5) are incubated at about 50°C to about 52°C for sixty
to ninety minutes.

[000231] In a particular embodiment, the in vifro transcription reaction mixture
comprises about 0.1 mg/ml RNA polymerase (e.g., SP6 RNA polymerase), and about

0.05 mg/ml or more (e.g., 0.07 mg/ml or more) plasmid in a suitable RNA polymerase
reaction buffer. The inventors have found that optimizing the amounts of plasmid and RNA
polymerase in the in vitro transcription reaction mixture relative to standard conditions can
improve mRNA transcript yield in high-throughput screening methods of the invention.
[000232] In some embodiments, a reaction mixture contains the plasmid, RNA
polymerase, RNase inhibitor, pyrophosphatase, 29 mM NTPs, 10 mM DTT and a reaction
buffer (when at 10x the reaction buffer is 800 mM HEPES, 20 mM spermidine, 250 mM
MgCly, pH 7.7) and quantity sufficient (QS) to a desired reaction volume with RNase-free
water. This reaction mixture may then be incubated at 37°C for about 90-120 minutes.
Subsequently, the plasmid may be removed by incubating the reaction mixture in the
presence of a DNase. An incubation time of about 15 minutes is typically sufficient. For
example, the in vitro transcription reaction can be quenched by addition of DNase [ and a
DNase I buffer (when at 10x the DNase I buffer is 100 mM Tris-HCI, 5 mM MgCl; and 25
mM CaCl,, pH 7.6) to facilitate digestion of the plasmid in preparation for purification of the
resulting mRNA transcript.

[000233] In some embodiments, a reaction mixture includes NTPs at a concentration
ranging from 1 — 10 mM, the plasmid at a concentration ranging from 0.05 — 0.2 mg/ml, and
RNA polymerase (e.g., an SP6 RNA polymerase) at a concentration ranging from 0.01 — 0.1

mg/ml. In particular embodiments, the reaction mixture comprises NTPs at a concentration of
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about 5 mM, the plasmid at a final concentration of about 0.06 mg/ml to about 0.12 mg/ml,
and the RNA polymerase at a concentration of about 0.05 mg/ml to about 0.1 mg/ml. In a
specific embodiment, the reaction mixture comprises NTPs at a concentration of about 5 mM,

the plasmid at a concentration of about 0.07 mg/ml, and the RNA polymerase at a

concentration of about 0.1 mg/ml.

Post-synthesis processing

[000234] In some embodiments, the method of the present invention further comprises a
separate step of capping and/or tailing the in vifro transcribed mRNA transcripts.

[000235] For example, both a 5° cap and a 3’ tail may be added after the synthesis of an
mRNA transcript composed of a 5° UTR, a nucleotide sequence of interest, and a 3> UTR.
The presence of the cap is important in providing resistance to nucleases found in most
eukaryotic cells and is typically required to achieve high levels of expression from an mRNA
transcript. The presence of a “tail” similarly serves to protect the mRNA from exonuclease
degradation.

[000236] A 5’ cap is typically added as follows: first, an RNA terminal phosphatase
removes one of the terminal phosphate groups from the 5’ nucleotide, leaving two terminal
phosphates; guanosine triphosphate (GTP) is then added to the terminal phosphates via a
guanylyl transferase, producing a 5’5’5 triphosphate linkage; and the 7-nitrogen of guanine is
then methylated by a methyltransferase. Examples of cap structures include, but are not
limited to, m7G(5”)ppp(5°)(2°OMeG), m7G(5”)ppp(57)(2°’OMeA),
m7(3’0OMeG)(5”)ppp(57)(2’OMeG), m7(3’OMeG)(5”)ppp(5°)(2°OMeA), m7G(5")ppp
(5'(A,G(5Yppp(5HA and G(5")ppp(5)G. In a specific embodiment, the cap structure is
m7G(5”)ppp(57)(2°’OMeG). Additional cap structures are described in published US
Application No. US 2016/0032356 and U.S. Provisional Application 62/464,327, filed
February 27, 2017, which are incorporated herein by reference.

[000237] Typically, a tail structure includes a poly(A) and/or poly(C) tail. A poly(A) or
poly(C) tail on the 3’ terminus of mRNA typically includes at least 50 adenosine or cytosine
nucleotides, at least 150 adenosine or cytosine nucleotides, at least 200 adenosine or cytosine
nucleotides, at least 250 adenosine or cytosine nucleotides, at least 300 adenosine or cytosine
nucleotides, at least 350 adenosine or cytosine nucleotides, at least 400 adenosine or cytosine
nucleotides, at least 450 adenosine or cytosine nucleotides, at least S00 adenosine or cytosine
nucleotides, at least 550 adenosine or cytosine nucleotides, at least 600 adenosine or cytosine

nucleotides, at least 650 adenosine or cytosine nucleotides, at least 700 adenosine or cytosine
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nucleotides, at least 750 adenosine or cytosine nucleotides, at least 800 adenosine or cytosine
nucleotides, at least 850 adenosine or cytosine nucleotides, at least 900 adenosine or cytosine
nucleotides, at least 950 adenosine or cytosine nucleotides, or at least 1 kb adenosine or
cytosine nucleotides, respectively. In some embodiments, a poly(A) or poly(C) tail may be
about 10 to 800 adenosine or cytosine nucleotides (e.g., about 10 to 200 adenosine or
cytosine nucleotides, about 10 to 300 adenosine or cytosine nucleotides, about 10 to 400
adenosine or cytosine nucleotides, about 10 to 500 adenosine or cytosine nucleotides, about
10 to 550 adenosine or cytosine nucleotides, about 10 to 600 adenosine or cytosine
nucleotides, about 50 to 600 adenosine or cytosine nucleotides, about 100 to 600 adenosine or
cytosine nucleotides, about 150 to 600 adenosine or cytosine nucleotides, about 200 to 600
adenosine or cytosine nucleotides, about 250 to 600 adenosine or cytosine nucleotides, about
300 to 600 adenosine or cytosine nucleotides, about 350 to 600 adenosine or cytosine
nucleotides, about 400 to 600 adenosine or cytosine nucleotides, about 450 to 600 adenosine
or cytosine nucleotides, about 500 to 600 adenosine or cytosine nucleotides, about 10 to 150
adenosine or cytosine nucleotides, about 10 to 100 adenosine or cytosine nucleotides, about
20 to 70 adenosine or cytosine nucleotides, or about 20 to 60 adenosine or cytosine
nucleotides), respectively. In some embodiments, a tail structure includes a combination of
poly(A) and poly(C) tails with various lengths as described herein. In some embodiments, a
tail structure includes at least 50%, 55%, 65%, 70%, 75%, 80%, 85%, 90%, 92%, 94%, 95%,
96%, 97%, 98%, or 99% adenosine nucleotides. In some embodiments, a tail structure
includes at least 50%, 55%, 65%, 70%, 75%, 80%, 85%, 90%, 92%. 94%, 95%, 96%, 97%,
98%, or 99% cytosine nucleotides.

[000238] In some embodiments of a screening method of the invention, a poly(A) tail is
added post-transcriptionally by incubating an mRNA transcript in the presence of a poly(A)
polymerase. In a particular embodiment, the amount of poly(A) polymerase is adjusted to
account for the length of the mRNA transcript. For example, mRNA transcripts with a length
of 0.1 to 1 kilobases (kb) are incubated with a given amount of poly(A) polymerase (e.g., the
amount recommended by the manufacturer of the poly(A) polymerase). This amount is
halved for mRNA transcripts with a length of 1 kb to 2 kb (to 2x of the given amount), halved
again for mRNA transcripts with a length of 2 kb to 4 kb (to 4x of the given amount), and
halved again for mRNA transcripts with a length of 4 kb to 8 kb (to 8x of the given amount).
In a particular embodiment, each full-length mRNA transcript comprises a poly(A) tail that is

60 nucleotides to 200 nucleotides long.
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Screening of nucleotide sequences of interest for high protein expression
[000239] Steps (e) and (f) of a screening method of the invention identify nucleotide
sequences encoding a protein generated by a codon optimization algorithm that are
transcribed into full-length mRNA transcripts. In some embodiments, it may be desirable to
further narrow the pool of candidate nucleotide sequences to those that yield the largest
amount of the encoded protein. Accordingly, in some embodiments, a screening method in
accordance with the invention can further comprise the following steps:
g for each nucleotide sequence selected in step (f), transfecting a cell with the
full-length mRNA transcript;
h.  for each cell transfected in step (g), determining the amount of the encoded
protein expressed from the full-length mRNA transcript; and
1. selecting the nucleotide sequence, whose full-length mRNA transcript yields
the largest amount of the encoded protein.
[000240] The cell may be cultured in vifro. In some embodiments, the cell may form
part of an organism, e.g., a suitable experimental animal such as a mouse, a rat, or a non-
human primate (in vivo screening). Suitable transfection agents for in vifro and in vivo
transfection of cells may be used. For example, a suitable transfection agent for in vitro
applications is Lipofectamine. For in vivo transfection of cells in an experimental animal, the
full-length mRNA transcript may be encapsulated in a lipid nanoparticle. Suitable lipid
nanoparticles typically comprise a cationic lipid, a non-cationic lipid, a PEG-modified lipid,
and optionally cholesterol or a cholesterol derivative.
[000241] Methods for determining the amount of the encoded protein expressed from
the full-length mRNA transcript are known. Such methods include SDS PAGE, and
optionally western blotting, to determine expression of the encoded protein. In some
embodiments, the functional activity of the protein encoded by the full-length mRNA
transcript is determined. These methods may vary depending on the properties of the encoded
protein of interest. For example, wherein the encoded protein is an enzyme, an enzyme
activity assay may be used to determine the functional enzymatic activity of the protein

encoded by the full-length mRNA transcript.
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Purification

DNA purification

[000242] A screening method of the invention may further comprise one or more
purification steps. For example, depending on the method used to provide the insert in step
(b), the vector backbone in step (c) or the assembly of the plasmid in step (d) of the screening
method of the invention, one or more purification steps may be required to remove enzyme
reagents and/or buffers used in step (b), step (c¢) and/or step (d), and/or any enzyme reagents
and/or buffers used in amplification steps carried out as part of step (d), before proceeding to
the in vitro transcription step (e). In a specific embodiment, the one or more purification steps
comprises purifying the plasmid to remove one or more enzyme(s) used for assembly in step
(d). In another specific embodiment, the one or more purification steps comprise purifying
the plasmid obtained in step (d) to remove one or more enzyme(s) used for amplification of
the plasmid; e.g., wherein the amplification occurs by a cell-free process, for instance as
discussed above.

[000243] In some embodiments, the plasmid generated in step (d) of a screening method
of the invention is transformed into a bacterial cell, typically an Escherichia coli cell, in order
to amplify the assembled plasmid. Any suitable transformation method may be used,
including chemical transformation or electroporation. Chemically competent or
electrocompetent bacterial cells are readily available from commercial suppliers.
Transformed cells are typically grown on a suitable growth medium. In order to perform the
in vitro transcription in step (e), the plasmid is typically extracted from the bacterial cell and
purified. The plasmid may be extracted directly from a bacterial colony grown on a solid
growth medium. Alternatively, in order to obtain larger quantities of the plasmid, the plasmid
may be extracted from a liquid bacterial culture. For example, a liquid bacterial culture (e.g.,
an Escherichia coli culture) may be grown under suitable conditions in an appropriate growth
medium (e.g., Terrific Broth or Luria Broth). Cultures can be grown in a format suitable for
high-throughput screening methods (e.g., in 96-well plates). A commonly used extraction
method to release a plasmid from bacterial cells is alkaline lysis. Alkaline lysis involves the
addition of an alkaline solution (e.g., 200 mM NaOH), typically in the presence of a detergent
(e.g., Triton X-100, Tween, SDS or combinations thereof, at a suitable concentration, e.g.,
about 1%). Purification of the extracted plasmid (e.g., from a bacterial lysate) can be done
with the same method that is used to remove enzyme reagents and/or buffers used in step (c)

of the screening method.
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[000244] In a particular embodiment, purification comprises precipitating a plasmid by
adding (i) a chaotropic salt, and (i1) an alcohol and/or an amphiphilic polymer to an impure
preparation comprising the plasmid. In some embodiments, the chaotropic salt (e.g., a
guanidinium salt) is at a final concentration of about 0.1 M to about 4 M. For example, in
some embodiments, the chaotropic salt (e.g., a guanidinium salt) may be at a final
concentration of about 0.1 M to about 0.4 M, e.g., about 125 mM, about 250 mM or about
375 mM. A final concentration of the chaotropic salt of 0.1 M to 0.4 M may be particularly
suitable for purifying supercoiled plasmid DNA. In other embodiments, the chaotropic salt
(e.g., a guanidinium salt) is at a final concentration of about 1.5 M to about 2.7 M, e.g., about
1.9 M or 2.5 M. A final concentration of the chaotropic salt of about 1.5 M to about 2.7 M
may be particularly suitable for precipitating linear nucleic acids, such as a linearized plasmid
DNA. In particular embodiments, the chaotropic salt is a guanidinium salt, e.g., guanidinium
thiocyanate (GSCN). In some embodiments, the amphiphilic polymer is selected from
pluronics, polyvinyl pyrrolidone, polyvinyl alcohol, polyethylene glycol (PEG), triethylene
glycol monomethyl ether (MTEG), or combinations thereof. In some embodiments, the
amphiphilic polymer is MTEG. In some embodiments, the alcohol is isopropanol or ethanol.
In some embodiments, purification of a plasmid by precipitation comprises adding both an
amphiphilic polymer (e.g., MTEG) and an alcohol (e.g., isopropanol) to an impure
preparation comprising the plasmid. More typically, an amphiphilic polymer (e.g., MTEQG) is
used for precipitation together with a chaotropic salt (e.g., a guanidinium salt).

[000245] In particular embodiments, purification comprises precipitating the plasmid by
adding a chaotropic guanidinium salt such as GSCN, and an amphiphilic polymer such as
MTEG or PEG (e.g., PEG having a molecular weight of about 4000 to about 8000 g/mol). In
a specific embodiment, purification comprises precipitating the plasmid by adding 0.1-0.3
volumes of the chaotropic guanidinium salt at a high molar concentration (e.g., >4 M, for
instance 5 M GSCN) and 1-3 volumes 100% MTEG (v/v) solution to 1 volume of plasmid.
The precipitation conditions may be adjusted appropriately for specific applications. For
example, purification of linearized plasmid may be achieved by adding 0.1-0.3 volumes of
the chaotropic guanidinium salt at a concentration of 4-6 M (e.g., S M GSCN) and 1-3
volumes 100% MTEG (v/v) to 1 volume of linearized plasmid. In a specific embodiment,
purification of linearized plasmid is achieved by adding 0.1 volumes of 5 M GSCN and 2
volumes 100% MTEG (v/v) to 1 volume of linearized plasmid. Purification of supercoiled
plasmid from filtered lysates of a bacterial culture may be achieved by adding 0.1 volume of

5 M GSCN and 1.35 volumes 100% MTEG (v/v) to 1 volume of lysate. In some
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embodiments, 100% MTEG may be replaced with 100% ethanol. In some embodiments,
100% MTEG may be replaced with 100% isopropanol.

[000246] In some embodiments, a combination of an amphiphilic polymer and an
alcohol is used to improve the recovery of plasmid DNA after purification. For example,
MTEG and isopropanol may be used in combination during purification. In particular
embodiments, purification of linearized plasmid is achieved by adding a guanidinium salt at a
final concentration of 2-3 M, MTEG at a final concentration of about 30-40% MTEG (v/v)
and at a final concentration of about 10-20% isopropanol to an impure preparation
comprising the linearized plasmid (typically about 10-30 pg total plasmid DNA). In a
specific embodiment, purification of linearized plasmid is achieved by adding 0.1 volumes of
5 M GSCN and 2 volumes 100% MTEG (v/v) to 1 volume of linearized plasmid, followed by
the addition of 3 volumes of a buffer comprising 5 M guanidine hydrochloride and 30%
isopropanol. The inventors have found that these conditions are particularly suitable to obtain
a high yield of purified plasmid DNA when magnetic particles (e.g., silica-coated beads) are
used for the subsequent steps of purification.

[000247] In some embodiments, the precipitated plasmid DNA may be mixed with a
buffered solution. The buffered solution may have a pH of about 5 to about 6 (e.g., 5.5). In
some embodiments, the buffered solution comprises an acid (e.g., potassium acetate),
typically at a concentration suitable for neutralizing a lysate obtained by alkaline lysis. In a
specific embodiment, the buffered solution is added in such an amount that the final
potassium acetate concentration is about 1 M to about 2 M.

[000248] The precipitated plasmid DNA can be washed by passing the resulting
suspension through a filter plate that retains the precipitated plasmid DNA. A filter (e.g.,
made of a glass fibers) with an average pore size of about 0.7 um or less (e.g., from 0.7 pm to
0.5 um) has been found to be suitable for retaining precipitated plasmid DNA. The retentate
can then be washed with a suitable washing solution that maintains the plasmid DNA in
precipitated form. A suitable wash solution comprises an alcohol (e.g., ethanol or
isopropanol) or an amphiphilic polymer (e.g., MTEG) in an amount sufficient to maintain the
plasmid DNA in precipitated form. For example, a suitable wash solution comprises the
alcohol (e.g., ethanol) at a 50%, 60%, 70%, 80%, 90% or more volume/volume (v/v)
concentration. In a particular embodiment, the wash solution comprises an alcohol (e.g.,
ethanol) at about 70% to 80% (v/v) concentration (e.g., 70% (v/v) ethanol or 80% (v/v)

ethanol). In another particular embodiment, a suitable wash solution is 100% isopropanol.
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The washed precipitated plasmid DNA can be eluted from the filer with sterile water (which
is typically RNase-free).

[000249] In a particular embodiment, the precipitated plasmid DNA is bound to a DNA-
binding magnetic particle. Suitable DNA-binding magnetic particles include silica-coated
beads with a metallic core (e.g., iron, nickel or cobalt, typically iron). The magnetic particle
with the bound precipitate is then transferred one or more times to one or more receptacles
with a wash solution. A suitable wash solution comprises an alcohol (e.g., isopropanol or
ethanol) at a 50%, 60%, 70%, 80%, 90% or more (v/v) concentration. In a particular
embodiment, the wash solution comprises an alcohol (e.g., ethanol) at about 70% to 80%
(v/v) concentration (e.g., 70% (v/v) ethanol or 80% (v/v) ethanol). In another particular
embodiment, a suitable wash solution is 100% isopropanol.

[000250] The inventors have found that precipitating the plasmid by adding a chaotropic
guanidinium salt such as GSCN and an amphiphilic polymer such as MTEG and washing the
precipitate on a filter with a suitable wash solution that maintains the plasmid in precipitated
form results in higher yields of purified plasmid DNA. Yield and purity can be assessed by
suitable methods such as gel electrophoresis or capillary electrophoresis.

[000251] In some embodiments, a plasmid for use with a screening method of the
invention is purified by high-throughput purification method as described herein. For
example, a plasmid for use with a screening method of the invention may be purified by (i)
adding a chaotropic guanidinium salt (such as GSCN) in combination with an amphiphilic
polymer (such as MTEG) and/or an alcohol, to an impure plasmid preparation to form a
precipitate comprising the plasmid, (i) binding the precipitate to a DNA-binding magnetic
particle (e.g., a silica-coated bead with a metallic core), (ii1) washing the precipitate on the
DNA-binding magnetic particle one or more times with a suitable wash solution (e.g., 70%
ethanol), and (iv) eluting the precipitate from the DNA-binding magnetic bead in a suitable
elution medium such as sterile water. These purification steps can be performed by an
automated liquid handling system (typically utilizing a commonly used multi-well format
such as 96-well plates) so that a plurality of plasmids can be purified in parallel. The
inventors have found that the use of an automated liquid handling system in the purification
of the plasmid DNA in a screening method of the invention is particularly advantageous
because it reduces the processing time dramatically while increasing the plasmid yield at the
same time.

[000252] When DNA-binding magnetic particles are used to purify plasmid from an

impure preparation, the precipitate comprising the plasmid may be formed under conditions
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that favor the binding of the precipitate to the DNA-binding magnet particles (e.g., a silica-
coated bead with a metallic core). In particular embodiments, such conditions are achieved by
adding a guanidinium salt at a final concentration of 2-3 M, MTEG at a final concentration of
about 30-40% MTEG (v/v) and isopropanol at a final concentration of about 10-20% to an
impure preparation comprising the plasmid (typically about 10-30 ug total plasmid DNA). In
a specific embodiment, purification of plasmid is achieved by adding 0.1 volumes of 5 M
GSCN and 2 volumes 100% MTEG (v/v) to 1 volume of plasmid, followed by the addition of
3 volumes of a binding solution comprising 5 M guanidine hydrochloride and 30%
isopropanol. In some embodiments, the plasmid is linearized. Accordingly, in some
embodiments, the impure preparation is a restriction digest comprising linearized plasmid.
The inventors have found that these conditions are particularly suitable to obtain a high yield
of purified plasmid DNA when magnetic particles (e.g., silica-coated beads) are used during

high-throughput purification.

RNA purification

[000253] A screening method of the invention may further comprise one or more steps
of purifying mRNA transcripts obtained in step (e) from enzyme reagents and other
components of the in vifro transcription reaction mixture. Such purification steps may also be
used to remove enzyme reagents and other components used in the post-synthesis processing
of the mRNA transcripts (e.g., to remove enzymes used in capping and/or tailing reactions).
[000254] In a particular embodiment, purification comprises precipitating mRNA
transcripts by adding to an impure preparation comprising the mRNA transcripts (1) a
chaotropic salt (e.g., a guanidinium salt), and (i1) an alcohol or an amphiphilic polymer. In
some embodiments, the chaotropic salt (e.g., a guanidinium salt) is at a final concentration of
about 2 M to about 3 M, for example, about 2.0 M to about 2.5 M (e.g., about 2.3 M). In a
specific embodiment, the chaotropic salt is guanidinium thiocyanate (GSCN). In some
embodiments, the amphiphilic polymer is selected from pluronics, polyvinyl pyrrolidone,
polyvinyl alcohol, polyethylene glycol (PEG), triethylene glycol monomethyl ether (MTEG),
or combinations thereof. In a specific embodiment, the amphiphilic polymer is MTEG. In
another embodiment, the alcohol is isopropanol or ethanol.

[000255] In a particular embodiment, the mRNA transcripts are precipitated by adding
to an impure preparation comprising the mRNA transcripts (i) a chaotropic salt (such as a
guanidinium salt, e.g., GSCN) and (ii) an alcohol (e.g., isopropanol or ethanol). In some

embodiments, 1 volume of an impure preparation comprising the mRNA transcripts is added
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to 2-3 volumes of the chaotropic salt (e.g., a guanidinium salt such as GSCN at a high molar
concentration, e.g., >4 M) and 1.5-2 volumes of the alcohol. In a specific embodiment,

1 volume of an impure preparation comprising the mRNA transcripts is added to 2.3 volumes
of GSCN (5 M; final concentration: about 2.3 M) and 1.7 volumes of absolute isopropanol
(final concentration: about 34%) to precipitate the mRNA transcripts from the impure
preparation to form an mRNA precipitate.

[000256] The resulting mRNA precipitate is then captured on a suitable filter medium.
A suitable filter medium may have a pore size of about 0.7 um to about 1.2 um pores. A
suitable material may be glass (e.g., a glass filter). The captured mRNA precipitate is then
washed with a suitable wash solution, typically comprising an alcohol (e.g., 100%
isopropanol or 80% (v/v) ethanol). In some embodiments, the wash solution is pushed
through the filter medium by applying positive pressure. The mRNA precipitate can be
solubilized in RNase-free water to provide purified mRNA transcripts.

[000257] The inventors have found that using precipitation-based mRNA purification
methods is advantageous because they can be easily incorporated into a high-throughput
process and provide a high yield of purified mRNA transcripts (=120ug per sample), even
when a 96-well plate format is used. Moreover, the clogging of the filter medium (e.g., due to

RNA “gel” formation on the filter) can typically be avoided.

EXAMPLES

[000258] The following examples are included for illustrative purposes only and are not

intended to limit the scope of the invention.

Example 1. Screening optimized nucleotide sequences for use in therapeutic mRNASs.
[000259] This example outlines the overall scheme of the screening methods according
to the invention. Figure 1 provides a schematic illustration. As described above, these
methods are particularly useful for the screening of large numbers of protein-coding
nucleotide sequences to be used in therapeutic mRNAs, as they require less time, involve
fewer steps and are more easily adaptable to a multi-well plate format.

[000260] In a first step, a plurality of nucleotide sequences to be screened are provided
by a codon-optimization algorithm. Such a codon-optimization algorithm typically outputs

several optimized coding sequences for a protein of interest, whose performance during in
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vitro transcription (IVT) of an mRNA and its use as a potential therapeutic in vivo needs to be
assessed empirically. A codon-optimization algorithm that may be used in accordance with
the invention is described in Example 2.

[000261] In a second step, for each nucleotide sequence, a set of DNA fragments
covering the entirety of the nucleotide sequence is provided. This step may be accomplished
using suitable chemical synthesis processes. Currently available chemical synthesis processes
are typically more error-prone for longer DNA fragments, exceeding 1 kb in length. Many
protein-coding nucleotide sequences of therapeutic interest exceed a size of 1 kb. To take
advantage of the available chemical synthesis processes, the protein-coding nucleotide
sequence is divided into several DNA fragments that can easily be generated by available
chemical synthesis processes with very low error rates. The fragments are provided with two
sets of homologous ends: one set to facilitate assembly of the fragments to yield an insert
comprising the complete nucleotide sequence; and another set to facilitate assembly of this
insert into a vector backbone.

[000262] For shorter protein-coding nucleotide sequences, it may not be necessary to
divide the sequence into DNA fragments. In this case, the nucleotide sequence is provided as
an insert with only one set of homologous ends. This set facilitates the assembly of the insert
to a vector backbone.

[000263] The DNA fragments forming the complete nucleotide sequence may also
comprise a 5’ untranslated region (5’ UTR) and/or a 3’ untranslated region (3° UTR) and may
be operationally linked to an RNA polymerase promoter. The inventors have found that
inclusion of the 5” and 3 UTRs in the insert rather than the vector backbone can facilitate
assembly of a plasmid including the nucleotide sequence of interest.

[000264] In a third step, a vector backbone, with homologous ends to facilitate the
assembly of the insert into the vector backbone, is provided. The vector backbone may be
produced by any suitable method known, such as, for example, restriction enzyme digestion
or PCR.

[000265] The assembly reaction may be more efficient when fragments of similar sizes
are provided. Therefore, the vector backbone may be provided as one or more fragments,
wherein each of these fragments is of a similar size to the insert DNA fragments to be used.
In this case, the vector fragments will comprise a set of homologous ends to facilitate
assembly of the fragments to yield a vector backbone with a first set of homologous ends.

The first set of homologous ends facilitates the assembly of the insert into the vector
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backbone. The vector fragments may be produced by any suitable method, such as, for
example, restriction enzyme digestion or PCR.

[000266] In a fourth step, the vector backbone and DNA fragment(s) are assembled to
generate a plasmid comprising the nucleotide sequence flanked by a 5> UTR and a 3 UTR
and operationally linked to an RNA polymerase promoter. An assembly method that may be
used in accordance with the invention is described in Example 3. Methods for verification of
the assembly reaction are also described in Example 3.

[000267] Alternative methods of assembly include those which take place in the
presence of a RecA family recombinase protein, and typically in the further presence of an
exonuclease.

[000268] The assembly reaction yields the plasmid template for an in vifro transcription
(IVT) reaction which is performed in a fifth step. A method for performing the in vitro
transcription reaction is described in Example 5.

[000269] Prior to this step, the plasmid template may be amplified in £. coli and
purified. A DNA purification method that may be used for this is described in Example 4.
[000270] Alternatively, prior to this step, the plasmid template may be amplified by a
cell-free method, such as by a replication cycle reaction (RCR), enabling the entirety of the
described screening process to be carried out under cell-free conditions.

[000271] In a sixth step, nucleotide sequences that generated full-length mRNA
transcripts in the IVT reaction are selected. The inventors have found that not all nucleotide
sequences that are optimized to yield maximum expression, e.g., by removing rare codons
and optimizing the GC content, are effectively transcribed in an IVT reaction. Some
nucleotide sequences may terminate prematurely, e.g., due to the presence of terminator
sequences in the nucleotide sequences. To the extent that such terminator sequences are
known they can be removed during the sequence optimization step, however, not all such
sequences are known. Selecting sequences that result in full-length mRNA transcripts is
therefore important to provide mRNAs that have high therapeutic potency and can be
produced efficiently at a commercial scale as truncated mRNA transcripts do not contribute
to therapeutic efficacy and may be difficult to remove by conventional purification methods.
[000272] The selected nucleotide sequences may be further tested for their ability to
direct high protein expression levels, e.g., in vivo. This may be carried out by transfecting a
cell or animal with a selected full-length mRNA transcript and determining the amount of the

encoded protein expressed from the full-length mRNA transcript.

65



WO 2024/170684 PCT/EP2024/053871

Example 2. Generating optimized nucleotide sequences.

[000273] This example illustrates a process for generating optimized nucleotide
sequences that are then screened in accordance with the method of the invention.

[000274] Figure 2 illustrates a simple codon optimization process. The process receives
an amino acid sequence of interest and a first codon usage table which reflects the frequency
of each codon in a given organism (namely human codon usage preferences in the context of
the present example). The process then removes codons from the first codon usage table if
they are associated with a codon usage frequency which is less than a threshold frequency
(e.g., 10%). The codon usage frequencies of the codons not removed in the first step are
normalized to generate a normalized codon usage table.

[000275] Normalizing the codon usage table involves re-distributing the usage
frequency value for each removed codon; the usage frequency for a certain removed codon is
added to the usage frequencies of the other codons with which the removed codon shares an
amino acid. The process uses the normalized codon usage table to generate a list of optimized
nucleotide sequences. Each of the codon-optimized nucleotide sequences encode the amino
acid sequence of interest.

[000276] The list of codon-optimized nucleotide sequences is typically further
processed as illustrated in Figure 3. Specifically, a motif screen filter, guanine-cytosine (GC)
content analysis filter, and codon adaptation index (CAI) analysis filter are applied to the
codon-optimized nucleotide sequences, typically in that order, to generate an updated list of
optimized nucleotide sequences. For example, the motif screen filter illustrated in Figure 4
may be used to remove codon-optimized nucleotide sequences that contain termination
sequences that could result in the premature termination of transcription during the IVT
reaction. The GC content analysis filter selects codon-optimized nucleotide sequences that
have a high GC content across their entire length. As illustrated schematically in Figure 5,
this can be done by dividing the nucleotide sequences into portions of about 30 bases and
removing nucleotide sequences in which any portion has a GC content below a certain

threshold value.

Example 3. Rapid plasmid assembly.
[000277] This example describes the assembly of plasmids suitable for adding to an in
vifro transcription reaction mixture, using rapid assembly methods in accordance with the

screening method of the invention.

66



WO 2024/170684 PCT/EP2024/053871

[000278] Five optimized nucleotide sequences encoding different proteins of various
length were generated using an algorithm as described in Example 2. Each nucleotide
sequence was provided as up to four synthesized DNA fragments with homologous ends to
facilitate assembly into a plasmid in which the nucleotide sequence was operably linked to a
SP6 promoter, 5’ untranslated region (5° UTR) and 3’ untranslated region (3’ UTR) provided
by a vector backbone. The length of each of the optimized nucleotide sequences and the
number of DNA fragments for their assembly are given in Table 2. The vector backbone is

shown schematically in Figure 6A. The vector backbone had a length of about 2.4 kb.

Table 2
Test sequence | Length (kb) Number of fragments
1 0.8 1
2 2.5 2
3 32 3
4 3.7 2
5 4 4
[000279] The vector backbone was linearized before use in the assembly reaction.

Typically, linearization can be done by restriction enzyme digestion. However, in this
example, two PCR-based linearization methods were tested: (i) using one primer set to
amplify the vector backbone in one piece, and (ii) using three primer sets to amplify the
vector backbone in three pieces (vector fragments) with a set of homologous ends to allow
subsequent reassembly. The PCR-amplified vector fragments were isolated by agarose gel
electrophoresis and gel extraction using the Monarch® gel extraction kit (New England
Biolabs) following the manufacturer’s protocol. This scheme is illustrated in Figure 7.
[000280] The vector fragments and DNA fragments were assembled using NEBuilder®
HiFi DNA Assembly. For each reaction, about 50 ng of vector backbone was used when the
vector backbone was amplified in one piece, and about 50 ng of each piece when the vector
backbone was amplified to yield three pieces. The vector backbone and insert fragments were
mixed at a vector:insert molar ratio of 1:3 in a volume of < 10 ul. When the vector backbone
was supplied in three pieces, the vector fragments were provided at a 1:1:1 ratio. 10 ul
NEBuilder® HiFi DNA Assembly Master Mix was added and the total reaction volume
adjusted to 20 ul using deionized water. The assembly reaction was incubated at S0°C for

1 hour. After completion, Stellar™ chemically competent F. coli cells (Takara Bio) were
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transformed with 2 ul of the assembly reaction product, according to the manufacturer’s
instructions.

[000281] Assembly was verified by (1) PCR of the assembly reaction product and (i)
colony PCR of Escherichia coli transformed with the reaction product, using primers
flanking the insert. The binding site of the forward primer comprised the 5° UTR and SP6
promoter in the vector backbone. The binding site of the reverse primer comprised the

3’ UTR in the vector backbone. The reaction product PCRs (i) were carried out using 1 pl
assembly reaction product, 1.25 ul each primer (at 0.5 uM), 12.5 ul Phusion Flash® DNA
polymerase master mix, 9 ul deionized water and cycling parameters as recommended by the
manufacturer. For the colony PCRs, (i1) colonies were picked into 25 pl sterile water and
incubated at 98°C for 10 minutes. 5 pl of this template was mixed with 1.25 pl of each primer
(at 0.5 uM), 12.5 ul Phusion Flash® DNA polymerase master mix and 5 pl deionized water.
The cycling parameters were as recommended by the manufacturer. The results of both of
these verification PCR methods are shown in Figure 8A (PCR of the assembly reaction
product) and Figure 8B (colony PCR).

[000282] Figure 8B shows the results of colony PCR performed on Escherichia coli
cells transformed with plasmids resulting from assembly reactions in which the vector
backbone had been provided as a single piece. In the second lane from the left, the colony
contained a mixed population of cells after primary transformation. Part of the cell population
contained a plasmid without insert. During colony PCR, the vector backbone was amplified
and can be seen at the bottom of the gel.

[000283] This example demonstrates rapid assembly methods for plasmids comprising a
protein-coding nucleotide sequence which is flanked by a 5> UTR and a 3° UTR and
operationally linked to an RNA polymerase promoter. As shown in Figure 8A and Figure 8B
by the presence of an amplified insert band for all of the test reactions, the assembly reactions
were successful with a range of vector backbone and insert fragment numbers and sizes. The
plasmids produced are suitable for downstream in vitro transcription screening. Unlike
traditional genetic cloning techniques, these assembly methods do not require separate
restriction enzyme digestion, purification and ligation steps, therefore increasing the speed
and scalability of the overall screening method. This makes such methods far more suitable
for the high-throughput screening of large numbers of protein-coding nucleotide sequences.
[000284] The data also show that assembly of the plasmid can be verified by PCR of the
assembly reaction product itself, without the need for transformation into £. coli and colony

PCR. This allows unsuccessful reactions to be identified on the same day as the assembly
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reactions are performed, thus helping to prevent potentially time-consuming follow-up of

failed reactions.

Example 4. Precipitation-based purification of plasmid DNA.

[000285] This example describes the development of a precipitation-based method for
the high-throughput purification of plasmid DNA.

[000286] Initially, purification of plasmids obtained in accordance with the methods
described in Example 3 was done using the QIAamp® 96 DNA QIAcube® HT Kit according
to the manufacturer’s protocol. The inventors found, however, that carrying out this standard
method for plasmid purification did not produce high yields of DNA. This is demonstrated in
Figure 9A, which shows the result of gel electrophoresis analysis of 6 test plasmids purified
according to the QIAGEN® standard protocol; and Table 3, which lists the yield obtained for
these plasmids, as quantified by measuring absorbance at 280 nm using a NanoDrop2000

spectrophotometer.

Table 3. Low plasmid yields from standard QIAGEN® purification protocol

Test plasmid Length (kb) Concentration (ng/ul)
A 42 65.8
B 3.5 74.2
C 3.8 76.4
D 7.0 68.1
E 6.0 73.2
F 4.6 74.5

[000287] Without wishing to be bound by any particular theory, the inventors reasoned
that these low yields may have been due to poor binding of DNA obtained from bacterial
lysates. According to the manufacturer’s handbook, the QIAamp® 96 DNA QIAcube® HT
Kit relies on the selective binding properties of silica-based membranes in the QIAamp 96
plate for DNA purification. To address the problem of poor yield, the inventors investigated
an alternative protocol, in which the DNA in the lysate was precipitated using GSCN and
MTEG.

[000288] In this modified protocol, the steps leading up to the DNA-binding step were
the same as in the QIAGEN® protocol. Briefly, for each test plasmid, DH10B FEscherichia

coli cells (Thermo Scientific™) transformed with the plasmid were used to inoculate terrific
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broth (TB) supplemented with kanamycin (25-50 pg/ml). The cells were grown overnight at
37°C in a 96-well plate, with shaking (900 rpm). The cells were recovered by centrifugation
and lysed by alkaline lysis using reagents from the QIAamp® 96 DNA QIAcube® HT Kit
(QIAGEN®) following the manufacturer’s instructions. Precipitated cell debris was removed
by centrifugation (4500 rpm, 20 minutes) followed by filtration under vacuum through a filter
plate.

[000289] Unlike the standard protocol, the DNA was then precipitated from the cleared
cell lysate by adding guanidinium thiocyanate (GSCN) and triethylene glycol monomethyl
ether (MTEG). 0.1-0.3 volumes of 5 M GSCN and 3 volumes 100% MTEG (v/v) solution
were added to 1 volume of cleared cell lysate to precipitate the plasmid DNA. The
precipitated DNA was collected and washed by filtration under vacuum through a QIAamp
96 plate, and then eluted in 125 ul warm deionized water. Without wishing to be bound by
any particular theory, the inventors reasoned that in this modified step, unlike in the standard
QIAGEN® protocol, the membrane in the QIAamp 96 plate simply functioned as a filter that
prevented the precipitated DNA from passing though. Accordingly, any filter plate with a
sufficiently small pore size could be used in this step. To confirm this, the inventors used a
0.7 um glass fiber filter plate (Aligent®) in subsequent experiments (see Example 5) instead
of the QIAGEN® QIAamp 96 plate and achieved results comparable to those described in the
following paragraphs.

[000290] To further assess the quality of DNA purified according to this protocol, some
of the recovered plasmid DNA was also linearized by restriction digest with HindIII-HF®
(NEB, 37°C, overnight). The linearized DNA was precipitated by adding 0.1-0.3 volumes of
5 M GSCN and 3 volumes 100% MTEG (v/v) solution to 1 volume of linearized DNA. The
precipitate was collected and washed (100% isopropanol) by filtration under vacuum through
a QIAamp 96 plate. The DNA was eluted in 125 pl warm deionized water.

[000291] The linearized and non-linearized plasmid DNA was analyzed by agarose gel
electrophoresis and the final yield was quantified with a NanoDrop2000 spectrophotometer
measuring absorbance at 280 nm. The results of the gel electrophoresis for 7 plasmids

purified according to this method are shown in Figure 9B and the yields are listed in Table 4.

Table 4. High plasmid yields from purification including a GSCN/MTEG DNA

precipitation step

Test plasmid | Length (kb) | Concentration (ng/ul)
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G 6 410
H 6 419
I 5 486
J 5.5 474
K 5.5 493
L 5.6 435
M 5.6 490

[000292] These data show that a precipitation-based DNA purification method as
described above yields substantially more DNA than the standard QIAGEN® protocol. Thus,
the precipitation-based purification method described in this example can be used to purify
the plasmid obtained in the method described in Example 3 to serve as a template for a
subsequent IVT reaction (see Example 5). Additionally, all steps of the precipitation-based
purification method outlined above can be performed in 96-well plates. Therefore, the
precipitation-based purification method can be readily used in a high-throughput method to

purify a large number of different plasmids in parallel.

Example 5. In vitro transcription reactions.

[000293] The following example describes the synthesis of mRNA by IVT of plasmids
purified in accordance with the invention. These plasmids were purified according to the
precipitation-based purification method using a glass fiber filter plate as described in
Example 4. Each plasmid was linearized prior to the IVT reaction by restriction enzyme
digestion.

[000294] In the IVT reactions, ~2 ug of linearized plasmid (at 0.1 mg/ml) were mixed
with SP6 RNA polymerase (at 0.1 mg/ml), RNase inhibitor (at 0.0003 U/ul),
pyrophosphatase (0.01 ug/ul), 5 mM of each NTP, DTT (10 mM), and a reaction buffer (10x
stock — 250 mM Tris-HCI, pH 7.5, 20 mM spermidine, and 50 mM NaCl) in RNase free
water. The reaction was incubated at 37°C for 3 hours. The reaction was then quenched by
the addition of DNase I and a DNase I buffer (10x stock — 100 mM Tris-HCI, 5 mM MgCl»
and 25 mM CaCl,, pH 7.6) to facilitate digestion of the double-stranded DNA template in
preparation for purification.

[000295] The purified mRNA product from the aforementioned in vitro transcription
step was treated with portions of GTP (1.0 mM), S-adenosyl methionine, RNase inhibitor, 2’-

O-methyltransferase and guanylyl transferase are mixed together with reaction buffer (10x
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stock — 500 mM Tris-HCI (pH 8.0), 60 mM KCI, and 12.5 mM MgCl,). The combined
solution was incubated for a range of time at 37°C for 30 to 90 minutes. Upon completion,
aliquots of ATP (2.0 mM), poly(A) polymerase (100 mM stock concentration, 0.585 mM
final reaction concentration) and tailing reaction buffer (provided as a 10x buffer comprising
500 mM Tris-HCI (pH 8.0), 2.5 M NaCl, and 100 mM MgCl;) were added and the total
reaction mixture was further incubated at 37°C for a range of time from 20 to 45 minutes.
Upon completion, the final reaction mixture was quenched and purified accordingly.
[000296] The IVT reactions were analyzed by capillary electrophoresis (Figure 10).
These results show that full-length mRNA was transcribed from the plasmids tested. These
data demonstrate an IVT protocol that can be used in the screening method of the invention.
In addition, the data verify that plasmids purified in accordance with the improved DNA

purification protocol in the invention can be transcribed into mRNA.

Example 6. Modified IVT reaction conditions for high-throughput assay.

[000297] This example demonstrates that the composition of the in vifro transcription
reaction mixture can be adjusted to provide conditions suitable for high-throughput screening
of plasmids comprising nucleotide sequences of interest that vary in length and composition.
[000298] The screening methods of the invention may be employed to test a large
number of nucleotide sequences encoding proteins of different lengths in parallel.
Consequently, the template sequences and the resulting full-length mRNA transcripts that are
screened in a single run can vary dramatically in the number of bases depending on the length
of each protein in question.

[000299] The IVT reaction mixture described in Example 5 included ~2 pg of linearized
plasmid (at an input concentration of 0.1 mg/ml), SP6 RNA polymerase (at 0.1 mg/ml),
RNase inhibitor (at 0.0003 U/ul), pyrophosphatase (0.01 pg/ul), S mM of each NTP, DTT
(10 mM), and a reaction buffer (10x stock — 250 mM Tris-HCI, pH 7.5, 20 mM spermidine,
and 50 mM NaCl) in RNase free water. The inventors found that a total mRNA transcript
yield of 120 pug per IVT reaction was desirable for downstream applications. The amount of
linearized plasmid per reaction was tripled in order to improve the yield.

[000300] Figure 11 shows that tripling the amount of linearized plasmid in the IVT
reaction mixture to a total amount of about 6 ug (at about 0.07 mg/ml final concentration)
improved the mRNA transcript yield for nucleotide sequences of interest. The SP6 RNA

polymerase remained at a final concentration of about 0.1 mg/ml.
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Example 7. Post-transcriptional capping and trailing.

[000301] This example demonstrates that the composition of the capping/tailing
reaction mixture can be adjusted to provide conditions suitable for high-throughput screening
of plasmids comprising nucleotide sequences of interest that vary in length and composition.
[000302] The screening methods of the invention may be employed to test a large
number of nucleotide sequences encoding proteins of different lengths in parallel. The
resulting full-length mRNA transcripts that are screened in a single run can vary dramatically
in the number of bases depending on the length of each protein in question. The reaction
conditions for the capping and tailing of mRNA transcripts described in Example 5 do not
account for the significant difference in length. It was found that these conditions can result
in large variations of the poly(A) tail length (<50 nucleotides for short transcripts to >800
nucleotides for long transcripts).

[000303] To correct for the length differences of the mRNA transcripts and to achieve a
more uniform poly(A) tail length, mRNA transcript size binning was tested. For molar ratio
reasons, a simple rule was applied to generate the bins: no bin could have mRNA transcripts
greater than 2x the size of the previous bin. This resulted in the following bins: Obp to 1kb
(bin 1), 1kb to 2kb (bin 2), 2kb to 4kb (bin 3), 4kb to 8kb (bin 4), and 8kb+ (bin 5). The
calculations for the composition of the reaction mixture for capping and tailing of mRNA
transcripts were based off the largest size of the mRNA transcript in each bin (e.g., 1kb for
bin 1). Accordingly, the amount of poly(A) polymerase was halved for bin 2 relative to bin 1,
and halved again for bin 3 relative to bin 2 efc.

[000304] mRNA transcripts prepared by in vifro transcription using template plasmids
comprising the nucleotide sequences A-F encoding different proteins of interest were tailed
applying the binning rule set out in the previous paragraph. Nucleotide sequences A-F varied

in length as shown in Table 5 below:

Table 5

Nucleotide sequence mRNA transcript length (kilobases)
2.4
1.9
2.1
2.9
1.1
0.7

ssllesliwii@li--1l2
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[000305] All of the tested mRNA transcript samples were in bins 1, 2 and 3. For mRNA
transcripts in bin 1, 4.8 ul of poly(A) polymerase of 1.42 mg/ml stock concentration was
added to the reaction mixture for a final reaction concentration of about 166 ng/ul. The
concentrations were adjusted accordingly to about 83 ng/ul and about 42 ng/ul for mRNA
transcripts in bins 2 and 3 by adding half or a quarter of the poly(A) polymerase volume
added to the bin 1 reaction mixture.

[000306] As can be seen from the comparison of Figures 12A and 12B, adjusting the
amount of poly(A) polymerase in this manner resulted in a more uniform poly(A) tail of
about 60 nucleotides to about 300 nucleotides in length for all tested mRNA transcripts.
Indeed, most of the tested mRNA transcripts had a poly(A) tail of about 100-200 nucleotides
in length.

Example 8. Precipitation-based mRNA purification.

[000307] Differences in mRNA yield in the IVT reaction can also affect subsequent
purification. In fact, very high yields in the IVT reaction can create problems during
subsequent purification using standard mRNA purification protocols that employ QIAGEN®
spin columns or similar silica membrane-based purification systems. In particular, high
mRNA transcript concentrations can result in gel formulation on the spin filter, making it
difficult to wash and elute the mRNA transcripts. This negatively affects the yield of purified
mRNA transcripts.

[000308] Using a precipitation-based mRNA purification protocol and a glass filter
plate to capture the mRNA precipitates during washing addressed these problems. Plasmids
comprising nucleotide sequences A-J encoding various proteins of interest were used as
templates for in vitro transcription reactions. mRNA transcripts including nucleotide
sequences A-F had the length indicated in Table 5 above. mRNA transcripts including
nucleotide sequences G-J had the length shown in Table 6.

Table 6
Nucleotide sequence mRNA transcript length (kilobases)
G 1.1
H 0.8
I 1.9
J 1.3
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[000309] After synthesis had been completed, the template plasmid was removed by
incubating the IVT reaction mixture in the presence of DNase (2.25 KU/mg plasmid) for

15 minutes at 37°C. 1 volume of the DNase-treated IVT reaction mixture was then added to
2.3 volumes of GSCN (5 M; final concentration: about 2.3 M) and 1.7 volumes of absolute
isopropanol (final concentration: about 34%) to precipitate the mRNA transcripts and
denature the enzymes from the IVT reaction mixture and the DNase treatment.

[000310] The resulting mRNA precipitate was then added to a 96-well glass filter plate
with 1.2 um pores (Agilent), and positive pressure was applied. The mRNA precipitate was
capture on the glass filter, while the remainder of the IVT reaction mixture was removed. The
glass filter was then washed with 2 ml of absolute isopropanol to purify the mRNA. The
purified mRNA precipitate was readily solubilized and eluted from the filter plate with
RNAse-free water to provide a high yield of purified mRNA transcripts (=120 pg per
sample).

[000311] This example demonstrates that purifying mRNA transcripts to remove
enzyme reagents and other components from an in vifro transcription mixture can be
achieved by precipitating the mRNA transcripts in the presence of a guanidinium salt and an
alcohol. The resulting mRNA precipitate can be captured on a suitable filter medium and

washed to remove any residual contaminants.

Example 9. Automated precipitation-based purification of plasmid DNA.

[000312] This example describes further improvements to the development of a
precipitation-based method for the high-throughput purification of plasmid DNA. The
improved method uses an automated liquid handling system and magnetic particles to (i)
more effectively remove residual guanidinium salt from DNA precipitates and (ii) provide a
high yield of purified plasmid DNA.

[000313] The inventors found that residual guanidinium salts left behind by
precipitation-based purification processes can inhibit subsequent IVT reactions that employ
an accordingly purified plasmid as a template. However, additional purification steps to
remove any residual guanidinium salt from the filter plates used in Example 4 comes at the
expense of a significant loss to DNA yield. Moreover, filter plates are prone to clog as the
amount of input DNA is increased.

[000314] In a first step, the inventors explored the use of DNA-binding magnetic

particles to avoid the disadvantages associated with using filter plates. Magnetic particles are
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available from a variety of suppliers. The experiments described in the present example use
SeraSil-Mag 400 silica-coated beads (Cytiva). These beads bind DNA in the same way that
silica filter membranes do, such as those present in QIAamp 96 plates. The use of DNA-
binding magnetic particles is particularly advantageous because it is amiable to automation.
[000315] In the experiments described in this example, impure plasmid preparations of
linearized plasmid DNA were provided as input to the optimized purification protocol. Other
impure preparations, e.g., bacterial lysates, may also be purified with the high-throughput
method described in this example. Bacterial lysates may be obtained using the protocol
described in Example 4.

[000316] In an initial step, 120 pl of each impure plasmid preparation was added to
separate wells of a deep-well plate (Kingfisher). To precipitate the plasmid DNA, 0.1
volumes (12 ul) of guanidine thiocyanate (GSCN), 2 volumes (240 ul) of MTEG, and 3
volumes (360 ul) of QIAGEN® PB buffer (5 M guanidine hydrochloride, 30% isopropanol)
were added to each well to allow DNA precipitates to form. Then 250 pl of a solution
comprising SeraSil-Mag 400 silica-coated beads (Cytiva) were added to the wells. The plate
was then incubated for 5 minutes at a constant mixing speed to allow the DNA precipitates to
bind to the silica-coated beads.

[000317] To purify the DNA precipitates, 900 ul of absolute isopropanol were added to
all wells of a new deep-well plate. The silica-coated beads with the bound DNA precipitates
were transferred to the new deep-well plate and incubated for 1 minute at a constant mixing
speed (wash 1). The process was repeated with another new deep-well plate containing

900 ul of 80% (v/v) ethanol (wash 2).

[000318] To elute the purified plasmid DNA, 200 ul sterile water was added to all wells
of a new deep-well plate. The washed silica-coated beads with the bound DNA precipitates
were transferred to this new deep-well plate and incubated for 10 minutes at a temperature of
40°C and constant mixing speed.

[000319] The manual transfer of liquids and beads into and between plates made the
process time consuming. The overall processing time was 75 minutes. The resulting yields of
covered plasmid DNA are shown in Figure 13A. The experiment was then repeated using the
same set of impure plasmid preparations. Instead of manually transferring liquids to plates, an
automated liquid handling system (Kingfisher Flex Automated Magnetic Bead Platform) was
used. Automation reduced the sample processing time by more than 50% to 33 minutes.
Moreover, the yield of recovered plasmid DNA was dramatically increased, as can be seen in

Figure 13B.
76



WO 2024/170684 PCT/EP2024/053871

[000320] This example demonstrates that DNA-binding magnetic particles can be used
to effectively remove residual guanidinium salt from DNA precipitates. The particles can be
employed with an automated liquid handling system to provide a high yield of purified

plasmid DNA.

Example 10. Binding precipitated plasmid to DNA-binding magnetic particles.
[000321]

adding an alcohol in addition to an amphiphilic polymer during the purification of plasmid

This example illustrates that increasing the guanidinium salt concentration and

DNA improves yield when DNA-binding magnetic particles such as silica-coated beads are

used.
[000322]

a suitable restriction enzyme. Once digestion had been completed, the experiment described

Linearized plasmid DNA was prepared by incubating 20 pg in the presence of

in Example 8 was repeated using different precipitation conditions as shown in Table 7

below:
Table 7: Test conditions for plasmid precipitation
Condition | Linearized GSCN MTEG Binding
plasmid M) (100% v/v) solution
1 1 volume 0.1 volume - -
2 1 volume 0.1 volume 1 volume -
3 1 volume 0.1 volume 2 volumes -
4 1 volume 0.1 volume 2 volumes 3 volumes
[000323] The binding solution contained about 30% isopropanol and 5 M guanidine

hydrochloride. About 2 volumes of a solution containing the silica-coated beads was added
and purification was continued as described in Example 8 above.

[000324]
with conditions 1-3 was about 0.5 ug to 2.5 ug of total DNA. In contrast, the yield achieved

Each condition was tested in triplicate. The yield of purified plasmid achieved

with condition 4 was about 15 pug.
[000325]
of 2-3 M, MTEG at a final concentration of about 30-40% MTEG (v/v) and isopropanol at a

This example illustrates that adding a guanidinium salt at a final concentration
final concentration of about 10-20% to an impure preparation comprising plasmid DNA

results in an increased yield when DNA-binding magnetic particles such as silica-coated

beads are used for high-throughput purification.
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Example 11. Vector backbone.

[000326] This example illustrates that insertion of a nucleotide sequence of interest into
a vector backbone of a plasmid such that the nucleotide sequence is operationally linked to an
RNA polymerase promoter can result in leaky expression of the inserted sequence in bacterial
cells transformed with the plasmid. Leaky expression may be avoided by the inclusion of a
bacterial terminator.

[000327] mCherry is a red fluorescent protein that can be used as an easily detectable
reporter protein. A nucleotide sequence encoding the mCherry protein was assembled with a
vector backbone to form a plasmid in which the nucleotide sequence was operationally linked
to an SP6 RNA polymerase promoter sequence, as described in Example 3. The plasmid was
used to transform electrocompetent Z. coli cells (HSTO8 and DH10B). With both cell types,
mCherry expression was observed when transformed £. coli cells were cultured in 2 ml
Terrific Broth. This suggests that an endogenous bacterial RNA polymerase was transcribing
the inserted nucleotide sequence using the SP6 RNA polymerase promoter sequence.
[000328] Leaky expression can be detrimental to bacterial host cells and result in the
selection of mutations that lead to reduced expression or plasmid copy numbers or result in
the inactivation of the protein encoded by the nucleotide sequence of interest. Faithful
propagation of a plasmid comprising a nucleotide sequence of interest is imperative to ensure
a continued supply of the plasmid as a template for in vifro transcription, in particular for the
event that the nucleotide sequence of interest is selected for the manufacturing of a
therapeutic mRNA.

[000329] To avoid leaky expression in bacterial cells, the vector backbone was further
optimized. In particular, two bacterial terminators were tested for inclusion in the vector
backbone. One was the ropC terminator from £. coli strain JME66 (SEQ ID NO: 28), the
other was the bla terminator from Staphylococcus aureus strain 16405 (SEQ ID NO: 29).
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CLAIMS

A screening method comprising:

a.

providing a plurality of nucleotide sequences encoding a protein generated by
a sequence optimization algorithm;

for each nucleotide sequence, providing an insert comprising the nucleotide
sequence and a first set of homologous ends, or two or more DNA fragments
that, when assembled via at least a second set of homologous ends, yield the
insert;

providing a vector backbone comprising the first set of homologous ends, or
two or more vector fragments that, when assembled via at least a third set of
homologous ends, yield the vector backbone;

for each nucleotide sequence, assembling the insert and the vector backbone
via the first set of homologous ends in the presence of a RecA family
recombinase protein, wherein the assembly yields a plasmid comprising the
nucleotide sequence flanked by a 5” untranslated region (5° UTR) and a 3’
untranslated region (3’ UTR) and operationally linked to an RNA polymerase
promoter, wherein the 5> UTR, the 3’ UTR and the RNA polymerase promoter
are either part of the insert or the vector backbone;

adding each plasmid to an in vifro transcription reaction mixture to transcribe
the nucleotide sequence into an mRNA transcript; and

selecting nucleotide sequences that generate a full-length mRNA transcript.

The method of claim 1, wherein the assembling in step (d) is performed in the presence

of an exonuclease.

The method of claim 2, wherein the exonuclease is a 3’ to 5 exonuclease.

A screening method comprising:

a.

providing a plurality of nucleotide sequences encoding a protein generated by
a sequence optimization algorithm;

for each nucleotide sequence, providing an insert comprising the nucleotide
sequence and a first set of homologous ends, or two or more DNA fragments
that, when assembled via at least a second set of homologous ends, yield the
insert;
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c.  providing a vector backbone comprising the first set of homologous ends, or
two or more vector fragments that, when assembled via at least a third set of
homologous ends, yield the vector backbone;

d.  for each nucleotide sequence, assembling the insert and the vector backbone
via the first set of homologous ends in the presence of a 3’ to 5° exonuclease,
wherein the assembly yields a plasmid comprising the nucleotide sequence
flanked by a 5° untranslated region (5° UTR) and a 3’ untranslated region (3’
UTR) and operationally linked to an RNA polymerase promoter, wherein the
5’ UTR, the 3° UTR and the RNA polymerase promoter are either part of the
insert or the vector backbone;

e.  adding each plasmid to an in vitro transcription reaction mixture to transcribe
the nucleotide sequence into an mRNA transcript; and

f selecting nucleotide sequences that generate a full-length mRNA transcript.

The method of any of claims 1 to 3, wherein the RecA family recombinase protein is a

Escherichia coli RecA or a functional variant or homolog thereof.

The method of any of claims 1 to 3, wherein the RecA family recombinase protein is a

T4 phage UvsX recombinase.

The method of claim 6, wherein the T4 phage UvsX recombinase is provided in

combination with a T4 phage UvsY protein.

The method of claim 3 or 4, wherein the 3’ to 5’ exonuclease is an exonuclease 111
family type-AP (apurinic I apyrimidinic) endonuclease and/or a DnaQ single-stranded

DNA-specific 3’ to 5” exonuclease.

The method of claim 8, wherein the exonuclease III family type-AP (apurinic I
apyrimidinic) endonuclease is Escherichia coli exonuclease 111, Bacillus subtilis ExoA,

Mth212 or AP endonuclease 1.

The method of claim 9, wherein the DnaQ single-stranded DNA-specific 3’ to 5’
exonuclease is Lscherichia coli exonuclease I, exonuclease T (Exo T) or

exonuclease X.
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11. The method of any one of claims 3, 4 or 8 to 10, wherein the 3’ to 5” exonuclease is a
combination of exonuclease III and exonuclease I, or a combination of exonuclease III,

exonuclease I and exonuclease T.

12.  The method of any one of the preceding claims, wherein the vector backbone comprises

an origin of replication.

13.  The method of any one of the preceding claims, wherein the plasmid obtained in step

(d) is modified by introduction of an origin of replication using a transposon.

14.  The method of claim 12 or 13, wherein the plasmid obtained in step (d) is amplified by

a replication cycle reaction (RCR) prior to performing step (e).

15. A screening method comprising:

a.  providing a plurality of nucleotide sequences encoding a protein generated by
a sequence optimization algorithm;

b.  for each nucleotide sequence, providing an insert comprising the nucleotide
sequence and a first set of homologous ends, or two or more DNA fragments
that, when assembled via at least a second set of homologous ends, yield the
insert;

c.  providing a vector backbone comprising the first set of homologous ends, or
two or more vector fragments that, when assembled via at least a third set of
homologous ends, yield the vector backbone;

d.  for each nucleotide sequence, (i) assembling the insert and the vector
backbone via the first set of homologous ends, wherein the assembly yields a
plasmid comprising an origin of replication, and the nucleotide sequence
flanked by a 5° untranslated region (5 UTR) and a 3’ untranslated region (3’
UTR) and operationally linked to an RNA polymerase promoter, wherein the
5’ UTR, the 3° UTR and the RNA polymerase promoter are either part of the
insert or the vector backbone, and (i1) amplifying the plasmid by a replication
cycle reaction (RCR);

e.  adding each plasmid to an in vitro transcription reaction mixture to transcribe

the nucleotide sequence into an mRNA transcript; and
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f selecting nucleotide sequences that generate a full-length mRNA transcript.

16. The method of claim 14 or claim 15, wherein the RCR comprises forming a reaction
mixture comprising:
the plasmid obtained in step (d), and
(1) a first enzyme group that catalyzes replication of the plasmid, (ii) a second enzyme
group that catalyzes an Okazaki fragment joining reaction and synthesizes two sister
plasmids constituting a catenane, and (iii) a third enzyme group that catalyzes the

separation of two sister plasmids.

17. The method of claim 16, wherein the first enzyme group comprises a combination of an
enzyme having DnaA activity, one or more nucleoid proteins, an enzyme or enzyme
group having DNA gyrase activity, single-strand binding protein (SSB), an enzyme
having DnaB-type helicase activity, an enzyme having DNA helicase loader activity, an
enzyme having DNA primase activity, an enzyme having DNA clamp activity, and an

enzyme or enzyme group having DNA polymerase III* activity.

18. The method of claim 17, wherein:
i.  the one or more nucleoid proteins are IHF or HU, and/or
ii.  the enzyme or the enzyme group having DNA gyrase activity is a complex of GyrA
and GyrB, and/or
iii.  the enzyme having DnaB-type helicase activity is DnaB helicase, and/or
iv.  the enzyme having DNA helicase loader activity is DnaC helicase loader, and/or
v.  the enzyme having DNA primase activity is DnaG primase, and/or
vi.  the enzyme having DNA clamp activity is DnaN clamp, and/or
vii.  the enzyme or the enzyme group having DNA polymerase III* activity is one or more
enzymes selected from the group consisting of DnaX, HolA, HolB, HolC, HolD,
DnaE, DnaQ, and HolE.

19. The method of any one of claims 16-18, wherein the second enzyme group comprises:
i.  an enzyme having DNA polymerase I activity; and/or
ii.  an enzyme having DNA ligase activity; and/or

iii.  an enzyme having RNaseH activity.
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The method of claim 19, wherein the enzyme having DNA polymerase I activity is

Escherichia coli polymerase 1.

The method of claim 19 or 20, wherein the enzyme having DNA ligase activity is
Escherichia coli DNA ligase or T4 phage ligase.

The method of any one of claims 16-21, wherein the third enzyme group comprises an
enzyme having topoisomerase III activity and/or an enzyme having topoisomerase [V

activity.

The method of claim 22, wherein the enzyme having topoisomerase I1I activity is

Escherichia coli topoisomerase III.

The method of claim 22 or 23, wherein the enzyme having topoisomerase IV activity is

Escherichia coli-derived topoisomerase IV.

The method of any of claims 14 to 24, wherein the plasmid further comprises a pair of ter

sequences that are each inserted outward with respect to the origin of replication.

The method of any of claims 14 to 25, wherein the reaction mixture for the RCR 1is

incubated at a constant temperature in a range of 25-80°C .

The method of any of claims 14 to 25, wherein the reaction mixture for the RCR 1is
incubated in a temperature cycle alternating temperatures of 30°C or more with

temperatures of 27°C or less.

The method of any of the preceding claims, wherein the method is carried out under cell-

free conditions.

The method of any one of the preceding claims, further comprising the following steps:
g.  for each nucleotide sequence selected in step (f), transfecting a cell with the
full-length mRNA transcript;
h.  for each cell transfected in step (g), determining the amount of the encoded

protein expressed from the full-length mRNA transcript; and
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selecting the nucleotide sequence, whose full-length mRNA transcript yields

the largest amount of the encoded protein.

30. The method of any one of the preceding claims, wherein the sequence optimization

algorithm comprises the steps of

(i)
(i)

(111)

(iv)

(v)

(vi)

receiving an amino acid sequence encoding the protein;

receiving a first codon usage table, wherein the first codon usage table
comprises a list of amino acids, wherein each amino acid in the table is
associated with at least one codon and each codon is associated with a usage
frequency;

removing from the codon usage table any codons associated with a usage
frequency which is less than a threshold frequency;

generating a normalized codon usage table by normalizing the usage
frequencies of the codons not removed in step (iii);

generating a nucleotide sequence encoding the amino acid sequence by
selecting a codon for each amino acid in the amino acid sequence based on the
usage frequency of the one or more codons associated with the amino acid in
the normalized codon usage table; and

repeating step (v) to generate the plurality of nucleotide sequences.

31. The method of claim 30, wherein the sequence optimization algorithm further

comprises the steps of

(vii)

(viii)

determining the codon adaptation index of each of the nucleotide sequences,
wherein the codon adaptation index of a sequence is a measure of codon usage
bias and can be a value of O to 1;

removing any nucleotide sequence if its codon adaptation index is less than or

equal to a predetermined codon adaptation index threshold.

32. The method of claim 31, wherein the codon adaptation index threshold is 0.7, or 0.75,

or 0.85, or 0.9, or, in particular, 0.8.

33. The method of any one of the preceding claims, wherein sequence optimization

algorithm comprises the steps of
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i. determining whether any one of the nucleotide sequences contains a
termination signal; and
ii. removing any nucleotide sequence if the nucleotide sequence contains one

or more termination signals.

The method of any one of the preceding claims, wherein each of the nucleotide
sequences provided in step (a) is processed by a fragmentation algorithm, wherein the
fragmentation algorithm divides each nucleotide sequence into two or more nucleic
acid fragments and adds the homologous ends required for the assembling of the

plasmid performed in step (d).

The method of any one of the preceding claims, wherein each of the two or more DNA

fragments or the insert, as applicable, are provided by a chemical synthesis process.

The method of claim 35, wherein each of the two or more DNA fragments or the insert

is about or at least 1000 base pairs long.

The method of claim 36, wherein each of the two or more DNA fragments or the insert

is 1000 base pairs to 4000 base pairs long.

The method of claim 36, wherein each of the two or more DNA fragments or the insert

is 1000 base pairs to 7000 base pairs long.

The method of claim 36, wherein each of the two or more DNA fragments or the insert

is 1000 base pairs to 20,000 base pairs long.

The method of any one of claims 35-39, wherein the chemical synthesis process has a

median error rate of less than or equal to 1 error per 5000 base pairs.

The method of claim 40, wherein the chemical synthesis process has a median error rate

of less than or equal to 1 error per 10,000 base pairs.

The method of claim 40, wherein the chemical synthesis process has a median error rate

of less than or equal to 1 error per 50,000 base pairs.
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The method of any one of the preceding claims, wherein the homologous ends are 40

base pairs to 60 base pairs long.

The method of any one of claims 1-43, wherein the plasmid is linearized before step

(e).

The method of any one of the preceding claims, wherein the RNA polymerase promoter

is a SP6 polymerase promoter.

The method of any one of the preceding claims, further comprising one or more

purification steps prior to performing step (e).

The method of claim 46, wherein the one or more purification steps comprises
purifying the plasmid to remove one or more enzyme(s) used for assembly and/or

amplification in step (d).

The method of claim 46, wherein the one or more purification steps comprises

extracting the plasmid from FEscherichia coli cells.

The method of any one of claims 46-48, wherein the purification comprises
precipitating plasmid by adding (i) a chaotropic salt and (ii) an alcohol and/or an

amphiphilic polymer.

The method of claim 49, wherein the chaotropic salt is at a final concentration of 0.1-

4 M.
The method of claim 50, wherein the chaotropic salt is at a final concentration of about
125 mM, about 250 mM, about 375 mM, about 500 mM, about 625 mM, about

750 mM, about 1.3 M, about 1.9 M or about 2.5 M.

The method of any one of claims 49-51, wherein the chaotropic salt is guanidinium salt,

optionally guanidinium thiocyanate (GSCN).
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The method of any one of claims 49-52, wherein the amphiphilic polymer is selected
from pluronics, polyvinyl pyrrolidone, polyvinyl alcohol, polyethylene glycol (PEG),
triethylene glycol monomethyl ether (MTEG), or combinations thereof.

The method of claim 47, wherein the amphiphilic polymer is MTEG.

The method of any one of claims 49-52, wherein the alcohol is isopropanol or ethanol.
The method of any one of the preceding claims, wherein the in vifro transcription
reaction mixture in step (e) comprises the plasmid at a concentration of 0.05 mg/ml or
greater, e.g., at a concentration of about 0.07 mg/ml.

The method of any one of the preceding claims, wherein the in vifro transcription
reaction mixture comprises an RNA polymerase at a concentration of 0.05 mg/ml or

greater, e.g., at a concentration of about 1 mg/ml.

The method of any one of the preceding claims, wherein steps (b)-(f) are performed in

96-well plates.

The method of any one of the preceding claims, wherein steps (g)-(i) are performed in

96-well plates.

The method of any one of the preceding claims, wherein the cell transfected in step (h)

is a mammalian cell.

The method of claim 60, wherein the mammalian cell is a human cell.
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6. Select sequences that are able to be fully
transcribed into mRNA
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If the nucleotide sequence is DNA, it is screened for the
following motifs (1-6):

1.

TATCTGTT

2. TTTTTT

SANSEE I

AAGCTT

GAAGAGC

TCTAGA

5'-X1ATCTX2TX3-3’, wherein X1, X2 and X3 are
independently selected from A, C, Tor G

If the nucleotide sequence is RNA, it is screened for the
following motifs (7-12):

I.

AR

UAUCUGUU

Uuuuuu

AAGCUU

GAAGAGC

UCUAGA

5’-X1AUCUX2UX3-3’, wherein X1, X2 and X3 are
independently selected from A, C,Uor G
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Fig. 6A
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Fig. 9A
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Fig. 11
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Fig. 12A

“One size fits all” tailing

Sample

Fig. 12B

“Binned” tailing

Sample

SUBSTITUTE SHEET (RULE 26)



PCT/EP2024/053871

WO 2024/170684

14/15

SUIlU G}, Jy}, = o) Buissagold
3|dweg

uorjealjung peag anaubey jenuey

VEI ‘314

LD = O T

(61) Aiamooay ynqd seaun

0l
¢l
pl
9l
8l

SUBSTITUTE SHEET (RULE 26)



WO 2024/170684 PCT/EP2024/053871

19/15

Sample
= 33 mins

Processing Time

Fig. 13B

Automated Magnetic Bead Purfication

XD o <P O SO D o = O O
e -

g

i) Aianooay YN Jeaun

SUBSTITUTE SHEET (RULE 26)



International application No.

INTERNATIONAL SEARCH REPORT

PCT/EP2024/053871
Box No. | Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)
1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was

carried out on the basis of a sequence listing:

a. forming part of the international application as filed.

b. D furnished subsequent to the international filing date for the purposes of international search (Rule 13ier1(a}).

accompanied by a statement to the effect that the sequence listing does not go beyond the disclosure in the
international application as filed.

2. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this report has been
established to the extent that a meaningful search could be carried out without a WIPO Standard ST.26 compliant
sequence listing.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet (1)) (July 2022)



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2024/053871
A. CLASSIFICATION OF SUBJECT MATTER
INV. C12N15/10 C12P19/34 C1201/6844 C40B40/08 G16B30/00
G16B35/10
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Cl2N GO6F Cl2Q0 C12P C40B G1l6B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X,P WO 2023/023487 Al (TRANSLATE BIO INC [US]) 4,12,
23 February 2023 (2023-02-23) 28-61
claims 1-89; figures 1-7; examples 1-11
Y WO 2021/168052 Al (TRANSLATE BIO INC [US]) 1-61
26 August 2021 (2021-08-26)
claims 1-26; example 2; table 2
Y EP 3 650 543 Al (ORICIRO GENOMICS INC 1-61
[JP]) 13 May 2020 (2020-05-13)
cited in the application
claims 1-31; figure 1; examples 1-14,
20-21
A WO 2021/226468 Al (TRANSLATE BIO INC [US]) 1-61
11 November 2021 (2021-11-11)
the whole document
-/—

|__K| Further documents are listed in the continuation of Box C.

‘z‘ See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance;; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance;; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

6 May 2024

Date of mailing of the international search report

17/05/2024

Name and mailing address of the ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Salminen, Aaro

Form PCT/ASA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2024/053871
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A WO 2021/226461 Al (TRANSLATE BIO INC [US]) 1-61

11 November 2021 (2021-11-11)
the whole document

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2024/053871
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2023023487 Al 23-02-2023 NONE

WO 2021168052 Al 26-08-2021 AU 2021224892 Al 13-10-2022
BR 112022016258 A2 18-10-2022
ca 3171495 Al 26-08-2021
CN 115398546 A 25-11-2022
EP 4107733 Al 28-12-2022
IL 295669 A 01-10-2022
JP 2023513836 A 03-04-2023
KR 20220162125 A 07-12-2022
Us 2023407358 Al 21-12-2023
WO 2021168052 A1l 26-08-2021

EP 3650543 Al 13-05-2020 AU 2018297861 Al 30-01-2020
AU 2022204663 Al 21-07-2022
BR 112019028221 A2 07-07-2020
ca 3068615 Al 10-01-2019
CN 111183222 A 19-05-2020
EP 3650543 Al 13-05-2020
ES 2954507 T3 22-11-2023
IL 271750 A 27-02-2020
JP 6701450 B2 27-05-2020
JP W02019009361 Al 21-05-2020
KR 20200026914 A 11-03-2020
SG 11201913478X A 30-01-2020
Us 2020224207 A1 16-07-2020
WO 2019009361 Al 10-01-2019

WO 2021226468 Al 11-11-2021 EP 4146342 Al 15-03-2023
Us 2023181619 Al 15-06-2023
WO 2021226468 Al 11-11-2021

WO 2021226461 Al 11-11-2021 AU 2021268028 Al 19-01-2023
BR 112022022508 A2 10-01-2023
ca 3177907 Al 11-11-2021
CN 115867324 A 28-03-2023
EP 4147243 Al 15-03-2023
IL 297948 A 01-01-2023
JP 2023524769 A 13-06-2023
KR 20230020991 A 13-02-2023
Us 2023245721 A1l 03-08-2023
WO 2021226461 Al 11-11-2021

Form PCT/ASA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - description
	Page 79 - description
	Page 80 - description
	Page 81 - claims
	Page 82 - claims
	Page 83 - claims
	Page 84 - claims
	Page 85 - claims
	Page 86 - claims
	Page 87 - claims
	Page 88 - claims
	Page 89 - claims
	Page 90 - drawings
	Page 91 - drawings
	Page 92 - drawings
	Page 93 - drawings
	Page 94 - drawings
	Page 95 - drawings
	Page 96 - drawings
	Page 97 - drawings
	Page 98 - drawings
	Page 99 - drawings
	Page 100 - drawings
	Page 101 - drawings
	Page 102 - drawings
	Page 103 - drawings
	Page 104 - drawings
	Page 105 - wo-search-report
	Page 106 - wo-search-report
	Page 107 - wo-search-report
	Page 108 - wo-search-report

