woO 2023/031856 A1 |0 000 KA O 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2023/031856 Al

09 March 2023 (09.03.2023) WIPO | PCT
(51) International Patent Classification: . .
CI2P 19/34 (2006.01) CI2N 15/10 (2006.01) Published:

(21) International Application Number:
PCT/IB2022/058234

(22) International Filing Date:
01 September 2022 (01.09.2022)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
63/240,027 02 September 2021 (02.09.2021) US
22315159.8 20 July 2022 (20.07.2022) EP

(71) Applicant: SANOFI [FR/FR]; 54 rue La Boetie, 75008
Paris (FR).

(72) Inventors: CUI, Jianping, c/o Sanofi, Patent Depart-
ment, 450 Water Street, Cambrdige, Massachusetts 02141
(US). FU, Tong-Ming; c/o Sanofi, Patent Department,
450 Water Street, Cambridge, Massachusetts 02141 (US).
MATTHEWS, Allison Jessica; c/o Sanofi, Patent Depart-
ment, 450 Water Street, Cambridge, Massachusetts 02141
Us).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE,
KG,KH, KN, KP, KR, KW,KZ, LA, LC, LK, LR, LS, LU,
LY,MA, MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA,
NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
RS, RU,RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, T™M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA,ZM, ZW.

@81)

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

in black and white; the international application as filed
contained color or greyscale and is available for download
Jfiom PATENTSCOPE

(54) Title: COMPOSITIONS AND METHODS FOR RNA AFFINITY PURIFICATION

(57) Abstract: The present disclosure provides methods and compositions for RNA affinity purification. In particular, the disciosure
relates to compositions and methods of making and using mRNA comprising one or more aptamers which specifically bind an affinity

ligand.



WO 2023/031856 PCT/1IB2022/058234

COMPOSITIONS AND METHODS FOR RNA AFFINITY PURIFICATION

RELATED APPLICATIONS
{8001] This application claims the benefit of priority of U.S. Provisional Application No. 63/240,027,
fited September 2, 2021, and EP Priority Application No. 223151598, fifed July 20, 2022, the content

of each is incorporated by reference in their entirety for all purposes.

BACKGROUND OF THE DISCLOSURE

[0002] Messenger RNA (mRNA) therapeutics are becoming an increasingly important approach for
the treatment of a variety of diseases and is an emerging alternative to protein replacement theraples,
antibody therapies, conventional vaccine therapies, and/or gene therapies. in a mRNA therapeutic,
the mRNA encoding the protein or peptide of interest is delivered to the patient or the target cell of
the patiant. Upon entry of the mRNA into the patient’s target cell, the patient’s translational machinery
preduces and subsequently express the protein or peptide of interest, Thus, it is important to ensure
the production of highly pure and safe mRNA product,

[6003] mRNA for therapeulics are often synthesized using in vitro transcription sysiems with
enzymes such as RNA polymerases transcribing mRNA from femplate plasmid DNA, along with or
followed by addition of a 5'- cap and 3'-polyadenyiation. The result of such reactions is a composition
which includes fulldength mRNA and various undesivable contaminants, e.g., proteins, non-RNA
nucleic acids, undesired RNA species, spermiding, DNA, pyrophosphates, endotoxins, detergents,
and organic solvents. These contaminants must be purified to provide a clean and homogensous
mMRNA that is suitable for therapeutic use.

{0004] There remains a need for more effective, reliable, and safer methods of purifying RNA from

large scale manufacturing processes for potential therapeutic applications.

BRIEF SUMMARY OF THE DISCLOSURE

{8005] From the description herein, it will be appreciated that that the present disclosure

encomgpasses multiple aspects and embodiments which include, but are not limited to, the following:
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{0008] In one aspeci, the disclosure provides a messenger RNA (mRNA) comprising at least one
5" untranslated region (5 UTR), at least one open reading frame (ORF), at least one 3’ untranslated
region {3 UTR), and at least one polyadenylation {polyA} sequence, wherein the mRNA comprises
at least one RNA aptamer.

{8007] In some embediments, the RNA aptamer is embedded in an RNA scafiold.

{0008] In some embodiments, the RNA scaffold comprises at least one secondary structure motif.
In some embodiments, the secondary structure motif is a tetraloop, a pseudoknot, or a stem-loop. In
some embodiments, the RNA scaffold comprises at least one tertiary structure. In some embodiments
the secondary structure motif and/or tertiary struciure are nuclease resistant,

[0008] Insomeembodiments, the RNA scaffold is a transfer RNA (tRNA), a ribosomal RNA {rRNA},
or a ribozyme. In some embodiments, the ribozyme is catalytically inactive. in some embodiments,
the RNA scaffold comprises a transfer RNA (IRNA). In some embodiments, the RNA aptamer is
embedded in a t(RNA hairpin loop of the tRNA. In some embodiments, the RNA aptamer is embedded
in a tRNA anticodon loop of the tRNA. In some embodiments, the RNA aptamer is embedded in a
IRNAD loop of the tRNA. In some embodimenis, the RNA aplamer is embedded in a IRNA T loop of
the tRNA.

[0018] Insome embodiments, the RNA aptamer is positioned in the 5 UTR. in some embaodiments,
the RNA aptamer is positionad between the 3’ end of the ORF and the 5" end of the 3' UTR. In some
embodiments, the RNA aptamer is positioned inthe 3' UTR. In some embodiments, the RNA aptamer
is positioned between the 3' end of the 3JUTR and the 5 end of the polyA sequence. in some
embodiments, wherein the RNA aptamer is positioned at the 3’ end of the polyA sequence.

[0011] In some embodiments, the mRNA comprises or consists of one RNA aptamer. In some
embodiments, the mRNA comprises between one and four RNA aplamers. in some embodiments,
the RNA aptamers are identical. In some embodiments, the RNA aptamers are distinct.

[0012] In some embodiments, the RNA aptamer is synthetically derived. In some embodiments,
the RNA aptamer is a split aptamer or an X-aptamer. in some embodiments, the RNA aptamer is
naturally-derived. In some embodiments, the RNA aptamer is derived from a hairpin RNA, a IRNA,
or a riboswitch.

{0013] In some embodiments, the RNA aptamer embedded in a hioorthogonal scaffoid.

{6014] In some embodiments, the bicorthogonal scaffeld is V3, F29, F30, or a variant thereof.
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{0015] In some embodiments, the bioorthogonat scaffold comprises a 5’ nucleotide sequence of
SEQ ID NO: 34 and a 3’ nucleotide sequence of SEQ 1D NO: 35, wherein an aptamer sequence is
positioned between SEQ D NO: 34 and SEQ 1D NO: 35,

[0016] In some embodiments, the hioorthogonal scaffold comprises a 5 nuclectide sequence of
SEQ 1D NQ: 39, an internal nucleotide segquence of SEQ 1D NO: 40, and a 3' nucleotide sequence of
SEQ ID NG 41, wherein a first aptamer sequence is positioned between SEQ 1D NO: 39 and SEQ
IG NO: 406 and a second aptamer sequence is positioned between SEQ ID NO: 40 and SEQ 1D NO:
41, optionally wherein the first and second aplamer are the same or different.

[0017] In some embediments, the RNA aptamer embedded bicorthogonal scaffold comprises the
pucieotide sequence of SEQ 1D NO: 28 or SEQ ID NO: 31.

{8018] In some embodiments, the RNA aptamer binds to an affinity ligand. in some embodiments,
the affinity ligand comprises protein A, protein G, streptavidin, glutathione, dextran, or a fluorescent
molecuie. In some embodiments, the affinity Higand comprises streptavidin. In some embodiments,
the affinity ligand is immobilized on a chromatography resin.

[6019] In some embodiments, the RNA aptamer is S1m or Sm. in some embodiments, the mRNA
comprises between one and four 31m or sm RNA aptamers. In some embodiments, the S1m or sm
RNA aptamer is positioned: 1) between the 3’ end of the ORF and the & end of the 3' UTR; 2) in the
3'UTR; 3) between the 3’ end of the 3'UTR and the 5 end of the polyA sequence; and/or; 4) at the
3" end of the polyA sequence. In seme embodiments, the RNA aptamer comprises the nucleotide
sequence of SEQ D NO: 2 or 6. In some embodiments, the RNA aptamer embedded tRNA comprises
the nuclectide sequence of SEQ D NO: 7.

[0028] Insome embodiments, the mRNA encodes at least one polypeptide. In some embaodiments,
the polypeplide is a biclegically active polypeptide, a therapeulic polypeptide, or an antigenic
polypeptide. In some embodiments, the antigenic polypeptide comprises an antibody or fragment
thereof, enzyme replacement polypeptide, or genome-editing polypeptide. in some embodiments, the
tharapeutic polypeptide comprises an antibody heavy chain, an antibody light chain, an enzyme, or a
cytokine. In some embodiments, the biologically active polypeptide comprises a genome-editing
polypeptide.

{0021] In some embodiments, the mRNA contains a chimeric 5 or 3' UTR.

{0022] In some embodiments, the mRNA comprises at least one chemical maodification. In somea
embodiments, the chemical modification is pseudouridine, N1-methylpseudouridine, 2-thiouridine, 4’

thiouridine, 5- methvicytosine, 2-thio-l-methyi-1-deaza-pseudouridine, 2-thic-t-methyl-pseudouridine,
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2-thio-B-aza-uridine, 2-thio-dihydropseudouridine, 2-thio-dihydrouridine, 2-thio-pseudouridine, 4-
methoxy-2-thio-pseudouridine,  4-methoxy-pseudouridine,  4-thio-l-methyl-pseudouridine,  4-thic-
pseudouridine, 5-aza-uridine, dihydropseudouridine, 5S-methyluridine,  5-methyluridine, 5-
methoxyuriding, or 2-Q-methyl uridine. In some embodiments, the chemical modification is
pseudouridine, N1-methylpseudouridine, 5-methylcytosine, 5- methoxyuridine, or a combination
theraof. In some embodiments, the chemical modification is N1-methylpseudcuridine,

[0023] In some embodiments, the polyA sequencea is at least 10 consecutive adenosine residues.
In some embodiments, the polyA sequence is hatween 10 and 500 consecutive adenosine residues.
In some embodiments, the mRNA comprises twe polyA sequences, each polyA sequence comprising
between 10 and 500 consecutive adenasine rasidues, wherein at least one RNA aptamer or RNA
aptamer embedded IRNA is positioned between the two polyA sequences.

[0024] In some embodiments, the mRNA comprises a 5’ cap.

[0025] In some embodiments, the transiation efficiency of the mRNA is substantially the same
compared o an mRNA that does not comprise an RNA aptamer.

{6026] In some embodiments, the mRNA is synthesized using in vitro transcription (T},

{80271 In some embodiments, the mBNA is expressed in vive or ex vivo.

[0028] In one aspect, the disclosure provides a vector encoding the mRNA described above. In
some embodiments, the vector comprises at least elements a-e, from 5" to 37 a) an RNA polymerase
promoter; b) a polynuclectide sequence encoding a 5 UTR,; ¢} a polynucleotide sequence encoding
an ORF, d) a polynucleatide sequence encoding a 3 UTR; and e) a polynuclectide sequence
encoding at least one RNA aptamer. In some embodiments, the vector further comprises a
polynucleotide sequence encoding a polyA sequence and/or a polyadenylation signal.

{0029] [nanother aspect, the disclosure provides a host cell comprising the vector described above.
{0030] In another aspect, the disclosure provides a pharmaceutical compaosition comprising the
mRNA described ahove. In some embodiments, the pharmaceutical composition is administered {o
a subject in need thereof in a method of treating or preventing a disease or disorder.

{0031] In another aspect, disciosed herein is a method for purifying an mRNA, comprising the steps
of: {a) contacting a sample comprising the mRNA with an affinity ligand that is immobilized on a
chromatography resin, wherein the RNA aptamer comprises binding affinity for the affinity ligand; (b)
eluting the mRNA from the chromatography resin; and {¢) purifying the mRNA from the sample. In
some embodiments, the method comprises one or more washing steps betweean the contacting step

{a} and the eluting step {b).
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{0032] In ancther aspect, disclosed hergin is a method of purifying an RNA, comprising the steps
of: {a) contacting a sample comprising the RNA with an affinity figand that is immobilized on a
chromatography rasin; (b) eluting the RNA from the chromatography resin; and {c) isolating the RNA
from the sample, wherein the RNA comgprises at least one open reading frame (ORF} and at least
cne RNA aptamer, wherein the RNA aptamer comprises binding affinity for the affinity ligand.

{8033] In some embodiments, the RNA further comprises at least one % uniransiated region {5’
UTR), at least one 3 uniransiated region (3" UTR), and at least one polyadenyiation (polyA}
sequence.

[0034] In some embodiments, the RNA is at least about 500 nucleotides in length, at least about
750 nucleotides in length, at least about 1,000 nucleotides in length, at least about 1,500 nuclectides
in length, at least about 2,000 nuclectides in length, at least about 2,500 nucleotides in length, at
least about 3,000 nucleotides in length, at least about 3,500 nucleotides in length, at least about 4,000
nuclectides in length, at least about 4,500 nucleotides in length, or at least about 5,000 nucleotides
in length.

[0035] In some embodiments, the RNA comprises a 5 cap. In some embodiments, the RNA is an
MRNA.

[0038] In some embodimants, the mRNA is greater than or equal to 90% pure.

{8037] In another aspect, disclosed herein is a method for purifying an mRNA, comprising the steps
of {a) contacling a sample comprising the mRNA with an affinily ligand that is immobilized on a
chromatography resin; {b) eluting the mRNA from the chromatography resin; and (¢} isolating the
mRNA from the sample, wherein the mRNA comprises at least one 5’ untranslated region (8 UTRY),
at least one open reading frame (ORF), at least one 3° unfranslated region (3" UTR), at least one
polyadenylation {polyA)} sequence, and at least one RNA aptamer, wherein the RNA aptamer
comprises binding affinity for the affinity ligand. in some embodiments, the mRNA is greater than or
equal to 80% pure.

{0038] In another aspect, disclosed herain is a pharmaceutical composition comprising a plurality
of mRNA molecules, wherein at [east about 80% of an mRNA comprise at least cne 5’ untranslated
region (5" UTR]), at least one apen reading frame (ORF), at least one 3’ untranslated region (3" UTR),
at least one polyadenyiation (polyA) seqguence, and at least one RNA aptamer.

[0038] In ancther aspect, disclosed herein is a messanger RNA (mRNA) comprising at least one
5 untranslated region {5 UTR), at least one open reading frame {ORF), at least one 3" untranslated



WO 2023/031856 PCT/1IB2022/058234

region {3 UTR}, and at least one polyadenylation {polvA) sequence, wherein the mRNA comprises
al least one IRNA.

[0048] In another aspect, disclosed herein is a messenger RNA {(mRNA) comprising at least one
5 untranslated region (5" UTR), at least one open reading frame (ORF), at least one 3" uniranslated
region {3' UTR), and at least one polyadenylation {polyA} segquence, wherein the mRNA comprises
at least one RNA aptamer embedded tIRNA.

[0041] In another aspect, disclosed herein is a messaenger RNA (mRNA) comprising at least one
5" untranslated region (5 UTR]), at least one open reading frame (ORF), at least one 3" untranslated
region {3' UTR}, and at least one polyadenylation {polyA) sequence, wherein the mRNA comprises

at least one RNA aptamer embedded biorthogonal scaffold.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

{0042] The foregoing and other features and advantages of the present disclosure will be more fully
ynderstood from the following detailed description of #lustrative embodiments faken in conjunction
with the accompanying drawings.

{0043] FIG. 1 schematizes the steps in the aptamer tagged mRNA affinity purification process.
[0044] FIG. 2 shows the RNA concentration {ng) as measured on a Nanodrop prior to incubation
with streptavidin sepharose beads (input) or following streptavidin affinity binding purification and
elution steps with either a random aptamer or the S1m aptamer {unbound versus eluted). Percent
RNA recovered after affinity purification is relative to the input sample that did not undergo affinity
purification.

{0045] FIG. 3 depicts the plasmid maps of pAM14 (2,496 bp) carrying an ARE element tagged with
the 4x81m aptamer or the pAM15 plasmid (2,168 bp) carrying the untagged ARE element.

[0048] FIG. 4 shows the RNA concentration {ng) as measured on a Nanadrop prior to incubation
with streptavidin sepharose beads (input) or following streptavidin affinity hinding puwrification and
elution steps with either a TNFa-53 tagged 4xS1m aptamer mRNA or a TNFo-53 mRNA negative
confrol (unbound versus eluted). Percent RNA purified is relative to input sample that did not undergo
affinity purification.

{0047] FIG. 5 depicts the following plasmid maps containing the following constructs: (1) pAMZ22, a
controf plasmid of 2,173 bp, carrying a M. thermaulotrophicust tRNAS™N? scaffold {(pAM22 (IRNA);

plasmid map annotates the position of the anticodon arms with respect to the GIn2 anticedon loop)
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{2} pAM28, a control plasmid of 2,134 bp, carrying a Sm aptamer {pAM20 {Sm))}, (3) pAM21, an
experimental plasmid of 2,208 bp, carrying the Sm aptamer sequence embedded in a portion of the
anticodon loop tRNASY™ gequence which is flanked on both sides by the tRNA anticodon arm
sequence (pAM21 (IRNASm) . and (4) pAM23, an experimental plasmid of 2,306 bp, carrying tandem
two-repeat configuration of the Sm-IRNA®N? construct (2x IRNA Sm). Each tag was driven by a 17
promoter,

[0048] FIG. 8 shows the RNA concentration {ng) as measured on a Nanodrop prior to incubation
with streptavidin sepharose beads {input) or following streptavidin affinity binding purification wash
steps (wash 1-3) and elution siep {eluted) with either mRNA containing the Sm, tIRNA, IRNA-Sm, and
2% IRNA Sm aptamer tags. Percent RNA recovery after affinity purification is relative to the input
sample that did not undergo affinity purification,

[0048] FIG. 7 illustrates the aptamer tagging sirategies for optimized binding affinity and translation
of mRNA based on aptamer-transcript localization, aptamer copy number, an aptamer embedded in
a IRNA scaffold, and tandem repeat copies of an aptamer embedded in a tRNA scaffold.

[0058] FIG. 8 depicts plasmid maps pAM11 (3,541 bp) carrying humanized shnanced green
fluorescent protein (hEGFP) and pAMS plasmid {3,213 bp) carrying hEGFP tagged with a 4x81m
aptamer.

{0051] FIG. 9 is an image of an agarcse gel containing mRNA generated from an IVT reaction of
PCR product template for hEGFP (lane 1, derived from pAM11) and hEGFP tagged with 4x51m
aptamer {lane 2, derived from pAMS).

[0052] FIG. 10 shows the RNA concentration (ng) as measured on a Nanodrop prior to incubation
with streptavidin sepharose beads (input) or following streptavidin affinity binding purification and
elytion step (eluted} with either mRNA containing the hEGFP or hEGFP tagged with a 4xS1m
aptamer. Percent RNA purified is relative 1o input sampie that did not undergo affinity purification.
[0053] FIG. 11 are representative fluorescent microscopy images taken of HEKZ93FT cells
transfected with hREGFP or hEGFP-4x81m mRNA after 24 hours.

{0054] FIG. 12 displays a panel of representative fluorescent microscopy images taken of
HEKZ93FT cells transfected with hEGFP (left column, top panel}, hEGFP-4x51m (left column, bottom
panel), hEGFP with longer polvA tail {right column, top panel), or hEGFP-4xS1m with longer polyA
tail (right column, bottom panel} mRNA after 24 hours.

{0055] FIG. 13A - FiG. 13B tests whether the topological order of the S1m aptamer impacts

downstream mRMA affinity purification. FIG. 13A is a schemalic of the experimental constructs
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designed to test the S1m aptamer position in the mRNA transcript. The S1m aptamer was either
placed (1) directly upstream of the 5" UTR,; (2} directly upstream of the 3UTR; (3) in the 3' UTR; (4}
directly downstream the 3° UTR; or {5) in the 3" end of the polyA sequence. FIG. 13B shows the
percent of RNA recovered after affinity purification relative to the input sample that did not undergo
affinity purification following streptavidin binding and elution steps (unbound versus eluted).

{0056] FIG. 14 tests whether the aptamer copy number (valency) in the transcript impacts
downstream mRNA affinity purification. FIG. 14 shows the percent of RNA recovered after affinity
purification relative to the input sampie that did not underge affinity purification following streptavidin
binding and elution steps (unbound versus eluted) with mRNA constructs that contained between one
and six coples of 31m aptamer.

{0057] FIG. 15 shows the percent of RNA recovered after mRNA affinity purification relative {o the
input sample that did not underge affinity purification following streptavidin binding and elution steps
{unbound versus eluted} with 2xS1m, £xS1m, or the tRNA S1m aptamer tagged mRNA containing a
different protein-coding sequence {Singapore 16 hemagglutinin} and distinct UTRs.

[6058] FIG. 16A - FIG. 16C tests whether the aptamer placement in the mRNA transcript impacts
translation kinstics in HSKMc cells. FIG. 16A is a schematic of the experimental constructs designed
to test the impact of the S1m aptamer position relative o the other topologically ordered components
of the mRNA. FIG. 16B is a bar graph of the total number of GFP positive cells (expressed as percent)
as calculated by flow cytometry analysis for HSKMc cells transfected with either the untagged control
mRNA or one of the five aptamer tagged mRNAs shown in FIG. 16A. FIG, 16C is a bar graph
displaying the numbaer of GFP positive high cells {expressed as percent) in FIG. 16B.

[0058] FIG. 17TA - FIG. 17C tests whather the aptamer placement in the mRNA transcript impacts
translation kinetics in Hela cells. FIG. 17A is a schematic of the experimental constructs designed to
test the impact of the S1m aptamer position relative to the other fopologically ordered components of
the mRNA. FiG. 17B is a har graph of the total number of GFP positive cells (expressed as percent)
as calculated by flow cytometry analysis for Hela cells transfected with either the untagged control
mRNA or one of the five aptamer tagged mRNAs shown in FIG. 17A. FIG. 17C is a bar graph
displaying only the number of GFP paositive high cells {expressed as percent) in FIG. 17B.

{0080] FIG. 18 depicts a bar graph of the total number of GFP positive cells (expressed as percent)
as caiculated by flow cytometry analysis for Hela cells transfected with either the controls or with an
aptamer tagged mRNA which had increased polyA tail langth {labeled, “Aptamer, poly{A) 2x60 6
+A’s").
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[0061] FIG. 19A - FIG. 19B examines whether the stabilization of an S1m aptamer with a {RNA
scaffold impacts mRNA affinity purification and the subsequent mRNA translational efficiency. FIG.
19A is a bar graph which shows the percent of RNA recovered afier mRNA affinity purification relative
to the input sample following streptavidin binding and sliution steps {(unbound versus slited) with the
untagged mRNA control, the 2xS1m aptamer, the 4xS1m aptamer transcript, or tRNA 81m aptamer
tagged mRNA. FIG. 198 is a bar graph of the total number of GFP positive Hela cells (expressed as
percent) as calcuiated by flow cytometry analysis after iransfection with the untagged mRNA control
or the tRNA S1m aptamer tagged mRNA {labeled, “tRNA stabilized aptamer”).

[0082] FIG. 20A is the secondary RNA structure formed by the F30-aptamer. FIG. 20B is a har
graph which shows the percent of RNA recovered after mRNA affinity purification relative to the input
sample following strepiavidin binding and elution steps (unhound versus eluted) with the untagged
mRNA control, the 4xS1m aptamer, the 1xS1m aptamer stabilized in a F30 scaffold (F30-1x81mj), or
the 2xS1m aptamer stabilized in a F30 scaffold (F30-2xS1mj) tagged mRNA. FlG. 208C shows the
RNA concentration {ng) as measured on a Nanodrop prior to incubation with streptavidin sepharose
beads {input) or following streptavidin affinity binding purification and elution step (eluted) with either
the untagged mRNA contrel, the 4xS1m aptamer, the F30-2xS1m aptamer, or the F30-1xS1m tagged
mMRNA.

DETAILED DESCRIPTION OF THE DISCLOSURE

{6063] The present discliosure is directed {o, infer afia, novel mRNA compositions and methods
for RNA affinity purification. In particular, the disclosure relates to mRNA compositions comprising
at least cne RNA aptamer. The RNA aplamers associated with the disclosed mRNA compositions
enable the use of effective affinity purification methods yet have minimal impact on ranslation

efficiency and immunogenicity. Also disclosed herein are methads of making these mRNA-tagged

aptamer compositions.

i Definitions

{0064] Unless otherwise defined herein, scientific and technical terms used in connection with the
present invention shall have the meanings that are commanly understood by those of ordinary skilt in

the art. Exemplary methods and materials are described below, although methods and materials
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similar or equivalent to those described herein can alse be used in the practice or testing of the
present invention. In case of conflict, the present specification, including definitions, will control,
Generally, nomenclature used in connection with, and techniques of, cell and tissue culture, molecuiar
biology, virclogy, immunology, microbiclogy, genetics, analytical chemistry, synthetic organic
chemistry, medicinal and pharmaceutical chemistry, and protein and nucleic acld chemistry and
hybridization described herein are those well-known and commonly used in the art. Enzymatic
reactions and purification techniques are performed according to manufacturer's specifications, as
commaonly accomplished in the art or as described herein. Further, unless otherwise required by
context, singular terms shall include pluralities and plural terms shall include the singular. Throughout
this specification and embodiments, the words *have® and “comprise,” or variations such as “has,”
“having,” “comprises,” or “‘comprising,” will be undersiocod to imply the inclusion of a stated integer or
group of integers but not the exclusion of any other integer or group of integers. All publications and
other references mentioned herein are incorporated by reference in their entirety. Although a number
of documents are cited herein, this citation does not constitute an admission that any of these
dacuments forms part of the common genearal knowledge in the art,

{00685] It is to be noted that the term ™a" or "an" entity refers to one or more of that entity; for
exampie, “a nucleotide sequence,” is understood to represent one or more nucleotide sequences. As
such, the terms "a" {or "an"), "one or moreg,"” and "at least one" can be used interchangeably herein,
{0066] Furthermore, "and/or" where used herein is to be taken as specific disclosure of each of the
wo specified features or components with or withgut the other. Thus, the term "and/or" as used in a
phrase such as "A and/or B” herein is intended to include "A and B," "A or B,” "A" (alone), and "B"
{alone). Likewise, the term "and/or” as used in a phrase such as "A, B, and/or C" is intended to
encompass each of the following aspects: A, B, and C; A B, or C:Ar C; AorB; BorC; Aand C; A
and B; B and C; A (alone); B (alone); and C {alone).

[0067] |iis understond that wherever aspects are described herein with the fanguage "comprising,"
otherwise analogous aspects described in terms of "consisting of" and/or "consisting essentially off
are also provided.

[00868] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure is related.
For example, the Concise Dictionary of Biomedicine and Molecular Biology, Juo, Pel-Show, 2nd ed.,
2002, CRC Press; Thea Dictionary of Cell and Molecular Biology, 3rd ed., 1999, Academic Press; and
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the Oxford Dicticnary Of Biochemistry And Molecular Biology, Revised, 2008, Oxford University
Press, may provide one of skill with a general dictionary of many of the terms used in this disclosure.
[00893] Units, prefixes, and symbols are denoted in their Systéme International de Unites (Si)
accepted form. Numeric ranges are inclusive of the numbers defining the range. Unless otherwise
indicated, aming acid sequences are wrilten left to right in amino to carboxy orientation. The headings
provided herein are not limitations of the various aspects of the disclosure. Accordingly, the terms
defined immediately helow are more fully defined by reference to the specification in its entirety.
[0078] The term “approximately” or "about” is used herein io mean approximately, roughly, around,
or in the regions of. When the term "about” is used in conjunction with a numerical range, it modifies
that range by extending the boundaries above and below the numerical values set forth. In general,
the term "ahowut" can modify a numerical value above and below the stated value by a variance of,
e.g., 10 percent, up or down {higher or lower). In some embodiments, the term indicates deviation
from the indicated numerical value by +10%, 5%, £4%, £3%, 2%, 1%, £0.9%, £0.8%, £0.7%,
+0.6%, £0.5%, £0.4%, £0.3%, 20.2%, £0.1%, *0.05%, or £0.01%. in some embodiments, “about”
indicates deviation from the indicated numerical value by £10%. In some embodiments, “aboul”
indicates deviation from the indicated numerical value by +5%. In some embodiments, “about”
indicates deviation from the indicated numerical value by +4%. In some embodiments, “about”
indicates deviation from the indicated numerical value by £3%. In some embodiments, *about”
indicates deviation from the indicaled numerical value by ¥2%. In some embodiments, “about”
indicates deviation from the indicated numerical value by £1%. In some embodiments, “about’
indicates deviation from the indicated numerical value by +0.9%. In some embodiments, "about”
indicates deviation from the indicated numerical value by +0.8%. In some embodiments, “about”
indicates deviation from the indicated numerical value by x0.7%. In some embodiments, “about”
indicates deviation from the indicated numerical value by %0.6%. In some embhodiments, “about”
indicates deviation from the indicated numerical value by $0.5%. In some embodiments, *about”
indicates deviation from the indicated numerical value by +0.4%. In some embodiments, “about”
indicates deviation from the indicaled numertical value by x0.3%. In some embodiments, “about”
indicates deviation from the indicated numerical value by +0.1%. In some embodiments, "about”
indicates deviation from the indicated numerical value by 20.05%. In some embodiments, “about”
indicatas deviation from the indicated numerical value by +0.01%.

[0071] DBepending on context, the tarm "polynucleotide” or "nucleolide” may encompass a singular

nucleic acid as well as plural nucleic acids. in some embodiments, a polynucleotide is an isclated
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nucteic acid molecule or construct, e.g., messenger RNA (mRNA} or plasmid DNA (pDNA}. In some
embodiments, a polynuclectide comprises a conventional phosphodiester bond. In some
embodiments, a polynuclectide comprises a non-conventional bond {e.g., an amide bond, such as
found in peptide nucleic acids {(PNA)). The term "nucleic acid” may refer to any one or more nucleic
acid segments, e.g., DNA or RNA fragments, present in a polynucleotide. By "isolated” nucleic acid
or polynuciectide is intended a nucleic acid molecule, DNA or RNA, which has been removed from
its native environment. For exampie, a recombinant polynuclectide encoding a Factor VI polypeptide
contained in a vector is considered isolated for the purposes of the present disclosure. Further
examples of an isclated polynuclectide include recombinant peolynuclectides maintained in
heterologous host cells or purified (partially or substantially) from other polynucleotides in a solution.
Isolated RNA molecules include in vivo or in vitro RNA transcripts of polynuciectides of the present
disclosure. isolated polynuclectidas or nucleic acids according to the present disclosure further
include such molecules produced synthetically. In addition, a polynuclectide or a nucleic acid can
inclide regulatory elemenis such as prometers, enhancers, ribosome binding sites, or transcription
termination signals.

{0072] As used herein, the term "polypeptide” is intended (o encompass a singular "polypeptide”
as well as plural "polypeptides,” and refers 1o a molecule composed of meonomers {amino acids)
finearly linked by amide bonds {alsc known as peptide bonds). The term "polypeptide” refers to any
chain or chains of two or more amino acids, and doas not refer to a specific length of the product.

L

Thus, peptides, dipeptides, tripeptides, oligopepiides, "protein,” "amino acid chain,” or any other term
ased to refer to a chain or chains of two or more amino acids, are included within the definition of
"polypeptide,” and the term "polypeptide” can he used instead of, or interchangeably with any of these
terms. The term “"polypeplide" is also intended to refer to the products of post-expression
madifications of the peolypeptide, including without limitation glycosylation, acetylation,
phasphorylation, amidation, derivatization by known protecting/blocking groups, proteoiytic cleavage,
or maodification by non-naturally occurring amine acids. A polypeptide can be derived from a natural
biclogical source or produced recombinant technology, but is not necessarily translated from a
designaled nucleic acid sequence. it can be generated in any manner, including by chemical
synthesis.

[0073] An "isolated” polypeptide or a fragment, variant, or derivative thereof refers to a polypeptide
that is not in its natural milieu. No particular level of purification is required. For example, an isolated

polypeptide can simply be removed from its native or natural envirenment. Recombinantly produced
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polypeptides and proteins expressed in host celis are considered isolated for the purpose of the
disclosure, as are native or recombinant polypeptides which have been separated, fractionated, or
partially or substantially purified by any suitable technigue.

[0074] ‘“"Administer” or "administering,” as used herein refers to delivering to a subject a
composition described herein, e.g., 8 chimeric protein. The composition, e.g., the chimeric protein,
can be administered to a subject using methods known in the art. In particular, the composition can
be administered intravenously, subcutaneously, intramuscularly, intradermally, or via any mucosal
surface, e.g., orally, sublingually, buccally, nasally, rectally, vaginally or via pulmonary route. In some
embodiments, the administration is intravenous. In some embodiments, the administration is
subcutaneous. In some embodiments, the adminisiration is self<administration. In some
embodiments, a parent administers the chimeric protein o a child. In some embodiments, the
chimeric protein is administared to a subject by a healthcare practitioner such as a medical doctor, a

madic, or a nurse.

L Messenger RNA (mRNA)

{8075] Disclosed herein are mRNA compositions comprising RNA aptamers. mRNA is typically
thought of as the type of RNA that carries information from DNA to the ribosome. The existence of
mERNA is typically very brief and includes processing and transiation, followed by degradation.
Typically, in eukaryclic organisms, mRNA processing comprises the addition of a "cap” on the N-
terminal (%') end, and a “ta#l” on the C-terminal (3') end.

[0076] A typical cap is a 7-methyiguanosine cap, which is a guanosine that is linked through a 5-
5 *-triphosphate bond to the first transcribed nucleotide. The presence of the cap is important in
providing resistance to nucleases found in most eukaryotic cells. A 5 cap is typically added as follows:
first, an RNA terminal phosphatase removes one of the {erminal 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.

[0077] The tail is typically a polyadenyiation svent whereby a polyadenylyl moiety is added to the
3 end of the mRNA mociecule. The presence of this "tail’ serves to protect the mRNA from
exonuclease degradation. Messenger RNA is transiated by the ribosomes into a series of amino acids

that make up a protein.
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{0078] In some embodiments, mRNAs include a 5§ and/or 3" untransiated region (UTR). In some
embodiments, mRNA disclosed herein comprise a 5 UTR that includes one or more elements that
affect an mRNA's stability or transiation. In some embodiments, a 5 UTR may be between ahout 50
and 500 nuclectides in length. in seme embodiments, mRNA disclosed herein comprise a 3' UTR
comprising one or more of a polyadenylation signal, a binding site for proteins that affect an mRNA's
stability of location in & cell, or one or more binding sites for miRNAs. In some embodiments, a 3
UTR may be between 58 and 500 nuclectides in length or longer. In some embodiments, the mRNAs
disclosed herein comprise a 5 or 3' UTR that is derived from a gene distinct from the one encoded
by the mRNA {ranscript. In some embodiments, the mRNAs disclosed herein comprise a 5" or 3’ UTR
that is chimeric.

{0073] The mRNAs disclosed herein may be synthesized according to any of a varisty of known
methods. For example, mRNAs according to the present invention may be syntheasized via in vitro
transcription {IVT). Methods for in vitro transcription are known in the art. See, e.g., Geall et al. (2013}
Semin. Immunel. 25(2) 152-159; Brunelle et al. {2013} Methods Enzymol. 530:101-14. Briefly, IVT is
typically performed with a linear or cirgular DNA {emplate containing a promoter, a pool of
ribonuciectide triphosphates, a8 buffer system that may include DTT and magnesium ions, and an
appropriate RNA polymerase (e.g., T3, T7 or SP6 RNA polymaerase), DNAse {, pyrophosphatase,
and/or RNAse inhibitor. The exact conditions wilt vary according to the specific application. The
presence of these reagents is undesirable in a final mMRNA product and are considered impurities or
contaminants which must be purified {¢ provide a ¢clean and homogeneous mRNA that is suitable for
therapeutic use. While mRNA provided from in vitro transcription reactions may be desirable in some
embodiments, other sources of mRNA can be used according 1o the instant disclosure including wild-
type mRNA produced from bacteria, fungi, plants, and/or animals.

{0080] The methods disclosed herein may be used to purify mRNA of a variely of nucleotide
lengths. In some embodiments, the disclosed methods may be used to purify mRNA of greater than
about 1 kb, 1.5 kb, 2 kb, 2.5 kb, 3 kb, 3.5 kb, 4 kb, 4.5 kb, 5 kb, 6 kb, 7 kb, 8 kb, 9 kb, 10 kb, 11 kb,
12 kb, 13 kb, 14 kb, or 15 kb in length. The mRNA disclosed herein may be modified or unmodified.
In some embodiments, the mRNA disclosed herein contain one or more modifications that typically
enhance RNA stability. Exemplary modifications include include backhone modifications, sugar
modifications, or base moaodifications. In some embodiments, the disclosed mRNAs may be
synthesized from naturally occusring nucleotides and/or nuclectide analogues {modified nucleotides)

including, but not limited to, purines {adenine (A), guanine (G)) or pyrimidines {thymine (T), cylosine
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{C), uracit {U)}, and as modified nuclectides analogues or derivatives of purines and pyrimidines,
sych as e.g. 1-methyl- adenine, 2-methyl-adenine, 2-methyithio-N-6-isopentenyl-adenine, N6-methyl-
adening, NB&- isopentenyl-adenine, 2-thio-cytosine, 3-methyl-cytosine, 4-acetyl-cytosing, 5-methyl
cytosine, 2,6-diaminopurine, 1-methyl-guanine, 2-methyl-guanine, 2,2-dimethyl-guanine, 7-methyl-
guanine, inosine, 1-methyl-inosine, pseudouracil {5-uractl), dihydro-uracil, 2-thio-uracil, 4-thio-uracil,
5-carhoxymethylaminomethyl-2-thio-uractl, 5-(carboxyhydroxymethyf-uracf, 5-flucro- wracil, 5
bromo-uracH, 5~carboxymethytaminomethyl-uracil, 5-methyl-2-thic-uracil, 5-methyl- uracil, N-uracil-5-
oxy acetic acid methyl ester, S-methylaminomethyl-uracil, 5- methoxyaminomethyl-2-thio-uracil, 5'-
methoxycarbonylmethyl-uracl, 5-methoxy-uracit, uracil-5-oxyacetic acid methyl ester, uracil-5-
oxyacetic acid {v), 1-methyl-pseudouracit, queosine, B-D-mannosykqueosine, phosphoramidates,
phosphorothicates, peptide nucieotides, methylphosphonates, 7-deazaguanocsine, 5-methyicytosine,
and inosine. in somembodiments, the disclosed mRNAs comprise at least one chemical modification
including but not limited to, consisting of pseudouridine, N1-methylpseudouridine, Z-thiouridine, 4'-
thiouridine, 5 methyicytosine, 2-thio--methyi-1-deaza-pseudouridine, 2-thio-l-methyl-pseudouridine,
2-thio-5-aza-uriding, 2-thio-dihydropseudouridine, 2-thio-dihydrouridine, 2-thio-pseudouridine, 4-
methoxy-2-thio-pseudouridine, 4-methoxy-pseudouridineg, 4-thio-l-methyl-pseudouridine,  4-thio-
pseudouridine, 5S-aza-uriding, dihydropseudouriding, S-methyluriding, S-methyluriding, 5-
methoxyuridine, and 2-Q-methyt uridine. In some embodiments, the maodified nuclectides compyise
N1-methylpseudouridine. The preparation of such analogues is known to a person skilled in the art
e.g. from the U.5. Pal No. 4,373,071, U.S. Pat. No. 4,401,796, U.S. Pat. No. 4415732, U.S. Pat.
No. 4,458,086, U.S. Pat. No. 4,500,707, U.S. Pat. No. 4,668,777, U.S. Pat. No. 4,973,679, U.S. Pat.
No. 5,047,524, U.S. Pat. No. 5,132,418, U.S. Pat. No. 5,153,319, U.S. Pat. No. 5,262,530, and U.S.
Pat. No. 5,700,642.

{0081] In some embodiments, the mRNAs disclosed herein contains mRNA derived from a single
gene or a single synthesis or expression construct However, in some embodiments, the mRNA
compositions disclosed harein comprise multiple mRNA transcripts and each can or collectively code
for one or more proteins.

[0082] In some embodiments, the mRNA comprising the RNA aptamer as disclosed herein
encodes a therapeutic polypeptide. In some embodiments, the therapeutic polypeptide comprises an
antibody heavy chain, an antihody light chain, an enzyme, or a cytokine.

{0083] In some embodiments, the mRNA encodes a cytokine. Non-limiting examples of cytokines
include 1L-3, iL.-4, IL-5, {L-6, IL-7, IL-8, IL-9, IL-10, .-12, 113, IL-14, {L-15, IL-18, {-17, IL-18, H.-18,
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[L-20, iL-21, {22, 1L-23, IL-24, {L-25, |L-26, IL-27, IL-28, IL-29, IL-30, IL-31, i.-32, IL-33, INF -0,
INF-y, GM-CFS, M-CSF, LT-B, TNF-g, growth factors, and hGH.

[0084] In one embodiment, the mRNA comprising the RNA aptamer encodes a genome-editing
polypeptide. In some embodiments, the genome-editing polypeptide is a CRISPR protein, a restriction
nuclease, a meganuclease, a franscription activator-like effector protein (TALE, including a TALE
nuclease, TALEN), or a zinc finger protein (2F, including a ZF nuclease, ZFN). See, e.g., Int'l Pub.
No. WO2023138783.

[0085] In some embodiments, the mRNA encodes an enzyme that is wiilized in an enzyme
replacement therapy. Examples of enzyme replacement therapy include lysosomal diseases, such
as Gaucher disease, Fabry disease, MPS {, MPS il {Hunter syndrome), MPS VI and Glycegen storage
disease type ik

[0086] In some embodiments, the mRNA comprising the RNA aptamer encodes an antigen of
interest. The antigen may be a polypeptide derived from a virus, for example, influenza virus,
coronavirus {e.g., SARS-CoV-1, SARS-CoV-2, or MERS-related virus), Ebola virus, Dengue virus,
human immunodeficlency virus (HIV), hepatitis A virus {HAV), hepatitis B virus {HBV), hepatitis C
virus (HCV), herpes simplex virus {(HSV), respiralory syncytial virus (RSV), rhinovirus,
cytomegalovirus ({CMV), zika virus, human papillomavirus (MPV), human metapneumovirus (hMPV},
human parainfluenza virus type 3 (PIV3), Epstein-Barr virus (EBV), or chikungunya virus.

{0087] The antigen may be derived from a baclerium, for example, Staphylococcus aureus,
Moraxella {e.g., Moraxelia catarrhalis; causing ofitis, respiratory infegtions, and/or sinusitis),
Chlamydia trachomatis {causing chiamydia), borrelia {e.g., Borrelia burgdorferi causing Lyme
Disease), Bacilius anthracis (causing anthrax), Salmonella typhi {(causing typhoid fever},
Myceobacterium tuberculosis {(causing tuberculosis), Propionibacterium acnes {causing acne), or non-
typeable Haemophilus influenzae.

{0088] Where desired, the mRNA comprising the RNA apiamer may encode for more than one
antigen. in some embodiments, the mRNAs disclosed herein encode for two, three, four, five, six,
seven, eight, nine, ten, or more antigens. These antigens gan be from the same or different
pathogens. For example, a polycisironic mRNA that can be franslated intc more than one antigen
{e.g.. each antigen-coding sequence is separated by a nuclectide linker encoding a self-cleaving
peptide such as a 2A peptide) and can be further fused to the aptamer.

[0089] In some embodiments, the mRNA compositions disclosed herein are used in a vaccine.

mRNA vaccines provide a promising alternative to traditional subunit vaccines, which contain



WO 2023/031856 PCT/1IB2022/058234
17

antigenic proteins derived from a pathogen. Vaccines based on mRNA allow de novo expression of
complex antigens in the vaccinated subject, which in turn allows proper post-translational modification
and presentation of the antigens in its natural conformation. Moreover, once established, the
manufacturing process for mRNA vaccines can be used for a variety of antigens, enabling rapid
development and deployment of mRNA vaccines. A detailed discussion of mRNA vaccines can be
found in Pardi, et al. (2018) Nat Rev Drug Discov 17, 261-279.

{iL Aptamers

[0090] Widespread use of affinity purification of RNA has been limited due {o the lack of efficient
RNA fusion tags. Unless the RNA to be purified naturally contains a sequence with strong affinity for
a target that can be immobilized on the stationary phase (i.e., a8 chromatography resin), the RNA may
require tagging with a specific sequence o do so, analogous {o the polyhistidine tag used in protein
science.

[0091] Disclosed herein are mRNA compositions which comprise ai least one aptamer. The
aptamers associated with these mRNA compositions enable the use of affinity purification with
minimal impact on transiation efficiency and immumnogenicity. Also disclosed herein are methods of
making such mRNA-tagged aptamer compositions.

{0092] The {erm “aptamer” as used herein refers to any nucleic acld sequence that has a non-
covalent binding site for a specific target. Exemplary aptamer targets include nucleic acid sequence,
protein, peptide, antibody, small molecule, mineral, antibictic, and cthers. The aptamer binding site
may result from secondary, terliary, or quaternary conformational structure of the aptamer.

{0093] The term "RNA aptamer” as used herein refers to an aptamer comprised of RNA. In some
embodiments, the RNA aptamer is included in the nuclectide sequence of the mRNA transcript. In
other embodiments, the RNA apilamer is separaie from the nucleotide sequence of the mRNA
transcript.

[0094] Aptamers are typically capabie of hinding o specific targets with high affinity and specificity.
Aptamers have several advantages over other binding proteins (e.g. antibodies). For exampie,
aptamers can be engineered completely in vitro (e.g., via a SELEX aptamer selection method), can
be produced by chemical synthesis, possess desirable storage properties, and elicit ittle or no
immunogenicity in therapeutic applications. See, generally, Proske ef al, (2805) Appl. Microbiol.
Biotechnol 69:367-374.
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[0095] Aptamers have historically been used to modulate gene expression by directly binding to
ligands. These aptamers act similarly to regulatory proteins, forming highly specHfic hinding pockets
for the target, followed by conformational changes.

[0096] In some embodiments, the RNA aptamer is synthetically derived. In some embodiments,
the RNA aptamer is naturally derived from prokaryotes and/or eukaryotes. In some embodiments,
the RNA aptamer is derived from a hairpin RNA, a tRNA, or a riboswitch,

[0097] In some embodiments the RNA aptamer is derived from a riboswitch. Riboswitches are
regulatory RNA elements that act as small molecule sensors to control gene transcription and
franslation. Several riboswitch classes are known in the art. Exemplary riboswiiches include B1:
rihaswitch, TPP riboswitch, SAM riboswitch, guanine riboswitch, FMN riboswilch, lysine ribeswitch,
and the PreQ1 riboswitch.

[0098] In some embodiments, the RNA aptamer is a split aptamer. Split aptamers are analogs to
split-protein systems (e.9. beta-galactosidase)} and rely on two or more short nucleic acid strands that
assembie into a higher order structure upon the presence of a specific target. Debais ef a/. (2020)
Nucleic Acids Res 48(7). 3400-3422. An exemplary split aptamer is the ATP-aptamer. Sassanfar &
Szostak (1993} Nature 364{6437)-550-553. The ATP aptamer is an RNA aptamer that was divided
into two RNA fragments by removing the loop that closes the stem and by extending each fragment
with additional nucleotides io compensate for the loss of stability. Neither of the two RNA fragments
bind ATP alone but in the presence of ATP the binding ability is reactivated. Debiais ef al. (2020)
Nucleic Acids Res 48(7): 3400-3422,

[0099] In some embodiments, the RNA aptamer is an X-aptamer. X-aptamers are engineered with
a combination of natural and chemically-modified nuclectides to improve binding affinity, specificity,
and versatility. An exemplary embodiment of a X-aptamer is the PS2-aptamer. The PS2-aptamer is
an RNA aptamer that contains a phosphorodithioate {i.e., PS2) substitution at a single nuclectide of
RNA aptamer which increases the apiamer’s binding affinity from a nanomeolar to a picomelar range.
Abeydeera ef al. (2016) Nucleic Acids Res. 44{17}%:8052-8064.

{0100] In some embodiments, the RNA aptamer binds te a ligand. in some embodiments the ligand
is gtilized in an affinity purification system. in some embodiments, the affinity ligand comprises protein
A, protein G, streptavidin, glutathione {GSH), dexiran {(sephadex), cellulose (e.g., diethviaminoethyl
cellizlose) or a fluorescent molecule. In some embodiments, the affinity ligand is immobilized on a

chromatography rasin.
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[0101] In some embodiments, the affinity ligand comprises protein A. DNA aptamers have been
shown previously to target protein A. See, e.g., Stoltenburg et al. (2016) Sci Rep. 6:33812.

[0102] In some embodiments, the disclosed RNA aptamers bind streptavidin. Streptavidin-binding
aptamers are described in, e.g., Srisawat & Engelke {2001} RNA 7(4): 632-641.

{0103] Also disclosed herein are RNA aptamers that bind to sephadex. Sephadex-binding
aptamers are described in, 8.9., Srisawat f al. {2001) Nucleic Acid Res 29(2): e4.

[0104] Also disclosed herein are RNA aptamers that bind to glutathione (GSH). Glutathione-binding
aptamers are described in, e.g., Bala, et al. {2011}, RNA Biology 8(1) 101-111. In some
embodiments, the RNA aptamer is GSHapt 8.17 or GSHapt 5.38.

[0105] Also disclosed herein are RNA aptamers that bind to a fluorescent molecule. Examples of
such aptamers are describad in, .9., Paige et al. (2011) Science 333{6042); 642-648§.

[0108] In some embodiments, the RNA aptamer comprises a Sim aptamer. In some
embodiments, the S1m aptamer used according to the instant disclosure is the aptamer described in
Bachler ef @l {1999} RNA 5(11115009-1518, Srisawat & Engelke {2001) RNA 7{4). 632-641, or L1 &
Altman, {2002} Nuc. Aclds Res. 30{17) 3708-3711. In some embodiments, the RNA adapter
comprises the nuclectide sequence of SEQ D NO: 2.

[0107] In some embodiments, the RNA aptamer comprises a S aptamer. in some embaodiments,

the RNA adapter comprises the nucleotide sequence of SEQ 1D NQO: 6.

A, Aptamer Location

[0108] The introduction of aptamers into mRNA has been reported {o impact translation. The
location of the aptamer on the mRNA may partially determine the magnitude of impact on transiation.
For exampie, it is generally believed that when inserting structured RNA into a 5~UTR of a transcript,
protein fransiation levels may be reduced. Babendure et al, (2006} RNA 12:851-861; Kotter et al.
{2008} Nuc Acids Res 37{18}:e120. Insertion of an aptamer into the 5" UTR an mRNA meolecule can
form a hairpin loop, which alters the structure of the mRNA and blocks access to the ribosome,
thereby preventing franslation. See, e.g., United States Patent Application Publication No.
2007/0136827.

{01098] Disclosed herein are RNA aptamers which include aptamers at various locations with
raespect to the ORF of the mRNA. Selection of location of the RNA aptamer on the mRNA can be

evaluated with respect to hoth the magnitude of regulation of translation and basal expression level.
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Far example, reporter constructs may be built which contain an aptamer at various locations within
the 5-UTR, betwesen § to 100 bases from the cap or start codon. In some embodiments, the
downstream region after the aptamer can be retained in order to preserve the peptide leader
sequence, thereby limiting alieration to the upstream sequence relative to the aptamer.

[0110] In some embhodiments, the RNA aptamer is positioned in the 5 UTR. In some embodiments,
the RNA aptamer is positioned following the 5'UTR and immediately before the protein-coding ORF.
In some embadiments, the RNA aptamer is positioned following the protein-coding open reading
frame {ORF) and immediately before the 3° UTR. In some embodiments, the RNA aptamer is
positioned between the 3' end of the ORF and the 5" end of the 3" UTR. in some embodiments, the
RNA aptamer is positioned in the 3UTR. In some embodiments, the RNA aptamer is positioned
downstream of the 3I'UTR and immediately before the polyA tail. In some embodiments, the RNA
aptamer is positioned between the 3" end of the 3'UTR and the §' end of the polyA sequence. In some
embodiments, the RNA aptamer is positioned immediately after the polyA tail {i.e., at the end of the
franscript). In some embodiments, the RNA aptamer is positioned at the 3’ end of the polyA sequence.
[0111] In some embodiments, the RNA aptamer does not have 1o be bound directly to the mRNA.
I some embodiments, the RNA aptamer is attached 1o a linker. See, e.g., Elenkc et al. (2009) J Am
Chem Soc. 131(29}): 9866-8867.

[0112] In some embodiments, the RNA aptamer can be removed from the mRNA after affinity
purification. TFhis may be achieved, for example, using DNA oligonucleatides which hybridize {o the
RNA aptamer or RNA scaffold. The resulling duplex can then be cleaved with an enzyme such as
RNase H. See, e.g., Batey RT. {2014)}. Curr Opin Struct Biol. 26:1-8.

B. Apiamer Copy Number

[0113] An increase in aptamer copy number may allow aptamers to create a larger three-
dimensional structure (i.e., enhancing the number of affinity ligand binding sites available or creating
a unigue ligand binding site). A strategic arrangement of aptamer copies may allow for increased
avidity with the cognate affinity ligand.

[0114] In some embodiments, the mRNA used in the disclosed methods and compositions
comprises multiple copies of an aptamer. Previous reports have shown that using a single small-
molecule binding aptamer in the 5-UTR enables 8-fold repression of transiation upon ligand addition,

but using three aptamers causes a 37-fold repression. Kotter et al, {2009). Nucleic Acids Res.
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37(18re120. in some embodiments, the copy number of aptamers introduced info the mRNA is one,
wo, three, four, five, six, seven, sighi, nine, ten, or more.

[0115] In some embodiments, the RNA aptamer comprises multiple copies of an aptamer
sequence. In some embodiments, the RNA aptamer comprises the nuclectide sequence of SEQ 1D
NO: 5.

{0116] In some embodiments, copies of the aptamer are in repeat tandem configuration. The
4XS1m aptamer disclosed herein is an example of a mulliple copy aptamer in a repeat tandem

configuration.

v, RNA Scaffolds

{01171 Insome embodiments, the mRNA compositions disclosed herein comprise an RNA aptamer
that is embedded in an RNA scaffeld. As used herein, the term “RNA scaffold” refers to a noncoding
RNA molecule that can assemble to have a predefined structure which creates spatial architecture fo
organize, protect, or enhance the properties of a functional module of interest. Exemplary functional
modules can be nucleic acids {e.q., aptamers) or protein. In some embodiments, the RNA scaffolds
suitable for use according to the instant disclosure can be associated with an RNA without disrupting
the RNA structure. Furthermore, suitable RNA scaffolds allow for an RNA aptamer to be embedded
without distupting the RNA structure. In some embodiments, the RNA scaffolds used according to
the instant disclosure can be any RNA scaffolds which do not have a significant negative impact on
RNA expression or transiation.

[0118] An RNA scaffold’s predefined structure contains RNA-specific sequence motifs for self-
assembly such as base-pairing between hairpin stems (kissing loops} and/or chemical modifications,
Myhrvold & Silver (2015) Nat Struct Mol Bio 22(1):8-10. RNA-specific sequence motifs can form
secondary (ie., two-dimensional} and/or tertiary (i.e., three-dimensional} structures. In some
embodiments, the RNA scaffold comprises at least one secondary structure motif. In some
embodiments, the RNA scaffold comprises at least one tertiary structure motif. Commeon secondary
andfor tertiaty RNA structural molifs include open and stacked three-way junclions, four-way
junctions, four-way junctions similar to Holliday's structures, stem-loops (i.e., halrpin loops), interior
loops {i.e., internal loops), bulges, tetraloops, multibranch loops, pseudoknots and knots, 90° kinks,

and pseudo-torsional angles. Shanna et al. {2021} Molecules 26({5):1422.
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{0118] RNA scaffolds can either be derived from nature (e.g., attenuators, tRNA, riboswilches,
terminators) or artificially engineered to form secondary or tertiary RNA structure, Delebecque af al.
{2012} Nat Protoc 7(10): 1797-1807. Typically, in order to retain the RNA scaffold predefined
structure, the RNA scaffold’'s RNA loop{s) (e.g., a hairpin loop) are the target regions for embedding
the functional module of interest. See, e.g., US 20050282190 A1l. The RNA scaffold's predefined
structure can be modified, howeaver, {o have addiional desirable properties. For example, the
predefined RNA scaffold structure may be modified to become resistant to one or both of exonuclease
digestion and endonuclease digestion.

[0120] Insome embodiments, the mRNA compositions disclosed herein comprise an RNA aptamer
that is embedded in a transfer RNA {(tRNA}. Transfer RNA {tRNA) scaffolds are an atiractive tagging
candidate in affinily purification systems, as tRNAs fold into canonical, stable clover-leaf structures
that are resistant to unfolding and can protect RNA fusions from nuclease degradation. it has been
demonstrated that embedding an aptamer in the anticodon loop of a tRNA scaffold promotes proper
folding. See generally, Ponchon and Dardel (2007) Nat. Methods 4{7):571-576; Ponchon et al. {2013}
Nugcleic Acids Res. 41:e150. Use of an RNA aptamer embedded in a tRNA scaffold has been
demonsirated to successfully puli-down transcript-specific RNA-binding proteins from cell lysates.
licka H et al. {2011} Nuc. Acids Res. 39(8)e53.

{0121] In some embodiments, the mRNA compositions disclosed herein comprise an RNA aptamer
that is embedded in a IRNA which comprises the nucleotide sequence of SEQ IDNQ: 7.

{0122] In some embodiments, the RNA aptamer is embedded in a tRNA halrpin loop of the tRNA.
In some embodiments, the RNA apilamer is embedded in a IRNA anticoden loop. In some
embodiments, the RNA aptamer is embedded in a t(RNA D loop. In some embadiments, the RNA
aptamer is embedded in a tRNA T loop.

{0123] Insome embodiments, the mRNA compositions disclosed herein comprise an RNA aptamer
embedded in a bicorthogonat scaffold. The hallmark feature of a hicorthogonal scaffold is that it is
not recognized by intracellular nucleases and targeted for degradation. Filonov et al. {(2015) Chem
Biol. 22(5): 849-660. Exampies of bicorthogonal scaffolds include, V5, F28, F30, or variants thereof.
id. F28% and F30 share the same three-way junclion motif that is seen in naturally occurring
riboswitches and viral RNAs. Shu et al. {2014} Nucleic Acids Res. 42, e10. F30 is an engineered
version of F28 which was mutated to remove an internal terminatar sequence. Filonov et al. {2015}
Chem Biol. 22{5}. 648-660.
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[0124] In some embodiments, the mRNA compositions disclosed herain comprise an RNA aptamer
embedded in a bicorthogonal scaffold. in some embodiments, the bicorthogonal scaffold is V5, F29,
F30, or a variant thereof.

[0125] In some embodiments, the hioorthogonal scaffold comprises a 5 nuclectide sequence of
SEQ 1D NO: 34 and a 3" nucleotide sequence of SEQ 1D NO: 35, wherein an aptamer sequence is
positioned between SEQ D NO: 34 and SEQ 1D NQ: 35,

[0126] In some embodiments, the bicorthogonal scaffold comprises a 5 nucleotide sequence of
SEQ ID NO: 39, an internal nuclectide sequence of SEQ {D NO: 40, and a 3’ nucleotide sequence of
SEQ ID NQ: 41, wherein a first aptamer sequence is positioned between SEQ 1D NO: 39 and SEQ
ID NO: 40 and a second aptamer seguence is positioned between SEQ 1D NO: 48 and SEQ D NO:
41, optionally wherein the first and second aptamer are the same or different.

[0127] In some embodiments, the RNA aptamer embedded bioorthogonal scaffold comprises the
nucleotide sequence of SEQ 1D NO: 28 or SEQ ID NO: 31.

[0128] Other exemplary RNA scaffolds include ribosomal RNA (rRNA) and ribozymes. In some
embodiments, the RNA apiamer is embedded in a ribosomal RNA. In some embodiments, the
ribosomal RNA is a 53 rRNA or a derivative thereof. Exemplary 535 rRNA scaficids and derivatives
thereof are described in further detail in Stepanov et al. (Methods Mol Biol. 2323: 75.97. 2021), the
contents of which are incorporated herein by reference.

[0128] In some embodiments, the RNA aptamer is embedded in a ribozyme. In some
embodiments, the ribozyme is catalytically inactive.

[0138] In some embodiments, the RNA aptamer is embedded in a T-cassefte. In some
embodiments, the T-cassette RNA scaffold comprises the sequence
GAACGAAACUCUGGGAGCUGCGAUUGGCAGAALULCCGUUAGCAAGGCCGCAGGACULGEA
UBCUUAUCCUGCGGCGCGGELECEUUULEOGGRBUUACGCGCCCGCCUUAAGUGUUUGHES
AGUUGGCACUUAAGCUUGCUAACGGAALLCCCCCAUAUCCAACUUCCAAUUUAAUCUULCY
UUUUUAAUUUUCACUUAUULUGCG (SEQ D NO: 43, wherein the bold, underlined text correspond
to aptamer insertion sites. An aptamer may be inserted at 1, 2, or all 3 aptamer insertion sites. In
some embodiments, the T-cassette RNA scaffold is embedded with 1, 2, or 3 aptamers. In some
embodiments, the aptamers are the same. In other embodiments, the aptamers are different. In yat
other embodiments, 2 of 3 aptamers are different. in yvet other embodiments, 2 or 3 aptamers are the

sgme.
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[0131] In some embodiments, the T-cassette RNA scaffold is encoded by the polynucleotide
sequence of
GAACGAAACTCTGGGAGCTGCGATTGGCAGAATTCCGTTAGCAAGGCCGCAGGACTTGCATG
CTTATCCTGCGOCGCGOGCGCETTITCCCGGGTTACGCGCCCOGCCTTAAGTGTTTCTCGAGTT
GGCACTTAAGCTTGCTAACGGAATTCCCCCATATCCAACTTCCAATTTAATCTTTCTTITITTAATT
TTCACTTATTTGLG (SEQ 1D NG 44}

[0132] The Tecassells scaffold i descovibed in further detall i Wurster et al {Nucdleic Acids

RS

Resaarch. 37{18) 621486224, 2008), the contents of which are incorporated herein by reference.

V. Affinity Purification of RNA

[0133] In one aspect, disclosed herein are methods for purifying a mRNA sample. In some
embodiments, mRNA purified according to the disclosed methods is substantially free of impurities
from mRNA synthesis. These impurities include, for example, prematurely aborted RNA sequences,
DNA templates, and/or enzyme reagents used in in vitro synthesis.

{0134] In some embodiments, the disclosed method for purifying a mRNA comprises the steps oft
{a) contacting a sample comprising a mRNA comprising at least one aptamer with an affinity ligand
that is immobilized on a chromatography resin, wherein the RNA aptamer comprises binding affinity
for the affinity ligand,; {b) eluting the mRNA from the chromatography resin; and (¢} purifying the
mRNA from the sample.

[0135] Affinity chromatography is one purification method that can be used with the mRNA
compositions and methods disclosed herein, The RNA aptamers disclosed herein comprise binding
affinity for the selected affinity ligand. The selected affinity ligand is is immobilized (e.g. crosslinked)
on a chromatography resin. The mRNA comprising the RNA aptamer therefore binds with the resin
containing the affinity igand. The chromatography resin material is preferably present in a column,
wherein the sample containing RNA is loaded on the top of the columin and the eluent is collecied at
the bottom of the column. See, e.q., FIG. 1 for a general llustration of the affinity purification methods
disclosed herein.

{0136] The chromatography resin can be any material that is known te be used as a stationary
phase in chromatography methods. The type of molecules used as affinity ligands, which interact with

the RNA aptamers disclosed herein, can be a varisty of types. Non-exhaustive examples of affinity
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figands are antibodies, proteins, oligonuclectides, dyes, boronate groups, or chelated metalions. The
stationary phase may be composed of organic and/or inorganic material.

[0137] The most widely used stationary phase materials are hydrophilic carbohydrates such as
cross-linked agarose and synthetic copolymer materials. These materials may comprise derivatives
of cellulose, polystyrene, synthetic poly amino acids, synthetic polyacrylamide gels, or a glass
surface, Further examples of materials that can be used as chromatography resins are
polystyrenedivinyibenzenas, silica gel, silica gel modified with non-polar residues, or other materials
suitable for gel chromatography or other chromatographic methods, such as dextran, sephadex,
agarose, dextran/agarcse mixtures, and others known in the art.

[0138] The chromatography resin can be functicnaized with affinity ligands for which the RNA
aptamer has binding affinity. In some embodiments, the resin may be an agarcse media or a
membrane funclionalized with phenyi groups (e.g. , Phenyl Sepharose™ from GE Healthcare or a
Phenyt Membrane from Sartorius), Tosch Hexyl, CaptoPhenyl, Phenyl Sepharose™ & Fast Flow with
low or high substitution, Phenyt Sepharose™ High Performance, Qctyl Sepharose™ High
Performance (GE Healthcare), Fractogel™ EMD Propyl or Fractogel™ EMD Phenyl (E. Merck,
Germmany), Macro-Prep™ Methyl or Macro-Prep™ t-Butyl columns (Bio-Rad, California); WP HI-
Propyt {C3)™ {J. T. Baker, New Jersay} or Toyopesarl™ ether, phenyl or butyl (TosoHaas, PA)
ToyaScreen PPG, ToyoScreen Phenyd, ToyeScreen Butyl, and ToyoScreen Hexyl are based on rigid
methacrylic polymer beads. GE HiScreen Buiyl FF and HiScreen Octyl FF are based on high flow
agarose based bheads, Preferred are Toyopearl Ether-650M, Toyopearl Phenyl-650M, Toyopear]
Butyl-650M, Tovopear! Hexyl-630C (TosoMaas, PA), POROS-OH (ThermoFisher) or methacryate
based monolithic columns such as CIM-OH, CiIM-S03, CIM-C4 A and CIM C4 HDL which comprise
OH, sulfate or butyl igands, respectively {BIA Separations).

{0138] In some embodiments, the chromatography resin comprises protein A as an affinity ligand.
Exemplary protein A resins include Byzen Pro Protein A resin (MilliporeSigma; 18887), Dynabeads
Protein A Magnetic Beads (ThermoFisher; 10001D), Plerce Protein A Agarose (ThermoFisher;
20334), Pierce Protein A/G Plus Agarose (ThermoFisher; 20423), Pierce Protein A Plus Ultrallink
{ThermoFisher, 53142), Pierce Recombinant Protein A Agarose (ThermoFisher), POROS
MahCapture A Select {ThermoFisher),

[01408] In some embodiments, the chromatography resin comprises streptavidin as an affinity
figand. Exemplary streptavidin resins include Streplavidin—Agarose fram Strepfomyces avidinii
{MilliporeSigma; $1638), Pierce Streptavidin Plus Ultal.ink Resin {ThermoFisher; 53117), Pierce High
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Capacity Steptavisin Agarose (ThermoFisher; 20357), Streptavidin 8HC Agarose Resin (ABT,;
STVEHC-5), Streptavidin Resin — Amintra (Abcam; ab270538),

[0141] Insome embodiments, the chromatography resin comprises glutathione (GSH) as an affinity
ligand. Exemplary GSH resins include Glutathione Resin {GenScript; L00206), Pierce Glutathione
Agarose (ThermoFisher; 16102BID), Glutathione Sepharose 4B GST-tagged Protein Resin 9Cytiva;
17075605); Glutathione Affinity Resin - Amintra {Abcam; ab270237).

[0142] In certain embodiments, the purification process disclosed herein may be cartied out during
or subsequent to mMRNA synthasis. For example, mRNA may be purified as described herein before
a cap and/or tail are added tc the mRNA. In some embodiments, the mRNA is purified after a cap
and/or tail are added to the mRNA. In some embodiments, the mRNA is purified after a cap is added.
In some embodiments, the mRNA is purified both before and after a cap and/or tail are added o the
mRNA. In general, a purification step as described herein may he performed after each step of mRNA
synthesis, optionally along with other purification processes, such as dialysis and/or filtration. For
example, mMRNA may undergo dialysis to remove shortmers afer initial synthesis {e.g., with or without
a tail) and then be subjected to purification as described herein. The purification methods disclosed

herein may be applied mulliple times ic 2 mRNA sample.

vi. Vectors

{0143] In one aspect, disciosed herein are vectors comprising the mRNA compositions disclosed
herein. The nucleic acid sequences encoding a prolein of interest {e.g., MRNA encoding a
therapeutic polypeptide) can be cloned into a number of types of vectars. For example, the nucleic
acids can be cloned into a vector including, but not limited to a plasmid, a phagemid, a phage
derivative, an animal virus, and a cosmid. Veciors of particular interest include expression vectors,
replication vectors, probe generalion vectors, sequencing vectors and vectors optimized for in vitro
transcription.

[0144] In one embodiment, the vector is used to express mRNA in a host cell. In another
embodiment, the vector is used as a template for IVT. The construction of optimally transiated VT
mRNA suitable for therapeutic use is disclosed in detail in Sahin, et al. (2014). Nat. Rev. Drug Discov.
13, 759-780; Weissman (2015). Experi Rev. Vaccines 14, 265-281.

[0145] In some embodiments, the vectors disclosed herein comprise at least the following, from §

to 3 an RNA polymerase promoter; a polynuclectide sequence encoding a 8 UTR; a polynuclectide
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sequence encoding an ORF; a polynucleotide sequence encoding a 3’ UTR; and a palynuclectide
sequence encoding at least one RNA aptamer. In some embodiments, the vectors disclosed herein
also comprise a polynucleotide sequence encoding a polyA sequence and/or a polyadenylation
signatl.

[0146] A variety of RNA polymerase promoters are known in the art. In one embodiment, the
promoter is a T7 RNA polymerase promoter. Other useful promoters include, but are not limited to,
T3 and SP6 RNA polymerase promoters. Consensus nucleotide sequences for T7, T3 and SP6G
promoters ara known in the art.

[0147] Alsc disclosed herein are host cells (e.g., mammalian cells, e.g., human cells) comprising
the vectors or RNA compositions disclosed herein.

{0148] Polynucleotides can be introduced into target cells using any of a number of different
methods, for instance, commercially available methods which include, but are not limited to,
electroporation (Amaxa Nucleofector-Il (Amaxa Biosystems, Cologne, Germany)), {ECM 830 (BTX}
{Harvard instruments, Boston, Mass.} or the Gene Pulser 1l (BioRad, Denver, Colo.), Multiporator
{Eppendort, Hamburg Germany), calionic iposome mediated transfeclion using lipofection, polymer
encapsulation, peplide mediated transfection, biplistic particle delivery systems such as “gene guns”
{see, for example, Nishikawa, et al. {2001} Mum Gene Ther. 12(8):861.70, or the TransiT-RNA
transfection Kit (Mirus, Madison Wi},

{0148] Chemical means for introducing a polynucleolide into a host cell include colleidal dispersion
systems, such as macromolecule complexes, nanccapsules, microspheres, beads, and lipid-based
systems including oil-in-water amulsions, micelles, mixed micelles, and liposomes. An exemplary
colloidal system for use as a delivery vehicle in vitro and in vive is a liposome {e.g., an artificial
membrane vesicle}.

{0150] Regardless of the method used to introduce exogenous nucleic acids into a host celt or
ctherwise expose a cell o the inhibitor of the present invention, in order to confirm the presence of
the mRNA sequence in the host cell, a variety of assays may be performed. Such assays are well

known to those of skill in the art.

Vii. Pharmaceutical Compositions

[0151] RNA purified according to this invention is useful as a component in pharmaceutical

compositions, for example for use as a vaccine, These compositions will typically include RNA and a
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pharmaceutically acceptable carrier. A pharmaceutical composition of the invention can also include
one or more additional components such as small molecule immunopotentiators {e.g. TLR agonists).
A pharmaceutical composition of the invention can also include a delivery system for the RNA, such
as a lipesome, an oil-in-water emulsion, or 8 microparnticle. [n some embodiments, the pharmaceutical
composition comprises a lipid nanoparticle {LNF}. In one embaodiment, the composition comprises an
antigen-encoding nucleic acid molecuie encapsuiated within a LNP. In some embodiments, the LNP
comprises at least one cationic lipid. In some embodiments, the LNP comprises a cationic fipid, a

polyethylene glycol (PEG) conjugated (PEGyiated) lipid, a cholesterol-based lipid, and a helper lipid.

[0452] In order that this invention may be better understood, the following examples are set forth.
These examples are for purposes of illustration only and are not to be construed as limiting the scope

of the invention in any manner.

EXAMPLES

{0153] The foregoing description of the specific embodiments will so fully reveal the general nature
of the disclosure that others can, by applying knowledge within the skill of the art, readily modify
and/or adapt for various applications such specific embodiments, without undue experimentation,
without departing from the general concept of the present disclosure. Therefore, such adaptations
and modifications are intended to be within the meaning and range of equivalents of the disclosed
embodiments, based on the teaching and guidance presented herein. It is {0 be understood that the
phraseoclogy or terminology herein is for the purpose of description and not of limitation, such that the
terminclogy or phvaseciogy of the present specification is t¢ be interpreted by the skilled artisan in

light of the teachings and guidance.

Example 1: Aptamer synthesis

{0154] Twc RNA aptamer sequences were chemically synthesized. The first RNA aptamer
nucleotide sequence was a random seguence aptamer to serve as a negative control {SEQ 1D NO:1).
The second sequence is the 81m aptamer (SEQ 1D NQO: 2), which was previously reported to bind o
streptavidin. Bachler of af, {1989}, RNA 5{11):1508-1516; Srisawat, C. and Engelke, D.R., {2001)



WO 2023/031856 PCT/1IB2022/058234
29

RNA 7(4). 632-841; Li, Y. and Altman, S., Nucleic Acids Res. (2002), 30(17). 3706-3711. The
nucleotide sequence for the random aptamer (SEQ D NQ: 1) and the S1m aptamer {SEQ D NO: 2}

are shown below.

SEQ D NQ: 1_ Random Aptamer Tag (58 bp)
AUACCAGCUUAUUCAALIVAGCAACAUGAGGGGEGAUAGAGGGGEUGGGUUCUCUCGGCY
SEQ D NQ: 2_S1tm aptamer Tag (680 bp)
AUGCGGBCCGCCGEACCAGAALUCAUGCAAGUGCGUAAGALAGUCBCEGBUCGECGEGLCGCAL

Example 2: Streptavidin sepharose bead affinity purification and RNA guantification

[0155] Binding of the aptamers was analyzed using a sepharose bead affinity purification strategy
followed by quantification of the yield of RNA recovery.

[0156] Maethods for preparing the RNA aptamers and streptavidin beads for binding involved the
following steps: {1) Preparation of the strepfavidin sepharose beads. To remove head siorage
solution, 20 pl. of streptavidin sepharose beads (per sample) were spun at 800xg for 1 minute at 4°C
and washed twice in binding buffer {508 pl/per sample). Subsequently, the beads were resuspended
in 20 . of binding buffer with RNasin Ribonuciease inhibitor (3 pl/100 units) and then incubated on
ice for 15 minutes. (2} Preparation of RNA aptamers. 2.5 jig of the RNA aptamers were resuspended
in 10 pl binding buffer. Refolding of the RNA aptamers was performed by heating at 56°C for 5 min,
37°C for 18 min, followed by a room temperature incubation for 5 minutes to refold aptamer structure.
At the end of the RNA aptamer preparation procedure, 2 L of the random aptamer and the S1m
aptamer in a 1:2 mix with binding buffer were collected as a control for total RNA aptamer vield {input
control). (3) incubation conditions. 10 L of refolded aptamer containing mRNA (2.5 yg) aptamers
were added to the beads and incubated at 4°C for 2 hours on a rotator. Subsequently, beads were
washed 3 times with 100 pL of binding buffer and kept on ice for the remainder of the procedure to
maintain aptamer secondary siructure. (4) Elution of RNA aptamers from beads. Elution was
parformed with 250 gL phenol-based reagent in the following steps. 50 pL cold chloroform were
added to the beads and shaken vigorously for 10 seconds followed by a spin at 12,000xg for 15
minutes (at 4°C). Each sample’s agqueous top phase containing RNA (approximately 125 uL per

sample} was added directly to Monarch cleanup columns and manufacturer's instructions were
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followed {Monarch RNA Cleanup Kit; NEB). RNA was sluted from each Monarch column in 50 pL
DEPC- treated water. RNA concentration following streptavidin affinity purification was gquantified on
a Nanodrop using parameters set by the manufacturer’s specifications.

[0157] The aptamers prepared in Example 1 were affinity purified with streptavidin sepharose
beads, eluted, and the amount of RNA recovery in the eluate was quantified using the methods
described above, Random aptamer sequence samples did not yield any RNA recovery (Nanodrop
lower detection himit 2.5 ng/pL). In contrast, the S1m aptamer samples had approximately 13% RNA
recovery (1,250 ng/ub) relative to S1m aptamer RNA samples collected prior to incubation with
streptavidin beads (approximately 9,600 ng/pl) (FiG. 2). This resulf shows that the $1m aptamers
designed in Example 1 can be affinity purified with streptavidin and thus can be suitable as a

functional {ag in a streplavidin affinity based purification system.

Example 3: Synthesis and affinity purification of mBNA tagged with multiple copy (4X)
aptamer

[0158] To analyze the impact of aptamer copy number on binding affinity, a multiple copy aptamer
was introduced into mRNA and compared with mRNA which did not include an aptamer.

{0158] Armangement of the S1m aptamer in a tandem four-repeat configuration (4xS1m; SEQ 1D
NO: 5} was previously shown to have higher affinity to sepharose beads. Leppek & Stoeckiin. (2014}
Nuc. Acids Res. 42(2): e13. To study the effect of RNA aptamer copy number on binding affinity, DNA
plasmids were constructed o generate the cBNA template for in vitro transcription {IVT) to in order
to produce a 4xS1m aptamer tagged 1o mRNA. /d.

[0180] DNA plasmids pAM14 and pAM15 were modified {o include a 53 hp nuclectide sequence
encoding an Al-rich element (ARE)} RNA from the 3'UTR of mouse TNFg driven by a T7 promoter
as previously described. Stosklin G et al., (2004), EMBQO J23(6):1212-1324; Leppek & Stoecklin.
{2014} Nuc. Acids Res. 42{2} 213. pAM14 (2,496 bp} is derived fram the same vector backbone as
pAM15 (2,168 bp) but contains a 4x81m aptamer flanked by a 30-mer polvA tail in a 5 to 3
orfentation.

{0161] To obiain the cDNA template for IVT (SEQ 1D NQ: 5) the TNFo-53-4x51m nuclectide
sequence was amplified with an AM5/6 primer pair from the pAM14 plasmid. The negative control
cDNA template was amplified using the same AMS/6 primer pair frem plasmid pAM15, producing
sequences containing 5 UTR and 3' UTR flanks {(SEQ ID NOs: 3 and 4, respectively}. The positions
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of the AM5/6 primer binding siles are annctated in the pAM14 and pAM15 plasmid maps as shown
in FiG. 3.

[0182] Subsequently, the VT reaclions for experiment group, TNFo-53-4xS1m mRNA, and control
group was carried out using RNA reagents and procedure commercially available. {HiScribe T7 ARCA
mENA synthesis Kit with tailing, NEB). After cap and tail reactions the filtered mRNA was stored at -
20°C untif use.

[0163] The nucleotide sequences for the 5UTR, 3'UTR, and the 4xS1m aptamer are shown helow.

SEQ 1D NO: 3 BUTR {104 bp)

AGAGCGGCCGCTTTTTCAGCAAGATTAAGCCCAGGCGCAGAGCCATCTATTGCTTACATTTGCTTCTGA
CACAACTGTGTTICACTAGCAACCTCAAACAGACACC

SEQ 1D NO: 4_3'UTR (266 bp)

AGCTCGCTTTICTIGCTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTACTAAACTGGG
GGATATTATGAAGGGCCTTGAGCATCTGGATTCTGCCTAATAAAAAACATTITATTTTCATTGCAGCTCG
CTTTCTTGCTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTACTAAACTGGGGGATAT
TATGAAGGOCCTTGAGCATCTGGBATTCTGCCTAATAAAAAACATTTATTTTCATTGC

SEQHD NO: &_4x81m Tag (321 bp}

ATGCGGCCOOCCACCAGAATCATGCAAGTGCGTAAGATAGTCGCHGGTCGGCEBBCCGCATCTGLTG
GGAAGCTACGATCCGTAGAAAATGCGGUCGCCGACCAGAATCATGCAAGTGCGTAAGATAGTCGLGEG
GTCERCBGCCGCATCTEGCTEGGTAGCTETGAACCGETAGAAAATGCGGCLGBCCGACCAGAATCATGC
AAGTCGOGTAAGATAGTCGCGGGETCGECGGCCEBCATCTGCTGGBAAGCTACGATCCGTAGAAAATGC
GGCLGCCGACCAGAATCATGCAAGTGLGTAAGATAGTCGCGGGTCELLGGCCGRAT

{0164] To analyze the affinity binding of TNFa-53-4x81m aptamer mRNA, the aptamer mRNA was
affinity purified with streptavidin sepharose beads, eluted, and the amount of RNA recovery in the
eliiate was quantified using the methods described abhove. The binding affinity of streptavidin
sepharose beads 10 a TNFa-53 tagged 4xS1m mRNA or a8 TNF-53 mRNA negative control sample
was evaluated and compared. Affinity purified TNFa-53 tagged 4x81m mRNA yielded a 54% RNA
recovery yield {1,500 ng/ul) relative to the 4xS51m mRNA samples collected prior to incubation with
streptavidin beads (approximately 2,800 ng/pL) (FIG. 4). In contrast, the affinity purified TNFo-53
negative control vielded only a 2% RNA recovery yield. This resulf shows that introducing multiple
aptamer copies {£.9., 4xS1m) can potentially be used to improve the affinity purification efficiency of
mRNA.
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Example 4: Synthesis and affinity purification of different mRNAs {agged with aptamer
ambedded in RNA scaffold

{0165] To test the efficiency of a RNA aptamer embedded in a tRNA scaffold in downstream mRNA
affinity purification process four vactors were constructed.

[0186] The Sm aptamer was selected for analysis. The nucleotide sequence for the Sm aptamer
{(SEQ D NO: 6) and the tRNA-Sm aptamer (SEQ ID NO: 7} are shown below.

SEQ D NO: 6_ 5Sm Aplamaer Tag {37 bp}

COACCAGAATCATGCAAGTGCGTAAGATAGTCECGEGG

SEQ D NO: 7_{RNA-Sm Aptamer Tag (111 bp)

GCCCEGAUAGCUCAGUCGGUAGAGCAGCGGECCUCGACCAGAAUCAUGCAAGUGCGBUAAGALAGLC
GCGGEGUCGAGGCCGCGUCCAGGGUUCAAGUCCCUGUUCGGEGCGCCA

SEQ 1D NG: 42_DNA encoding _IRNA-Sm Aptamer Tag (111 bp}

GCCCGGATAGCTCAGTCGGTAGAGCAGCGGCCTCGACCAGAATCATGCAAGTGCGTAAGATAGTCGC
GGGETCOAGGBCCBCGTCCAGGGTTCAAGTCCCTBTTCGGGCBCCA

[0167] Maps of the plasmids of interest are depicted in FIG. 5. Briefly, these were: {1} pAMZ22, a
control construct, carrying a Methanothermobaciter thermaufotrophicust tIRNASN geaffold (pAM22
{IRNA); plasmid map annotates the position of the anticodon arms with respect to the GInZ anticodon
leop) (2) pAMZ0, a control construct, carrying a Sm aptamer (pAM20 (Sm)), (3} pAM21, an
experimental construct, carrying the Sm aptamer sequence embedded in a portion of the anticodon
loop tRNASN sequence which is flanked on both sides by the tRNA anticodon arm sequence (pAM21
(IRNA Sm), and {4} pAM23, an experimental construct, carrying tandem two-repeat configuration of
the SM-IRNA®Y? construct {2x tRNA Sm). Each tag was driven by a T7 promoter.

[0168] To obirin the cDNA template for IVT, the aptamer tag nuclectide sequences were amplifiad
with flanking primers, as described in Example 3. [Subsequently, the VT reactions for experiment
group, tIRNA Sm and the 2x tRNA Sm mRNA and control group was carried out using RNA reagents
and procedure commercially available. {HiScribe T7 ARCA mRNA Kit with tailing, NEB). After cap

and taif reactions the filtered mRNA was stored at -28°C until use.
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[0168] Affinity binding of the Sm, tRNA, t(RNA-Sm, and 2x tRNA Sm aptamer tags were analyzed.
The same binding and elution methods from Example 2 were applied.

[0170] As shown in FiG. 8, use of either the tRNA (pAMZ22) or the Sm aptamer (pAM20) tags led
to similar level of RNA recovery, indicative of nop-specific binding under the experimental conditions
tested. [n contrast, use of the 8m aptamer embedded in a tRNA scaffold in one (pAMZ1) or two copies
{pAM23) was shown to significantly improve purification efficiency, leading to 60% RNA recovery
relative to the input RNA. This result demonstrates that use of a RNA scaffold structure, such as a

tRNA, can improve the hinding efficiency of an aptamer tag.

Example 5: Synthesis and affinity purification of mRNA encoding hEGFP tagged with
multiple copy aptamer {eHGFP-4xS1m)

{0171] This exampie studies the effect of including RNA aptamer tags on expression of mRNA and
protein translation. Since aptamers are designed 1o be part of the mRNA, there is a possibility that an
aptamer tag could negatively impact translation.

[0172] To test the polential impact of RNA aptamers on {ransiation efficiency, plasmids were
constructed which included the ORF for humanized enhanced green fluorescent protein {hEGFP;
SEQ 1D NQ: 8 as shown below) flanked by 5" and 3° UTR sequences, driven by a T7 prompter, and
ending i a 30-mer polyA fail in a & to 3’ orientation (pAM11). Experimental plasmid pAM8 was
created by introducing the 4x31m aptamer sequence (SEQ ID NO: 5) downstream of the 3' UTR and
immediately before the polyA taill. FiG. 8 depicls the plasmid maps of pAM11 and pAMS8.

SEQ 1B NG: B_hEGFP {720 bp)
ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGEGEGTGGTGCCCATCCTGGTCGAGCTGGACGGCGAC
GTAAACGGCCACAAGTTCAGCGTGTCCBGCGAGGGCEAGERCBATGCCACCTACGGCAAGCTGACC
CTGAAGTTCATCTGCACCACCGGLAAGCTGLCCGTGLCCTGGLUCLALCCTCGTGACCACCCTGACCT
ACOGCETGCAGTGCTTCAGCCGCTACCCCGBACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCAT
GCCCCAAGGCTACGTCCAGGAGCGCACCATCTTICTTCAAGGACGACGGCAACTACAAGACCCGBLGC
COAGGTGAAGTTCGAGGGUGACACCCTGOTCAACCGECATCGAGCTCGAAGGGCATCGCACTTCAAGGA
GGACGGCAACATCCTOGGGLCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCATGGECC
GACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGC
AGCTCGBCCBACCACTACCAGCAGAACACCCCCATCOBCEACGBCCCCETGCTGCTGCCCBACAALC
ACTACCTGAGCACCCAGTCCGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCT
GEAGTICGTGACCGUCGCCOGCGATCACTCTCEGCATCGGACCGAGCTGTACAAGTAA




WO 2023/031856 PCT/1IB2022/058234
34

{0173] To obtain the IVT cDNA template, the hEGFP or the hEGFP-4xS1m aptamer tagged
nuclectide sequence was amplified with an AM5/6 primer pair, Design and orientation of the primer
pair is similar to the strategy as disclosed in Example 3. The VT reaction was performed with
HiScribe™ T7 ARCA mRNA Kit acceording to manufacturer's instructions. To aveid an additional
polyadenylation step, a streich of 38-mer adenosine tail was created with the template DNA for IVT,
{0174] As shown in the agarose gel of FIG. 9 the resulting mRNA are of good guality with expected
size {lane 1 hEGFP and lane 2 hEGFP-4xS1m).

[0175] To test the effect of the 4x81m aptamer on affinity binding, the mRNAs containing hEGFP
or hEGFP-4x81m were each affinity purified with streptavidin sepharose beads. The same binding
and elution methods as outlined in Exampie 2 were applied.

{0176] The 4x81m aptamer fagged hEGFP resulied in a 63% RNA recovery redative 1o the input
controt sample, which was significantly higher than the RNA recovery of the hEGFP without aptamer
(FiG. 10).

Example 6: Analysis of protein transiation and function of mRNA tagged with multiple copy
aptamer {(eHGFP-4xS1m)

{0177] The effect of RNA aptamer tags on protein franstation and function was assessed by direct
visualization of GFP expression in cells. To test this effect, hREGFP mRNA produced from pAMS and
pAM11 was isolated after affinity purification and transfected into HEK293FT cells. 0.5 ug RNA was
transfected with Mirus TransIT Transfection reagent infe HEKZ93FT cells in 24-well plates according
to manufaciurer's instructions. After 24 hours, the cells were examined using fluorescent microscopy.
[0178] As shown in FIG. 11, the mRNA containing the 4xS1m aptamer produces a lower intensity
signal {right panel} relative to mRNA without aptamer {left panel}. Thus, it appears that introduction
of 4 copies of the streptavidin aptamer tag (4x81m} may lead to a decrease in transiation efficiency
of hEGFP expression. This result demonstraies that introducing certain aptamers into mRNA may

have an negative impact on protein translation.

Example 7: Analysis of protein translation and function of mRNA tagged with mulliple copy
aptamer and including elongated polyA {ail

[0178] It was hypothesized that the short polyA taill (30-mer adenosine) may be impacting

translation efficiency due o the aptamer sequence. To study the impact of the polyA tail on transiation
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efficiency, hEGFP-4xS1m aptamer tagged mRNA was subjected to an additional polyadenylation
reaction using Poly(A) polymerase (NEB, M02763).

[0188] The polyadenyiation was confirmed by the shift of the mRNA product on agarose gel (data
not shown). mMRNA was affinity purified as described above, and mRNA with longer polyA was
transfected intc HEK293 cells. As shown in FIG, 12, the hEGFP-4xS1m aptamer tagged mRNA with
the longer polyA fall showed significantly higher EGFP expression than the mRNA with the shorter
{30~-mer} polyA tail. This resuilt suggests that the length of the polyA tail may impact the translation

efficiency of mRNA which contain certain aptamer sequences.

Example 8: Analysis of aptamer position on RNA recovery

{0181] Aptamer sequences are designed io be part of mMRNAs, and there is a possibility that the
potential aptamer structures or configuration of the same could negalively affect expression. To
understand such an impact, aptamer tagged mRNA constructs were designed to test: {1) aptamer
position relative {0 the other topologically ordered mRNA components, (2) aptamer copy number (i.e.,
aptamer valency), (3) surrounding scaffolding (i.e.. a stabilizing tRNA-scaffold}, or a combination of
configurations as diagranuned in FIG. 7.

[0182] Specifically, this exampie interrogates whether varying the location of the 4xS1m aptamer
sequence with respect to the other topologically ordered pleces in the mRNA impact RNA recovery
after mRNA affinity purification. The panel of mRNA constructs designed are shown in FiG. 13A.
[0183] Among others, the 4x81m aptamer was localized sither {1) directly upstream of the 5' UTR,
{2} directly upstream of the JUTR, (3) in the 3° UTR, (4} directly downstream the 3’ UTR, or (5}
embedded in the 3" end of the polyA sequence.

{0184] cDNA templates were generated and IVT used to produce mRNA with the specific aptamer
configuration. mRNA was affinity purified using streptavidin sepharose beads and guantified as
described in Exampie 2.

[0185] The affinity purification RNA yield (expressed relative to the input sample that did not
undergo affinity purification following streptavidin binding and elution steps} {unhound versus eluted)
for each aptamer tagged mRNA tested are shown in FIG. 13B and the average and standard

deviation values for each sample (unbound and eluie)} are shown below in Table 1.
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Table 1 - Percent unbound mRNA and percent eluted mRNA for the data of FIG. 13B

Unbound Elute
Plasmid used to generate mRNA Average gtar?dgrd Average Standard Deviation
eviation
pAM17 {No aptamer} 88.5% 8.7% 7.3% 14.5%
pAM2S (4xS1m before 5’'UTR) 13.0% 3.2% 54 .0% 251%
PAM26 (4xS1m before 3'UTR}) 156.3% 1.2% 46.2% 22.3%
PpAM27 (4xS1m bisecting 3'UTR) | 17.0% 1.9% 51.5% 20.0%
pAM2E (4xS1m after 3’'UTR}) 18.7% 0.5% 41.8% 13.4%
PAM29 ‘4"‘31“'?;‘;;‘” POYA30- | 4630 | 23% | 50.8% 6.4%

[0186] As shown in FIG. 138 and Table 1, the mRNA containing the 4xS1m aptamer, regardiess
of aptamer location, produced specific binding relative to the confrol mRNA lacking an aptamer. This
result demonstrates that introducing a 4x81m aptamer inte one of multiple locations in the mRNA

doeas not have an impact on the affinity purification vield.

Example 9: Analysis of aptamer valency on RNA recovery

[0187] Like the aptamer position within the mRNA transcript, aptamer valency {i.e., aptamer copy
number) is another variable that could impact RNA recovery. To expand on the analysis performed
in Example 3, a panei of aptamer tagged mRNA constructs were designed to contain between one
o six tandem repeat copies (labeled as 1xS1m through 6x581m) of the S1m aptamer. For this study,
the aptamer tag was placed after the 3' UTR.

{0188] cDNA templates were generated and VT used to produce mRNAs with specific aptamer
valency. mRNA was affinity purified using streptavidin sepharose beads and quantified as described
in Example 2.

{0188] The affinity purification RNA vield (unbound versus eluted) for each aptamer valency mRNA
construct testad is shown in FIG. 14 and the average and standard deviation values for each sample

{unbound and elute) are shown in Table 2 below.
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Table 2 - Percent unbound mRNA and percent eluted mRNA for the data of FIG. 14

Piasmid used to Unbound Elution
generate mRNA Average Standard Deviation Average Standard Deviation
pAM17 72.2% 2.0% 11.2% 0.4%
{No aptamer)
pAM30 N
{(1xS1m) 30.7% 2.2% 38.1% 4.5%
pANI31 | .
(2xS1m) 18.1% 2.8% 47 3% 599,
pAM32 : ;
(3x$1m) 20.8% 0.8% 52 5% 2 4%
pAM28 »
{4xS1m) 18.5% 1.6% 50.4% 3.5%
pAN33 | ,
(5xS1m) 17.5% 2.5% 51.7% 2 5%,
pAM34 : ;
(6xS1m) 16.0% 0.8% 57 9% 7.0%

[0198] As shown in FiG. 14, purification efficiency increased for up to three copies of the aptamer
{3xS1m) after which no improvement to the RNA affinity purification vield was seen with the addition
of subsequent copies (4xS1m-6x81m). This resull demonstrates that increased aptamer valency

improves hinding affinity.

Example 10: Anglysis of aptamer binding in alternative mBNA context ont RNA recovery

[0191] To demonstrate that the aptamers which provide efficient binding in an affinity purification
are functional in alternative RNA contexis, a panel of mRNAs were designed to encode a different
protein coding region (Singapore 16 hemagglutining and distinct UTR's from what is presented in
Example 3.

[0192] The RNA vyield following the streptavidin affinity binding purification process for each
construct tested (unbound versus eluted) is shown in FIG. 15. The average and standard deviation

values for each sampie (unbound and elute) are shown below in Table 3.
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Table 3 - Percent unbound mRNA and percent eluted mRNA for the data of FIG. 15

Unbound Elution
Piasmid used to Average Percent Standard Average Percent Standard
generate mRNA Purifiad Deviation Purified Deviation
pAM111 {no aptamer) 70.7% 0.4% 89.8% 0.9%
pAM112 (2xS1m) 13.4% 0.2% 39.0% 54%
pAM113 (4x81m) 10.3% 1.2% 51.0% 2.5%
pAM114 {tRNA S1m) 9.5% 0.6% 50.9% 2.3%
[0193] Asshown in FiG. 15, the aptamers provide specific binding to streptavidin sepharose beads

despite the varied neighboring sequence. This result demonstrates that the streptavidin aptamer

mRNA designs disclosed herein are robust in alternative RNA contexts.

Exampie 11 Analysis of aptamer position on protein transiation

[0194] To understand whether mRNA translation kinetics are impacted by aptamer placement
within the mRNA transcript, mRNA from the pansel of constructs designed in Example 8 were
assessed in a mRNA translation efficiency assay to detect GFP expression.

[0195]

transcription (VT and subsequently mixed with a transfection reagent. The mix was then applied to

Briefly, mRNA encoding a humanized EGFP (hEGFP} was produced through in vitro

either Hela or human skeletal muscle (HSKMc} celis. After 24 hours of incubation, transfected cells
were quantified for GFP fluorescence via flow cytometric analysis. The cellular GFP flucrescence
intensity being directly proportional to translational efficiency of the mRNA transcript encoding
hEGFP.

{0196] The following steps describe the transfection procedure for the mRNA translation efficiency
assay:

{1} Preparation of cell lines. Hela or HSKMc cell lines were seeded in complete growth media in 12-
well platas and grown to an 80-00% confluency. Hela 228 cell media conditions were DMEM and
10% FBS and HSK Mc celis media conditicns were 199 Media, 20% FBS, and 1% PenStrep.

{Z2a} Preparation of mRNA with Mirus TransiT transfection reagent for the HskMc cell line. TransIT-
mRNA fransfection reagent and mRNA Boost reagenis were warmed {0 room temperature and
vortexed gently before using. Following the manufacturer’s protecol for mRNA transfection, tubes for
each mRNA being tested contained 5ug of mRNA {10l of 580 ng/ pL mRNA) to 400l of Opti-MEM.
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For the negative control, media was added instead of mRNA. Subsequently, 8yl of mRNA Boost
Reagent was added and the tube was mixed well by pipetting. Next, 8ul. of Transit mRNA Reagent
was added, mixed well, and incubated at room temperature for 2-85 minutes o allow sufficient time
for complexes to form.

{3a) Transfection of HskMc cell line. 106.5 ul. of the mRNA mix was added dropwise to each well of
a 12-well plate {approximately 1.25 ug mRNA/well; triplicate wells were set-up for each construct)
and gently rocked to evenly distribute the TransiT-mRNA ReagentmRNA Boost:RNA complexes.
Subsequently, plates were incubated for 24 hours.

{2b} Preparation of mRNA with Lipofectamine MessengerMax transfection reagent for Hela cell lins.
Following the manufacturer’s protocol for mRNA transfection tubes, each mRNA tested was prepared
by adding 4ug mRNA (8ul. of 500 ng/ pl. mRNA) 1o 312 ub of Opti-MEM and mixed well, For the
negative control, media was added instead of mRNA. In a separate tube, BuL of MessengerMax
transfeclion reagent was added to 312 yL of Opti-MEM and mixed well. Subseguently, the volume of
the mRNA tube was added to the transfecticn mixture tube and incubated at room temperature for
15 minutes to allow sufficient time for complexes to form.

{3b) Transfection of the Hela cell lins. 180 ul./well mMRNA mix as described in 2b was added dropwise
to each well in a 12-wel plate (approximately 1 pg mRNA/well; triplicate wells were set-up for each
construct). Suhsequently, plates were incubated for 24 hours.

[0197] The fcllowing steps describe the cell staining and sorting procedure for How cylometric
analysis used in the mRNA franslation efficiency assay;

{1} Harvesting cells. Media was aspirated from the cell monolayers, washed with 1ml of PBS, and
dissociated with 250uL of 1x Accutase per well and incubation at room temperature for Smin. 250uL
PBS was added to each well and cells were harvested into 1.5 ml microcentrifuge tubes.

{2} Cell Staining. Live/Dead staining was performed on all samples according to manufacturer's
instructions {Live/Dead Fixable Far Red Dead Cell Stain Kit). Cell fixation was an optional but not
required step. Subsequently, excess stain was removed by washing the calls in 1 ml of PBS, a 300
ref for 5 minutes at 26°C was conducted o peliet cells, old supernatant was removed, and samples
were resuspended in 400 pL of Stain Buffer (BD Biosciences).

{3} Compensation beads. Compensation control samples wera made by preparing live/dead reactive
ArC compensation beads or using GFP BrightComp eBeads according to manufacturer's instructions.
{4} FACS analysis. For the MHskMc and Hela cell lines the 130 pm sorting chip was used. Unstained
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beads and stained compensation beads were initiafly run to adjust the FSC/SSC voltage settings and
set-up gating windows.

[0198] As shown in FIG. 16A-FIG. 16C and FIG. 17TA-FIG.17B, the mRNA translation efficiency for
aptamer tagged mRNA where the aptamer varied in placement within the mRNA was assessed in
either HskMc and Hela cell lines, respectively. Exprassion was quantified as the total number of cells
with GFP signal above background {% GFP+ Cells), as well as the number of cells above a certain
signatl intensity threshold (% high GFP+ calls).

[01998] The location of the aplamer tag within the full-length mRNA sequence had a significant
impact on transiation efficiency. Placement of the aptamer at the 5’ end of the mRNA eliminated
translation, while ali other locations aiflowed for varying lfevels of transiation. Positioning the aptamer
after the 3’ UTR resulied in the highest transiation efficiency as demonstrated by the increased GFP

intensity. This trend was reproducible across both HskMe and Hela cell lines.

Example 12: Analysis of elongaied polvA {ail length on translation efficiency

[0208] Example 7 demonstrated that a longer polyA tait length increased transiation efficiency of
the aptamer tagged mRNA,

[0201] To quantify the amount of transiational enhancement, elongated polyA fails were added to
S1m aptamer tagged mRNA and tested in the mRNA transiation efficiency assay described in
Example 11. The vectors used for VT included an encoded polyA tall, specifically a segmented polyA
tail with 80 A’s, a Nsil restriction enzyme cut site, then another 60 A's,

All mMRNA produced from the vectors described above contained the segmented polyA tail and were
ARCA capped. The two conditions on the right of FiG. 18 included an additional polyadenylation step
where 1 pi of E. coli Poly{A) polymerase (NEB, MG276) was incubated for 45 minutes with buffer and
additional ATP, which would typically add ~200 A's to the end of each RNA shown in FIG. 18, the
total number of GFP positive Hela cells {expressed as a percent) was significantly higher for the
aptamer tagged mRNA with the elongated polyA tail relative to controls. This result confirms that
elongating polyA tail lengths in an aptamer tagged mENA can improve downstream mRNA transiation

kinetics in cells.
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Example 13: Analysis of mRNA fagged with an aptamer embedded in RNA scafiold on
RNA recovery and translation efficiency

{0202] To confum and expand on the findings of Example 5, the S1m aptamer embedded in the
IRNA scaffold tag (see Example 5) was compared o the 2x51m and the 4xS1m aptamer tagged
mRNA with respect to RNA recovery afier streptavidin affinity purification and mRNA translation
efficiency.

[0203] As shown in FIG. 19A, the addition of a stabilizing sequence surrcunding the S1m aptamer
resulted in RNA purification vields that were equal to the binding efficiency of the 4x$1m aptamer
tagged mRNA, demonstrating that an RNA scaffold significantly increases affinity purification yield.
Stahilization of the S1m aptamer with a tRNA scaffoid had no impact on mRNA translation efficiency
as shown in FIG, 19B. The results are summarized in Table 4 below.

Table 4 - Pergent unbound mRNA and percent eluted mRNA for the data of FIG. 19A

Plasmid used to Unbeound Elution
generate mRNA o L
Average Standard Deviation Average Standard Deviation

pAM17
{no aptamer) 50.5% 5.4% 11.2% 0.7%
pAM31
{2xS1m) 14.1% 0.3% 46.0% 1.8%
pAM23
{4xS1m) 6.7% 0.5% 47.2% 5.2%
pAM37?
{tRNA §1m} 5.8% 0.3% 54.9% 57%

Example 14: Synthesis and affinity purification of mRNA tagoged with aplamer stabilized in a
bicorthogonal RNA scaffold

[0204] 1{RNA scaffolded aptamers often have reduced RNA stability due fo endonucleolytic
cleavage in bacterial and mammalian cells. Filonov et al. (2015) Chem Bicl, 22(5). 649-660. An
alternative to tRNA scaffolds are biocorthogonal scaffolds. Bioorthogonal scaffolds are not readily
recognized by intracellular nucleases and targeted for degradation, such as, the V5, the F29, or the
F30 scaffold. id.
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{0205] To tast whether bivorthogonal scaffolds could stabilize the S1m aptamer and improve
efficiency i a downstream mRNA affinity purification process two vectors were gonstructed
containing either the F30 scaffold stabilizing the 1xS1m aptamer (F30-1xS1m aptamer) or the F30
scaffold stabilizing the 2x81m aptamer (F30-2xS1m aptamer). The F30-1xS1m aptamer and F30-

2x51m aptamer seqguence are provided below.

DNA sequence encoding F30-1x81m aptamer {(F30 segments undertined and bold):
TTGCCATGTGTATGTGGGATGCGGCCGCCGACCAGAATCATGCAAGTGCGTAAGATAGTCGC
GGGTCGGCOGUCCGCATCCCACATACTCTGATGATCCTITCGGGATCATTCATGGCAA (SEQ D
NO: 28)

F30-1xS1m aptamer (F30 segments undetlined and bold}:
UUGCCAUGUGUAUGUGGGAUGCGGCCGCCGACCAGAAUCAUGCAAGUGCGUAAGAUAGUC
GCGGRUCGGCGGCCGCAUCCCACAUACUCUGAUGAUCCUUCGGGAUCAUUCAUGGCAA
{SEQ 1D NO: 29)

DNA sequence encoding F30-2xS1m apiamer {F30 segments underlined and bold):
TTIGCCATGTGTATGTGGGATGCGGCCGCCGACCAGAATCATCGCAAGTGCGTAAGATAGTCGC
GGGTCGGCGGCCGCATCCCACATACTCTGATGATCCATGCGGCCGCCGACCAGAATCATGCA
AGTGCGTAAGATAGTCGCGGGTCGGCGGCCOCATGGATCATTCATGGCAA (SEQ 1D NO: 30)

F30-2xS1m aptamer (F30 segments undetlined and bold}:
UUGCCAUGUGUAUGUGGGAUGCGGCCGCCGACCAGAAUCAUGCAAGUGCGUAAGAUAGUC
GCGGGUCGGCGECCGCAUCECACAUACUCUGAUGAUCCAUGCGGCCGCCGACCAGAAUCA
UGCAAGUGCGUAAGAUAGUCGCGGGUCGGCGGCCGCAUGGAUCAUUCAUGGCAA (SEQ 1D
NO: 31)

[0206] Other aptamers of interest may be readily inserted into the F30 scaffold. in a 1x aptamer
configuration, a left F30 sequence and a *1x right” F30 sequence flank the one aptamer. In a 2x
aptamer configiration, a left F30 sequance and middle F30 sequence flank the first aptamer, and the
middie F30 sequence and a "2x right” F30 sequence flank the second aptamer. A F30-1x aptamer

and F30-2x aptamer sequence are provided below.
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DNA sequence encoding F30-1x aptamer:

TTGCCATGTGTATGTGGG {left F30 sequence, SEQ ID NO: 32} - APTAMER SEQUENCE -
CCCACATACTCTGATGATCCTTCGGGATCATTCATGGCAA ("x right” F30 sequence, SEQ ID
NO: 33)

F30-1x aptamer:

UUGCCAUGUGUAUGUGGG {left F30 sequence, SEQ ID NO: 34) - APTAMER SEQUENCE -
CCCACAUACUCUGAUGAUCCULCGGGAUCAUUCAUGGCAA ("x right” F30 sequence, SEQ ID
NO: 35)

DNA sequence encoding F306-2x aptamer:

TTGCCATGTGTATGTGGG {left F30 sequence, SEQ D NO: 38} — APTAMER SEQUENCE -
CCCACATACTCTGATGATCC (middle F30 sequence, SEQ 1D NO: 37) - APTAMER SEQUENCE ~
GCATCATTCATGGCAA ("2x right" F30 sequence, SEQ ID NO: 38)

F30-2xS1m aptamer (F30 segmenis underlined and bold):

UUGCCAUGUGUAUGUGGG {left F30 sequence, SEQ ID NO: 39) -~ APTAMER SEQUENCE -
CCCACAUACUCUGAUGAUCC {middle ¥30 sequence, SEQ 1D NO: 40) - APTAMER SEQUENCE
~ GGAUCAUUCAUGGCAA ("2x right” F30 sequence, SEQ iD NO: 41}

{8207] To analyze the affinity binding of the F30-1xS1m and the F30-2xS1m aptamer mRNA, the
aptamer mRNA was affinity purified with streptavidin sepharose beads, sluted, and the amount of
RNA recovery in the eluate was quantified using the methods descrihed above. The hinding affinity
of streptavidin sepharose beads to either untagged mRNA (no aptamer control), the 4xS1m aptamer,
the F30-1xS1m aptamer, or the F30-2xS1m aptamer tagged mRNA was evaluated and compared.

[0208] Affinity purified F30-1x81m and the F30-2xS51m mRNA yielded about a 30-40% RNA
recovery yield relative to the input samples collected prior to incubation with streptavidin heads (FIG.

20B) also shown in Table 5 below.
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Table 5 - Percant unbound mRNA and percent eluted mRNA for the data of FIG. 20B

Plasmid used to
generate mRNA , o o
Average Standard Deviation Average Standard Deviation

pAM17
{no aptamer) 66.4% 4.2.% 9.0% 1.8%
pAM28
(4x51m) 8.6% 1.1% 49.5% 2.2%
pAM143
{(F30-1xS51m) 25.2% 1.2% 32.5% 3.7%
pAM144
{F30-2xS1m} 18.6% 0.4% 41.4% 2.2%

[0208] The total RNA recovery from the eluted F36-2x51m and the F30-1x51m tagged mRNA was
approximately 900 ng/pl. and 800 ng/ul., respectively (FIG. 20C). In contrast, the affinity purified
eluied negative control yvielded only 200 ng/uL of RNA recovery yield.

{0210] This result shows that introducing a hicorthogonal scaffold (i.e., F30) to stabilize an aptamer

{e.g.. the S1m aptamer) can potentially be used to improve the affinity purification efficiency of mMRNA.

Other embaodiments of the disclosure will be apparent to those skilled in the art from consideration of
the specification and practice of the disclosure disclosed hersin. It is intended that the specification
and examples be considered as exemplary only, with a true scope and spirit of the disclosure being
indicated by the following claims.

[0211] All patents and publications cited herein are incorporated by reference herein in their

entirety.
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SEQUENCES

Table 6: mRNA transcript-encoding nuclectide sequences

SEQ D NO/

Description

SEQUENCE

SEQ 1D NO:
9

pAM17

No aptamer

control

TAATACGACTCACTATAGGAGAGCGGOCGCTTITTTCAGCAAGATTAAGCCCAGGGCAG
AGCCATCTATTGCTTACATTTGCTICTGACACAACTGTGTTCACTAGCAACCTCAAACA
GACACCATGGTGAGCAAGGGCGAGBAGCTGTTCACCEEGETGGTGCCCATCCTGGETC
GAGCTGOACGGCEACGTAAACGGCTCACAAGTTCAGCOTGTCCOGEUGAGGGCGAGGG
CGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCC
CGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGLGTGCAGTGCTTCAGCCG
CTACCCCGACCACATGAAGCAGCACBACTTCTTCAAGTCCGOCATGCCOBAAGGCTAC
GTCCAGGAGCGCACCATCTTCTTCAAGGACCGACGGCAACTACAAGACCCGCGBTCBAG
GTGAAGTTCGAGGGUGACACCCTGGTGAACCGCATCGAGUTGAAGGGCATCGACTTC
AAGGAGGACGGCAACATOCTGGGGCACAAGUTGGAGTACAACTACAACAGUCACAAC
GTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCC
ACAACATCGAGGACGGCAGCGTGCAGCTCGCOCGACCACTACCAGCAGAACACCCCCA
TCGGCGACGGCLCCETEUTECTGUCCBACAACCACTACCTGAGCACCCAGTCOGCCC
TGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCS
CCGCUGGGATCACTCTCOGLATGGACGAGCTGTACAAGTAATAAAGCTCGCTTTICTTG
CTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTACTAAACTGGGGGA
TATTATGAAGGGCCTTGAGCATCTGGATTCTOGCCTAATAAAAAACATTTATTTTCATTGC
AGCTCGCITTCITGCTGTCCAATTTICTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTA
CTAAACTGGGGGATATTATGAAGGGUCTTGAGCATCTGGATTCTGCCTAATAAAAAACA
TITATTTTCATTGCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGAAGAGCCGTACGGEEC
GCGCCTAGGCGCBATTCCGOTTCCTCBUCTCACTCBACTCGCTGCGLCTCEGGTCETTCGG
CTGCGGUGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAG
GGGATAACGCAGGAAAGAACATGETGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTA
AAAAGGCCGCGTTECTOOCETTTTTCCATAGGUTCCGCCCUCCTGACBAGCATCACAA
AAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGTC
GTTTCCCCCTGGAAGCTCCCTLGTGCGOTCTCCTGTTCCGACLCOTGOCGCTTACCGGA
TACCTOTCOGCCTTTCTCCCTTCGBBAAGCGTGOCBCTTTCTCATAGCTCACGCTGTA
GGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTBGBGCTGTGTGCACGAACCCC
CCGTTCAGCCCGACCGUCTGCGOCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGT
AACGACACGACTTATCOCCACTGGCAGCAGCCACTGOTAACAGGATTAGCAGAGCGAG
GTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGETGGCCTAACTACGGCTACACTAGA
AGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTG
GTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTITITGTTTGCAA
GCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTITGATCTTTITCTACGG
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GGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATC
AAAAAGGATCTTCACCTAGATCOCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAG
TATATATGAGTAAACTTGGTCTCACAGTTACCAATGCTTAATCAGTGAGGCACCTATCY
CAGCGATCTGTCTATTTCOTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACT
ACGATACGGGAGGGCTTACCATCTGGCLCCCAGTGCTGCAATGATACCGCGAGATCCA
CECTCACCOGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCBAGCGEL
AGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGBGBAAG
CTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGL
ATCOTGGTGTCACGCTCOTCOTITGGTATGGCTTCATTCAGCTCCGGTTCCCAACGAT
CAAGGCGAGTTACATGATCCCCCATETTGTGCAAAAAAGCBGBTTAGCTCCTTCGGTCC
TCOGATCGTTGTCAGAAGTAAGTTGGUCGCAGTGTTATCACTCATGGTTATGGCAGCA
CTGCATAATICTCTTACTGTICATGCCATCCGTAAGATGCTITTCTGTGACTGGTGAGTA
CTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCBACCBAGTTGCTCTTGCCCGGBLGE
TCAATACGGGATAATACCGCGLCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAA
ACGTTCTTCGGGGUGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATS
TAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTITCACCAGCGTTITCTGG
GTCAGCAAAAACAGGAAGGCAAAATGCCBCAAAAAAGGGAATAAGGGCGACACGGBAA
ATGTTGAATACTCATACTCTITCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGY
CTCATGAGCGGATACATATTIGAATGTATT TAGAAAAATAAACAAATAGGGGTTCCGCG
CACATTTCCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACATTAA
CCTATAAAAATAGGCGTATCACGAGGBCCOTTTCGTC

SEQ 1D NO:

10
pAM25
4x81m

before §
UTR

TAATACGACTCACTATAGGGGATCCGTAGAAAATGCGBCCGCCGACCAGAATCATGCA
AGTGCGTAAGATAGTCGCGGGTCGGCGGCCGCATCTGUTGGEGAAGCTACGATCCGTA
GAAAATGCGGCCGBCCGBACCAGAATCATGCAAGTGCGTAAGATAGTCGLGGBETCEGCG
GCCGCATCTGCTGGEOTAGCTGTCAACCGTAGAAAATGCEGCCGBCCGACCAGAATCAT
GCAAGTGOGTAAGATAGTCGCGGETCGGCGGCCECATCTGCTGGGAAGCTACGATCC
GTAGAAAATGCGGCCGCCBACCAGAATCATGCAAGTGCGTAAGATAGTCGCGGEETCG
GCGEGCCEBCATCTGCTEBGAAGCTTAGAGCGOCCOCTTTTTCAGCAAGATTAAGCCCA
GGGCAGAGCCATCTATTGUTTACATTITGCTTICTGACACAACTGTGTTCACTAGCAACGCT
CAAACAGACACCATGGTGAGCAAGGGLGAGGAGCTGITCACCGGGGTGGTGCCCATC
CTGGTCGAGCTECGACGGECCACOTAAACGGCCACAAGTTCAGCOTETCCBGCGAGGEE
CGAGGGCGATGOCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAA
GCTGLCCGTGCCCTGGCCCACCOTCGTGACCACCLTGACCTACGGCGTGLCAGTGCTT
CAGCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGUCCRA
AGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCG
CGCCGAGGTGAAGTICGAGGGCGACACCLTGGTGAACCGCATCGAGCTGAAGGGCAT
CGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAG
CCACAACGTCTATATCATOGCCGACAAGCAGAAGAACGGECATCAAGGBTGAACTTCAAG
ATCCGCCACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAAC
ACCCCCATCGGCGACGGUCCLGTGCTGLCTGLCCCGACAACCACTACCTGAGCACCCAG
TCCGCOCTGAGCAAAGACCCCAACGAGAAGCGBCGATCACATGETCCTGCTGGABTTC
GTGACCGCCGCCGGBATCACTCTCGGCATGGACGAGCTGTACAAGTAATAAAGCTCG
CTTTICTTGCTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTACTAAAL
TCGGGGATATTATCAAGGOCCTTGAGCATCTGGATTCTGCCTAATAAAAAACATTTATT
TTCATTGCAGCTCOCTTICTTGCTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAG
TCCAACTACTAAACTGGGGGATATTATGAAGGGCCTTGAGCATCTGGATTCTGCCTAAT
AAAAAACATTTATTTICATTGCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGAAGAGCC
GTACGGGCGCGLCCTAGGBUGCGATTCCGETTCCTCGUTCACTGACTCGCTGCGCTCGG
TCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCAC
AGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGTCCAGCAAAAGGTCAG
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GAACCGTAAAAAGGCCGCGTTGCTGGCGTTTITCCATAGGCTCCGCCCCCCTGACGA
GCATCACAAAAATCGACGUTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGA
TACCAGGCGETTTCCCCCTGBAAGCTCCCTCGTGCGETCTCCTGTTCCGACCCTGLCG
CTTACCGGATACCTEGTCCGCCTTTCTCCCTTCECEBAAGCETGGCECTTTCTCATAGCT
CACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTICGCTCCAAGCTGGGCTGTGTGCA
CGAACCCCCCGTTCAGCCCGACCGLTGCGCCTTATCCOGTAACTATCGTCTTGAGTCC
AACCCGUTAACGACACGACTTATCGCCACTGGBCAGCAGCCACTEGBTAACAGGATTAGCA
GAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTY
ACACTAGAAGAACAGTATTTGGTATCTGCGOCTCTGCTGAAGCCAGTTACCTTCGGAAAA
AGAGTTGGTAGCTCTTGATCCGBGCAAACAAACCACCGEGCTGGTAGCGGTGGTTITITTG
TITGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTT
TCTACGGGGTCTGACGUTCAGTGGAACGAAAACTCACGTTAAGGGATTITGGTCATGA
GATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTARATCAAT
CTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCAC
CTATCTCAGCGATCTGTCTATITCGTTICATCCATAGTTGCOTGACTCCCCGTCGTGTAG
ATAACTACGATACGGGAGGGCTTACCATCTGGLCCCAGTGLTGCAATGATACCGLGAG
ATCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCBBAAGGGCCS
AGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCG
GGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTITGCGCAACGTTGTTGCCATTGCTA
CAGGCATCOTOGGTGTCACGCTCETCETTTGOTATGGCTTCATTCAGCTCCGETTCCCA
ACGATCAAGGCCAGTTACATGATCCCUCCATGTTGTCGCAAAAAAGCGGTTAGCTCCTTE
GGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGE
CAGCACTGCATAATTCTCTTACTGTCATGCCATCCOTAAGATCCTTTTCTGTCGACTGGY
GAGTACTCAACCAAGTCATTCTCGAGAATAGTGTATGOGGCGACCGAGTTIGUTOTTGCO
CGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCAT
TGGAAAACGTTCTTCGGEGGBCEAAAACTCTCAAGGCATCTTACCGCTGTTGAGATCCAGT
TCGATGTAACCCACTCGTGOACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTY
TICTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGAC
ACGGAAATGTTGAATACTCATACTCTTCCTTITTICAATATTATTGAAGCATTTATCAGGG
TTATTGTCTCATGAGCGCATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGET
TCCGCGCACATTTCLCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGA
CATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTC

SEQ 1D NO:
11

pAM26

4x51m

Before
JUTR

TAATACGACTCACTATAGGAGAGCGGCCGCTTTTITCAGCAAGATTAAGCCCAGGGCAG
AGCCATCTATTGCTITACATTTGCTICTGACACAACTGTGTTCACTAGCAACCTCAAACA
GACACCATGGTGAGCAAGGGCGAGGAGCTETTCACCBGEETGGTGCCCATCCTGETC
GAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCOGCGAGGGCGAGGG
CGATGCCACCTACGGLAAGCTGACCCTGAAGTTCATCTGCACCACCGGLAAGCTGLG
COTGCCCTGGCCCACCOCTCOTGACCACCCTGACCTACOGBLCOTGCAGTGLTTCAGCCS
CTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGTCCCGAAGGCTAC
GTCCAGGAGCGCACCATCTTLCTICAAGGACGACGGLAACTACAAGACCCGCGLCGAG
GTGAAGTTCGAGGGUGACACCCTGOTGAACCOCATCGAGCTGAAGGGCATCGACTTC
AAGGAGGACGGCAACATCCTGGEGGCCACAAGCTGGAGTACAACTACAACAGCCACAAL
GTCTATATCATGGCLGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCC
ACAACATCGAGOACGGCAGCOTOCAGCTCECCGACCACTACCAGCAGAACACCCCCA
TCGGCCACGGECCCCETECTGCTGCCOGACAACCACTACCTGAGCACCCAGBTCCGECC
TGAGCAAAGALCCCCAACGAGAAGCGCGATCACATGGTCOTGCTGGAGTICGTGACCG
CCGCCGGGATCACTCTCGGLATGGACGAGCTGTACAAGTAATAAGGATCCGTAGAAAA
TGCGGCCGCCCACCAGAATCATGCAAGTGCGTAAGATAGTCGECGRGETCGGECEGGLLE
CATCTGCTGGGAAGCTACGATCCGTAGAAAATGCGGCCGOCGACCAGAATCATGCAA
GTGCGTAAGATAGTCGLGGGTCGGCGGCCGCATCTGCTGGGTAGCTGTGAACCGTAG
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AAAATGCGGCCGCOGACCAGAATCATGCAAGTGCGTAAGATAGTCGBOGGGTCGGLGEH
CCGCATCTGCTGGGAAGCTACGATCCGTAGAAAATGCGGCCGCLGACCAGAATCATG
CAAGTGCGTAAGATAGTCGCOGGTCCECEGCCCBCATCTGCTEEGBAAGCTTAGCTCGC
TETCTTGCTGTCCAATTTCTATTAAAGGTTCCTTTGTTCOCTAAGTOCAACTACTARACT
GOGGGATATTATGAAGGGCCTTGAGCATCTGGATTCTGCCTAATAAAAAACATTTATTT
TCATTGCAGCTCGCTITCTTOCTOTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGT
CCAACTACTAAACTGCGGGATATTATGAAGGGCCTTGAGCATCTGBATTCTGCCTAATA
AAAAACATTTATTTTCATTGCAAAAAAAAAAAAAARAAAAAAAAAAAAAAAGAAGAGCCG
TACGGGCGCGECCTAGGCOCGATTCCGCTTCCTCGCTCACTGACTCECTGCGELETCGET
CETTCOECTCCOGCGAGCEETATCAGCTCACTCAAAGGCGBGTAATACGGTTATCCAC
AGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAMAGGCCAG
GAACCGTAAAAAGGCCGCGTTGCTGGCGTTTITCCATAGGCTCCGCCCCCCTGACGA
GCATCACAAAAATCGACGCTCAAGTCAGAGGBTGGCGAAACCCGACAGGACTATAAAGA
TACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGOGCTCTCCTGTTICCGACCCTGCCG
CTTACCGGATACCTGTCCGCOTTTCTCCCTTCGGRAAGCGTGGCGCTTICTCATAGCT
CACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTICGCTCCAAGCTGGGCTGTGTGCA
CGAACCCCCCGTTCAGCCCGACCGLTGCGCCTTATCCOGTAACTATCGTCTTGAGTCC
AACCCGGTAAGACACGACTTATCGOCACTGGCAGCAGCCACTGGTAACAGGATTAGCA
GAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTY
ACACTAGAAGAACAGTATTTGGTATCTGCGOCTCTGCTGAAGCCAGTTACCTTCGGAAAA
AGAGTTGGTAGCTCTTGATCCGBGCAAACAAACCACCGEGCTGGTAGCGGTGGTTITITTG
TITGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTT
TCTACGGGGTCTGACGCTCAGTOGCAACGAAAACTCACGTTAAGGGATTTTGGTCATGA
GATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTARATCAAT
CTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCAC
CTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCOTCETGTAG
ATAACTACGATACGOGAGGGUTTACCATCTGGCCCCAGTGUTCGCAATGATACCGLGAG
ATCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCG
AGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCG
GGAAGCTAGAGTAAGTAGTTCCGCCAGTTAATAGTTTGCGTCAACGTTGTTGCCATTGCTA
CAGGLCATCGTGGTGTCACGCTCOTCGTTTIGGTATGGLTTCATTCAGCTCLGGTTCCLA
ACGATCAAGGUGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTC
GGTCCTCCOATCGTTETCAGAAGTAAGTTGGUCGCAGTGTTATCACTCATGGTTATGG
CAGCACTGCATAATTCTCTTACTGTCATGCCATCCOTAAGATCCTTTTCTGTCGACTGGY
GAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGUGACCGAGTTGCTCTTGCC
CGGCOTCAATACGGGATAATACCGUGCCACATAGCAGAACTTITAAAAGTGCTCATCAT
TGGAAAACGTTCTTCGGGBGBCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGT
TCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTITTTACTTTCACCAGCGT
TICTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGAC
ACGGAAATGTTCAATACTCATACTCTTCCTTITTCAATATTATTGAAGCATTTATCAGGG
TTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGT
TCCGCGCACATTICCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGA
CATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTC

SEQ 1D NO:
12

pAM27

TAATACGACTCACTATAGGAGAGCGGCCGCTTTTTCAGCAAGATTAAGCCCAGGGCAG
AGCCATCTATTGCTTACATTTGCTTICTGACACAACTGTGTTCACTAGCAACCTCAAACA
GACACCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGEETGGTGLCCATCCTGGTC
GAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCLGLGAGGGCGEAGGEG
CBATGCCACCTACGGBCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCC
CGTGLCCTGGCCCACCCTCGTGACCACCCTGACCTACGGLGTGCAGTGLTTCAGCCG
CTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGTCCCGAAGGCTAC
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4x31m
bisecting 3’
UTR

GTCCAGGAGCGCACCATCTTCTICAAGGACGACGGUAACTACAAGACCCGCGCCGAG
GTGAAGTTCGAGGGLGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTC
AAGGAGGBACGGCAACATCCTGGGEBCACAAGCTGGAGTACAACTACAACAGCCACAAL
GTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCC
ACAACATCGAGGACGGCAGCGTGLCAGCTCGCLGACCACTACCAGCAGAACACCCCCA
TCOGCGACGGCCCCETELTOCTECCCGACAACCACTACCTGAGCACCCAGTCCGELC
TGAGCAAAGACCCCAACCGAGAAGCGCGATCACATGETCCTGUTGBAGTTCGBTGACCG
CCGLLGGGATCACTCTOCGGLATGGACGAGCTGTACAAGTAATAAAGCTCGCTTICTTG
CTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTACTAAACTGGGEGGA
TATTATGAAGGGCCTTCGAGCATCTGGATTCTGCUTAATAAAAAACATTTATTTTCATTGC
GGATCCGTAGAAAATGCGGCCGLCGACCAGAATCATGCAAGTGCGTAAGATAGTCGG
GGGTCGGCGECCGLATCTGUTGGGAAGCTACGATCCGTAGAAAATGCGGCCGCCGA
CCAGAATCATGCAAGTGCGTAAGATAGTCGUGGGTCOGGUCGELCGCATCTGCTEGGGTA
GCTGTGAACCGTAGAAAATGCGGCCGLCCGACCAGAATCATGCAAGTGCLTAAGATAGT
CGCGGGTCGGUGGUCGECATCTGCTGGGAAGCTACGATCCGTAGAAAATGCGGCCGC
CGACCAGAATCATGCAAGTGCGTAAGATAGTCGCGGGTOCGGLGGCCGCATCTGOTGS
GAAGCTTAGCTCGCTTYCTTGCTGTCCAATTTCTATTAAAGGTTCCTTTGTYCCCTAAGT
CCAACTACTAAACTGGGGGATATTATGAAGGGUCTTGAGCATCTGGATTCTGCCTAATA
AAAAACATTTATTTTCATTGCAAAAAAAAAAAAAARAAAAAAAAAAAAAAAGAAGAGCCG
TACGGGCGCGECCTAGGCOCGATTCCGCTTCCTCGCTCACTGACTCECTGCGELETCGET
CETTCOECTCCOGCGAGCEETATCAGCTCACTCAAAGGCGBGTAATACGGTTATCCAC
AGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAMAGGCCAG
GAACCGBTAAAAAGGCCBCOTTGCTEGGCSTTTYTCCATAGGCTCCGCCCCCCTGACGBA
GCATCACAAAAATCGACGCTCAAGTCAGAGGBTGGCGAAACCCGACAGGACTATAAAGA
TACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGOGCTCTCCTGTTICCGACCCTGCCG
CTTACCGGATACCTOTCCGCCTTTCTCCCTTCOGGAAGCGTEGBCECTTTCTCATAGCT
CACGUTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCOGUTCCAAGCTGGGOTGTGTGCA
CGAACCCCOCGTTCAGCLCGACCGCTGOGCCTTATCCGGTAACTATCGTCTTGAGTCC
AACCCGGTAAGACACGACTTATCGOCACTGGCAGCAGCCACTGGTAACAGGATTAGCA
GAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTCGAAGTEGETGGCCTAACTACGGCTY
ACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAA
AGAGTTGGTAGCTCTIGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTITINIG
TTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTITGATCTTT
TCTACGGGGTCTGACGCTCAGTOGCAACGAAAACTCACGTTAAGGGATTTTGGTCATGA
GATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAAT
CTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATECTTAATCAGTGAGGCAC
CTATCTCAGCGATCTGTCTATTITCOTTCATCCATAGTTGCCTGACTCCCCGTCETGTAG
ATAACTACGATACGGGAGGGCTTACCATCTGGLCCCAGTGUTGCAATGATACCGLGAG
ATCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCG
AGCGCAGAAGTGGTCCTGCAACTTTATCCGBCOTCCATCCAGTCTATTAATTGTTGCCG
GGAAGCTAGAGTAAGTAGTTCGLCAGTTAATAGTTITGCGCAACGTTGTTGCCATIGLTA
CAGGCATCGTGGTGTCACGCTCGTCGITIGGTATGGCTTICATTCAGCTCCGGTTCCCA
ACCGATCAAGGCGAGTTACATGATCCCUCATGTTGTGCAAAAAAGCGGTTAGCTCCTTC
GOTCCTCCGATCGTTETCAGAAGTAAGTTOOCCGCAGTGTTATCACTCATGGTTATGG
CAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTITICTGTGACTGGT
GAGTACTCAACCAAGTCATTCTCGAGAATAGTGTATGCGGCGACCGAGTIGUTCTTGCO
CGGCOTCAATACGGGATAATACCOUCGCCACATAGCAGAACTTTAAAAGTOCTCATCAT
TGGAAAACGTTCTTCGGEGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGT
TCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGT
TTCTGGGTGAGCAAAAACAGGCAAGGCAAAATGCCGUAAAAAABGGGAATAAGGGCGAC
ACGGAAATGTTCAATACTCATACTCTTCCTTITTCAATATTATTGAAGCATTTATCAGGG
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TTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGET
TCCGCGCACATTTCLCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGA
CATTAACCTATAAAAATAGGCOTATCACGAGGCCCTTTCGETC

SEQ 1D NO:
13

pAM28

4x31m after
JUTR

TAATACGACTCACTATAGGAGAGCGGOCGCTTITTTCAGCAAGATTAAGCCCAGGGCAG
AGCCATCTATTGCTTACATTTGCTICTGACACAACTGTGTTCACTAGCAACCTCAAACA
GACACCATGGTGAGCAAGGGCGAGBAGCTGTTCACCEEGETGGTGCCCATCCTGGETC
GAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCLCLGGCGAGGGCGAGGG
CGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGBCAAGCTGCC
CGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGLGTGCAGTGCTTCAGCCG
CTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTAC
GTCCAGGAGCGCACCATCTTCTTCAAGGACCGACGGCAACTACAAGACCCGCGBTCBAG
GTGAAGTTCGAGGGCGACACCOTGEGTGAACCGUCATCGAGCTCAAGGGBCATCGACTTC
AAGGAGGACGGCAACATCCTGGGECACAAGCTGGAGTACAACTACAACAGCCACAAC
GTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCC
ACAACATCGAGGACGGCAGCGTGCAGCTCBCLCGACCACTACCAGCAGAACACCCUCA
TCGGLGACGGCLCCGTGLTGCTGCCCGACAACCACTACCTGAGCAGCCCAGTCCGCCC
TGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTICCTGCTGGAGTTICGTGACCG
CCGOCGGBATCACTCTCGGCATGGACCGAGCTGTACAAGTAATAAAGCTCGCTTTICTTG
CTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTACTAAACTGGGGGA
TATTATGAAGGGCCTTGAGCATCTGGATTCTGCCTAATAAAAAACATTTATITICATIGC
AGCTCGCITTCTTGCTGTCCAATTTCTATTAAAGGTITCCTTTGTTCCOTAAGTCCAACTA
CTAAACTGGGGGATATTATGAAGGGCCTTCAGCATCTGGATTCTGCCTAATAAAAAACA
TITATTTTCATTGCGGATCCGTAGAAAATGCGGCCGCCGACCAGAATCATGCAAGTGC
GTAAGATAGTCOCGGETCGGCEEUCOCEBCATCTEGCTGGGAAGCTACGATCCGTAGAAAA
TGCEGCCBCCBACCAGAATCATGCAACTEGCETAAGATAGTCGCBOATCGELGELLE
CATCTGCTGGGTAGCTGTGAACCGTAGAAAATGCGGCCGCOGACCAGAATCATGCAA
GTGCOTAAGATAGTCRUCGGETCGBGBOBGUCEGCATCTGUTCBBAAGCTACGATCCGTAG
AAAATGCGGCCGCCBACCAGAATCATGCAAGTECOTAAGATAGTCBCGGETCGBCES
CCGCATCTGCTOGGAAGCTTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGAAGAGCCG
TACGGGLGCGCCTAGGCGLGATICCGCTTCCTCGLTCACTGACTCGLTGCGLTCGGT
CETTCEGCTGCEGBCGAGCEOTATCAGCTCACTCAAAGGCGGETAATACGGTTATCCAC
AGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAG
GAACCGTAAAAAGGCCGLGTTGECTGECETTTITCCATAGGCTCCGLCCCCCTGACGA
GCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGA
TACCAGGCOTTTCCCCOTGGAAGCTCOCTCGTGUGCTCTCCTGTTCOGACCCTGCCG
CTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGBCGCTTICTCATAGCT
CACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGOTGTGTGCA
CBAACCCCCCGTTCAGCCCGACCOCTGOBCCTTATCCOBTAACTATCGTCTTGAGTCO
AACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCA
GAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGLCCTAACTACGGCAT
ACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCBGAAAA
AGAGTTGGTAGCTCTTIGATCCGGCAAACAAACCACCGECTGGTAGCGGTGGTTITITTG
TTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTITGATCTTT
TCTACGGGGTCTCACGCTCAGTOCAACGAAAACTCACGTTAAGGGATTITGGTCATGA
GATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAAT
CTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCAC
CTATCTCAGCGATCTIGTCTATTITCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAG
ATAACTACGATACGGGAGGGOCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAG
ATCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCG
AGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCG




WO 2023/031856 PCT/1IB2022/058234

51

GGAAGCTAGAGTAAGTAGTICGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTIGCTA
CAGGLCATCGTGGTGTCACGCTCOTCGTTTIGGTATGGLTTCATTCAGCTCLGGTTCCLA
ACGATCAAGGCCAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTC
GGTCCTCCOATCGTTETCAGAAGTAAGTTGGUCGCAGTGTTATCACTCATGGTTATGG
CAGCACTGCATAATTCTCTTACTGTCATGOCCATCOCGTAAGATGOTTITICTGTGACTGGT
GAGTACTCAACCAAGTCATTCTGAGAATAGTCGTATGCGGCCACCGAGTTGCTCTTGCC
CGGCOTCAATACGGGATAATACCGUGCCACATAGCAGAACTTITAAAAGTGCTCATCAT
TGGAAAACGTTCTTCGGEGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGT
TCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGT
TTCTGGGETGAGCAAAAACAGGCAAGGCARAATGCCGOAAAAAAGGGAATAAGGGCGAC
ACGGAAATGTTGAATACTCATACTCTITCCTTITTICAATATTATTGAAGCATTTATCAGGG
TTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGET
TCCGCGCACATTTCCCCGAAAAGTGOCACCTBACGTCTAAGAAACCATTATTATCATGA
CATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTC

SEQ 1D NO:
14

pAM29

4xS1m after
poiyA 30-mer

TAATACGACTCACTATAGGAGAGCGGOCGCTTITTTCAGCAAGATTAAGCCCAGGGCAG
AGCCATCTATTGCTTACATTTGCTICTGACACAACTGTGTTCACTAGCAACCTCAAACA
GACACCATGGTGAGCAAGGGCGAGBAGCTGTTCACCEEGETGGTGCCCATCCTGGETC
GAGCTGOACGGCEACGTAAACGGCTCACAAGTTCAGCOTGTCCOGEUGAGGGCGAGGG
CGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCC
CGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGLGTGCAGTGCTTCAGCCG
CTACCCCGACCACATGAAGCAGCACBACTTCTTCAAGTCCGOCATGCCOBAAGGCTAC
GTCCAGGAGCGCACCATCTTCTTCAAGGACCGACGGCAACTACAAGACCCGCGBTCBAG
GTGAAGTTCGAGGGUGACACCCTGGTGAACCGCATCGAGUTGAAGGGCATCGACTTC
AAGGAGGACGGCAACATCCTGGGEGCACAAGCTEBAGTACAACTACAACAGCCACAAC
GTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCC
ACAACATCGAGGACGGCAGCGTGCAGCTCGCOCGACCACTACCAGCAGAACACCCCCA
TCGGCGACGGCLCCETEUTECTGUCCBACAACCACTACCTGAGCACCCAGTCOGCCC
TGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCS
CCGCUGGGATCACTCTCOGLATGGACGAGCTGTACAAGTAATAAAGCTCGCTTTICTTG
CTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTACTAAACTGGGGGA
TATTATGAAGGGCCTTGAGCATCTGGATTCTOGCCTAATAAAAAACATTTATTTTCATTGC
AGCTCGCITTCITGCTGTCCAATTTICTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTA
CTAAACTGGGGGATATTATGAAGGGUCTTGAGCATCTGGATTCTGCCTAATAAAAAACA
TTTATTTTCATTGCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGGATCCGTAGAAAATG
CGGCCGOCGACCAGAATCATGCAAGTGECGTAAGATAGTCGCGGGTCBGBCGECCGECAT
CTGCTGGGAAGCTACGATCCGTAGAAAATGCGGCCGLCGACCAGAATCATGCAAGTG
CGTAAGATAGTCGCGGGTCGGLGGBCCGLATCTGCTGGGTAGCTGTGAACCGTAGAAA
ATGCGGBCCGCLOCACCAGAATCATGCAAGTGCBTAAGATAGTCBCGGGETCEOCEECC
GCATCTGCTGGGAAGCTACGATCCGTAGAAAATGCGGCCGCCGATCCAGAATCATGCA
AGTGCGTAAGATAGTCGCGGGTCGGOGGLCGCATCTGOTGGGAAGCTTGAAGAGLCG
TACGGGCOCGCCTAGGCGLGATTCCGCTTCCTCECTCACTGACTCBCTOCBLCTCGET
CETTCEGCTOCGBECGAGCEGETATCAGCTCACTCAAAGGCBGTAATACGGTTATCCAC
AGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGLCAG
CAACCGTAAAAAGGCCOCOTTGCTGGCGETTTITCCATAGGCTCCGECCCCCOTGACGA
GCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGBAAACCCGACAGGACTATAAAGA
TACCAGGCGTTTCCCCCTGGAAGCTCOCTCGTGCGLTCTCCTGTTCCGACCCTGCLG
CTTACCGGATACCTIGTCCGCOTTTCTCCCTTCGGGAAGCETGGCGCTTICTCATAGCT
CACGUTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGUTCCAAGCTGGEGUTGTETGCA
CGAACCCLCCGTTCAGCLCGACCGCTGOGCCTTATCCGGTAACTATCGTCTTGAGTLO
AACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCA
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GAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTIGAAGTGGTGGCCTAACTACGGCT
ACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAA
ACGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCOCTEOTAGCGGTGETTTTITTG
TTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTITGATCTTT
TCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTITGGTCATGA
GATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAAT
CTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATECTTAATCAGTGAGGCAC
CTATCTCAGCGATCTGTICTATITCGTTICATCCATAGTTGCCTGACTCCCCGTCGTGTAG
ATAACTACGATACGGGAGGGCTTACCATCTEGGCCCCACTGCTGCAATGATACCGCBAG
ATCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGEAAGGGCCG
AGCGCAGAAGTGGTCUTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCG
GGAAGCTAGAGTAAGTAGTICGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTIGCTA
CAGGCATCOTGGETGTCACGCTCGTCETITTGGTATGGUTTCATTCAGCTCCGGTTCCCA
ACGATCAAGGCGAGTTACATGATCCOCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTC
GGTCCTOCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGG
CAGCACTGCATAATTCTCTTACTGTCATGOCCATCOCGTAAGATGOTTITICTGTGACTGGT
GAGTACTCAACCAAGTCATTCTGAGAATAGTCGTATGCGGCCACCGAGTTGCTCTTGCC
CGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCAT
TGGAAAACGTTCTTCGGEGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGT
TCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGT
TTCTGGGETGAGCAAAAACAGGCAAGGCARAATGCCGOAAAAAAGGGAATAAGGGCGAC
ACGGAAATGTTGAATACTCATACTCTTCCTTITICAATATTATTGAAGCATTTATCAGGG
TTATTGTCTCATCAGCGGATACATATTTGAATOTATTTAGAAAAATAAACAAATAGGGGT
TCCGCGCACATTTCCCCGAAAAGTGOCACCTBACGTCTAAGAAACCATTATTATCATGA
CATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTC

SEQ 1D NO:
15

PAMID

1x81m after
JUTR

TAATACGACTCACTATAGGAGAGCGGUCGCTTTITCAGCAAGATTAAGCCCAGGGCAG
AGCCATCTATTGCTTACATTTGCTTCTGACACAACTGTBTTCACTAGCAACCTCAAACA
GACACCATGOTGAGCAAGCGCCAGGAGCTOTTCACCGEBOGTGETECCCATCCTGETC
GAGCTGGACGGCGACGTAAACGGLCCACAAGTICAGCGTGTCCGGECGAGGGUGAGGH
CGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCC
CETGCCCTEBCCCACCCTCETGACCACCCTCACCTACGGCGTGCAGTGETTCAGCCG
CTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGLCCCGAAGGCTAC
GTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCHGAG
GTGAAGTTCGAGGGUGACACCCTGGTGAACCGCATCGAGUTGAAGGGCATCGACTTC
AAGGAGGACGGCAACATCCTGGGEGCACAAGCTEBAGTACAACTACAACAGCCACAAC
GTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCC
ACAACATCGAGGACGGCAGCGTGLAGCTCGCOGACCACTACCAGCAGAACACCCCCA
TCOGCGCACGGCLCCETECTOCTGCCCBACAACCACTACCTEAGCACCCAGTCCGCCC
TGAGCAAAGACCCCAACGAGAAGCGLGATCACATGGTCCTGCTGGRAGTTCGTGACTG
CCGCCGGGATCACTCTCGGLATGGAGCGAGCTGTACAAGTAATAAAGCTCGCTTICTTG
CTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTACTAAACTGGGEGGA
TATTATGAAGGGCCTTCGAGCATCTGCATTCTGCCTAATAAAAAACATTTATITTCATTIGC
AGCTCGCITTCTITGUTGTCCAATTICTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTA
CTAAACTGGGGGATATTATCAAGGGCCTTGAGCATCTGGATTCTGCCTAATAAAAAACA
TTTATTTTCATTGCGGATCCGTAGAAAATGCGEGCCGOCCBACCAGAATCATGCAAGTGC
GTAAGATAGTCGLGGGETCGGCGGECCGCATCTGCTGGGAAGCTTAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAMAGAAGAGCCGTACGGGLGLCGCCTAGGCGCGATTCCGCTTCCTC
GCTCACTGACTCGCTECGCTCGGTCGTTCGBCTECGBUGAGCGGTATCAGCTCACTC
AAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGA
GCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTC
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CATAGGCTCCGOCCCCOTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGE
CGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCLCTCGTGO
GCTCTCCTGYTCCGACCCTGCCBCTTACCGBATACCTGTCCEBCCTTTCTCCCTTCBGG
AAGCGTGOCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTT
CGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTA
TCCEGTAACTATCGTCTTCAGTCCAACCCOOTAAGACACGACTTATCGCCACTGGCAG
CAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTT
GAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTG
CTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCA
CCGCTGGTAGCGGTGGTTTTITIGTTTGCAAGCAGCAGATTACGUGCAGAAAAMAAGDG
ATCTCAAGAAGATCOTTTGATCTTTITCTACGGGGTCTGACGCTCAGTGGAACGAAAACT
CACGTTAAGGGATTTITGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAA
ATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTT
ACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTITCGTTCATCCATA
GTTGCCTGACTCCCCGTICGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCC
CCAGTGCTGCAATGATACCGCGAGATCCACGCTCACCGGCTCCAGATTTATCAGCAAT
AAACCAGCCAGCCGGAAGGGCCBAGCOCAGAAGTEGETCCTBCAACTTTATCCGBCCTC
CATCCAGTCTATTAATTIGTTGCOCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTT
TGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTICACGUTCGTCHGTITGGTAT
GGCTTCATTCAGCTCCGGTTCCCAACCGATCAAGGCGAGTTACATGATCCCCCATGTTG
TGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCOTTGTCAGAAGTAAGTTGGCCE
CAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCC
CTAAGATGCYTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTAT
GCGGCGACCBAGTTIGCTCTTGCCCCEUBTCAATACGGGATAATACCGOGUCACATAG
CAGAACTTTAAAAGTGCTCATCATTGGAARACGTTCTTCGGGGCGAAAACTCTCAAGGA
TCTTACCGCTOGTTGAGATCCAGTTCCATGTAACCCACTCGTGCACCCAACTCGATCTTCA
GOATCTTTTACTTTCACCAGCGTITOTGOGTGAGCAAAAACAGGAAGGCAAAATELCG
CAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCLITTTTCAA
TATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATT
TAGAAAAATAAACAAATAGGGGTTCOGCGCACATTTCCCCBAAAAGTGCCACCTGACG
TCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGUGTATCACGAGGCCC
TITCGTC

SEQ 1D NO:
15

pAM31

2x51m after
JUTR

TAATACGACTCACTATAGGAGAGCGGCCGCTTTTITCAGCAAGATTAAGCCCAGGGCAG
AGCCATCTATTGCTITACATTTGCTICTGACACAACTGTGTTCACTAGCAACCTCAAACA
GACACCATGGTGAGCAAGGGCGAGGAGCTETTCACCBGEETGGTGCCCATCCTGETC
GAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCOGCGAGGGCGAGGG
CGATGCCACCTACGGLAAGCTGACCCTGAAGTTCATCTGCACCACCGGLAAGCTGLG
COTGCCCTGGCCCACCOCTCOTGACCACCCTGACCTACOGBLCOTGCAGTGLTTCAGCCS
CTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGTCCCGAAGGCTAC
GTCCAGGAGCGCACCATCTTLCTICAAGGACGACGGLAACTACAAGACCCGCGLCGAG
GTGAAGTTCGAGGGUGACACCCTGOTGAACCOCATCGAGCTGAAGGGCATCGACTTC
AAGGAGGACGGCAACATCCTGGEGGCCACAAGCTGGAGTACAACTACAACAGCCACAAL
GTCTATATCATGGCLGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCC
ACAACATCGAGOACGGCAGCOTOCAGCTCECCGACCACTACCAGCAGAACACCCCCA
TCGGCCACGGECCCCETECTGCTGCCOGACAACCACTACCTGAGCACCCAGBTCCGECC
TGAGCAAAGALCCCCAACGAGAAGCGCGATCACATGGTCOTGCTGGAGTICGTGACCG
CCGCCGGGATCACTCTCGGLATGGACGAGCTGTACAAGTAATAAAGCTCGCTTICTTG
CTGTCCAATTTCTATTAAAGGTTCCTTTGTYTCCCTAAGTCCAACTACTAAACTGGGGGA
TATTATGAAGGGLUCTTGAGCATCTGGATTCTGCCTAATAAAAAACATTTATITTCATTIGC
AGCTCGCITTCTTGCTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTA
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CTAAACTGGGGGATATTATGAAGGGUCTTGAGCATCTGGATTCTGCCTAATAAAAAACA
TITATTTTCATTGCGGATCCGTAGAAAATGCGGCLGCCGACCAGAATCATGCAAGTGC
GTAAGATAGTCGECGGETCCGELEECCGCATCTECTEGGGAAGCTACGATCCETAGAAAA
TGCGGCCGCCCACCAGAATCATGCAAGTGOGTAAGATAGTCGEGCEBEGETCGGEGCEGGLLE
CATCTGCTGGGAAGCTTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGAAGAGCCGTAC
GGGBCCCGELCTAGGCBCGATTCCGCTTCCTCEBLTCACTCGACTCEETECGCTCOGETCETY
TCGGCTGCEGCEAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGA
ATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAA
CCOTAAAAAGGCCBCBTTECTGGLOTTITTITCCATAGGCTCCBCCCCCCTGACGAGCAT
CACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACC
AGGCGTTTCCCCCTGGAAGCTCCCTCGTGLGCTCTCCTGTTCLOGACCCTGLCGCTTAC
CEGATACCTGTCCGCOTITCTCCOTTCGGRAAGLCGTGGCGCTTTCTCATAGCTCACGO
TGTAGGTATCTCAGTTCEGGTGTAGGTCGTYCGCTCCAAGCTGGGCTGTGTBCACGAAL
CCCCCGTTCAGLCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTIGAGTCCAACCC
GGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGETAACAGGATTAGCAGAGC
GAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACT
AGAAGAACAGTATTTGGTATCTGCGBCTCTGCTCAAGCCAGTTACCTTCOGAAAAAGAG
TTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTIITGTTIGC
CAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTITTCTA
CGGBGGETCTCGACGCTCAGTGCAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATT
ATCAAAAAGGATCTTCACCTAGATCCTTITTAAATTAAAAATGAAGTTTTAAATCAATCTAA
AGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATY
CTCAGCGATCTOTCTATTTCOTTCATCCATAGTTGCCTGACTCCCCGTCOTGTAGATAA
CTACGATACGGGAGGGCTTACCATCTGBCCCCAGTGUTGCAATGATACCGCGAGATC
CACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGC
GCAGAAGTEGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGOA
AGCTAGAGTAAGTAGTTCGOCAGTTAATAGTTTGLCGCAACGTTGTTGCCATTGUTACAG
GCATCGTGGTIGTCACGCTCGTCGTTTGGTATGGOTTCATTCAGCTCCGGTTCCCAACG
ATCAAGGCGAGTTACATGATCCCOCATGTIGTGCAAAAAAGCGGTTAGCTCCTTCGGT
CCTCOGATCGTTGTCAGAAGTAAGTTGGCCBCAGTGTTATCACTCATGGTTATGGCAG
CACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTITTTCTGTGACTGGTGAG
TACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTITGCCCGG
COTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGE
AAAACGTTCTTCGGGGCBAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCG
ATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTITCACCAGCGTTTC
TGGGTCAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGBCGACACG
GAAATGTTGAATACTCATACTCTTCCTITTTCAATATTATTGAAGCATTTATCAGGGTTAT
TGTCTCATGAGCGGATACATATTTGAATGTATTITAGAAAAATAAACAAATAGGGGTTICC
GCGCACATITCCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGACAT
TAACCTATAAAAATAGGCGOTATCACGBAGGCCCYTTCGTC

SEQ 1D NO:
17

pAMAZ2

3x81m after
I UTR

TAATACGACTCACTATAGGAGAGCGGCCGUTTTTTCAGCAAGATTAAGCCCAGGGBCAG
AGCCATCTATTGCTTACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCTCAAACA
GACACCATGGTGAGCAAGGGLGAGGAGOTGTTCACCGGGGTGGTGLCCATCCTGETC
SAGCTGGACGOCGACGTAAACGBOCCACAAGTTCAGCGTGTCCGGCCAGOBCOAGGS
CGATGUCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCC
CCTGCLCCTGGCOCCALCCCTCGTGACCALCOTGACCTACGGCGTGCAGTGCTTCAGLCG
CTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTALC
GTCCAGGAGCGBCACCATCTTCTTCAAGGACGACGGBCAACTACAAGACCCGEGCGCCGAG
GTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTC
AAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAAC
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GTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGECC
ACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACLCCCCA
TCGGUBACGGCLCCOTGCTGCTGCUCCGACAACCACTACCTGAGCACCCAGTCCGLCE
TCAGCAAAGACCCCAACGAGAAGCBUGATCACATGGTCCTGCTGGAGTTCGTGACCE
CCGCCGGGATCACTCTCGGCATGGACCAGCTGTACAAGTAATAAAGCTCGCTTTICTTG
CTGTCCAATTTCTATTAAAGGTTCCTTTGYTCCCTAAGTCCAACTACTAAACTGGGEGGA
TATTATGAAGGGCCTTGAGCATCTGGATTCTGOCTAATAAAAAACATTTATTITTCATTGC
AGCTCGCTTTCTITGCTGTCCAATTTICTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTA
CTAAACTCGOGCATATTATGAAGGGCCTTCGAGCATCTCGATTCTGCCTAATAAAAAACA
TFTATTTTCATTGCGGATCCGTAGAAAATGECGEGUCGCCBACCAGAATCATGBCAAGTGE
GTAAGATAGTCGCGGGTCGGLGGCCGCATCTGCTGLEGAAGCTACGATCLGTAGAAAA
TGCGGCCGCCBACCAGAATCATGCAAGTGUCGTAAGATAGTCGCGGGETCGGLGGLCH
CATCTGOTGGOTAGCTGTGAACCGTAGAAAATGCGBGUCGCCBACCAGAATCATGCAA
GTGCGTAAGATAGTCGCGGGTCGGUGGLCLGCATCTGCTGGGAAGCTTAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAGAAGAGCCGTACGGGBCGCGCCTAGGUGCGATTICCGCTT
CCTCGCTCACTGACTCGCTGCGCTCGGTCLTTCGGCTGCGGCGAGCGGTATCAGCTC
ACTCAAAGGUGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGCAAAGAACAT
GTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGOTGECETTY
TYTTCCATAGGCTCCGCCCCCCTGALGAGCATCACAAAAATCGACGLTCAAGTCAGAGG
TGGLCGAAACCCGACAGGACTATAAAGATACCAGGCETTTCCCCCTGBAAGCTCCCTCG
TGCGCTCTCCTGTTCCGACCOTGCCEGCTTACCGGATACCTETCCGLCTTICTCCOTTC
GGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTC
GTTCBCTCCAAGCTOGELTETGTGCACGAACCCCLCOTTCAGCCCBACCGBCTELGCC
TTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGG
CAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGLTACAGAGT
TCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTCGTATCTGCGC
TCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAA
ACCACCGUTGGTAGCGGTGGETTITTTTTGTTTGCAAGCAGCAGATTACGCGTAGAAAAA
AAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGETCTGACGCTCAGTGGAACGA
AAACTCACGTTAAGGGATTTTOGTCATGAGATTATCARAAAGGATCTTCACCTAGATCC
TTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGA
CAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATITCGTTCAT
CCATAGTTGCOTGACTCCCOBTOGBTCTAGATAACTACGATACGGBGAGGGLCTTACCATC
TGGCCCCAGTCCTGCAATGATACCOBCGAGATCCACGCTCACCGGCTCCAGATTTATCA
GCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCC
GCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAA
TAGTYTGCGCAACGTIGTTGUCATTGCTACAGGCATCGTGGOTGTCACGCTCGETCGTTT
GGTATGGLTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCA
TOTTGTGCAAAAAAGCGGTTAGCTICCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTY
GGCCOGCAGTGTTATCACTCATGETTATGGCAGCACTGCATAATTCTCTTACTGTCATGC
CATCCGTAAGATGCTITICTGTGALTGGTGAGTACTCAACCAAGTCATTICTGAGAATAG
TGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCA
CATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGBGGCGAAAACTCTC
AABGATCTTACCGCTETTGAGATCCAGTTCGATOTAACCCACTCOTGCACCCAACTOA
TCTICAGCATCTTTTACTTICACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAA
TGCCGECAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTY
TTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGBATACATATTTGAAT
GTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTITCCCCGAAAAGTGCCACCT
GACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGCGTATCACGAG
GSCCCTTTCGTC
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SEQ 1D NO:
18

pAM33

5xS51m after
3 UTR

TAATACGACTCACTATAGGAGAGCGGCCGCTTITTITCAGCAAGATTAAGCCCAGGGCAG
AGCCATCTATTGCTITACATTTGUTICTGACACAACTGTGTTCACTAGCAACCTCAAACA
GACACCATGGTCAGCAAGGGCGAGCGAGCTETTCACCGGGETEGTGCCCATCCTGEETC
GAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCEGTEGTCCGGCGAGGBLBAGGH
CGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGLAAGCTGLG
COTGCCCTEGCCCACCCTCOTGACCACCCTGACCTACCGLOTGCAGTGLTTCAGCCG
CTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCBAAGGCTAL
GTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGLAACTACAAGACCCGCGLCGAG
GTGAAGTTCCAGGGLGACACCCTGETGAACCGCATCGAGCTCAAGGGCATCGACTTC
AAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAAL
GTCTATATCATGGCLGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCC
ACAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCA
TCGGCGACGGCCCCOTGLTGCTGCCOGACAACCACTACCTGAGBCACCCAGTCCGBLCC
TGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTICGTGALCG
CCGCCGGRATCACTCTCGGCATGGACGAGCTGTACAAGTAATAAAGCTCGCTTITCTTG
CTGTCCAATTTCTATTAAAGGTTCCTTTGTITCCCTAAGTCCAACTACTAAACTGGGGGA
TATTATGAAGGCGCCTTCAGCATCTGGATTCTGCCTAATAAAAAACATTTATTTTCATTGC
AGCTCGCITTCITGCTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTA
CTAAACTGGGGGATATTATGAAGGGCCTTGAGCATCTGGATTCTGCCTAATAAAAAACA
TTTATTTTCATTGCGGATCCGTAGAAAATGCGGCCGECCGACCAGAATCATGCAAGTGC
GTAAGATAGTCGCGEGGTCGGCGGCCEBCATCTGUCTGGEAAGCTACGATCLCGTAGAAAA
TGCGGLCGCCGACCAGAATCATGCAAGTGCGTAAGATAGTCGCGGGTCGGCGGLLH
CATCTGCTGGGTAGCTGTCAACCOTAGAAAATGCGGCCGCCGACCAGAATCATGCAA
GTGCGTAAGATAGTCGCOGGTCGEGCEECLECATCTGCTGGBAAGCTACGATCCGTAG
AAAATGCGGCCGCUGACCAGAATCATGCAAGTGCGTAAGATAGTCGCGGEGTCHGCEEH
CCOCATCTGCTGGGETAGCTGTGAACCGTAGAAAATGCBGCCGECCGACCAGAATCATG
CAAGTGCGTAAGATAGTCGCGEGGTCGGCGGCCEBCATCTGCTGEGAAGCTTAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAGAAGAGCCGTACGGGCGCGLCLTAGGCGCGATTICCG
CTTCCTCGCTCACTGACTCGUTGOGUTCGGTCGTTCGGCTGCGGCGAGCGGTATCAG
CTCACTCAAAGOCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAA
CATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGC
GTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAG
AGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCOCCTGGAAGCTCC
CTCETGCOCTCTCCTETTCCBACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCC
CTTCGGGAAGCGTGGCGUTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTA
GGTCGTTCGOTCCAAGCTGGEGBCTGTECTGCACGAACCOCCCOTTCAGCCCGACCGLTG
CGCCTTATCCGGTAACTATCGBTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCA
CTGGLAGCAGCCACTGGTAACAGGATTAGCAGAGOCGAGGTATGTAGGCGGTGCTACA
GAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTITGGTATCT
GCOCTCTGCTGAAGCCAGTTACCTTCOGAAAAAGAGTTGGTAGCTCTTGATCCGGCAA
ACAAACCACCGCTGHGTAGCGGTGGTTTITTTTGTTTGCAAGCAGCAGATTACGLGCAGA
AAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAA
CGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGA
TCOTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATOAGTAAACTTGGETC
TGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTITCGTT
CATCCATAGTTGCCTGACTCCCCOBTCGBTGTAGATAACTACGATACGGGBAGGGCTTACC
ATCTGGCCCCAGTOCTGCAATGATACCGBCGAGATCCACGCTCACCGGCTCCAGATTTA
TCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTA
TCCBCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAG
TTAATAGTTTGUCGCAACGTTOTTGCCATTGCTACAGGCATCETGGTGTCACBLTCOTC
GTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCC
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CCCATGTTGTGCAAAAAAGCGGTITAGCTCCTTCGGTCOTCCGATCGTTGTCAGAAGTA
AGTTGGCCGLCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTC
ATGCCATCCOGTAAGATGCTTTTCTOTGACTGGTCAGTACTCAACCAAGTCATTCTGAGA
ATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCEBBLOTCAATACGGGATAATACCGE
GOCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGUGAAAA
CTCTCAAGGATCTTACCGCTOTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCA
ACTGATCTTCAGCATCTTTTACTTTCACCAGCGEGTTTCTGGGTGAGCAAAAACAGGBAAGG
CAAAATGCCGLAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCT
TCCTTITTCAATATTATTGAAGCATITATCAGGGTTATTGTCTCATGAGCGGATACATAT
TTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTG
CCACCTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGCGTATC
ACGAGGCCCTTICGTC

SEQ ID NO:
19

pAM34

BxS1m after
JUTR

TAATACGACTCACTATAGGAGAGCGGUCGLTTITICAGCAAGATTAAGCCCAGGGCAG
AGCCATCTATTGCTTACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCTCAAACA
GACACCATCGGTGAGCAAGGGCGAGGAGCETOTTCACCGGGGTGGTGCCCATCCTEETC
GAGCTGGACGGLGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGLGAGGE
CGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCC
COTGCCCTEGCOCACCCTCOTGACCACCOTGACCTACGGBCOTGCAGTGCTTCAGCOG
CTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTAC
GTCCAGGAGCGCACCATCTTCTTICAAGGACGACGGCAACTACAAGACCCGCGCCGAG
GTGAAGTTCGAGGGCCACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTC
AAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAAC
GTCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGECC
ACAACATCGAGGACGGCAGCEGTGCAGUTOGCCGACCACTACCAGCAGAACACCOCCA
TCGGUBACGGCLCCOTGCTGCTGCUCCGACAACCACTACCTGAGCACCCAGTCCGLCE
TGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTICGTGACCG
CCGCCOEGATCACTCTCOGCATGGACBAGCTGTACAAGTAATAAAGCTCGLTTTCTTG
CTGTCCAATTTCTATTAAAGGTTCCTTTGYTCCCTAAGTCCAACTACTAAACTGGGEGGA
TATTATGAAGGGCCTTGAGCATCTGGATTCTGOCTAATAAAAAACATTTATTTTICATTGO
AGCTCGCTTTCTITGCTGTCCAATTTICTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTA
CTAAACTCGOGCATATTATGAAGGGCCTTCGAGCATCTCGATTCTGCCTAATAAAAAACA
TITATTTTCATTGCGGATCCGTAGAAAATGCGGUCGCCGACCAGAATCATGCAAGTGO
GTAAGATAGTCGCGGGTCGGLGGCCGCATCTGCTGLEGAAGCTACGATCLGTAGAAAA
TGCGGCCGCCBACCAGAATCATGCAAGTGUCGTAAGATAGTCGCGGGETCGGLGGLCH
CATCTGOTGGOTAGCTGTGAACCGTAGAAAATGCGBGUCGCCBACCAGAATCATGCAA
GTGCGTAAGATAGTCGCOGGTCGGUGGCLGCATCTGCTGGGAAGCTACGATCCGTAG
AAAATGCGGLCGCCGACCAGAATCATGCAAGTGUGTAAGATAGTCGCGGGTCGGCGE
CCGCATCTGCTOGGTAGCTETGAACCGTAGAAAATGCGBOCOGBCCBACCABGAATCATG
CAAGTGCGTAAGATAGTCGCGGGTCGGCGGCTGTCATCTGCTGGGAAGCTACGATCCG
TAGAAAATGCGGCCGLCGACCAGAATCATGCAAGTGLGTAAGATAGTCGLGGGTCGEG
CGGCCOCATCTGCTGGGAAGCTTAAAAAAAAAAAAAAAAMAAAAAAALAAAAAGAAGAG
CCGTACGGGCGUGCCTAGGCGOCGATTCCECTTCCTCGCTCACTGACTCGCTGLGCTC
GGTCGTTCGGBCTGCGGUCGAGOGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATC
CACAGAATCAGOGGATAACGCACGAAAGAACATGTGAGCAAAAGGOCCAGCAAMAGGC
CAGGAACCGBTAAAAAGGCCGCETTGCTGGCGTTTITCCATAGGCTCCGCCCCCCTGA
CGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAA
AGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGC
CGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGEGAAGCGTGRCGECTTTCTCATAG
CTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGELTGTIGTG
CACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGT
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CCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAG
CAGAGCGAGGTATGTAGGCGGTGCTACAGAGTICTTGAAGTGGTGGCCTAACTACGG
CTACACTAGAAGAACAGTATITGGTATCTGCGECTCTGCTGAAGCCAGTTACCTTCGGAA
AARAGAGTTGGTAGCTCTTGATCCGGLAAACAAACCACCGCTGGTAGCGGTAGETTITIT
TGTTTGCAAGCAGCAGATTACGLGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATLT
TYTCTACGGGOGTCTGACGCTCAGTGOAACCGAAAACTCACETTAAGGGATTTTGGTCAT
GAGATTATCAAAAAGGATCTTCACCTAGATCUTTTTAAATTAAAAATGAAGTTTTAAATC
AATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGG
CACCTATCTCAGCGATCTETCTATTTCEGTYCATCCATAGTTGCCTGACTCCCCGTCEGBTG
TAGATAACTACGATACGGGBAGGGCTTACCATCTGGCCCCAGTBCTGCAATGATACCGEC
GAGATCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGE
CCGAGCGCAGAAGTGGETCCTGCAACTITATCCGCCTCCATCCAGTCTATTAATTGTTG
CCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTYGOCGCAACGTTGTTGCCATT
GCTACAGGCATCGTGGTGTCACGCTCGTCETTIGGTATGGCTTICATTCAGCTCCGGETT
CCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTC
CTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCLGCAGTGTTATCACTCATGGTY
ATGGCAGCACTGCATAATTCTCTTACTCTCATGCCATCCOTAAGATGCTTTTCTGTGAC
TGETGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCT
TGCCCGGUGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCA
TCATTGGAAAACGTTCTTCOGOGGECCAAAACTCTCAAGCATCTTACCGCTGTTGAGATC
CAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCA
GOCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGG
COACACGGAAATEGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATC
AGGGTTATTGTCTCATGAGOCGGATACATATTTGAATCTATTTAGAAAAATAAACAAATAG
GGGTTCLGCGCACATTICCCLCGAAAAGTGCCACCTGACGTCTAAGAAACCATTATTAT
CATGACATTAACCTATAAAAATAGGBCGTATCACGAGGCCCTTTCGTC

SEQ 1D NO:

20

pAM3?

IRNA
scaffold
stahilized
S1m after
JUTR

TAATACGACTCACTATAGGAGAGCGGOCGCTTITTTCAGCAAGATTAAGCCCAGGGCAG
AGCCATCTATTGCTTACATTTGCTICTGACACAACTGTGTTCACTAGCAACCTCAAACA
GACACCATGGTGAGCAAGGGCGAGBAGCTGTTCACCEEGETGGTGCCCATCCTGGETC
GAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCLCLGGCGAGGGCGAGGG
CGATGCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGBCAAGCTGCC
CGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGLGTGCAGTGCTTCAGCCG
CTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTAC
GTCCAGGAGCGCACCATCTTCTICAAGGACGACGGUAACTACAAGACCCGCGCCGAG
GTGAAGTTCGAGGGCGACACCOTGEGTGAACCGUCATCGAGCTCAAGGGBCATCGACTTC
AAGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAAC
GTCTATATCATGGCLGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCC
ACAACATCGAGOACGGCAGCOTOCAGCTCECCGACCACTACCAGCAGAACACCCCCA
TCGGCGACGGCCLCGTGLTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCT
TGAGCAAAGALCCCCAACGAGAAGCGCGATCACATGGTCOTGCTGGAGTICGTGACCG
CCGCCGGBATCACTCTCGGCATGGACGAGCTGTACAAGTAATAAAGCTCGCTTTICYTG
CTGTCCAATTTCTATTAAAGGTTCCTTTGTYTCCCTAAGTCCAACTACTAAACTGGGGGA
TATTATGAAGGGLUCTTGAGCATCTGGATTCTGCCTAATAAAAAACATTTATITTCATTIGC
AGCTCGCTTTCTTGCTOGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTA
CTAAACTGGGGGATATTATGAAGGGCCTTGAGCATCTGGATTCTGCOTAATAAAAAACA
TTTATTTTCATTGCGGATCCAAAAAAAAAAAAAGCCCGGATAGCTCAGTCGGTAGAGCA
GCGGCCTATGCGGLCGCCGACCAGAATCATGCAAGTGCGTAAGATAGTCGCGGGTCG
GCGBGUCGCATTCEGAGGCCGUGTCCAGGGETTCAAGTCCCTGTTCGGGBCGCCACTGCA
GAAAAAAAAAAAAAAGCTTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGAAGAGCCGY
ACGGGCGCGCLTAGGCGCHGATTCLGCTTCCTCGCTCACTGACTCGTTGCGCTICGGTC




WO 2023/031856 PCT/1IB2022/058234

59

GTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACA
GAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCLCAGG
AACCGOTAAAAAGCCCGBCETTGOTOGCOTTTTTCCATAGGCTCCGCCCCCCTGACGAG
CATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGBAAACCCCACAGGACTATAAAGAT
ACCAGGCGTITCCCCCTGGAAGCTCCCTCGTGCGLTCTCCTGTYTCLGACCCTGLCGC
TYACCGGATACCTGTCCGCCTTTCTCCCTTCGGBAAGCETGGCEETTTCTCATAGCTC
ACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTITCGCTCCAAGCTGGGCTBTGTGCAC
GAACCCCCCGTTCAGLLCCGACCGCTGUGUCTTATCCGGTAACTATCGTCTTGAGTCCA
ACCCGBTAAGACACGACTTATCGCCACTGGCASCAGCCACTOGTAACAGGATTAGCA
GAGCGAGGTATGTAGGOCGGTECTACAGAGTTCTTGAAGTGGTGBCCTAACTACGEGCY
ACACTAGAAGAACAGTATTTGGTATCTGCGLCTCTGCTGAAGCLAGTTACCTTCGGAAAA
AGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGOTGGTAGCGGTGETTITITIG
TTTGCAAGCAGCAGATTACGOGCAGAAAAAAAGGATCTCAAGAAGATCCTTITGATCTTT
TCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTITGGTCATGA
GATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAAT
CTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCAC
CTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTCACTCCCCGTCGTETAG
ATAACTACGATACGGGAGGGCTTACCATCTGGCCOCAGTGCTGCAATGATACCGCGAG
ATCCACGCTCACCGGLCTCCAGATTTATCAGCAATAAACCAGCCAGCLGGAAGGGCCG
AGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCG
GGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTITGCGCAACGTTGTTGCCATTGCTA
CAGGCATCGTGOTGTCACGCTCGTCETTTIGGTATGGCTICATTCAGCTCCGGTTOCCA
ACGATCAAGGCGAGTTACATCATCCCCCATGTTETGCAAAAAAGCGETTAGCTCCTTC
GGTCCTCCCATCGTTGTCAGAAGTAAGCTTGGCCGEGCAGTGTTATCACTCATGGETTATGG
CAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTITICTGTGACTGGT
GAGTACTCAACCAAGTCATTCTCAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCC
CGGCETCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCAT
TGGAAAACGTTCTTCGGGGOGAAAACTCTCAAGGATCTTACCGCTGTITGAGATCCAGT
TCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGT
TTCTGGGTGAGCAAAAACAGGAAGGBCAAAATBCCGCAAAAAAGGEAATAAGGGUGAC
ACGGAAATGTTGAATACTCATACTCTICCTTITTCAATATTATTGAAGCATTITATCAGGG
TTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGET
TCCGCGCACATTTCCCCCAAAAGTGCCACCTGACGTCTAAGAAACCATTATTATCATGA
CATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGETC

SEQ 1D NO:

21

HA_H3SIN-
16

No aptamer

TCGCBCOTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCOCGGAGACGSG
TCACAGCTTGTCTGTAAGCGGATGLCGGGAGCAGACAAGCCCGTCAGGGLCGCGTCAG
CEGETGTTGGLGGETGTCGGEGGLTEGECTTAACTATGCGGCATCAGAGCAGATTGTAC
TCGAGAGTGCACCATATGCOOTGTGAAATACCECACAGATGCGTAAGGAGAAAATACCG
CATCAGGLGCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGLGATCGGETGCG
GGCCTCTTCGCTATTACGCCAGUTGGCGAAAGGGGGATGTGCTGCAAGGCGATTAAG
TTEGEGTAACGCCAGGGTITTCCCAGTCACGACGTTGTAAAACGACGGCCAGAGAATTO
TAGAATTTAGGTGACACTATAGGACAGATCGCCTGGAGACGCCATCCACGCTGITTTG
ACCTCCATAGAAGACACCGGGACCGATCCAGCCTCCGOGHECLGGGAACGGTGLATTG
SAACGCGBATTCCCCGETOCCAAGABTGACTCACCGTCCTTGACACGATGAAAACTATT
ATTGCTCTGTCTTACATCCTGTGCCTGBTCTTCGCCCAGAAAATCCCCGGAAACGBACA
ACTCTACCGCCACCCTGTGTCTGGGCCACCACGCCGTGCCAAATGGCACCATCGTGA
AGACCATCACAAACGACAGAATCGAGGTGACCAATGCCACAGAGCTGGTGCAGAACA
GCTCCATCGGCGAGATCTGCGACAGCCCCCACCAGATCCTEGATGGUGAGAACTGETA
CACTGATCGACGCCCTGUTGGGUGACCCTCAGTGCGATGGLTTCCAGAATAAGAAGT
GGGATCTIGTTITGTGGAGAGAAGCAAGGCCTACTCCAACTGTITACCCCTATGACGTGCC
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TGATTATGCCTCTCTGAGGAGCCTGGTGGUCTCTAGCGBCACCCTGBAGTTCAAGAAC
GAGTCTTTTAATTGGACCGGCGTGACACAGAATGGCACATCCTCTGOCTGCATCCGOG
GCAGCTCCTCTAGCTTCTTTAGCCGGCTCAACTGGCTGACCCACCTGAATTACACATA
TCCTGOCCTGAACGTGACCATGCCAAATAAGGAGCAGTTCBATAAGCTGETACATCTGG
GGAGTGCACCACCCAGGAACAGACAAGGATCAGATCTTTICTGTATGCCCAGTCCTICTG
GCAGAATCACCGTGTCTACAAAGAGGBAGCCAGCAGGCCGTGATCCCTAACATCGGCTY
CCOGGCCAAGAATCAGGGACATCCCCTCCCGCATCTCTATCTACTGGACCATCGTGAA
GCCAGGCGATATCCTGCTGATCAACTCTACAGGCAATCTGATCGCCCCLOCGLGGCTAT
TTCAAGATCCGGBAGCGEGCAAGAGCABCATCATGCGETCCGACGCCCCLATCEOCAAG
TGCAAGTCTGAGTGTATCACCOCTAACGGCAGCATCCCAAATCGATAAGCCCTTTCAGA
ACGTGAATCGCATCACATACGGCGCCTGTCOCTAGATATGTGAAGCACAGCACCOTGAA
GCTGGCCACAGGCATGAGAAATGTGCCAGAGAAGCAGACCAGGGGAATCTTCGGAGC
AATCGCAGGOTTTATCGAGAATGGCTGGOAGGGCATGETGGACGGCTGBTACGGELTT
CCGCCACCAGAACTCLCGAGGGAAGGGGACAGGCCGCCGACCTGAAGTCTACCCAGG
CAGCCATCGATCAGATCAACGGCAAGCTGAATCGCCTGATCGGCAAGACAAACGAGAA
GTTCCACCAGATCGAGAAGGAGTTTTICCGAGGTGGAGGGAAGGGTGCAGGATCTGGA
CAAGTACGTOGAGGACACCAAGATCBATCTCTOGBAGCTATAATGCCGAGCTGCTGGY
GGCCOTGGAGAACCAGCACACCATCGACCTGACAGATTCCGAGATGAATAAGCTGTTC
GAGAAGACCAAGAAGCAGCTGAGAGAGAACGUCGAGGACATGGGCAATGGELTGCTTY
AAGATCTACCACAAGTGCGATAACGCCTOTATCGAGAGCATCAGGAACGAGACATACG
ACCACAACGOTGTACAGAGATGAGGCCCTCGAACAATAGGTTTCAGATCAAGGGCGTGGA
GCTGAAGTCCGGUTATAAGGACTGGATCOTGTGGATCTCCTTCGOCATCTCTTGCTTT
CTECTETGCOTGGBCCCTECTGEGBGTTCATTATEGTGGGECTVTCTCAGAAAGBAAACATTC
GCTGTAACATTTGTATCTAACGGGTGGCATCCCTETGACCCCTCCOCCAGTGCUTCTCO
TGGCCCTGGAAGTTGCCACTCCAGTGCCCACCAGCCTTGTCCTAATAAAATTAAGTTG
CATCAAGCTTGGETGTAATCATGGTCATAGCTETTITCCTETGTGAAATTGTTATCCGCTLC
ACAATTCCACACAACATACGAGCOGGAAGCATAAAGTGTAAAGCOTGGOGTGCCTAAT
GAGTGAGCTAACTCACATTAATIGCGTTGCGCTCACTGCCLGUTTTCCAGTCGGGAAA
CCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGELEGRAGAGGCGGTTTGCG
TATTGGGCECTCTTCCEGCTTCCTCGCTCACTGACTCGETGUGCTCGGTCGTTCEGELTG
CGGCLAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGEG
GATAACGCAGGAAAGAACATGTGAGCAAAAGGCUCAGCAAAAGGUCAGGAACCGTAAA
AAGGCCGCGTTGOTEGCGTTITTTCCATAGGCTCCGCCUCOCCTGACGAGCATCACAAAA
ATCGACGCTCAAGTCAGAGOTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTT
TCCCCCTERAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATAC
CTGTCCGCCTTTCTCCCTTCOGGAAGCOTGGCECTTTCTCATAGCTCACGCTGCTAGGT
ATCTCAGTTCGOTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCEY
TCAGCCCGACCGCTGLGOCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGA
CACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTAT
GTAGGCGOTGCTACAGAGTTCTTCGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAA
CAGTATTTGGTATCTGCGLTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGETAG
CTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGETITITITTGTTITGCAAGCAG
CAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTITCTACGGGGTC
TCGACGCTCAGTOGAACGAAAACTCACGTTAAGGGATTTTGGTCATCAGATTATCAAAAA
GGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAAGCCCAATCTGAA
TAATGTTACAACCAATTAACCAATTCTGATTAGAAAAACTCATCGAGCATCAAATGAAAL
TGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGTAAT
GAAGGAGAAAACTCACCGAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTG
CGATTCCGACTCGTCCAACATCAATACAACCTATTAATTITCCCCTCGTCAAAAATAAGG
TTATCAAGTCAGAAATCACCATCAGTGACGACTGCAATCOGGTCAGAATGGLAAAAGTT
TATGCATTTCTTTCCAGACTTGTTCAACAGGOCCAGCCATTACGCTCGTCATCAAAATCA
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CTCGCATCAACCAAACCGTTATTCATTCGTGATTGCGCCTGAGCGAGACGAAATACGC
GATCGCTGTTAAAAGGACAATTACAAACAGGAATCGAATGCAACCGGCGCAGGAACAL
TGCCAGCGCATCAACAATATTTTCACCTGAATCAGGATATTCTTCTAATACCTGGAATG
CTGTTTITCCGGGGATCGCAGTGGTCGAGTAACCATGCATCATCAGGAGTACGGATAAA
ATGCTTGATGGTCGGAAGAGGCATAAATTCCGTCAGUCCAGTTTAGTCTGACCATCTCAT
CTGTAACATCATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCG
GGCTTCCCATACAAGCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGCCC
ATTTATACCCATATAAATCAGCATCCATGTTGGAATTTAATCGCGGCCTCGACGTITTCC
CETTGAATATGGCTCATAACACCCCTTGTATTACTGTTTATGTAAGCAGACAGTTTTATYT
GTTCATGATGATATATITTTATCTTGTGCAATGTAACATCAGAGATTTTGAGACACGGGC
CAGAGCTGCA

SEQ 1D NO:
22

pAM111

Mo aptamer

TCGCBCOTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCOCGGAGACGSG
TCACAGCTTGTCTGTAAGCGGATGLCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAG
CGEOTCTTCECEEETEGTCGEEELETEGCTTAACTATGCGGCATCAGAGCAGATTGTAC
TCAGAGTGCACCATATGCGGTGTGAAATACCGBCACAGATGCOTAAGGAGAARATACCEG
CATCAGGLGCCATTCGLCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGETGLG
GGCCTCTTCGCTATTACGCCAGUTGGCGAAAGGGGGATGTGCTGTCAAGGCGATTAAG
TTGEGTAACGCCAGGGTTTTCCCAGTCACGACGTTGTAAAACGACGGOCAGAGAATTC
TAGAATTTAGGTGACACTATAGGACAGATCGCLTGGAGACGCCATCCACGCTGTTTTG
ACCTCCATAGAAGACACCGGGACCGATCCAGCCTCCGOGGBUUGGGAACGGTGCATTG
GAACGCGGATTCCCCBTOCCAAGAGTGACTCACCETCUTTGACACGATGAAAACTATY
ATTGCTCTGTCTTACATCCTGTGCCTGGTCTTCGCCCAGAAAATCCCCCGAAACGACA
ACTCTACCGOCACCCTGTGTICTGGGCCACCACGCCGTGCCAAATGGCACCATCGTGA
AGACCATCACAAACGACAGAATCCAGGTGACCAATGCCACAGAGCTGGTGCAGAACA
GCTCCATCGGCGBAGATCTOCGACAGCCCCCACCAGATCCTGGATGGCGAGAACTGETA
CACTGATCGACGCCCTGUTGGEGECGACCCTCAGTGCGATGGCTTCCAGAATAAGAAGT
GGCATCTGTTTGTGGAGAGAAGCAAGGCOTACTCCAACTGTTACCCCTATGACGTGCC
TGATTATGCCTCTCTGAGGAGCLTGOTCGCCTCTAGCGBBCACCCTGBAGTTCAAGAAC
GAGTCTTTTAATTGGACCGGCGTGACACAGAATGGCACATCCTCTGOCTGCATCCGEG
GCAGCTCCTCTAGCTTCTTTAGCCGGUTGAACTGGCTGACCCACCTGAATTACACATA
TCCTGCCCTGAACGSTCGACCATGCCAAATAAGGAGCAGTTCGATAAGCTGTACATCTGG
GGAGTGCACCACCCAGGAACAGACAAGGATCAGATCTTTCTGTATGCCCAGTCCTCTG
GCAGAATCACCGTGTCTACAAAGAGGAGLCAGCAGGCCGTGATCCCTAACATCGGLY
CCCGGUCAAGAATCAGGGACATCCCCTCCCGCATCTCTATCTACTGGACCATCGTGAA
GCCAGGCGATATCCTGCTGATCAACTCTACAGGCAATCTGATCGBCCCCLCOGCGGCTAT
TTCAAGATCCGGAGCGGCAAGAGCAGCATCATGCGGTCCGACGCCCCCATCGGCAAG
TGCAAGTCTGAGTGTATCACCCCTAACGGCAGCATCCCAAATGATAAGCCCTTTCAGA
ACCTGAATCGCATCACATACGGCOCCTETCOTAGATATOTGAAGCACAGCACCLTGAA
GCTGGCLCACAGGCATGAGAAATGTGCCAGAGAAGCAGACCAGGGGAATCTTICGGAGC
AATCGCAGGCTTTATCGAGAATGGOTGGGAGGGCATGGTGGACGGCTGGTACGGETY
CCGCCACCAGAACTCLOAGGGAAGGGBGACAGGCCGCCBACCTGAAGTCTACCCAGG
CAGCCATCGATCAGATCAACGGCAAGCTGAATCGCCTGATCGGECAAGACAAACGAGAA
GTTCCACCAGATCGAGAAGGAGTTTTICCGAGGTGGAGGGAAGGGTGCAGGATCTGGA
CAAGTACGTOGCAGGACACCAAGATCCATCTGTGBAGCTATAATGCCGAGCTGCTGGT
GGCCCTGCAGAACCAGBGCACACCATCGACCTCACAGATTCCOAGATGAATAAGCTGTTC
GAGAAGACCAAGAAGCAGCTGAGAGAGAACGCCGAGGACATGGGLAATGEOTGEOTTT
AAGATCTACCACAAGTGCGATAACGCCTGTATCGAGAGCATCAGGAACGAGACATACG
ACCACAACGTGTACAGAGATGAGGCCCTGAACAATAGGTTTCAGATCAAGGGCGTGGA
GCTGAAGTCOGGCTATAAGGACTGGATCOTGTGGATCTCCTTCGCCATCTCTTGCTTT
CTGCTGIGCGTGGUCCTGCTGGGGTTCATTATGTGGGCTTGTCAGAAAGGAAACATTC
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GCTGTAACATTTGTATCTAACGGGTGBCATCCCTETGACCCCTCCCCAGTGCCTCTCG
TGGCCCTGGAAGTTGCCACTCCAGTGCCCACCAGCCTTGTCCTAATAAAATTAAGTTG
CATCAAAAAAAAAAAAAAAAAAALAAAAAAAAAAAAGCGCTTCGTETAATCATGGETCATAGC
TETTTCCTGTGTGAAATTGTTATCCBUTCACAATTCCACACAACATACGAGCUGGAAGO
ATAAAGTGTAAAGCLTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGC
GCTCACTGCCCGCTTTCCAGTCBGBAAACCTGTCOTGCCAGCTGCATTAATGAATCGG
CCAACGCGCGGECAGAGGCEETTTGCETATTGGGBCGCTCTTCCGCTTCCTCGLTCAC
TGACTCGCTGLCGCTCGGTCGTTCGGLTGCEGUGAGCGGTATCAGCTCACTCAAAGGC
GGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATETGAGCAAAA
GGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCETTGCTGBUETITTTCCATAGG
CTCCGCCCOCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAAC
CCGACAGGACTATAAAGATACCAGGCGTITTCCCOCTGGAAGCTCCCTCGTGCGCTCTC
CTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGY
GGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGETGTAGGTCGTTCGCTCO
AAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGUTGCGCCTTATCCGET
AACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGLCCACTGGCAGCAGCCA
CTOGTAACAGGATTAGCAGAGCCAGOTATGTAGGCBGTGCTACAGAGTTCTTGAAGTG
GTGGUCTAACTACGGUTACACTAGAAGAACAGTATTTIGGTATCTGCGCTCTGCTGAAG
CCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACLCGCTG
GTAGCGGTEGTTTTTITGTTTOCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCA
AGAAGATCCTTTGATCTTTTCTACGGEGGTCTCGACGUTCAGTGGAACGAAAACTCACGTT
AAGGGATTTITGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAA
AATCAAGTTTTAAATCAAGCCCAATCTOAATAATGTTACAACCAATTAACCAATTCTGAT
TAGAAAAACTCATCGAGCATCAAATCGAAACTGCAATTTATTCATATCAGGATTATCAATA
CCATATTITTGAAAAAGCCGTITTICTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCA
TAGGATGGCAAGATCCTGGTATCGETCTGCGATTCCGACTCGTCCAACATCAATACAA
CCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTGALD
GACTGAATCCGGTGAGAATGGCAAAAGTTTATGCATTTCTTTCCAGACTTGTTCAACAG
GCCAGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTATTCATTCGT
GATTGCGCCTGAGCGAGACGAAATACGCGATCGECTOTTAAAAGGACAATTACAAACAG
GAATCGAATGCAACCGGCGCAGGAACACTGCCAGLCGCATCAACAATATTITTCACCTGA
ATCAGGATATTCTTCTAATACCTGGAATGCTGTTTTTCCGGGGATCGCAGTGGETGAGTA
ACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATTC
COTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTYTGC
CATGTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAAGCGATAGATTGTCGC
ACCTGATTGCCCGACATTATCGOCGAGCUCATTTATACCCATATAAATCAGCATCCATGT
TGGAATTTAATCGUGGCCTCGACGTTTCCCGTTGAATATGGCTCATAACACCCCTTGTA
TTACTGTITATGTAAGCAGACAGTITTATTGTTCATGATGATATATTTTTATCTTGTGCAA
TGTAACATCAGAGATTTTIGAGACACGGGCCAGAGCTGCA

SEQ ID NO:
23

pAM112

2xS51m after
JUTR

TCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGG
TCACAGCTTGTCTGTAAGCGGBATGCCGGCAGCAGACAAGCCCOTCAGGGCBCGETCAL
CEEGTOTTGBCEEGETGTCOGOBCTEGCTTAACTATGCGGCATCAGAGCAGATTGTAL
TGAGAGTGCACCATATGLGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATALCEG
CATCAGGCGCCATTCGCCATTCAGGCTOCBCAACTETTEGGGAAGGGCGATCEOTGCE
GGCCTCTTCGCTATTACGBCCAGCTGGCCBAAAGGGGGATGTGCTGCAAGGCGATTAAG
TTGGGTAACGLOCAGGGTTTTCLCAGTCACGACGTTGTAAAACGACGGCCAGAGAATTC
TAGAATTTAGGTGACACTATAGGACAGATCGCCTGGAGACGCCATCCACGCTGTTTTG
ACCTCCATAGAAGACACCGGGACCBATCCAGCCTCCGECGBBLCEEBAACGGBTGCATTG
GAACGCGGATTCCCCGTGCCAAGAGTGACTCACCGTCOTTGACACGATGAAAACTATT
ATTGCTCTGTCTTACATCCTGTGCCTGGTCTTCGCCCAGAAAATCCCTGGAAACGACA
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ACTCTACCGOCACCCTGTGTICTGGGCCACCACGCCGTGCCAAATGGCACCATCGTGA
AGACCATCACAAACGACAGAATCGAGGTGACCAATGCCACAGAGCTGGTGCAGAACA
GCTCCATCGGCGBAGATCTOCGACAGCCCCCACCAGATCCTGGATGGCGAGAACTGETA
CACTOGATCGACGCCCTBCTEGGCBACCOCTCAGTGCGATGBCTTCCAGAATAAGAAGT
GGGATCTIGTTTGTGGAGAGAAGCAAGGCCTACTCCAACTGTTALCCCTATGACGTGCC
TGATTATGCCTCTCTGAGGAGCLTGOTCGCCTCTAGCGBBCACCCTGBAGTTCAAGAAC
GAGTCTTTTAATTGGACCGGCGTGACACAGAATGGCACATCCTOTGUCCTGUATCCGLG
GCAGCTCCTCTAGCTTCTTTAGCCGGUTGAACTGGCTGACCCACCTGAATTACACATA
TCCTGCCCTGAACGSTCGACCATGCCAAATAAGGAGCAGTTCGATAAGCTGTACATCTGG
GGAGTGCACCACCCAGGAACAGACAAGGATCAGATCTTTCTGTATGCCCAGTCLTCTG
GCAGAATCACCGTGTCTACAAAGAGGAGLCAGCAGGCCGTGATCCCTAACATCGGLY
CCCGGUCAAGAATCAGGGACATCCCCTCCCGCATCTCTATCTACTGGACCATCGTGAA
GCCAGGCGATATCCTGCTGATCAACTCTACAGGCAATCTGATCGBCCCCLCOGCGGCTAT
TTCAAGATCCGGAGCGGCAAGAGCAGCATCATGCGGTCCGACGCCCCCATCGGCAAG
TGCAAGTCTGAGTGTATCACCCCTAACGGCAGCATCCCAAATGATAAGCCCTTTCAGA
ACGTGAATCGCATCACATACGGCGCCTGTCOCTAGATATGTGAAGCACAGCACCOTGAA
GCTGGCCACAGGBCATCAGAAATGTGCCAGAGAAGCAGACCAGGGGAATCTTCGGAGC
AATCGCAGGCTTTATCGAGAATGGCTGGGAGGGCATGGTGGACGGCTGETACGGLTT
CCGCCACCAGAACTCLCGAGGGAAGGGGACAGGCCGCCGACCTGAAGTCTACCCAGG
CAGCCATCGATCAGATCAACGGCAAGCTGAATCBCCTGATCOGCAAGACAAACGBAGAA
GTTCCACCAGATCCAGAAGGAGTTTTCCOAGGTGOAGGGAAGGUGTGCAGGATCTGGA
GAAGTACGTGGAGGACACCAAGATCGATCTGTGGAGCTATAATGCCGAGCTGCTGGY
GGCCCTGBAGAACCAGCACACCATCCACCTCACAGATTCCOAGATGAATAAGCTGTTC
GAGAAGACCAAGAAGCAGCTGAGAGAGAACGCUCCAGGACATGGGCAATGGCTECTTT
AAGATCTACCACAAGTGCGATAACGCLTGTATCGAGAGLCATCAGGAACGAGALCATACG
ACCACAACGTOTACACAGATGAGGCCCTCAACAATAGGTTTCAGATCAAGGGCGTGGA
GOTGAAGTCCGGUTATAAGGACTGGATCCTOTGGATCTCCTTCGCCATCTCTTGCTTT
CTGCTGTIGCGTGGCCLCTGCTGGGGTTCATTATGTGGGCTTGTCAGAAAGGAAACATTC
GCTGTAACATTTGTATCTAACGGGTGBCATCCCTETGACCCCTCCCCAGTGCCTCTCG
TGGCCCTGGAAGTTGCCACTCCAGTGCCCACCAGCOTTGTCCTAATAAAATTAAGTTG
CATCGTAGAAAATGLGGCCGCCGACCAGAATCATGCAAGTGCGTAAGATAGTCGLGE
GTCGGOGGUCGCATCTGCTGGGAAGCTACGATCCGTAGAAAATGCGGCCGCCGACCA
GAATCATGCAAGTGCGTAAGATAGTCGCGGETCGGCEGCCECATCTBCTGGGAAAAA
AAAAAAAAAAAAAAAAAAAAAAAALAAGCTTGOTGTAATCATGGTCATAGCTGTTTCCTG
TGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGY
AAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGE
CCGCTTTCCAGTCGGOGAAACCTOTCGTGCCAGCTGCATTAATGAATCGGECCAACGCGC
GGGEGAGAGGCGGTTTGLGTATTGGGCGLTCTTCOGCTTCCTCGCTCACTGACTCGCT
GCGCTCGGETCGTITCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACG
GTTATCCACAGAATCAGGGGBATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAA
AAGGCCAGGAACCGTAAAAAGGCLGCGTTGCTGGCGTTTTTCCATAGGCTCOGCCCL
CCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGA
CTATAAAGATACCAGGCGTTTCCCCCTEEAAGCTCCCTCGTGCGCTCTCCTGTTCCGA
CCCTGCCOCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCETGGCGCTTTC
TCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCOTTCGCTCCAAGCTGGGT
TGTGTGCACGAACCOCCCOTTCAGCCCCACCGCTGCGECCTTATCCGGTAACTATCGTC
TTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTOBCAGCAGCCACTOGTAACAG
GATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTICTTGAAGTGGTGGCCTAAC
TACGGCTACACTAGAAGAACAGTATTITGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTY
COGAAAAAGAGCTTGGTAGCTCTTGATCCGBBCAAACAAACCACCECTGGTABCOGBTGG
TITITTTGTITTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTT
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TGATCTITTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTT
GGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCOTTTTAAATTAAAAATGAAGTTT
TAAATCAAGCCCAATCTCAATAATGTTACAACCAATTAACCAATTCTGATTAGAAAAACT
CATCOAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTTTT
GAAAAAGCCGOTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGGATGGC
AAGATCCTGGRTATCGGTCTGCGATTCCGACTCBTCCAACATCAATACAACCTATTAATT
TCCCOTOCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTBACGACTGAATCC
GGTGAGAATGGCAAAAGTTTATGCATTTCTITTCCAGACTTIGTTCAACAGGUCAGCCATT
ACGCTCGTCATCAAAATCACTCGCATCAACCAAACCETTATTCATTCBTGATTGCGCCT
GAGCGAGACGAAATACGCGATCGCTGTTAAAAGGACAATTACAAACAGGAATCGAATG
CAACCGGCGCAGGAACACTGLCAGCGCATCAACAATATTITTCACCTGAATCAGGATATY
TCTTCTAATACCTGGAATGCTGTTTTTCCGGGGATCGCAGTBGETGAGTAACCATGCATC
ATCAGGAGTACGGATAAAATGCTTCATGGTCGBAAGAGGCATAAATTCCGTCAGCTAG
TYTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGCCATGTTTCAG
AAACAACTCTGGCGCATCGGGCTTCCCATACAAGCGATAGATTGTCGCACCTGATTGC
CCGACATTATCGCGAGLCCATTITATACCCATATAAATCAGCATCCATGTTGGAATTTAA
TCGCGGCCTCGACGTTTCCCOTTGAATATGGCTCATAACACCCCTTGTATTACTGTTTA
TGTAAGCAGACAGTTTITATTGTTICATGATGATATATTTTTATCTTGTGCAATGTAACATC
AGAGATTTTGAGACACGGGCLAGAGLTGCA

SEQ 1D NO:
24

pAM113

4x81m after
JUTR

TCGUGCGTTICGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGEG
TCACAGCTTGTCTGTAAGCGGATGCUGGGAGCAGACAAGCCCOBTCAGGGCEBLGETCAG
CEGETETTGGELGGETETCEEGBCTEGRCTTAACTATGCGGECATCAGAGCAGATTGTAC
TGAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCG
CATCAGGCGCCATTCGCCATTCAGGCTGCEGCAACTETTGEBGAAGGGUGATCGGTGCG
GGCCTCTTCOCTATTACGCCAGCTOGCGAAAGGGGGATETGCTECAAGGLGATTAAG
TTIGGGTAACGCCAGGGTITICCCAGTCACGACGTTGTAAAACGACGGCCAGAGAATTC
TAGAATTTAGGTGACACTATAGGACAGATCGCCTGGAGACGCCATCCACGOTGYTTTG
ACCTCCATAGAAGACACCGGGACCGATCCAGCCTCCOCEGCCGGEGAACGGTGCATTG
GAACGCGGATTCCCCGTGCCAAGAGTGACTCACCGTCCTTGACACGATGAAAACTATTY
ATTGCTCTGTCTTACATCCTGTGLCTGGTCTTCGCOCAGAAMATCCUCGGAAACGACA
ACTCTACCGCCACCCTETETCTGGBCCACCACGCCGTECCAAATGGLACCATCGTGA
AGACCATCACAAACGACAGAATCGAGGTGACCAATGCCACAGAGCTGGTGCAGAACA
GCTCCATCGGCGAGATCTGCGACAGCCCCCACCAGATCCTGGATGGCGAGAACTGTA
CACTGATCGACGCCCTGCTGGGUGACCCTCAGTGOGATGGCTTCCAGAATAAGAAGT
GGGATCTGTTTOTGGAGAGAAGCAAGGCCTACTCCAACTGTTACCCCTATGACGTGCO
TGATTATGCCTCTCTGAGGAGCCTIGGTGGUCTCTAGCGGLACCCTGRAGTTCAAGAAC
GAGTCTTTTAATTGGACCGGCGTGACACAGAATGGCACATCCTCTGCLTGCATCCGLG
GCAGCTCCTCTAGCTTCTTTAGCCGGCTGAACTBGUTGACCCACCTOAATTACACATA
TCCTGCCCTGAACGTGACCATGCCAAATAAGGAGCAGTTCGATAAGCTGTACATCTGG
GGAGTGCACCACCCAGGAACAGACAAGGATCAGATCTTTCTGTATGCCCAGTCCTCTG
GCAGAATCACCOTGTCTACAAAGAGGAGCCAGCAGOLCCETBATCCCTAACATCGGCY
CCCGGCCAAGAATCAGGGACATCCCCTCOCGCATCTCTATCTACTGGACCATCGTGAA
GCCAGGCGATATCCTGCTGATCAACTCTACAGGCAATCTGATCGCCOCCCGLGGEOTAT
TTCAAGATCCGGAGCEGCAAGAGCAGCATCATGCGGETCCGACBLCOCCCATCGGCAAG
TGCAAGTCTGAGTGTATCACCCCTAACGGCAGCATCCCAAATGATAAGCCCTTTCAGA
ACGTGAATCGCATCACATACGGCGCCTGTCCTAGATATGTGAAGCACAGCACCCTGAA
GCTGGCCACAGGCATGAGAAATGTGCCAGAGAAGCAGACCAGGGGAATCTTCGGAGC
AATCGCAGGCTTTATCGAGAATGGCTOGCAGGGLATGETGGACGGECTGGTACGGCTY
CCGCCACCAGAACTCCGAGGGAAGGGGACAGGLOGUCGACCTGAAGTCTACCLAGG
CAGCCATCGATCAGATCAACGGCAAGCTGAATCGCCTGATCGGCAAGACAAACGAGAA
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GTTCCACCAGATCGAGAAGGAGTTTTCCGAGGTGGAGGGAAGGGTGCAGGATCTGGA
GAAGTACGTGGAGGACACCAAGATCGATCTGTGGAGCTATAATGCCGAGLTGOTGGT
GGCCCTGGAGAACCAGCACACCATCOACCTCACAGATTCCBAGATGAATAAGCTGETTC
GAGAAGACCAAGAAGCAGCTGAGAGAGAACGCCGAGGACATCBBCAATGGCTGLTTY
AAGATCTACCACAAGTGCGATAACGCCTGTATCGAGAGCATCAGGAACGAGACATACG
ACCACAACGTGTACAGAGCATCAGGCCCTCAACAATAGGTTTCAGATCAAGGGCETGGA
GCTGAAGTCCGGCTATAAGGACTGGATCCTGTGGATCTCCTTCGCCATCTOTTGCTTT
CTGCTGIGOGTGGLOCTGCTGGGGTTCATTATGTGGGCTTGTCAGAAAGGAAACATTC
GCTGTAACATTTGTATCTAACGGGTGGCATCCCTGTGACCCCTCCCCAGTGCCTCTCC
TCGCCCTGGAAGTTGCCACTCCAGTGOCCACCAGUCTTGTCUTAATAAAATTAAGTTG
CATCGTAGAAAATGCGGCLCGLCGACCAGAATCATGCAAGTGLGTAAGATAGTCGCGG
GTCGGCGGCCGCATCTGUTGGGAAGCTACGATCOGTAGAAAATGUGGCCGCCGACCA
GAATCATGCAAGTGCGTAAGATAGTCGCGBGETCGELGBCCECATCTGUTGEGTAGSY
GTGAACCGTAGAAAATGCGGCCGLCGACCAGAATCATGCAAGTGCGTAAGATAGTCG
CGGGTCGGUGGEUCGCATCTGCTGGGAAGCTACGATCCGTAGAAAATGCGGCCGCCG
ACCAGAATCATGCAAGTGUGTAAGATAGTOGLGGGTCGLOGELCGCATCTGLTGEGA
AAAAAAAAAAAAAAAAAAAAAAAAAALAAAAGCTTGGTGTAATCATGGTCATAGCTGTTT
CCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAA
GTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCA
CTGCCCOCTYTCCAGTCGGGAAACCTGTCOTGCCAGCTGCATTAATGAATCGGCCAAC
GOGCGEGEEGAGAGGCGEETTTGCGTATTEGGBGCEGCTCTTCCGCTTCCTCGCTCACTGALCT
CGCTGCGCTCGGTCGTTLCGGLTGLGGOGAGUCGGTATCAGCTCACTCAAAGGCGGTAA
TACGGTTATCCACAGAATCAGGOGCATAACGCAGGAAAGAACATETGAGCAAAAGGCCA
GCAAAAGGCCAGGAACCGTAAAAAGGCCGCETTECTGBLETTTTTCCATAGGCTCCG
CCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGLCGAAACCCGAC
AGGACTATAAAGATACCAGGCETTTCCCCCTGGAAGCTCCCTCEGTECGCTCTCCTGTY
CCGACCCTGCCGCTTACCGGATACCTGTOCGCCTTTOTOCCTTCGGGAAGCEGTEGLG
CTTICTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCT
GGGECTGTGTGCACGAACCCCCCGTTICAGCCCGACCGCTGCGCCTTATCCGGTAACTA
TCGTCTTGAGTCCAACCCBGTAAGACACGACTTATCGCCACTEBGBCAGCAGCCACTGGT
AACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGG
CCTAACTACGGUTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAG
TTACCTTCGOGAAAAAGAGTTGGTAGCTCTTGATCCGGLCAAACAAACCACCGCTGGTAG
COGTEETTITITTGTITGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAA
GATCCTTTGATCTTTICTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAG
GGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAAT
GAAGTTTTAAATCAAGCCCAATCTGAATAATGTTACAACCAATTAACCAATTCTGATTAG
AAAAACTCATCGAGCATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCA
TATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAG
GATGGCAAGATCCTGETATCGGTCTGCBATTCCOACTCGTCCAACATCAATACAACCT
ATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTGACGAC
TGAATCCGGTGAGAATGGCAAAAGTTTATGCATTTICTTITCCAGACTTGTTCAACAGGCC
AGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTATTCATTCGTGAT
TGCGCCTCAGCGAGACGAAATACGCOATCGBCTGTTAAAAGGACAATTACAAACAGGAA
TCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCACCTGAATC
AGGATATTCTTCTAATACCTGGAATGCTGTTTTTCCGGGEGATCOCAGTGGETCGAGTAACC
ATGCATCATCAGGAGBTACGBGATAAAATGCTTCGATGGOTCGOAACAGGCATAAATTCCGT
CAGCCAGTITAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGCCAT
GTTTCAGAAACAACTCTGGCGCATCGGGCTTCCCATACAAGCGATAGATTGTCGCACC
TGATTGCCCGACATTATCGCGAGUCCATTTATACCCATATAAATCAGCATCCATGTTGE
AATTTAATCOCGGCCTCGACGTITCCCOTTGAATATGGCTCATAACACCCCTTGTATTA
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CTGTTTATGTAAGCAGACAGTITIATTGTTCATGATGATATATTTTTATCTITGTGCAATGT
AACATCAGAGATTTTGAGACACGGGCCAGAGCTGCA

SEQ 1D NO:
25

pAM114

IRNA
scaffold
stabilized
S1m aftar
FUTR

TCGUGCGTTICGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGEG
TCACAGCTTGTCTGTAAGCGGATGCUGGGAGCAGACAAGCCCOBTCAGGGCEBLGETCAG
CEGETETTGGELGGETETCEEGBCTEGRCTTAACTATGCGGECATCAGAGCAGATTGTAC
TGAGAGTGCACCATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCG
CATCAGGCGLCATTCGCCATTCAGGCTGUCGCAACTGTTGGGAAGGGLGATCGGTGCG
GGCCTCTTCOCTATTACGCCAGCTOGCGAAAGGGGGATETGCTECAAGGLGATTAAG
TTIGGGTAACGCCAGGGTITICCCAGTCACGACGTTGTAAAACGACGGCCAGAGAATTC
TAGAATTTAGGTGACACTATAGGACAGATCGCCTGGAGACGCCATCCACGOTGITTTG
ACCTCCATAGAAGACACCGGGACCGATCCAGCCTCCOCEGCCGGEGAACGGTGCATTG
GAACGCGGATTCCCCETGCCAAGAGTGEACTCACCGTCCTTGACACGATGAAAACTATY
ATTGCTCTGTCTTACATCCTGTGLCTGGTCTTCGCOCAGAAMATCCUCGGAAACGACA
ACTCTACCGCCACCCTETETCTGGBCCACCACGCCGTECCAAATGGLACCATCGTGA
AGACCATCACAAACGACAGAATCGAGGTGACCAATGOCACAGAGCTGGTGCAGAACA
GCTCCATCGGCGAGATCTGCGACAGCCCCCACCAGATCCTGGATGGCGAGAACTGTA
CACTGATCGACGCCCTGCTGGGUGACCCTCAGTGOGATGGCTTCCAGAATAAGAAGT
GGGATCTGTTTOTGGAGAGAAGCAAGGCCTACTCCAACTGTTACCCCTATGACGTGCO
TGATTATGCCTCTCTGAGGAGCLTGGTGGCCTCTAGCGGLACCCTGGAGTTCAAGAAC
GAGTCTTTTAATTGGACCGGCGTGACACAGAATGGCACATCCTCTGCCTGCATCCGCG
GCAGCTCCTCTAGCTTCTTTAGOCGGCTGAACTGGOTGACCCACCTEAATTACACATA
TCCTGCCCTRAACGTGACCATGCCAAATAAGGCAGCAGTTCGATAAGCTETACATCTGG
GGAGTGCACCACCCAGGAACAGACAAGGATCAGATCTTTCTGTATGCCCAGTCCTCTG
GCAGAATCACCGTGTCTACAAAGAGGAGCCAGCAGGCCGEBTGATCCCTAACATCGBCTY
CCCGOLCAAGAATCAGGGBACATCCCCTCCCGCATCTCTATCTACTGGACCATCGTGAA
GCCAGGCGATATCCTGCTGATCAACTCTACAGGCAATCTGATCGCCCCCCGCGGOTAT
TYCAAGATCCGGAGCGGCAAGAGCAGCATCATGCGGBTCUGACGLUCCCATCGGCAAG
TGCAAGTCTGAGTETATCACCCCTAACGGCAGCATCCCAAATGATAAGCCCTTTCAGA
ACGTGAATCGCATCACATACGGUGCCTGTCCTAGATATGTGAAGCACAGCACCCTGAA
GCTGGCCACAGGCATGAGAAATGTGCCAGAGAAGLCAGACCAGGGGAATCTTCGGAGC
AATCGCAGGCTTTATCCAGAATGGLTOOGAGGGCATGETGGACGOCTGGTACGGCTY
CCGCCACCAGAACTCCGAGGGAAGGGGACAGGLCCGUCGACCTGAAGTCTACCCAGG
CAGCCATCGATCAGATCAACGGCAAGCTGAATCGOCTGATCGGCAAGACAAACGAGAA
GTTCCACCAGATCGAGAAGGAGTTTTCCGAGGTGGAGGGAAGGGTGCAGGATCTGGA
GAAGTACGTGGAGGACACCAAGATCGATCTGTGEGAGCTATAATGCCGAGLCTEUTGGT
GGCCLTGGAGAACCAGCACACCATCGACCTGACAGATTCCGAGATGAATAAGCTGTTC
GAGAAGALCAAGAAGCAGCTGAGAGAGAACGCCGAGGACATGGGLCAATGGCTGLTTY
AAGATCTACCACAAGTGCGATAACGCCTGTATCGAGAGCATCAGGAACGAGACATACG
ACCACAACGTGTACAGAGATGAGGCCCTGAACAATAGGTTTCAGATCAAGGGCGTGGA
GCTGAAGTCCGGCTATAAGGACTGGATCCTGTGGATCTCCTTCGCCATCTCTTGCTTT
CTGCTETECGTOGCCCTGCTEROETTCATTATGTOGGCTTGTCAGAAAGGAAACATTC
GCTGTAACATTTGTATCTAACGGGTGGCATCCCTGTGACCCCTCCCCAGTGCCTCTCC
TGGCLCTGGAAGTTGCCACTCCAGTGCCCACCAGOCTTGTCOTAATAAAATTAAGTIG
CATCAAAALAAAAAAAAGCCCGBATAGCTCAGTCOOTAGAGCAGCGGCCTATGCHGC
CGCCGACCAGAATCATGCAAGTGCGTAAGATAGTCGECGGGTCGGUBGLCECATTICGA
GGCCGCGTCCAGGGTTCAAGTCCCTGTTOCGGGUGUCACTGCAGAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAGCTTGGTGTAATCATGGTCATAGCTETTICC
TGTCTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGT
GTAAAGCCTGGGGTGLCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACT
GCCCGCTTICCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGTCAACGC
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GCGGGGAGAGGCGGITIGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCG
CTGCGLCTCGETCGTTCGGCTGCGGCGAGLGGTATCAGCTCACTCAAAGGUGGTAATA
CGBTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATOTCAGCAAAAGGCCAG
CAAAAGGCCAGGAACCGTAAAAAGGCCEUCOTTGCTGGCGTTITTCCATAGGCTCCGC
CCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGLGAAACCCGACA
GGACTATAAAGATACCAGGCGTTTCCCCCTEGAAGCTCCCTCETELGCTCTCCTGTTC
CGACCCTGCCGUTTACCGGATACCTGTCCGCUCTTTCTCCOTTCEBBBAAGCETGGCGC
TYTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCT
GGGCTCGTOTGCACGAACCCCCCOTTCAGCCCGACCBCTEGCGCCTTATCCGGTAACTA
TCGTCTTGAGTCCAACCCEBGTAAGACACGACTTATCGCCACTGBCAGCAGCCACTGGT
AACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGETGG
CCTAACTACGGCTACACTAGAAGAACAGTATTIGGTATCTGCGCTCTGCTGAAGCCAG
TTACCTTCOGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGBCTGETAG
CGGTGGTTITITTGTITGLCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAA
GATCCTTTGATCTTTICTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAG
GGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCOTTTTAAATTAAAAAT
GAAGTTTTAAATCAAGCCCAATCTCAATAATGTTACAACCAATTAACCAATTCTGATTAG
AAAAACTCATCGAGUATCAAATGAAACTGCAATTTATTCATATCAGGATTATCAATACCA
TATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAG
GATGGCAAGATCCTGEGETATCGGTCTGCGATTCCBACTCGTCCAACATCAATACAACCT
ATTAATITCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTGACGAC
TGAATCCGGTGAGAATGGCAAAAGTTITATGCATTTCTTTCCAGACTTGTTCAACAGGCC
AGCCATTACGCTCGETCATCAAAATCACTCGCATCAACCAAACCETTATTCATTCGTGAT
TGCGCCTGAGCCGAGACGAAATACGCGATCOBUTGTTAAAAGGACAATTACAAACAGGAA
TCGAATGCAACCGGCGCAGGAACACTGCCAGLGCATCAACAATATTTTCACCTGAATC
AGGATATTCTTCTAATACCTGGAATGCTOTTTTTCCOGOGATCEGCAGTGETGAGTAACC
ATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATTCCGT
CAGCCAGTTITAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGCCAT
GTTTCAGAAACAACTCTGGUGCATCGGGRCTTCCCATACAAGCGATAGATTGTCGCACC
TGATTGCCCGACATTATCGOGAGCCCATTTATACCCATATAAATCAGCATCCATGTTGGE
AATTTAATCGCGGLCTCGACGTTITCCCGTTGAATATGGCTCATAACACCCCTTGTATTA
CTGTTTATGTAAGCAGACAGTITTATTGTTCATGATGATATATTTTTATCTTGTGCAATGT
AACATCAGAGATTTTGAGACACGGGCCAGAGCTGCA

SEQ 1D NO:
28

pAM143

F30 scaffold
stahilized
S1m after ¥
UTR

ATTTAGGTGACACTATAGAGAGCGGCCGCTTTTTCAGCAAGATTAAGCCCAGGGCAGA
GCCATCTATTGCTTACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCTCAAACAG
ACACCATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGEOTGGTGCCCATCCTGGTCG
AGCTGGALCGGLGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGECGAGGGC
GSATGCCACCTACGGCAAGCTGACCCTCAAGTTCATCTGCACCACCGBCAAGCTECCC
GTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGC
TACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGOCCGAAGGCTACG
TCCAGGAGCGCACCATCTTCTTCAAGOACGACGBCAACTACAAGACCCGLGLCGAGS
TCGAAGTTCGAGGGCGACACCCTGGTCAACCGCATCBAGCTGAAGGGCATCGACTTCA
AGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAALCTACAACAGGCACAACG
TCTATATCATGGCOGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCA
CAACATCGAGGACGGCAGCGBTGCAGCTCGCCGBACCACTACCAGCAGAACACCCCCAT
CGGCGACGGCCLOGTGLTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGLCCT
GAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGC
CGCCGGGATCACTCTCGGCATGCACGAGCTGTACAAGTAATAAAGCTCGCTTITCTYTIGC
TGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTACTAAACTGGGGGATA
TTATGAAGGGCCTTGAGCATCTGGATTCTGCCTAATAAAAAACATTTATTTTCATTGCAG
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CTCGCTTTCTTGCTGICCAATTTICTATTAAAGGTTCCTTTIGTICCCTAAGTCCAACTACT
AAACTGGGGGATATTATGAAGGGCCTTGAGCATCTGGATTCTGCCTAATAAAAAACATT
TATTTTCATTGCGGATCCTTGCCATGTGTATCTGBOATGCGGCCGECCBACCABAATCA
TCGCAAGTGCOTAAGATAGTCGCGRBGTCGGLGGEOCGECATCCCACATACTCTGATGATC
CTTCGGGATCATTCATGGCAAAAGUTTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGAA
GAGCCGBTACGGOLGCGCCTAGGCGLGATTCCGLTTCCTCGUTCACTBACTCGLTGCG
CTCEGGTCEGTTCGGCTBGUCGGCBAGUCGGTATCAGCTCACTCAAAGGCGGTAATACGETY
ATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAA
GGCCAGGAACCGTAAAAAGGCCGCGTTGCTGECETTTTTCCATAGGCTCCGCCCCCL
TCGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCOGACAGGALT
ATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCOCTCGTGCGLCTCTLCTGTTCCGACC
CTGCCGOCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGECGCTTTCTC
ATAGCTCACGCTGTAGGTATCTCAGTTCEBGETATAGGTCEGTTCGCTCCAAGCTGGGECTG
TGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTY
GAGTCCAACCCGGTAAGACACGACTTATCGOCACTGGCAGCAGCCACTGGTAACAGS
ATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACT
ACGGCTACACTAGAAGAACAGTATTITGOTATCTGCGCTCTGCTGAAGCCAGTTACCTY
CGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGOTGGTAGCGGTGGE
TTTITTTGTTTGCAAGCAGCAGATTACGCGUCAGAAAAAAAGGATCTCAAGAAGATCCTT
TGATCTYTTCTACGGGEGTCTGACGCTCAGTOGAACGAAAACTCACGTTAAGGGATTTY
GETCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTY
TAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAG
TGAGGCACCTATCTCAGCGATCTGTCTATTTCOTTCATCCATAGTTGCCTGACTCCCCG
TCGTGTAGATAACTACCGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGAT
ACCGCGAGATCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGA
AGGGCCCGAGCGCAGAAGTOGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATT
GTTGCCOGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGOGCAACGTTGTTGC
CATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTLC
GGTTCCCAACGATCAAGGUGAGTTACATGATCCOCCATGTTGTGCAAAAAAGCGGTTA
GCTCCTTCGGTCCTCCBATCOTTOTCAGAAGTAAGTTIGGCCGCAGTGTTATCACTCAT
GGITATGGCAGCACTGCATAATTCTCTTACTGTCATGOCATCOCGTAAGATGOTTTITCTG
TGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTG
CTCTTGCCCGGCGTCAATACGEGATAATACCBLGCOACATAGCAGAACTTTAAAAGTG
CTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGOTTGA
GATCCAGTICGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTC
ACCAGCGTTTCTGGGTGAGCAAAAACAGGBAAGGCAAAATGCCGEUAAAAAAGGGAATAA
GGGCGACACGGAAATGTTGAATACTCATACTCTTCCTITTTTCAATATTATTGAAGCATTT
ATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAA
TAGGGGTICCGCGCACATITCCCCGAAAAGTGCCACCTGACGTCTAAGAAACCATTAT
TATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTC

SEQ 1D NO:

27

pAM144

twa Sim

aptamers in

ATTTAGGTGACACTATAGAGAGCGGCCGBCTTTTTCAGCAAGATTAAGCCCAGGGCAGA
GCCATCTATTGCTTACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCTCAAACAG
ACAGCATGGTGAGCAAGGGLGAGGAGCTGTTCACCGGGGTGETGLOCATCCTGGTCG
AGCTGGACGGCOACGTAMACGBBCCACAAGTTCAGCGTGTCCGGCEABLGOCBAGGGE
GATGCCACCTACGGCAAGCTGACCCTCGAAGTTCATCTGCACCACCGGBCAAGCTGCCC
GTGCCLCTGGCCCACCOCTOCGTGACCACCCTGACCTACGGCGTGLAGTGCTTCAGLOGO
TACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACG
TCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCUBAGSE
TGAAGTTCGAGGGCGACACCCTGGTGAACCGCATOCGAGCTGAAGGGCATCGACTTCA
AGGAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACG




WO 2023/031856 PCT/1IB2022/058234

69

the F3Q

scaffold

TCTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCA
CAACATCGAGGACGGCAGCGTGLCAGCTCGCLCGACCACTACCAGCAGAACACCCLCAT
CGBCLACGGCCCOCETACTECTGCCCBACAACCACTACCTBAGCACCCAGTCCGLCCTYT
GAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACCGO
CGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAATAAAGCTCGCTITCTTIGC
TGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTACTAAACTGGCGEGGATA
TTATGAAGGGCCTTGAGCATCTGCATTCTGUCTAATAAAAAACATTTATTTTCATTIGCAG
CTCGCTTTCTTGCTGTCCAATTTCTATTARAGGTTCCTTITGTTCLCTAAGTCCAACTACT
AAACTOGGGEGATATTATGAAGGGCCTTCGAGCATCTGGATTCTGCCTAATAAAAAACATT
TATTITCATTGCGGATCCTTGCCATEGTGTATGTGGCATGUCGGCCGCUBACCAGAATCA
TGCAAGTGCGTAAGATAGTCGCGGGTCGGCGGECCGCATCCCACATACTCTGATGATC
CATGCGGUCGCCGACCAGAATCATGCAAGTGCGTAAGATAGTCGCGGGETCGGCEGECO
GCATGGATCATTCATCGCAAAAGCTTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAGAA
GAGCLGTACGGGCGCGLLTAGGCGLGATTCCGCTTCCTCGCTCACTGACTCGLTGCG
CTOGBGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGETT
ATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGLCAGCAAAA
GGCCAGGAACCGCTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCBLCCCCO
TGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACT
ATAAAGATACCAGGLGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACC
CTGCCGCTTACCGBATACCTGTCCGCCTTTCTCCCTTCOGGBRAAGCETGGCGCTTTCTC
ATAGCTCACGCTGTAGGTATCTCAGTTCGGTETAGGTCGTTCGCTCCAAGCTGBGBLTG
TGTGCACGAACCCCCCGTTCAGCCLCGACCGCTGUGCCTTATCCGGTAACTATCGTCTY
GAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTEGTAACAGG
ATTAGCAGAGCGAGGTATGTAGGCOGTGCTACAGAGTTCTTCGAAGTGGTBGCCTAACT
ACGGCTACACTAGAAGAACAGTATTIGHGTATCTGCGLTCTGUTGAAGCCAGTTACCTT
CGGAAAAAGAGSTTOGTAGCTCTTGATCCGGCAAACAAACCACCOCTOGTAGCGETGE
TTTTTTTGTTTGCAAGCAGCAGATTACGCGUAGAAAAAAAGGATCTCAAGAAGATCCTT
TGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTT
GGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCOTTTTAAATTAAAAATGAAGTTTY
TAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAG
TGAGGCACCTATCTCAGCGATCTGTCTATITCOGTTCATCCATAGTTGCCTGACTOCCCG
TCGTGTAGATAACTACGATACGGGAGGGUTTACCATCTGGCCCCAGTGCTGCAATGAT
ACCGCGAGATCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGA
AGGGCCBAGCGCAGAAGTGGETCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATY
GTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGITGC
CATTOCTACAGGOCATCGTGGTGTCACGCTCEGTCGTTTGGTATGGCTTCATTCAGCTCC
GGTTCCCAACGATCAAGGCGCAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTYTA
GCTCCTTCGGTLCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCAGCTCAT
GGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTICTG
TGACTGGETGAGTACTCAACCAAGTCATTCTCAGAATAGTGTATGCGBGUGACCGAGTTG
CTCTTGCCCGGLGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTG
CTCATCATTGGAAAACGTTCTTCGGGGUGAAAACTCTCAAGGATCTTACCGTTGTTGA
GATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTITC
ACCAGCGEGTTTCTOOGTGABCAAAAACABGGAAGGCAAAATGCCGCAAAAAAGGGAATAA
GGGCGACACGGAAATGTTGAATACTCATACTCTTCCITTTTCAATATTATTGAAGCATIT
ATCAGGGTTATTGTCTCATCGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAA
TAGGGGTTCCGCGCACATTITCCCCBAAAAGTGCCACCTGACGTCTAAGAAACCATTAT
TATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCTTTCGTC
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CLAIMS
What is claimed is:
1. A messenger RNA (mRNA) comgrising at least cne 5 untransiated region (5' UTR), at least

one apen reading frame {ORF), at least one 3’ untranslated region {3’ UTR), and at least one

polyadenylation {polyA) sequence, wherein the mRNA comprises at least one RNA aptamaer.

2. The mENA of claim 1, wherein the RNA aptamer is embedded in an RNA scaffold.

3. The mRNA of claim 2, wherein the RNA scaffold comprises at least one secondary structure

motif.

4. The mRNA of claim 3, wherein the secondary structure motif is a tetraloop, a pseudoknot, or

a stem-loop.

5. The mRNA of any one of claims 2-4, wherein the RNA scaffold comprises at least one

tertiary structure.

6. The mRNA of any one of claims 2-5, wherein the secondary structure motif and/or tertiary

structure are nuclease resistant.

7. The mRNA of any one of claims 2-8, wherein the RNA scaffold is a transfer RNA ({RNA), a
ribosomal RNA {rRNA}, or a ribozyme.

8. The mRNA of claim 7, wherein the rihozyme is catalytically inactive.
9. The mRNA of any one of claims 2-7, wherein the RNA scaffold comprises a transfer RNA
{tRNA).

10. The mRNA of claim 8, wherein the RNA aptamer is embeddead in a tRNA hairpin foop of the
IRNA.
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11, The mRNA of claim 8, wherein the RNA aptamer is embedded in a tRNA anticodon loop of
the {RNA.

12 The mRNA of claim 8, wherein the RNA aptamer is embedded in a t(RNA D loop of the
tRNA.

13. The mRNA of claim 8, wherein the RNA aptamer is embedded in a t(RNA T loop of the tRNA.

14 The mRNA of any one of claims 1-13, wherein the RNA aptamer is positioned in the § UTR.

18. The mRNA of any one of claims 1-13, wherein the RNA aptamer is positioned between the
3" end of the ORF and the &' end of the 3' UTR.

16. The mRNA of any one of ¢claims 1-13, wherein the RNA aptamer is positioned in the 3' UTR.

17 The mRNA of any one of claims 1-13, wherein the RNA aptamer is positioned between the
3" end of the 3'UTR and the 5" end of the polyA sequence,

18. The mRNA of any one of ¢laims 1-13, wherein the RNA aptamer is positioned at the 3’ end

of the polyA sequence.

18, The mRNA of any one of claims 1-18, wherein the mRNA comprises or consists of one RNA

aptamer.

20. The mRNA of any one of claims 1-18, wherein the mRNA comprises betweean one and four

RNA aptamers.

21, The mRNA of any one of claims 1-20, wherein the RNA aptamers are identical.

22, The mRNA of any one of claims 1-20, wherein the RNA aptamers are distinct.
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23. The mRNA of any one of claims 1-23, wherein the RNA aptamer is synthetically derived.

24, The mRNA of claim 23, wherein the RNA aptamer is a split aptamer or an X-aptamer.

25, The mRNA of any one of claims 1-24, wherein the RNA aptamer is naturally-derived.

26, The mENA of claim 25, wherein the RNA aptamer is derived from a hairpin RNA, a tRNA, or

a riboswitch.

27 The mRNA of any one of claims 1-26, wherein the RNA aptamer embedded in a

bicorthogonat scaffold.

28. The mRNA of claim 27, wherein the bicorthogonal scaffold is V5, F29, F30, or a variant

thereof.

28, The mRNA of claim 28, wherein the bicorthogonal scaffold comprises a 5 nuclectide
sequence of SEQ ID NO: 34 and a 3 nucleotide sequence of SEQ 1D NQO: 35, wherein an aptamer
sequence is positioned between SEQ 1D NO: 34 and SEQ 1D NO: 35

34. The mRNA of claim 28, wherein the bicorthogonal scaffold comprises a § nucleotide
sequence of SEQ 1D NO: 38, an internatl nucleotide sequence of SEQ D NO: 40, anda 3
nuclectide sequence of SEQ 1D NO: 41, wherein a first aptamer sequence is positioned between
SEQ 1D NO: 39 and SEQ D NQ:; 40 and a second aptamer sequence is positioned hetween SEQ
15 NQ: 40 and SEQ ID NO:; 41, optionally wherein the first and second aptamer are the same or

different.

31. The mRNA of claim 28, wherein the RNA aptamer embedded bicorthogonal scaffold
comprises the nucleotide sequence of SEQ D NO: 28 or SEQ ID NO: 31.

32. The mRNA of any one of claims 1-31, wherein the RNA aptamer binds o an affinity ligand.
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33. The mRNA of claim 32, wherein the affinity ligand comprises protein A, protein G,

streptavidin, glutathione, dextran, or a fluorescent molecule,

34, The mRNA of claim 32 or 33, wherein the affinity ligand comprises streptavidin.

35. The mRNA of any one of claims 32-34, wherein the affinity ligand is immobilized on g

chromatography resin.

36. The mRNA of any one of claims 1-35, wherein the RNA aptamer is S1m or Sm.

37. The mRNA of claim 36, comprising between one and four $1m or sm RNA aptamers.
38. The mRNA of claim 36 or 37, wherein the S1m or sm RNA aptamer is pasitioned:

1) between the 3’ end of the ORF and the 5" end of the 3" UTR;

2)inthe 3' UTR;

3) between the 3° end of the 3'UTR and the 5’ end of the polyA sequence; and/or.

4j at the 3" end of the polyA sequence.

38. The mRNA of any one of claims 36-38, wherein the RNA aptamer comprises the nucleotide
sequence of SEQ D NO: 2 or SEQ D NO: 6.

44. The mRNA of any one of claims 36-38, wherein the RNA aptamer embedded tRNA

comprises the nucleotide sequence of SEQ 1D NQO: 7.

41, The mRNA of any one of ¢claims 1-40, wherein the mRNA encodes at least one polypeptide.

42. The mRNA of claim 41, wherein the polypeptide is a biclogically aclive polypeptide, a

therapeutic polypeptide, or an antigenic polypeptide.

43. The mRNA of claim 42, wherein the antigenic polypeptide comprises an antibody or
fragment theredf, enzyme replacement polypeptide, or gename-editing polypeptide.
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44, The mRNA of claim 42, wherein the therapeutic polypeplide comprises an antibody heavy

chain, an antibody light chain, an enzyme, or a cytokine,

45, The mRNA of claim 42, wherein the biologically active polypeptide comprises a genome-

editing polypeptide,

48, The mENA of any one of claims 1-45, wherein the mRNA contains a chimeric 5" or 3° UTR.

47. The mRNA of any one of claims 1-46, wherein the mRNA comprises at least one chemical

modification.

48, The mENA of claim 47, wherein the chemical modification is pseudouridine, N1~
methyipseudouwridine, 2-thicuridine, 4'-thiouridine, 5~ methylcytosine, 2-thio-b-methyl-1-deaza-
pseudouridine, 2-thio-l-methyl-pseudouridine, 2-thio-5-aza-uridine, 2-thio-dihydropseudouridine, 2-
thio-dihydrouridine, 2-thic-pseudouridine, 4-msthoxy-2-thio-pseudouridine, 4-methoxy-
pseudouridine, 4-thio-I-methyl-pseudouridine, 4-thio-pseudouridine, 5-aza-uridine,

dihydropseudouriding, S-methyluridine, 5-methyluridine, 5-methoxyuridineg, or 2'-0O-methyl uridine.

44 The mRNA of claim 47, wherein the chemical modification is pseudouridine, N1~

methylpseudowridine, 5-methyleyiosine, 5- methoxyuridine, or a combination thereot,

50. The mENA of claim 47, wherein the chemical modification is N1-methyipseudouridine.

51. The mRNA of any one of claims 1-50, wherein the polyA sequence is at least 10

consecutive adenosine residues.

52. The mRNA of any one of claims 1-51, wherein the polyA sequence is between 10 and 500

consecutive adenosine residues.

53. The mRNA of any one of claims 1-52, comprising two polyA sequences, each polyA
sequence comprising between 10 and 500 consecutive adenosing residues, wherein at least one

RNA aptamer or RNA aptamer ambedded (RNA is positioned between the two polyA sequences.
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54. The mRNA of any one of ¢laims 1-53, wherein the mRNA comprises a 5’ cap.

55. The mRNA of any one of claims 1-54, wherein translation efficiency of the mRNA is

substantially the same compared 1o an mRNA that does not compyrise an RNA aptamer.

56. The mRNA of any one of claims 1-55, wherein the mRNA is synthesized using in vifro
transcription (IVT)

57. The mRNA of any one of claims 1-55, wherein the mRNA is expressed in vivo or ex vivo.

58. A vector that encodes the mRNA of any one of claims 1-57.

59. The vector of claim 58, wherein the vecior comprises at least elements a-e, from 5 to 3"
an RNA polymerase promoter;

a polynuclectide sequence encoding a 5' UTR;

a polynucleotide sequence encoding an ORF;

a polynucleotide sequence encoding a 3 UTR: and

® a0 TN

a polynucleotide sequence encoding at least one RNA aptamer.

60. The vector of claim 58, further comprising:
f. a polynucleotide sequence encoding a polyA sequence and/or a polyadenylation

signal.
61. A host celt comprising the vector of claims 58-80.
62. A pharmaceutical composition comprising the mRNA of any one of claims 1-57.
63, A method for purifying an mRNA, comprising the steps of:
{a} contacting a sample comprising the mRNA of claims 1-57 with an affinity ligand that is

immobilized on a chromatography resin, wherein the RNA aplamer comprises binding affinity for the
affinity ligand;
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{b} eluting the mRNA from the chromatography resin; and
{c} purifying the mRNA from the sample.

64. The methed of claim 63, comprising one or more washing steps between the contacting step

{a} and the eluting step {h).

65. A maethod of purifying an RNA, comprising the steps of:

{a} contacting a sample comgprising the RNA with an affinity ligand that is immobilized on a
chromatography resin;

{b} eluting the RNA from the chwomatography resin; and

{c) isolating the RNA from the sample,

wherein the RNA comprises at least one open reading frame (ORF} and at least one RNA
aptamer,

whaerein the RNA aptamer comprises hinding affinity for the affinity lgand.

68, The method of claim 65, wherein the RNA further comprises at least one 5' untranslated
region {5 UTR), at least one 3’ untransiated region (3 UTR), and at least one polyadenylation

{polyA) sequence.

67. The method of claim 65 or 66, wherein the RNA is at least about 580 nuclectides in length,
at least about 750 nucleotides in length, at least about 1,006 nucleotides in length, at least about
1,500 nucleotides in length, at least about 2,080 nucleotides in length, at least about 2 508
nucleotides in length, at least about 3,000 nuclectides in length, at least about 3,500 nucleotides in
length, at least about 4,000 nucleotides in length, at least about 4,500 nucleotides in length, or at

ieast about 5,000 nucleotides in length.

68. The method of any one of claims 65-67, wherein the RNA comprises a &' cap.

6%, The method of any one of claims 65-68, wherein the RNA is an mRNA.

70. The method of any one of claims 65-68, wherein the mRNA is greater than or equal to 80%

pure.
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71 A mathod of purifying an mRNA, comprising the steps of,

{a} contacting a sample comprising the mRNA with an affinity ligand that is immaobilized on a
chromatography resin;

{b} eluting the mRNA from the chromatography resin; and

{c) isolating the mRNA from the sample,

wherein the mRNA comprises at least one & untranslated region {5 UTR), at least one open
reading frame {ORF), at least one 3° untranslated region (3" UTR), at least one polyadenylation
{polyA) sequence, and at least ope RNA aptamer,

wherein the RNA aptamer comprises binding affinity for the affinity igand.

72. The mathad of claim 71, wherein the mRNA is greater than or equal to 90% pure.

73 A method of treating or preventing a disease or disorder, comprising administering to a

sybiect in need thereof the pharmaceutical composition of ¢laim 62.

74. A pharmaceutical composition comprising a plurality of mRNA molecules, wherein at least
about 90% of an mRNA comprise at least one 5’ untranslated region (5" UTR), at least one open
reading frame {ORF). at least one 3’ untranslated region (3" UTR}, at least one polyadenylation

{poiyA) sequence, and al least one RMA aptamer.

75. A meassenger RNA (mMRNA) comprising at least one 5° untranslated region (5° UTR), at least
one open reading frame {ORF), at least one 3’ untranslated region {3° UTR), and at least one

polyadenylation {polyA) sequence, wherein the mRNA comprises at least one tRNA.

76. A messenger RNA (mRNA) comprising at least ane 5 untranslated region (5 UTR), at least
one open reading frame {ORF), at least one 3’ untranslated region (3" UTR), and at least one
polyadenylation {polyA) sequence, wherein the mRNA comprises at least one RNA aptamer
embedded tRNA.
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77. A messenger RNA (mRNA) comprising at least one 5 untranslated region (5" UTR}, at feast
one open reading frame {ORF), at least one 3’ untranslated region (3" UTR), and at least one
polyadenylation {polyA) sequence, wherein the mRNA comprises at least one RNA aptamer

embedded hiorthogonal scafiold.
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