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Claims

An artificial ruecleic-acidmRNA molecule comprising

a. atleast one open reading frame (ORF);-ard

b. atleast one 3’-untranslated region element (3’-UTR element) comprising

a nucleic acid sequence which is derived from the 3’-UTR of a ribosomal protein S9
(RPS9) gene or from a functional variant of the 3’-UTR of a ribosomal protein S9

(RPS9) gene-, wherein said functional variant is at least 80% identical to said 3’-

UTR of a ribosomal protein S9 (RPS9) gene; and

c. _apoly(A) sequence or a polyadenylation signal;

wherein the 3’-UTR is heterologous to the ORF.

The artificial rueleicacidmRNA molecule according to claim 1, wherein the at least one
3’-UTR element enhances, stabilizes and/or prolongs protein production from said

artificial rucleic-acidmRNA molecule.

The artificial nucleic-acid-molecule-according to-claim-1-or 2, -wherein-the 3--UTR-is
heterologousto-the ORE:

4——The—artificial-rucleic—acidmRNA molecule according to any one of claims 1 to 32,

wherein the at least one 3’-UTR element comprises a nucleic acid sequence which is
derived from the 3’-UTR of a eukaryotic ribosomal protein S9 (RPS9) gene, preferably
from the 3’-UTR of a vertebrate ribosomal protein S9 (RPS9) gene, more preferably
from the 3’-UTR of a mammalian ribosomal protein S9 (RPS9) gene, even more
preferably from the 3’-UTR of a primate ribosomal protein S9 (RPS9) gene, in particular
of a human ribosomal protein S9 (RPS9) gene, or of a rodent ribosomal protein S9
(RPS9) gene, in particular of a murine ribosomal protein_S9 (RPS9) gene.

The artificial rueleic—acidmRNA molecule according to any one of claims 1 to 43,
wherein the open reading frame (ORF) does not encode a reporter gene or is not
derived from a reporter gene, wherein the reporter gene is preferably not selected

from group consisting of globin proteins (particularly beta-globin), luciferase protein,
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beta-glucuronidase (GUS) and GFP proteins or variants thereof, preferably not EGFP,
or variants exhibiting at least 70% sequence identity to a globin protein, a luciferase

protein, or a GFP protein:;

open reading frame (ORF) does not encode a ribosomal protein, preferably dees-not

encede an eukaryotic ribosomal protein-

at-ribosomal protein-in

partiewlar-human- is preferably not selected from ribosomal protein S6 (RPS6), human

ribosomal protein L36a-like (RPL36AL) or Arabidepsis-ribosomal protein S16 (RPS16}:
); or

99— The-artificial-nucleicacid-molecule-according-to-any-one-ofclaims1-te-8-wherein the

3’-UTR is not derived from a virus.

105.  The artificial rucleicacidmRNA molecule according to any one of claims 1 to 9;-wherein

11— Fheartificialnucleic—acid—molecule—according—to—elaim—104, wherein the poly(A)

sequence or the polyadenylation signal is located 3’-terminal to the 3’-UTR element.



15— Theartificial-nucleic-acidmRNA molecule according to any one of claims 1 to 445,
wherein the nucleic acid comprises an additional 5’-terminal element, preferably a 5’-

UTR, a promoter, or a 5’-UTR and a promoter containing-sequence, more preferably a

5’-UTR, even more preferably a 5’-UTR that does not comprise a 5’ TOP motif.

167. The artificial aucleicacid-moleculeaccordingto-claim-15-whereinthe 5" UTR-isa-5"-
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20——The-artificial-nucleicacid-molecule-according-to-any-one-of-claims1-+e-196, wherein

the at least one 3’-UTR element comprises or consists of a nucleic acid sequence which
has an identity of at least about 1, 2, 3, 4, 5, 10, 15, 20, 30 or 40%, preferably of at least
about 50%, preferably of at least about 60%, preferably of at least about 70%, more
preferably of at least about 80%, more preferably of at least about 90%, even more
preferably of at least about 95%, even more preferably of at least about 99% to a
nucleic acid sequence selected from the group consisting of SEQ ID NOs:10-te-205 1,
2, 58 and 161, or wherein the at least one 3’-UTR element comprises or consists of a
fragment of a nucleic acid sequence which has an identity of at least about 40%,
preferably of at least about 50%, preferably of at least about 60%, preferably of at least
about 70%, more preferably of at least about 80%, more preferably of at least about
90%, even more preferably of at least about 95%, even more preferably of at least
about 99% to a nucleic acid sequence selected from the group consisting of SEQ ID

NOs:36-te-205 1, 2, 58 and 161.
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23— The artificial-nucleicacid-moleculeaccording-toany-one-of claims1-to-227, further

comprising a 5’-cap structure, a poly(C) sequence, a histone stem-loop, and/or an IRES-

motif.

249. The artificial nueleic-acidmRNA molecule according to any one of claims 1 to 238,

wherein the hi

25— Theartificial

artificial-nucleicacidmRNA molecule, preferably the open reading frame, is at least
partially G/C modified, preferably wherein the G/C content of the open reading frame

is increased compared to the wild type open reading frame-

25 o i . i | ; £ el l 25 and/or

wherein the open reading frame comprises a codon-optimized region, preferably,

wherein the open reading frame is codon-optimized.

2810. A vector comprising

a. an open reading frame and/or a cloning site; and

b. atleast one 3’-untranslated region element (3’-UTR element) comprising a nucleic
acid sequence which is derived from the 3’-UTR of a ribosomal protein S9 (RPS9)
gene or from a functional variant of the 3’-UTR of a ribosomal protein S9 (RPS9)

gene:, wherein said functional variant is at least 80% identical to said 3’-UTR of a

ribosomal protein S9 (RPS9) gene; and

29c. a poly(A) sequence or a polyadenylation signal;

wherein the 3’-UTR is heterologous to the open reading frame.

11. The vector according to claim 2810, wherein_the open reading frame or the at least

one 3’-UTR element eomprises-or-consists-ofa-rucleic-acid-segquence-which-is-derived
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ribesomalprotein-gene,even-more-preferably-from-is characterized by any one of the
3-UFR-of a—primate—ribosomalprotein—gene;features as defined in partictlar—ofa

human-ribesomal-pretein-geneany one of claims 1 to 10 with respect to the artificial

mRNA molecule.

3312. The vector according to claim 10 or 11, which is a plasmid vector or a viral vector,
preferably a plasmid vector.
13. The vector according to any one of claims 28-te-32-wherein-the-epenreadingframe
OR does—not-encode—a-ribosomal-protein-gene,—preferably - doesnot-encode-an
eukaryotic—ribosomal-protein—genell to 12, which comprises an_artificial mRNA
molecule according to any one of claims 1-9.
34— Theveetorld. A cell comprising the artificial mMRNA molecule according to any

one of claims 28te-33whereinthe 3"-UTR-is-not derived-from-avirus:

35——TFhel-9 or the vector according to any one of claims 28-te—34—wherein-the-vector




38— Thevectorl5. A pharmaceutical composition comprising the artificial mRNA
molecule according to any one of claims 28—te—37—whereinl-9, the 3-UFR—is

heterelogousvector according to any one of claims 10 to 13, or the ©RFcell according

to claim 14.

3916. The veeterartificialMRNA molecule according to any one of claims 28-te-38,-whereinl-
9, the artificial laic acid ot . 5/ UTR andwherel el
3UFR-the-ORFand-the 5-UTR-are-heterologous-to-each-other

40——TFhe-vector according to any one of claims 28-te-39-whereinr-the-3-UTFR-preferably-the

—or

41— Theveetorl0 to 13, the cell according to claim 40, whereinthe-pohyA}sequence-orthe
envlationsicnali {3 of 3 UTR o ‘

42— Theveetorld, or the pharmaceutical composition according to claim 48-er41-wherein







156

icament.

for use as a med

7

15




acidl7. The artificial mMRNA molecule according to any one of claims 1-25-

55——TFhe9, the vector according to any one of claims 2810 to 54whichisa-cirewlarmeolecule:
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59— The-cell according to claim 57-e+58,which-is-a-cel-ofa-mammalian-subjectpreferably




69——AI18. An in vitro method for enhancing, stabilizing and/or prolonging protein

7019.

production from an artificial nucleic acid molecule, preferably from an mRNA molecule
or a vector, the method comprising the step of associating the nucleic acid molecule,
preferably the artificial mRNA molecule or the vector, with an 3’-UTR element, wherein
the 3’-UTR element comprises or consists of a nucleic acid sequence which is derived

from the 3’-UTR of a ribosomal protein gereS9 (RPS9) gene and wherein the artificial

nucleic acid molecule is preferably characterized by any one of the features defined in

any one of claims 1 to 9 with respect to the artificial mMRNA molecule.

Use of ara 3’-UTR element for enhancing, stabilizing and/or prolonging protein
production from a nucleic acid molecule_in vitro, preferably from an artificial mRNA
molecule or a vector, wherein the 3’-UTR element comprises or consists of a nucleic
acid sequence which is derived from the 3’-UTR of a ribosomal protein geneS9 (RPS9)

gene and wherein the nucleic acid molecule is preferably characterized by any one of

the features defined in any one of claims 1 to 9 with respect to the artificial mRNA

molecule.







7#620. Akit or kit of parts comprising an artificial rucleicacidmRNA molecule according to any

one of claims 1-279, a vector according to any one of claims 2810 to 5613, a cell

according to any-ene-ofclaims57+te-59claim 14, and/or a pharmaceutical composition
according to claim 66-er6115.






