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Claims

An artificial nucleic acid molecule comprising:

a. at least one 5'-untranslated region element (5'UTR /element) which
is derived from the
jant of the 5'UTR of a

comprises or consists of a nucleic acid sequence whic
5UTR of a TOP gene or which is derived from a v
TOP gene; and

b. at least one open reading frame (ORF).

The artificial nucleic acid molecule accofding to claim 1, further comprising:

c. at least one histone stem-loop.

The artificial nucleic acigd molecule according to claim 1 or 2, wherein the

5UTR element and thg/open reading frame are heterologous.

The artificial
the 5'UT

ucleic acid molecule according to any one of claims 1-3, wherein
element is suitable for increasing protein production from the

artificial/nucleic acid maolecule,

The artificial nucleic acid molecule according to any one of claims 2-4, wherein
the 5'UTR element and the histone stem-loop act together, preferably at least
additively, to increase protein production from the artificial nucleic acid

molecule.
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6. The artificial nucleic acid molecule according to any one of claims 1-5, wherein
the 5'UTR element does not comprise a TOP-motif, preferably wherefn the
nucleic acid sequence which is derived from a 5’UTR of a TOP gene,
the 5’UTR element, starts at its 5'-end with a nucleotide located at

5 3,4,5,6,7, 8,9 or 10 downstream of the polypyrimidine tract.

7. The artificial nucleic acid molecule according to any o€ of claims 1-6, wherein
the nucleic acid sequence which is derived from/a 5’UTR of a TOP gene,
preferably the 5'UTR element terminates at its 3'6nd with a nucleotide located
10 at position 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 upstrearh of the start codon of the gene it

is derived from.

8. The artificial nucleic acid moleculg’according to any one of claims 1-7, wherein

the 5'UTR element does not cotriprise a start codon or an open reading frame.

15

9. The artificial nucleic agid molecule according to any one of claims 1-8, wherein

the nucleic acid sequence which is derived from the 5’'UTR of a TOP gene is

derived from the’ 5’UTR of a eukaryctic TOP gene or from a variant thereof,

20 thereof, mgre preferably from the 5'UTR of a chordate TOP gene or from a

gefie, such as a human TOP gene, or from a variant thereof.

25 The artificial nucleic acid molecule according to any one of claims 2-9, wherein

the at least one histone stem-loop is selected from following formulae (1) or (il):
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formula (1) (stem-loop sequence without stem bordering elements):

No.,GN No(U/T)N N
[No.2GNj. 5] £ 0-4{ Y/T ) O-j] [N3.5CNg, ]
stem' loop stem?2

formula (1) (stem-loop sequence with stem bordering elem

i [NozGNs] [No (UM

Y

stem2 stemn2
bordering element

10 stem1 stem1 loop
bordering element

whetein:

15 stem1 or stem2 bordering elements’ N, ; is a consecutive sequence of 1 to 6, preferably

of 2 to 6, more preferably of 2 #6 5, even more preferably of 3 to 5, most preferably of
4 to 5 or 5 N, wherein ¢dch N is independently from another selected from a
nucleotide selected from X, U, T, G and C, or a nucleotide analogue thereof;

20 element stem2, and is a consecutive sequence between of 5 to 7 nucleotides;

25 bly of 4 N, wherein each N is independently from another selected from a
leotide selected from A, U, T, G and C or a nucleotide analogue thereof, and
herein G is guanosine or an analogue thereof, and may be optionally replaced by
a cytidine or an analogue thereof, provided that its complementary nucleotide
cytidine in stem2 is replaced by guanosine;

loop sequence [Ny (U/T)Ng.,Jis located between elements stem1 and stem2, and is a

consecutive sequence of 3 to 5 nuclectides, more preferably of 4 nucleotides;
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nucleotide analogue thereof; and

wherein U/T represents uridine, or optionally thymidine;

stem2 [N35CNy.] is reverse compiementary or partially reverse cgfplementary with
element stem1, and is a consecutive sequence between of 5 to 7 nuclectides;
wherein N, is a consecutive sequence of 3 to 5, prefefably of 4 to 5, more
preferably of 4 N, wherein each N is independently frofh another selected from a
nucleotide selected from A, U, T, G and C or a nucleogide analogue thereof;
wherein N, is a consecutive sequence of 0 to/2, preferably of 0 to 1, more
preferably of 1 N, wherein each N is independéntly from another selected from a
nuclectide selected from A, U, T, G and C or # nucleotide analogue thereof; and
wherein C is cytidine or an analogue thergbf, and may be optionally replaced by a
guanosine or an analogue thereof provided that its complementary nucleotide
guanosine in stem1 is replaced by cyfidine;

wherein
stem1 and stem2 are capable of/base pairing with each other

forming a reverse complementary sequence, wherein base pairing may occur

between stem1 and stem2/ or

(la) or ({l

[No.1GN3 51 TNy 5(U/MNg ] N3 sCNg.i]
L. ~ VAW N J - — J
stem1 loop stem2

formula (la} (stem-loop sequence without stem bordering elements)
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N5 [No.1GN3 5] [N15(U/MNg,l IN3sCNo ] N

YT
stem1 stemT loop stem2 stem?2
bordering element bordering glement

formula (lla) (stem-loop sequence with stem bordering glements)

The artificial nucleic acid molecule according to any/6ne of claims 1-11, further

comprising

d. a poly(A) sequence and/or a polyadenylatioh signal.

The artificial nucleic acid molecule agéording to claim 12, wherein the poly(A)
sequence comprises or consists of g/sequence of about 25 to about 400 adeno-
sine nucleotides, preferably a seglience of about 50 to about 400 adenosine nu-
cleotides, more preferably a sgquence of about 50 to about 300 adenosine nu-
cleotides, even more preferdbly a sequence of about 50 to about 250 adenosine
nucleotides, most prefeyably a sequence of about 60 to about 250 adenosine

nuclectides.

The artificial Aucleic acid molecule according to claim 12 or 13, wherein the
polyadenyl4tion signal comprises the consensus sequence NN(U/T)ANA, with N
= A or L) preferably AA(U/MAAA or A(U/TU/TAAA.

The artificial nucleic acid molecule according to any of claims 1-14, further

comprising:

e. a poly(C) sequence.



10

15

20

WO 2013/143699 PCT/EP2013/000937

16.

17,

18.

19.

20,

354

The artificial nucleic acid molecule according to claim 15, wherein the poly(C)
sequence comprises, preferably consists of, about 10 to about 200 cytidine
nucleotides, more preferably about 10 to about 100 cytidine nucleotiges, more
preferably about 10 to about 50 cytidine nucleotides, even morg preferably
about 20 to about 40 cytidine nucleotides.

The artificial nucleic acid molecule according to any opé of claims 1-16, further

comprising:

f. atleast one 3'UTR element.

The artificial nucleic acid molecule agéording to claim 17, wherein the at least
one 3’'UTR element comprises or gdnsists of a nucleic acid sequence which is
derived from a 3'UTR of a gene pfoviding a stable mRNA or from a variant of the

3'UTR of a gene providing a sfdble mRNA.

The artificial nucleig/acid molecule according to claim 17 or 18, wherein the at
least one 3'UTR/element and the at least one 5'UTR element act at least
additively, preferably synergistically to increase protein production from said

artificial nudleic acid molecule,

Thé artificial nucleic acid molecule according to any one of claims 1-19,
herein the 5‘UTR element comprises or consists of a nucleic acid sequence
which is derived from a nucleic acid sequence selected from the group
consisting of SEQ ID NOs. 1-1363, SEQ ID NO. 1435, SEQ ID NO. 1461 or
SEQ ID NO. 1462, , from the homologs of any of SEQ ID NOs. 1-1363, SEQ ID
NO. 1435, SEQ ID NO. 1461 or SEQ ID NO. 1462, , or from a variant thereof.
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The artificial nucleic acid molecule according to any one of claims 1,20,
wherein the 5'UTR element comprises or consists of a nucleic acid seglience
which has an identity of at [east about 40%, preferably of at least abgut 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 abgut 90%, even
more preferably of at least about 95%, even more preferably/of at least about
99% to a nucleic acid sequence selected from SEQ ID N@s. 1-1363, SEQ 1D
NO. 1435, SEQ ID NO. 1461 or SEQ ID NO. 1462, or 16 a corresponding RNA
sequence, or wherein the at least one 5'UTR element/comprises or consists of a
fragment of a nucleic acid sequence which has an jdentity of at least about 40%,
preferably of at least about 50%, preferably of  least about 60%, preferably of
at least about 70%, more preferably of at leagt abaut 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 nlcleic acid sequence selected from SEQ
D NOs. 1-1363, SEQ ID NO. 1435, 5EQ ID NO. 1461 or SEQ ID NO. 1462, or
to a corresponding RNA sequence, preferably lacking the 5'TOP motif.

The artificial nucleic g€id molecule according to any one of claims 1-21,
wherein the 5’'UTR glement comprises or consists of a nucleic acid sequence
which is derived from a 5’UTR of a TOP gene encoding a ribosomal protein or
from a variany/of a 5'UTR of a TOP gene encoding a ribosomal protein,
preferably frgm a 5'UTR of a nucleic acid sequence according to any of SEQ ID
NOs: 1707 232, 244, 259, 1284, 1285, 1286, 1287, 1288, 1289, 1290, 1291,
1292, A293, 1294, 1295, 1296, 1297, 1298, 1299, 1300, 1301, 1302, 1303,

1305, 1306, 1307, 1308, 1309, 1310, 1311, 1312, 1313, 1314, 1315,

1317, 1318, 1319, 1320, 1321, 1322, 1323, 1324, 1325, 1326, 1327,

1329, 1330, 1331, 1332, 1333, 1334, 1335, 1336, 1337, 1338, 1339,
1340, 1347, 1342, 1343, 1344, 1346, 1347, 1348, 1349, 1350, 1351, 1352,
1353, 1354, 1355, 1356, 1357, 1358, 1359, or 1360;, a corresponding RNA
sequence, a homolog thereof, or a variant thereof, preferably lacking the 5’ TOP

motif.
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The artificial nucleic acid molecule according to any one of claimy’ 1-22,
wherein the 5'UTR element comprises or consists of a nucleic acid Aequence
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 abolt 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 prefergbly of at least about
99% to the 5'UTR of a nucleic acid sequence according/to any of SEQ 1D NOs:
170, 232, 244, 259, 1284, 1285, 1286, 1287, 1288/1289, 1290, 1291, 1292,
1293, 1294, 1295, 1296, 1297, 1298, 1299, 1380, 1301, 1302, 1303, 1304,
1305, 1306, 1307, 1308, 1309, 1310, 1311, 4312, 1313, 1314, 1315, 1316,
1317, 1318, 1319, 1320, 1321, 1322, 1323, 1324, 1325, 1326, 1327, 1328,
1329, 1330, 1331, 1332, 1333, 1334, 1435, 1336, 1337, 1338, 1339, 1340,
1341, 1342, 1343, 1344, 1346, 1347/ 1348, 1349, 1350, 1351, 1352, 1353,
1354, 1355, 1356, 1357, 1358, }359, or 1360;0r to a corresponding RNA
sequence, preferably lacking the 8 TOP motif, or wherein the at least one 5'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 the 5’UIR of a nucleic acid sequence according to SEQ 1D NOs: 170,

, 1296, 1297, 1298, 1299, 1300, 1301, 1302, 1303, 1304, 1305,
1306, X307, 1308, 1309, 1310, 1311, 1312, 1313, 1314, 1315, 1316, 1317,
1318, 1319, 1320, 1321, 1322, 1323, 1324, 1325, 1326, 1327, 1328, 1329,
1530, 1331, 1332, 1333, 1334, 1335, 1336, 1337, 1338, 1339, 1340, 1341,
1342, 1343, 1344, 1346, 1347, 1348, 1349, 1350, 1351, 1352, 1353, 1354,
1355, 1356, 1357, 1358, 1359, or 1360;0r to a corresponding RNA sequence,
preferably lacking the 5"TOP motif.
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ribosomal Large protein (RPL} or from a variant of a 5’UTR of a TOP gene
encoding a ribosomal Large protein (RPL), preferably from a 5'UTR 4f a nucleic
acid sequence according to any of SEQ 1D NOs: 67, 259, 1284-1318, 1344,
1346, 1348-1354, 1357, 1461 and 1462, a corresponding KNA sequence, a

homolog thereof, or a variant thereof, preferably lacking the/5’TOP motif.

The artificial nucleic acid molecule according # any one of claims 1-24,
wherein the 5'UTR element comprises or congists of a nucleic acid sequence
having an identity of at least about 40%, preferably of at least about 50%,
preferably of at least about 60%, prefefably of at least about 70%, more
preferably of at least about 80%, morg’preferably of at least about 90%, even
more preferably of at least about 99%, even more preferably of at least about
99% to the 5'UTR of a nucleic a¢fd sequence according to any of SEQ ID NOs:
67, 259, 1284-1318, 1344, 1346, 1348-1354, 1357, 1461 and 1462, or to a
corresponding RNA sequente, preferably lacking the 5'TOP motif, or wherein
the at least one 5'UTR ¢Jément 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%, prefergbly 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 the 5'UTR of a nucleic acid sequence according to SEQ 1D No.
NOs: 67, 259, 1284-1318, 1344, 1346, 1348-1354, 1357, 1461 and

1462 or to a corresponding RNA sequence, preferably lacking the 5'TOP motif.

The artificial nucleic acid molecule according to any one of claims 1-25,
wherein the 5'UTR element comprises or consists of a nucleic acid sequence
which is derived from the 5'UTR of a ribosomal protein Large 32 gene or from a
variant thereof, preferably from the 5’‘UUTR of a vertebrate ribosomal protein

Large 32 (L32) gene or from a variant thereof, more preferably from the 5'UTR of
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a mammalian ribosomal protein Large 32 (L32) gene or from a variant thergof,

The artificial nucleic acid molecule according to any opfe of claims 1-26,
wherein the 5'UTR element comprises or consists of a pucleic 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 fnore preferably of at least about
99% to the nucleic acid sequence accordifig to SEQ ID NOs. 1368 or 1452-
1460, or a corresponding RNA sequenge, or wherein the at least one 5'UTR
element comprises or consists of a frdgment of a nucleic acid sequence which
has an identity of at least aboyf 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 leagt about 95%, even more preferably of at least about
99% to the nucleic acgid sequence according to SEQ ID NOs. 1368 or 1452-

1460, or to a correspbnding RNA sequence.

The artificidl nucleic acid molecule according to any one of claims 21, 23, 25
and 27 /wherein the fragment consists of a continuous stretch of nuclectides
corregponding to a continuous stretch of nucleotides in the full-length sequence,
wiich represents at least 20%, preferably at least 30%, more preferably at least
#40%, more preferably at least 50%, even more preferably at least 60%, even
more preferably at least 70%, even more preferably at least 80%, and most

preferably at least 90% of the full-length sequence the fragment is derived from.
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29.  The artificial nucleic acid molecule according to any one of claims 1

least about 40 nucleotides.

30.  The artificial nucleic acid molecule according to any gne of claims 1-29,

wherein the 5'UTR element comprises or consists of a/nucleic acid sequence
which is derived from the 5'UTR of a TOP gene sglected from RPSA, RPSgz,
RPSs, RPS3A, RPS4, RPS5, RPS6, RPS7, RPSs, RPS9, RPS10, RPS11, RPS1g,
10 RPS13, RPS514, RPS15, RPS15A, RPS1s, 517, RPS18, RPS19, RPSz0,
RPS21, RPS523, RPS24, RPS25, RPS2s, S27, RPS27A, RPS28, RPSgo,
RPSso, RPLs, RPL4, RPL5, RPLs, RPL7, RPL7A, RPLs, RPLg, RPL10,
RPL10A, RPL11, RPL1g, RPL13, RPE13A, RPL14, RPL15, RPL17, RPL1s,
RPL18A, RPL19, RPL21, RPL2g, 123, RPL2sA, RPL24, RPLe26, RPL27,
15 RPL27A, RPL2s, RPLgg, RPLs¢, RPL.31, RPL32, RPL34, RPL35, RPL35A,
RPLs6, RPL36A, RPL37, RPIA7A, RPL3S8, RPL3g, RPL40, RPL41, RPLPO,

RPLP1, RPLPg, RPLP3, UBAs2 or from a variant thereof.

31.  The artificial nuclgic acid molecule according to any one of claims 2-30,
20 wherein the at |éast one histone stem-loop comprises or consists of a nucleic
acid sequencg selected from the group consisting of SEQ 1D NOs. 1391-1433,

preferably ffom the group consisting of SEQ 1D NQOs. 1403-1433.

32.  The artificial nucleic acid molecule according to any one of claims 2-31,
wherein the histone stem-loop comprises or consists of a nucleic acid sequence
having a sequence identity of at least about 75%, preferably of at least about
80%, preferably of at least about 85%, more preferably of at least about 90%,
even more preferably of at least about 95% to the sequence according to SEQ 1D
NO. 1433 or to the corresponding RNA sequence, wherein preferably positions

6, 13 and 20 of the sequence having a sequence identity of at least about 75%,
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preferably of at least about 80%, preferably at least about 85%, more preferably
at least about 90%, even more preferably at least about 95% to the seguence
according to SEQ ID NO. 1433 or to the corresponding RNA sequénce are
conserved, i.e. are identical to the nucleotides at positions 6, 13 and 20 of SEQ
ID NO. 1433 or to the corresponding RNA nucleotides.

The artificial nucleic acid molecule according to any one of claims 17-32,
wherein the 3'UTR element comprises or consists gf a nucleic acid sequence
derived from a 3'UTR of a gene selected fropf the group consisting of an
albumin gene, an a-globin gene, a B-globin gexe, a tyrosine hydroxylase gene, a
lipoxygenase gene, and a collagen alpha gefe, or from a variant of a 3'UTR of a
gene selected from the group consisting gf an albumin gene, an a-globin gene, a
B-globin gene, a tyrosine hydroxylase gene, a lipoxygenase gene, and a collagen

alpha gene.

The artificial nucleic acil molecule according to any one of claims 17-33,
wherein the at least ope 3'UTR element comprises or consists of a nucleic acid
sequence which is derived from the 3’UTR of a vertebrate albumin gene or from
a variant thereof/ preferably from the 3'UTR of a mammalian albumin gene or
from a variant thereof, more preferably from the 3’UTR of a human albumin
gene or frgm a variant thereof, even more preferably from the 3'UTR of the
human Albumin gene according to GenBank Accession number NM_000477.5

or frofm a variant thereof.

The artificial nucleic acid molecule according to any one of claims 17-33,
wherein the at least one 3’UTR element comprises or consists of a nucleic acid
sequence which is derived from the 3'UTR of a vertebrate a-globin gene or from

a variant thereof, preferably from the 3’UTR of a mammalian «-globin gene or
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from a variant thereof, more preferably from the 3'UTR of a human a-globin

gene or from a variant thereof.

The artificial nucleic acid molecule according to any one of/ claims 17-33,
wherein the at least one 3'UTR element comprises or consistg 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%, evegnh more preferably of at least
about 99% to a nucleic acid sequence selected from SEQ ID NOs. 1369-1377
and 1434 or to a corresponding RNA segdence, or wherein the at least one
3’UTR element comprises or consists of & fragment of a nucleic acid sequence
which has an identity of at least aboyt 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 algout 95%, even more preferably of at least about
99% to a nucleic acid seguence selected from SEQ ID NOs. 1369-1377 and

1434 or to a corresponding RNA sequence.

The artificial ndcleic acid molecule according to claim 36, wherein the fragment
consists of A continuous stretch of nucleotides corresponding to a continuous

stretch of/nuclectides in the full-length sequence, which represents at least 20%,

ven more preferably at least 80%, and most preferably at least 90% of the full-

length sequence the fragment is derived from.

The artificial nucleic acid molecule according to any one of claims 17-37,
wherein the 3'UTR element exhibits a length of at least about 40 nucleatides,

preferably of at least about 50 nucleotides, preferably of at least about 75
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nucleotides, more preferably of at least about 100 nucleotides, even
preferably of at least about 125 nucleotides, most preferably of at leasy’about

150 nucleotides.

5 39.  The artificial nucleic acid molecule according to any oné of claims 1-38,
wherein the artificial nucleic acid 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.

10 40.  The artificial nucleic acid molecule accgrding to any one of claims 1-39,
wherein the open reading frame cgmprises a codon-optimized region,

preferably, wherein the open reading ffame is codon-optimized.

41.  The artificial nucleic acid mpdlecule according to any one of claims 1-40, which

15 is an RNA, preferably an ;\IRNA molecule.

42, A vector compriging:

a. at least one 5’-untranslated region element (5'UTR element) which

comprises or consists of a nucleic acid sequence which is derived from the

20 TR of a TOP gene or which is derived from a variant of the 5’UTR of a
OP gene; and

. at least one open reading frame (ORF) and/or at least one cloning site.

43. The vector according to claim 42, further comprising:

c. atleast one histone-stem loop.




10

15

20

WO 2013/143699 PCT/EP2013/000937

44,

45,

46.

47.

48.

363

The vector according to claim 42 or 43, wherein the 5'UTR element 4nd the

open reading frame are heterologous.

.The vector according to any one of claims 42-44, wherein tife 5’UTR element is

suitable for increasing protein production from the vector,

The vector to any one of claims 43-45, whergin the 5’UTR element and the
histone stem-loop act together, preferably at feast additively, to increase protein

production from the vector.

The vector according to any ong of claims 42-46, wherein the 5’'UTR element
does not comprise a TOP-motif, preferably wherein the nucleic acid sequence
which is derived from a 5/UTR of a TOP gene, preferably the 5'UTR element
starts at its 5’-end with g/nucleotide located at position 1, 2, 3,4, 5,6, 7, 8,9 or
10 downstream of the’/polypyrimidine tract.

The vector According to any one of claims 42-47, wherein the nucleic acid
sequence’which is derived from a 5’UTR of a TOP gene, preferably the 5'UTR
elemerit terminates at its 3’-end with a nucleotide located at position 1, 2, 3, 4,

7, 8, 9 or 10 upstream of the start codon of the gene it is derived from.

The vector according to any one of claims 42-48, wherein the 5'UTR element

does not comprise a start codon or an open reading frame.
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50.  The vector according to any one of claims 42-49, wherein the nucleic
sequence which is derived from the 5'UTR of a TOP gene is derived fr
5'UTR of a eukaryotic TOP gene or from a variant thereof, preferablyArom the
5UTR of a plant or animal TOP gene or from a variant thereof, mogé preferably

5 from the 5’UTR of a chordate TOP gene or from a variant thergof, even more
preferably from the 5'UTR of a vertebrate TOP gene or from/ variant thereof,
most preferably from the 5'UTR of a mammalian TOP gepé, such as a human

TOP gene, or from a variant thereof.

10 51.  The vector according to any one of claims 43-5@, wherein the at least one his-

tone stemn-loop is selected from following formydlae (1) or (1):

formula (1) (stem-loop sequence without gtlem bordering elements):

[No.,GN3.5] [No.s(W/TINo.t] [N3sCNo.o]

15 Y
loop stem2
20 formula (11} {stefn-loop sequence with stem bordering elements):
/o No2GNy 5] ING.(U/MNg.] IN55CNo] Nig
\ 2 YT Y

stem stem] foop stem?2 stem2

25 bopdering element bordering element
wherein:

stem1 or stem2 bordering elements N, ; is a consecutive sequence of 1 to 6, preferably

of 2 to 6, more preferably of 2 to 5, even more preferably of 3 to 5, most preferably of
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4 to 5 or 5 N, wherein each N is independently from another selected fpém a
nucleotide selected from A, U, T, G and C, or a nucleotide analogue thereof;

stem1 [No,GN; 5l is reverse complementary or partially reverse complementary with
element stem2, and is a consecutive sequence between of 5 to 7 nucleotifles;

5 wherein N,, is a consecutive sequence of O to 2, preferably of A to 1, more
preferably of 1 N, wherein each N is independently from anothex selected from a
nucleotide selected from A, U, T, G and C or a nucleotide analggue thereof;
wherein N,; is a consecutive sequence of 3 to 5, preferably of 4 to 5, more
preferably of 4 N, wherein each N is independently fropd another selected from a

10 nucleotide selected from A, U, T, G and C or a nucleotjde analogue thereof, and
wherein G is guanosine or an analogue thereof, and/may be optionally replaced by
a cytidine or an analogue thereof, provided that its complementary nucleotide
cytidine in stem2 is replaced by guanosine; -
loop sequence [Ny ,(U/MNglis located between elements stem1 and stem2, and is a
15 caonsecutive sequence of 3 to 5 nucleotigés, more preferably of 4 nucleotides;
wherein each N, is independent from another a consecutive sequence of 0 to 4,
preferably of 1 to 3, more preferably of 1 to 2 N, wherein each N is independently
from ancther selected from a Aucleotide selected from A, U, T, G and C or a
nucleotide analogue thereof; and
20 wherein U/T represents uridine, or optionally thymidine;
stem2 [N;sCNg.,] is reyérse complementary or partially reverse complementary with
element stem1, and i a consecutive sequence between of 5 to 7 nucleotides;
wherein N, is 4 consecutive sequence of 3 to 5, preferably of 4 to 5, more
preferably of # N, wherein each N is independently from another selected from a
25 nucleotide gelected from A, U, T, G and C or a nucleotide analogue thereof;
wherein/N,., is a consecutive sequence of O to 2, preferably of 0 to 1, more
prefepdbly of 1 N, wherein each N is independently from another selected from a
nugleotide selected from A, U, T, G and C or a nuclectide analogue thereof; and
herein C is cytidine or an analogue thereof, and may be optionally replaced by a
guanosine or an analogue thereof provided that its complementary nucleotide
guanosine in stem1 is replaced by cytidine;
wherein

stem1 and stem2 are capable of base pairing with each other
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forming a reverse complementary sequence, wherein base pairing may ogtur
between stem? and stem2, or
forming a partially reverse complementary sequence, wherein an incomplete base

pairing may occur between stem1 and stem2.

The vector according to any one of claims 43-51, wherein the aj/least one histone

stem-loop is selected from at least one of following formulae (layor (lla):

[Ng.1GN3s1 [N 3(U/T)Ng ] N3 sC¥o 1]
J

" Y
stem1 loop. stem?2

formula (la) (stem-loop sequence withoutAtem bordering elements)

Nas [NoaGN3s] [N (UMM ] IN5 sCNg4T Ny
ey e e

stem] stemn lobOp stem?2 stem2

bordering element bordering element

53.

formula (I1a) {sterh-loop sequence with stem bordering elements)

The vectop/according to any one of claims 42-52, further comprising

d. a pdly(A) sequence and/or a polyadenylation signal.

he vector according to claim 53, wherein the poly(A) sequence comprises or
consists of a sequence of about 25 to about 400 adenosine nucleotides, prefera-
bly a sequence of about 50 to about 400 adenosine nuclectides, more preferably
a sequence of about 50 to about 300 adenosine nucleotides, even more prefera-
bly a sequence of about 50 to about 250 adenosine nucleotides, most preferably

a sequence of about 60 to about 250 adenosine nucleotides.
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55.  The vector according to claim 53 or 54, wherein the polyadenylatig
comprises the consensus sequence NN(U/T)ANA, with N = A or U, /preferably
AA(U/MAAA or A(UTRU/TIAAA.

56.  The vector according to any one of claims 42-55, further gomprising:

e. a poly(C) sequence.

57.  The vector according to claim 56, wherein the poly(C) sequence comprises,
10 preferably consists of, about 10 to gbout 200 cytidine nucleotides, more
preferably about 10 to about 100 cytidine nucleotides, more preferably about 10
to about 50 cytidine nucleotides, £ven more preferably about 20 to about 40

cytidine nucleotides.

15 58.  The vector according tg any one of claims 42-57, further comprising:

at least one 3'UTR element.

20 gene providing a stable mRNA or from a variant of the 3’UTR of a gene

The vector according to claim 58 or 59, wherein the at least one 3’UTR element
and the at least one 5'UTR element act at least additively, preferably

synergistically to increase protein production from said vector.
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The vector according to any one of claims 42-60, wherein the 5'UTR/element
comprises or consists of a nucleic acid sequence which is derided from a
nucleic acid sequence selected from the group consisting of SEQ 1D NOs. 1-
1363, SEQ ID NO. 1435, SEQ 1D NO. 1461 or SEQ ID NO/1462, , from the
homologs of any of SEQ 1D NOs. 1-1363, SEQ ID NO. 1435, SEQ ID NO. 1461
or SEQ 1D NO. 1462, , or from a variant thereof,

The vector according to any one of claims 42,61, wherein the 5'UTR element
comprises or consists of a nucleic acid sequerice 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%, morg preferably of at least about 80%, more
preferably of at least about 90%, e¥en more preferably of at least about 95%,
even more preferably of at least gZbout 99% to a nucleic acid sequence selected
from SEQ ID NQs. 1-1363, SEQ ID NO. 1435, SEQ ID NO. 1461 or SEQ 1D
NO. 1462, or to a correspdnding RNA sequence, preferably lacking the 5'TOP
motif, or wherein the 3t least one 5’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 leaét about 50%, preferably of at least about 60%, preferably of
at least about 78%, more preferably of at least about 80%, more preferably of at
least about 80%, even more preferably of at least about 95%, even more
preferably/of at least about 99% to a nucleic acid sequence selected from SEQ
ID NOg. 1-1363, SEQ 1D NO. 1435, SEQ ID NO. 1461 or SEQ 1D NO. 1462, or
fo aforresponding RNA sequence, preferably lacking the 5" TOP motif.

The vector according to any one of claims 42-62, wherein the 5’UTR element
comprises or consists of a nucleic acid sequence which is derived from a 5'UTR
of a TOP gene encoding a ribosomal protein or from a variant of a 5’UTR of a
TOP gene encoding a ribosomal protein, preferably from a 5’UTR of a nucleic
acid sequence according to any of SEQ ID NOs: 170, 232, 244, 259, 1284,
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1285, 1286, 1287, 1288, 1289, 1290, 1291, 1292, 1293, 1294, 1295, 1296,
1297, 1298, 1299, 1300, 1301, 1302, 1303, 1304, 1305, 1306, 1307,/1308,
1309, 1310, 1311, 1312, 1313, 1314, 1315, 1316, 1317, 1318, 1319, 1320,
1321, 1322, 1323, 1324, 1325, 1326, 1327, 1328, 1329, 1330, 7331, 1332,

5 1333, 1334, 1335, 1336, 1337, 1338, 1339, 1340, 1341, 1342, 1343, 1344,
1346, 1347, 1348, 1349, 1350, 1351, 1352, 1353, 1354, 1555, 1356, 1357,
1358, 1359,.0r 1360, a corresponding RNA sequence, a hémolog thereof, or a
variant thereof as described herein, preferably lacking thg’5'TOP motif.

10
64.  The vector according to any one of claims 42,63, wherein the 5'UTR element
comprises or consists of a nucleic acid segdence 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%y more preferably of at least about 80%,
15 more preferably of at least about 98%, even more preferably of at least about
95%, even more preferably of at least about 99% to the 5'UTR of a nucleic acid
sequence according to any of/SEQ ID NOs: 170, 232, 244, 259, 1284, 1285,
1286, 1287, 1288, 1289, 290, 1291, 1292, 1293, 1294, 1295, 1296, 1297,
1298, 1299, 1300, 130%, 1302, 1303, 1304, 1305, 1306, 1307, 1308, 1309,
20 1310, 1311, 1312, , 1314, 1315, 1316, 1317, 1318, 1319, 1320, 1321,
1322, 1323, 132 , 1326, 1327, 1328, 1329, 1330, 1331, 1332, 1333,
1334, 1335, 1 , 1338, 1339, 1340, 1341, 1342, 1343, 1344, 1346,
1347, 1348,/1349, 1350, 1351, 1352, 1353, 1354, 1355, 1356, 1357, 1358,

25 5'TOP shotif, or wherein the at least one 5’UTR element comprises or consists of

%, 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 the 5’UTR of a nucleic acid
sequence according to SEQ ID NOs: 170, 232, 244, 259, 1284, 1285, 1286,
1287, 1288, 1289, 1290, 1291, 1292, 1293, 1294, 1295, 1296, 1297, 1298,
1299, 1300, 1301, 1302, 1303, 1304, 1305, 1306, 1307, 1308, 1309, 1310,
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1311, 1312, 1313, 1314, 1315, 1316, 1317, 1318, 1319, 1320, 1321, 1322,
1323, 1324, 1325, 1326, 1327, 1328, 1329, 1330, 1331, 1332, 1333/1334,
1335, 1336, 1337, 1338, 1339, 1340, 1341, 1342, 1343, 1344, 1346, 1347,
1348, 1349, 1350, 1351, 1352, 1353, 1354, 1355, 1356, 1357, 1358, 1359, or
1360 or to a corresponding RNA sequence, preferably lacking the/5'TOP motif.

The vector according to any one of claims 42-64, wherefn the 5'UTR element is
derived from a 5'UTR of a TOP gene encoding a ribgsomal Large protein (RPL)
or from a variant of a 5'UTR of a TOP gene encogling a ribosomal Large protein
(RPL), preferably from a 5‘UTR of a nucleic agid sequence according to any of
SEQ ID NOs: 67, 259, 1284-1318, 1344, Y346, 1348-1354, 1357, 1461 and
1462, a corresponding RNA sequence, a/homolog thereof, or a variant thereof,

preferably lacking the 5'TOP motif.

The vector according to any gne of claims 42-65, wherein the 5’UTR element
comprises or consists of a fiucleic acid sequence having an identity of at least
about 40%, preferably ot 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 ledst about 90%, even more preferably of at least about 95%,
even more preferably of at least about 99% to the 5'UTR of a nucleic acid
sequence agéording to any of SEQ 1D NOs: 67, 259, 1284-1318, 1344, 1346,

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 the 5'UTR of a
nucleic acid sequence according to SEQ ID No. SEQ ID NOs: 67, 259, 1284-
1318, 1344, 1346, 1348-1354, 1357, 1461 and 1462 or to a corresponding
RNA sequence, preferably lacking the 5'TOP muotif.
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The vector according to any one of claims 42-66, wherein the 5’'UTR element
comprises or consists of a nucleic acid sequence which is deriyéd from the
5'UTR of a ribosomal protein Large 32 gene, preferably from ghe 5'UTR of a
vertebrate ribosomal protein Large 32 (L32) gene or from a vapfant thereof, more
preferably from the 5'UTR of a mammalian ribosomal pyétein Large 32 (L32)
gene or from a variant thereof, most preferably from the 5'UTR of a human
variant thereof, wherein

5'TOP of said gene.

ribosomal protein Large 32 (L32) gene or from

preferably the 5'UTR element does not comprise t

The vector according to any one of claimg’42-67, wherein the 5'UTR element
comprises or consists of a nucleic acid sgquence which has an identity of at [east
about 40%, preferably of at least abgut 50%, preferably of at least about 60%,
preferably of at least about 70%, /Mmore 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 the nucleic acid sequence
according to SEQ 1D N@s. 1368 or 1452-1460 or to a corresponding RNA
sequence, or wherein the at least one 5'UTR element comprises or consists of a
fragment of a nuclej¢ acid sequence which has an identity of at least about 40%,

preferably of at l#ast about 50%, preferably of at least about 60%, preferably of

ID N@s. 1368 or 1452-1460 or to a corresponding RNA sequence.

The vector according to any one of claims 62, 64, 66 and 68, wherein the
fragment consists of a continuous stretch of nucleotides corresponding to a
continuous stretch of nucleotides in the full-length sequence, which represents
at least 20%, preferably at least 30%, more preferably at least 40%, more

preferably at least 50%, even more preferably at least 60%, even more
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preferably at least 70%, even more preferably at least 80%, and most preferdbly

at least 90% of the full-length sequence the fragment is derived from.

70.  The vector according to any one of claims 42-69, wherein the at least one
5 5"UTR element exhibits a length of at least about 20 nucleotides, preferably of at

least about 30 nucleotides, more preferably of at least abouf 40 nucleotides.

71. The vector according to any one of claims 42-70, wherein the 5'UTR element
comprises or consists of a nucleic acid segdence which is derived from the

10 5'UTR of a TOP gene selected from RPSA/RPS2, RPS3, RPS3A, RPS4, RPSs5,
RPS6, RPS7, RPS8, RPS9, RPS10, RPS11, RPS12, RPS13, RPS14, RPS15,

RPS15A, RPS16, RPS17, RPS18, KPS19, RPS20, RPS21, RPS23, RPS24,

RPS2s5, RPS26, RPS27, RPS27A, RPS28, RPS29, RPSs0, RPL3, RPL4, RPLS3,

RPLs, RPL7, RPL7A, RPLS8, RPL9, RPL10, RPL10A, RPL11, RPL12, RPL13,

15 RPL13A, RPL14, RPL15, RFL17, RPL18, RPL18A, RPL19, RPL21, RPL22,
RPL23, RPL23A, RPL24/RPL2s, RPL27, RPL27A, RPL23, RPL29, RPL30,

RPL31, RPL.32, RPL34/RPL35, RPL35A, RPL36, RPL36A, RPL37, RPL37A,

RPLs8, RPL39, RPl/A0, RPL41, RPLPo, RPLP1, RPLP2, RPLPS, UBA520r

from a variant thergof.

20

72.  The vectdr according to any one of claims 43-71, wherein the at least one
histong stem-loop comprises or consists of a nucleic acid sequence selected
fropt the group consisting of SEQ ID NOs. 1391-1433, preferably from the group

onsisting of SEQ 1D NOs. 1403-1433.

The vector according to any one of claims 43-72, wherein the histone stem-loop
comprises or consists of a nucleic acid sequence having a sequence identity of
at least about 75%, preferably of at least about 80%, preferably at least about

85%, more preferably at least about 90%, even more preferably at least about
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95% to the sequence according to SEQ ID NO. 1433 or to the corresponding
RNA sequence, wherein preferably positions 6, 13 and 20 of the seguence
having a sequence identity of at least about 75%, preferably of at |
90%, even
SEQ 1D NO.

e. are identical to

80%, preferably at least about 85%, more preferably at least abo
5 more preferably at least about 95% to the sequence according
1433 or to the corresponding RNA sequence are conserved, |
the nucleotides at positions 6, 13 and 20 of SEQ ID MO. 1433 or to the

corresponding RNA nucleotides.

10 74.  The vector according to any one of claims 58473, wherein the 3'UTR element
comprises or consists of a nucleic acid sequghce derived from a 3'UTR of a gene
selected from the group consisting of an/albumin gene, an a-globin gene, a B-
globin gene, a tyrosine hydroxylase géne, a lipoxygenase gene, and a collagen
alpha gene, or from a variant of # 3'UTR of a gene selected from the group
i5 consisting of an albumin gene/an a-globin gene, a B-globin gene, a tyrosine

hydroxylase gene, a lipoxygerfase gene, and a collagen alpha gene.

75.  The vector accordifg to any one of claims 58-74, wherein the at least one
3'UTR element
20 derived from

omprises or consists of a nucleic acid sequence which is
e 3'UTR of a vertebrate albumin gene or from a variant thereof,
preferably from the 3’UTR of a mammalian albumin gene or from a variant

thereof, More preferably from the 3’UTR of a human albumin gene or from a

thereof, even more preferably from the 3’UTR of the human albumin

25

The vector according to any one of claims 58-74, wherein the at least one
3'UTR element comprises or consists of a nucleic acid sequence which is

derived from the 3'UTR of a vertebrate a-globin gene or from a variant thereof,
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preferably from the 3’UTR of a mammalian c-globin gene or from a vafiant
thereof, more preferably from the 3"UTR of a human o-globin gene or/from a

variant thereof.

The vector according to any one of claims 58-74, whergih the at least one
3'UTR element comprises or consists of a nucleic acid sgquence which has an
identity of at least about 40%, preferably of at least abbut 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 Jéast about 99% to a nucleic acid
sequence selected from SEQ ID NOs/ 1369-1377 and 1434 or to a
corresponding RNA sequence, or whefein the at least one 3'UTR element
comprises or consists of a fragment ¢6f a nucleic acid sequence which has an
identity of at least about 40%, preférably 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 mgfe preferably of at least about 99% to a nucleic acid
sequence selected frgm SEQ 1D NOs. 1369-1377 and 1434 or to a

corresponding RNA gequence.

The vectorAccording to claim 77, wherein the fragment consists of a continuous
stretch of nucleotides corresponding to a continuous stretch of nucleotides in the
full-lzhgth sequence, which represents at least 20%, preferably at least 30%,
mgre preferably at least 40%, more preferably at least 50%, even more

referably at least 60%, even more preferably at least 70%, even more
preferably at least 80%, and most preferably at least 90% of the full-length

sequence the fragment is derived from.
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79.  The vector according to any one of claims 58-78, wherein the 3'UTR elerrfent

least about 100 nucleotides, even more preferably of at leasy’ about 125

5 nucleotides, most preferably of at least about 150 nucleotides.

80.  The vector according to any one of claims 42-79, whergin the vector, preferably
the open reading frame, is at least partially G/C modjfied, preferably wherein the
G/C content of the open reading frame is increaséd compared to the wild type

10 open reading frame.

81.  The vector according to any one of/claims 42-80, wherein the open reading
frame comprises a codon-optimjZed region, preferably, wherein the open

reading frame is codon-optimiz

15
82.  The vector according t4 any one of claims 42-81, which is a DNA vector.
83.  The vector agtording to any one of claims 42-82, which is a plasmid vector or a
, preferably a plasmid vector.
20

84. e vector according to any one of claims 42-83, which comprises or codes for

an artificial nucleic acid molecule according to any one of claims 1-41,

The vector according to any one of claims 42-84, which is a circular molecule.



10

15

20

WO 20137143699 PCT/EP2013/000937

86.

87.

88.

89,

90.

91.

376

A cell comprising the artificial nucleic acid molecule according to any oné of

claims 1-41 or the vector according to any one of claims 42-85.

The cell according to claim 86, which is a mammalian cell.

The cell according to claim 86 or 87, which is a cell 6f a mammalian subject,
preferably an isolated cell of a mammalian subjgct, preferably of a human

subject.

A pharmaceutical composition comprising the artificial nucleic acid molecule
according to any one of claims 1-41/the vector according to any one of claims

42-85, or the cell according to any’one of claims 86-88.

The pharmaceutical composition according to claim 89, further comprising one
or more pharmaceutigally acceptable diluents and/or excipients and/or one or

more adjuvants,

The artifi¢ial nucleic acid molecule according to any one of claims 1-41, the
vector/according to any one of claims 42-85, the cell according to any one of
clairhs 86-88, or the pharmaceutical composition according to claim 89 or 90

fér use as a medicament.,

The artificial nucleic acid molecule according to any one of claims 1-41, the
vector according to any one of claims 42-85, the cell according to any one of
claims 86-88, or the pharmaceutical composition according to claim 89 or 90

for use as a vaccine or for use in gene therapy.
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A method for treating or preventing a disorder comprising administefing the
artificial nucleic acid molecule according to any one of claims 1-41/the vector
according to any one of claims 42-85, the cell according to any/one of claims
86-88, or the pharmaceutical composition according to claigi 89 or 90 to a

subject in need thereof.

A method of treating or preventing a disorder corfprising transfection of a ceil
with the artificial nucleic acid moiecule accordifig to any one of claims 1-41 or

the vector according to any one of claims 42-85.

The method according to claim 94, #herein transfection of a cell is performed /n
vifro/ex vivo and the transfected gell is administered to a subject in need thereof,

preferably to a human patient

The method accordipg to claim 85, wherein the cell which is to be transfected /n

vitro is an isolated/cell of the subject, preferably of the human patient.

The method according to any one of claims 93-96, which is a vaccination

methgd or a gene therapy method.

A method for increasing protein production from an artificial nucleic acid
molecule, comprising the step of providing the artificial nucleic acid molecule

with
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i. at least one 5’-untranslated region element (5’"UTR element) which compyises
or consists of a nucleic acid sequence which is derived from the 5'UTR of/4 TOP

gene or which is derived from a variant of the 5’UTR of a TOP gene;
ii. preferably at least one histone stem-loop; and

iii. optionally, a poly(A) sequence and/or a polyadenylation sjgnal.

Use of a 5’UTR element which comprises or consistg’of a nucleic acid sequence
which is derived from the 5’'UTR of a TOP gepe or which is derived from a
variant of the 5’'UTR of a TOP gene and preférably at least one histone stem-

loop for increasing protein production from/4 nucleic acid molecule.

A kit or kit of parts comprising apyartificial nucleic acid molecule according to
any one of claims 1-41, the vgttor according to any one of claims 42-85, the
cell according to any oné of claims 86-88, and/or the pharmaceutical

composition according to/€laim 89 or 90.

The kit according to claim 100, further comprising instructions for use, cells for

transfection, An adjuvant, a means for administration of the pharmaceutical
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Claims:

1. An invention not claimed in any divisional application.



