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o (54) Title: ARTIFICIAL NUCLEIC ACID MOLECULES

(57) Abstract: The invention relates to an artificial nucleic acid molecule comprising at least one open reading frame and at least

o one 3'-untranslated region element (3'-UTR element) and/or at least one 5'-untranslated region element (5'-UTR element), wherein
said artificial nucleic acid molecule is characterized by high translation efficiency. The translation efficiency is contributed, at least

o in part, by the 5'-UTR element or the 3'-UTR element, or both of the 5'-UTR element and the 3'-UTR element. The invention further
relates to the use of such an artificial nucleic acid molecule in gene therapy and/or genetic vaccination. Furthermore, novel 3'-UTR
elements and 5'-UTR elements are provided.



ARTIFICIAL NUCLEIC ACID MOLECULES

The invention relates to artificial nucleic acid molecules comprising an open reading frame,

a 3'-untranslated region element (3'-UTR element) and/or a 5'-untranslated region element

(5'-UTR element) and optionally a poly(A) sequence and/or a polyadenylation-signal. The

invention relates further to a vector comprising a 3'-UTR element and/or a 5'-UTR element,

to a cell comprising the artificial nucleic acid molecule or the vector, to a pharmaceutical

composition comprising the artificial nucleic acid molecule or the vector and to a kit

comprising the artificial nucleic acid molecule, the vector and/or the pharmaceutical

composition, preferably for use in the field of gene therapy and/or genetic vaccination.

Gene therapy and genetic vaccination belong to the most promising and quickly developing

methods of modern medicine. They may provide highly specific and individual options for

therapy of a large variety of diseases. Particularly, inherited genetic diseases but also

autoimmune diseases, cancerous or tumour-related diseases as well as inflammatory

diseases may be the subject of such treatment approaches. Also, it is envisaged to prevent

early onset of such diseases by these approaches.

The main conceptual rational behind gene therapy is appropriate modulation of impaired

gene expression associated with pathological conditions of specific diseases. Pathologically

altered gene expression may result in lack or overproduction of essential gene products, for

example, signalling factors such as hormones, housekeeping factors, metabolic enzymes,

structural proteins or the like. Altered gene expression may not only be due to mis-

regulation of transcription and/or translation, but also due to mutations within the ORF

coding for a particular protein. Pathological mutations may be caused by e.g. chromosomal

aberration, or by more specific mutations, such as point or frame-shift-mutations, all of them

resulting in limited functionality and, potentially, total loss of function of the gene product.

However, misregulation of transcription or translation may also occur, if mutations affect



genes encoding proteins which are involved in the transcriptional or translational

machinery of the cell. Such mutations may lead to pathological up- or down-regulation of

genes which are - as such - functional. Genes encoding gene products which exert such

regulating functions, may be, e.g., transcription factors, signal receptors, messenger proteins

or the like. However, loss of function of such genes encoding regulatory proteins may,

under certain circumstances, be reversed by artificial introduction of other factors acting

further downstream of the impaired gene product. Such gene defects may also be

compensated by gene therapy via substitution of the affected gene itself.

Genetic vaccination allows evoking a desired immune response to selected antigens, such

as characteristic components of bacterial surfaces, viral particles, tumour antigens or the

like. Generally, vaccination is one of the pivotal achievements of modern medicine.

However, effective vaccines are currently available only for a limited number of diseases.

Accordingly, infections that are not preventable by vaccination still affect millions of people

every year.

Commonly, vaccines may be subdivided into "first", "second" and "third" generation

vaccines. "First generation" vaccines are, typically, whole-organism vaccines. They are

based on either live and attenuated or killed pathogens, e.g. viruses, bacteria or the like.

The major drawback of live and attenuated vaccines is the risk for a reversion to life-

threatening variants. Thus, although attenuated, such pathogens may still intrinsically bear

unpredictable risks. Killed pathogens may not be as effective as desired for generating a

specific immune response. In order to minimize these risks, "second generation" vaccines

were developed. These are, typically, subunit vaccines, consisting of defined antigens or

recombinant protein components which are derived from pathogens.

Genetic vaccines, i.e. vaccines for genetic vaccination, are usually understood as "third

generation" vaccines. They are typically composed of genetically engineered nucleic acid

molecules which allow expression of peptide or protein (antigen) fragments characteristic

for a pathogen or a tumor antigen in vivo. Genetic vaccines are expressed upon

administration to a patient after uptake by target cells. Expression of the administered

nucleic acids results in production of the encoded proteins. In the event these proteins are

recognized as foreign by the patient's immune system, an immune response is triggered.



As can be seen from the above, both methods, gene therapy and genetic vaccination, are

essentially based on the administration of nucleic acid molecules to a patient and

subsequent transcription and/or translation of the encoded genetic information.

Alternatively, genetic vaccination or gene therapy may also comprise methods which

include isolation of specific body cells from a patient to be treated, subsequent in ex vivo

transfection of such cells, and re-administration of the treated cells to the patient.

DNA as well as RNA may be used as nucleic acid molecules for administration in the

context of gene therapy or genetic vaccination. DNA is known to be relatively stable and

easy to handle. However, the use of DNA bears the risk of undesired insertion of the

administered DNA-fragments into the patient's genome potentially resulting mutagenic

events such as in loss of function of the impaired genes. As a further risk, the undesired

generation of anti-DNA antibodies has emerged. Another drawback is the limited

expression level of the encoded peptide or protein that is achievable upon DNA

administration because the DNA must enter the nucleus in order to be transcribed before

the resulting mRNA can be translated. Among other reasons, the expression level of the

administered DNA will be dependent on the presence of specific transcription factors which

regulate DNA transcription. In the absence of such factors, DNA transcription will not yield

satisfying amounts of RNA. As a result, the level of translated peptide or protein obtained is

limited.

By using RNA instead of DNA for gene therapy or genetic vaccination, the risk of undesired

genomic integration and generation of anti-DNA antibodies is minimized or avoided.

However, RNA is considered to be a rather unstable molecular species which may readily

be degraded by ubiquitous RNAses.

Typically, RNA degradation contributes to the regulation of the RNA half-life time. That

effect was considered and proven to fine tune the regulation of eukaryotic gene expression

(Friedel e a/., 2009. Conserved principles of mammalian transcriptional regulation revealed

by RNA half-life, Nucleic Acid Research 37(1 7): 1- 12). Accordingly, each naturally

occurring mRNA has its individual half-life depending on the gene from which the mRNA is

derived and in which cell type it is expressed. It contributes to the regulation of the

expression level of this gene. Unstable RNAs are important to realize transient gene

expression at distinct points in time. However, long-lived RNAs may be associated with



accumulation of distinct proteins or continuous expression of genes. In vivo, the half-life of

mRNAs may also be dependent on environmental factors, such as hormonal treatment, as

has been shown, e.g., for insulin-like growth factor , actin, and albumin mRNA (Johnson et

a/., Newly synthesized RNA: Simultaneous measurement in intact cells of transcription rates

and RNA stability of insulin-like growth factor , actin, and albumin in growth hormone-

stimulated hepatocytes, Proc. Natl. Acad. Sci., Vol. 88, pp. 5287-5291 , 1991 ).

For gene therapy and genetic vaccination, usually stable RNA is desired. This is, on the one

hand, due to the fact that it is usually desired that the product encoded by the RNA

sequence accumulates in vivo. O n the other hand, the RNA has to maintain its structural

and functional integrity when prepared for a suitable dosage form, in the course of its

storage, and when administered. Thus, efforts were made to provide stable RNA molecules

for gene therapy or genetic vaccination in order to prevent them from being subject to early

degradation or decay.

It has been reported that the G/C-content of nucleic acid molecules may influence their

stability. Thus, nucleic acids comprising an increased amount of guanine (G) and/or

cytosine (C) residues may be functionally more stable than nucleic acids containing a large

amount of adenine (A) and thymine (T) or uracil (U) nucleotides. In this context,

WO02/098443 provides a pharmaceutical composition containing an mRNA that is

stabilised by sequence modifications in the coding region. Such a sequence modification

takes advantage of the degeneracy of the genetic code. Accordingly, codons which contain

a less favourable combination of nucleotides (less favourable in terms of RNA stability) may

be substituted by alternative codons without altering the encoded amino acid sequence.

This method of RNA stabilization is limited by the provisions of the specific nucleotide

sequence of each single RNA molecule which is not allowed to leave the space of the

desired amino acid sequence. Also, that approach is restricted to coding regions of the

RNA.

As an alternative option for mRNA stabilisation, it has been found that naturally occurring

eukaryotic mRNA molecules contain characteristic stabilising elements. For example, they

may comprise so-called untranslated regions (UTR) at their 5'-end (5'-UTR) and/or at their

3'-end (3'-UTR) as well as other structural features, such as a 5'-cap structure or a 3'-

poly(A) tail. Both, 5'-UTR and 3'-UTR are typically transcribed from the genomic DNA and



are, thus, an element of the premature mRNA. Characteristic structural features of mature

mRNA, such as the 5'-cap and the 3'-poly(A) tail (also called poly(A) tail or

poly(A) sequence) are usually added to the transcribed (premature) mRNA during mRNA

processing.

A 3'-poly(A) tail is typically a monotonous sequence stretch of adenosine nucleotides added

to the 3'-end of the transcribed mRNA. It may comprise up to about 400 adenosine

nucleotides. It was found that the length of such a 3'-poly(A) tail is a potentially critical

element for the stability of the individual mRNA.

Also, it was shown that the 3'-UTR of ot-globin mRNA may be an important factor for the

well-known stability of a-globin mRNA (Rodgers et al., Regulated a-globin mRNA decay is

a cytoplasmic event proceeding through 3'-to-5' exosome-dependent decapping, RNA, 8,

pp. 1526-1 537, 2002). The 3'-UTR of -globin mRNA is apparently involved in the

formation of a specific ribonucleoprotein-complex, the a-complex, whose presence

correlates with mRNA stability in vitro (Wang et al, An mRNA stability complex functions

with poly(A)-binding protein to stabilize mRNA in vitro, Molecular and Cellular biology,

Vol 19, No. 7, July 999, p . 4552-4560).

An interesting regulatory function has further been demonstrated for the UTRs in ribosomal

protein mRNAs: while the 5'-UTR of ribosomal protein mRNAs controls the growth-

associated translation of the mRNA, the stringency of that regulation is conferred by the

respective 3'-UTR in ribosomal protein mRNAs (Ledda et al., Effect of the 3'-UTR length on

the translational regulation of 5'-terminal oligopyrimidine mRNAs, Gene, Vol. 344, 2005, p.

2 13-220). This mechanism contributes to the specific expression pattern of ribosomal

proteins, which are typically transcribed in a constant manner so that some ribosomal

protein mRNAs such as ribosomal protein S9 or ribosomal protein L32 are referred to as

housekeeping genes (Janovick-Guretzky et al., Housekeeping Gene Expression in Bovine

Liver is Affected by Physiological State, Feed Intake, and Dietary Treatment, J. Dairy Sci.,

Vol. 90, 2007, p . 2246-2252). The growth -associated expression pattern of ribosomal

proteins is thus mainly due to regulation on the level of translation.

WO 201 4/1 64253 A 1 describes some specific nucleic acid molecules having 5'-UTRs

and/or 3'-UTRs, without detailing on translation efficiency of such molecules.



Irrespective of factors influencing mRNA stability, effective translation of the administered

nucleic acid molecules by the target cells or tissue is crucial for any approach using nucleic

acid molecules for gene therapy or genetic vaccination. As can be seen from the examples

cited above, along with the regulation of stability, also translation of the majority of mRNAs

is regulated by structural features like UTRs, 5'-cap and 3'-poly(A) tail. In this context, it has

been reported that the length of the poly(A) tail may play an important role for translation

efficiency as well. Stabilizing 3'-elements, however, may also have an attenuating effect on

translation.

It is the object of the invention to provide nucleic acid molecules which may be suitable for

application in gene therapy and/or genetic vaccination. Particularly, it is the object of the

invention to provide an mRNA species which is stabilized against preterm degradation or

decay without exhibiting significant functional loss in translation efficiency. It is also an

object of the invention to provide an artificial nucleic acid molecule, preferably an mRNA,

which is characterized by high translation efficiency. One particular object of the invention

is the provision of an mRNA, wherein the efficiency of translation (ribosomal production of

the respective encoded protein) is enhanced, e.g. with reference to a reference nucleic acid

molecule (reference mRNA). Another object of the present invention is to provide nucleic

acid molecules coding for such a superior mRNA species which may be amenable for use

in gene therapy and/or genetic vaccination. It is a further object of the present invention to

provide a pharmaceutical composition for use in gene therapy and/or genetic vaccination.

In summary, it is the object of the present invention to provide improved nucleic acid

species which overcome the above discussed disadvantages of the prior art by a cost-

effective and straight-forward approach.

The object underlying the present invention is solved by the claimed subject matter. In

particular, the present inventors identified UTR elements (5'-UTR elements and 3'-UTR

elements) which provide high translation efficiency. It is a common aspect of preferred

nucleic acid molecules of this invention that they are all characterized by a translation

efficiency which is higher than the translation efficiency of previously known nucleic acid

molecules. An assay for determining high translation efficiency, with reference to a

reference nucleic acid molecule, is also provided.



The present invention was made with support from the U S Government under Agreement

No. HR001 - -3-0001 awarded by DARPA. The U S Government has certain rights in the

invention.

For the sake of clarity and readability the following definitions are provided. Any technical

feature mentioned for these definitions may be read on each and every embodiment of the

invention. Additional definitions and explanations may be specifically provided in the

context of these embodiments.

Adaptive immune response: The adaptive immune response is typically understood to be an

antigen-specific response of the immune system. Antigen specificity allows for the

generation of responses that are tailored to specific pathogens or pathogen- infected cells.

The ability to mount these tailored responses is usually maintained in the body by "memory

cells". Should a pathogen infect the body more than once, these specific memory cells are

used to quickly eliminate it. In this context, the first step of an adaptive immune response is

the activation of naive antigen-specific T cells or different immune cells able to induce an

antigen-specific immune response by antigen-presenting cells. This occurs in the lymphoid

tissues and organs through which naive T cells are constantly passing. The three cell types

that may serve as antigen-presenting cells are dendritic cells, macrophages, and B cells.

Each of these cells has a distinct function in eliciting immune responses. Dendritic cells may

take up antigens by phagocytosis and macropinocytosis and may become stimulated by

contact with e.g. a foreign antigen to migrate to the local lymphoid tissue, where they

differentiate into mature dendritic cells. Macrophages ingest particulate antigens such as

bacteria and are induced by infectious agents or other appropriate stimuli to express MHC

molecules. The unique ability of B cells to bind and internalize soluble protein antigens via

their receptors may also be important to induce T cells. MHC-molecules are, typically,

responsible for presentation of an antigen to T-cells. Therein, presenting the antigen on

MHC molecules leads to activation of T cells which induces their proliferation and

differentiation into armed effector T cells. The most important function of effector T cells is

the killing of infected cells by CD8+ cytotoxic T cells and the activation of macrophages by

Th1 cells which together make up cell-mediated immunity, and the activation of B cells by

both Th2 and Th1 cells to produce different classes of antibody, thus driving the humoral

immune response. T cells recognize an antigen by their T cell receptors which do not

recognize and bind the antigen directly, but instead recognize short peptide fragments e.g.



of pathogen-derived protein antigens, e.g. so-called epitopes, which are bound to MHC

molecules on the surfaces of other cells.

Adaptive immune system: The adaptive immune system is essentially dedicated to eliminate

or prevent pathogenic growth. It typically regulates the adaptive immune response by

providing the vertebrate immune system with the ability to recognize and remember

specific pathogens (to generate immunity), and to mount stronger attacks each time the

pathogen is encountered. The system is highly adaptable because of somatic hypermutation

(a process of accelerated somatic mutations), and V(D)J recombination (an irreversible

genetic recombination of antigen receptor gene segments). This mechanism allows a small

number of genes to generate a vast number of different antigen receptors, which are then

uniquely expressed on each individual lymphocyte. Because the gene rearrangement leads

to an irreversible change in the DNA of each cell, all of the progeny (offspring) of such a

cell will then inherit genes encoding the same receptor specificity, including the Memory B

cells and Memory T cells that are the keys to long-lived specific immunity.

Adjuvant/adjuvant component : An adjuvant or an adjuvant component in the broadest

sense is typically a pharmacological and/or immunological agent that may modify, e.g.

enhance, the effect of other agents, such as a drug or vaccine. It is to be interpreted in a

broad sense and refers to a broad spectrum of substances. Typically, these substances are

able to increase the immunogenicity of antigens. For example, adjuvants may be recognized

by the innate immune systems and, e.g., may elicit an innate immune response. "Adjuvants"

typically do not elicit an adaptive immune response. Insofar, "adjuvants" do not qualify as

antigens. Their mode of action is distinct from the effects triggered by antigens resulting in

an adaptive immune response.

Antigen: In the context of the present invention "antigen" refers typically to a substance

which may be recognized by the immune system, preferably by the adaptive immune

system, and is capable of triggering an antigen-specific immune response, e.g. by formation

of antibodies and/or antigen-specific T cells as part of an adaptive immune response.

Typically, an antigen may be or may comprise a peptide or protein which may be presented

by the MHC to T-cells. In the sense of the present invention an antigen may be the product

of translation of a provided nucleic acid molecule, preferably an mRNA as defined herein.

In this context, also fragments, variants and derivatives of peptides and proteins comprising



at least one epitope are understood as antigens. In the context of the present invention,

tumour antigens and pathogenic antigens as defined herein are particularly preferred.

In other words, an artificial nucleic acid molecule may be understood as a non-natural

nucleic acid molecule. Such nucleic acid molecule may be non-natural due to its individual

sequence (which does not occur naturally) and/or due to other modifications, e.g. structural

modifications of nucleotides which do not occur naturally. An artificial nucleic acid

molecule may be a DNA molecule, an RNA molecule or a hybrid-molecule comprising

DNA and RNA portions. Typically, artificial nucleic acid molecules may be designed and/or

generated by genetic engineering methods to correspond to a desired artificial sequence of

nucleotides (heterologous sequence). In this context an artificial sequence is usually a

sequence that may not occur naturally, i.e. it differs from the wild-type sequence by at least

one nucleotide. The term "wild-type" may be understood as a sequence occurring in nature.

When any particular "artificial nucleic acid molecule" is described herein to be "based on"

any particular wild-type nucleic acid molecule, then said artificial nucleic acid molecule

differs from said wild-type nucleic acid molecule by at least one nucleotide. Further, the

term "artificial nucleic acid molecule" is not restricted to mean "one single molecule" but

is, typically, understood to comprise an ensemble of identical molecules. Accordingly, it

may relate to a plurality of identical molecules contained in an aliquot.

Bicistronic RNA, multicistronic RNA:A bicistronic or multicistronic RNA is typically an

RNA, preferably an mRNA that typically may have two (bicistronic) or more (multicistronic)

open reading frames (ORF). An open reading frame in this context is a sequence of codons

that is translatable into a peptide or protein.

Carrier / polymeric carrier: A carrier in the context of the invention may typically be a

compound that facilitates transport and/or complexation of another compound (cargo). A

polymeric carrier is typically a carrier that is formed of a polymer. A carrier may be

associated to its cargo by covalent or non-covalent interaction. A carrier may transport

nucleic acids, e.g. RNA or DNA, to the target cells. The carrier may - for some

embodiments - be a cationic component.

Cationic component : The term "cationic component" typically refers to a charged

molecule, which is positively charged (cation) at a pH value typically from 1 to 9,

preferably at a pH value of or below 9 (e.g. from 5 to 9), of or below 8 (e.g. from 5 to 8), of



or below 7 (e.g. from 5 to 7), most preferably at a physiological pH, e.g. from 7.3 to 7.4.

Accordingly, a cationic component may be any positively charged compound or polymer,

preferably a cationic peptide or protein which is positively charged under physiological

conditions, particularly under physiological conditions in vivo. A "cationic peptide or

protein" may contain at least one positively charged amino acid, or more than one

positively charged amino acid, e.g. selected from Arg, His, Lys or Orn. Accordingly,

"polycationic" components are also within the scope exhibiting more than one positive

charge under the conditions given.

5'-cap: A '-cap is an entity, typically a modified nucleotide entity, which generally "caps"

the 5'-end of a mature mRNA. A 5'-cap may typically be formed by a modified nucleotide,

particularly by a derivative of a guanine nucleotide. Preferably, the 5'-cap is linked to the

5'-terminus via a 5 '-5 '-triphosphate linkage. A 5'-cap may be methylated, e.g. m7GpppN,

wherein N is the terminal 5' nucleotide of the nucleic acid carrying the 5'-cap, typically the

5'-end of an RNA. Further examples of 5'cap structures include glyceryl, inverted deoxy

abasic residue (moiety), 4', 5' methylene nucleotide, -(beta-D-erythrofuranosyl) nucleotide,

4'-thio nucleotide, carbocyclic nucleotide, ,5-anhydrohexitol nucleotide, L-nucleotides,

alpha-nucleotide, modified base nucleotide, threo-pentofuranosyl nucleotide, acyclic 3',4'-

seco nucleotide, acyclic 3,4-dihydroxybutyl nucleotide, acyclic 3,5 dihydroxypentyl

nucleotide, 3 '-3 '-inverted nucleotide moiety, 3 '-3 '-inverted abasic moiety, 3'-2'-inverted

nucleotide moiety, 3'-2'-inverted abasic moiety, ,4-butanediol phosphate, 3'-

phosphoramidate, hexylphosphate, aminohexyl phosphate, 3'-phosphate,

3'phosphorothioate, phosphorodithioate, or bridging or non-bridging methylphosphonate

moiety.

Cellular immunity/cellular immune response: Cellular immunity relates typically to the

activation of macrophages, natural killer cells (NK), antigen-specific cytotoxic T-

lymphocytes, and the release of various cytokines in response to an antigen. In more

general terms, cellular immunity is not based on antibodies, but on the activation of cells of

the immune system. Typically, a cellular immune response may be characterized e.g. by

activating antigen-specific cytotoxic T-lymphocytes that are able to induce apoptosis in

cells, e.g. specific immune cells like dendritic cells or other cells, displaying epitopes of

foreign antigens on their surface. Such cells may be virus-infected or infected with

intracellular bacteria, or cancer cells displaying tumor antigens. Further characteristics may



be activation of macrophages and natural killer cells, enabling them to destroy pathogens

and stimulation of cells to secrete a variety of cytokines that influence the function of other

cells involved in adaptive immune responses and innate immune responses.

DNA: DNA is the usual abbreviation for deoxy-ribonucleic acid. It is a nucleic acid

molecule, i.e. a polymer consisting of nucleotides. These nucleotides are usually deoxy-

adenosine-monophosphate, deoxy-thymidine-monophosphate, deoxy-guanosine-

monophosphate and deoxy-cytidine-monophosphate monomers which are - by themselves

- composed of a sugar moiety (deoxyribose), a base moiety and a phosphate moiety, and

polymerise by a characteristic backbone structure. The backbone structure is, typically,

formed by phosphodiester bonds between the sugar moiety of the nucleotide, i.e.

deoxyribose, of a first and a phosphate moiety of a second, adjacent monomer. The specific

order of the monomers, i.e. the order of the bases linked to the sugar/phosphate-backbone,

is called the DNA sequence. DNA may be single stranded or double stranded. In the double

stranded form, the nucleotides of the first strand typically hybridize with the nucleotides of

the second strand, e.g. by A/T-base-pairing and G/C-base-pairing.

Epitope: (also called "antigen determinant") can be distinguished in T cell epitopes

and B cell epitopes. T cell epitopes or parts of the proteins in the context of the present

invention may comprise fragments preferably having a length of about 6 to about 20 or

even more amino acids, e.g. fragments as processed and presented by MHC class I

molecules, preferably having a length of about 8 to about 10 amino acids, e.g. 8, 9, or 10,

(or even , or 2 amino acids), or fragments as processed and presented by MHC class I I

molecules, preferably having a length of about 13 or more amino acids, e.g. 3, 14, 15, 6,

17, 8, 9, 20 or even more amino acids, wherein these fragments may be selected from

any part of the amino acid sequence. These fragments are typically recognized by T cells in

form of a complex consisting of the peptide fragment and an MHC molecule, i.e. the

fragments are typically not recognized in their native form. B cell epitopes are typically

fragments located on the outer surface of (native) protein or peptide antigens as defined

herein, preferably having 5 to 15 amino acids, more preferably having 5 to 12 amino acids,

even more preferably having 6 to 9 amino acids, which may be recognized by antibodies,

i.e. in their native form.



Such epitopes of proteins or peptides may furthermore be selected from any of the herein

mentioned variants of such proteins or peptides. In this context antigenic determinants can

be conformational or discontinuous epitopes which are composed of segments of the

proteins or peptides as defined herein that are discontinuous in the amino acid sequence of

the proteins or peptides as defined herein but are brought together in the three-dimensional

structure or continuous or linear epitopes which are composed of a single polypeptide

chain.

Fragment of a sequence: A fragment of a sequence may typically be a shorter portion

of a full-length sequence of e.g. a nucleic acid molecule or an amino acid sequence.

Accordingly, a fragment, typically, consists of a sequence that is identical to the

corresponding stretch within the full-length sequence. A preferred fragment of a sequence in

the context of the present invention, consists of a continuous stretch of entities, such as

nucleotides or amino acids corresponding to a continuous stretch of entities in the molecule

the fragment is derived from, which represents at least 5%, 10%, 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%, and most preferably at least 80% of the total

(i.e. full-length) molecule from which the fragment is derived.

G/C modified: A G/C-modified nucleic acid may typically be a nucleic acid, preferably an

artificial nucleic acid molecule as defined herein, based on a modified wild-type sequence

comprising a preferably increased number of guanosine and/or cytosine nucleotides as

compared to the wild-type sequence. Such an increased number may be generated by

substitution of codons containing adenosine or thymidine nucleotides by codons containing

guanosine or cytosine nucleotides. If the enriched G/C content occurs in a coding region of

DNA or RNA, it makes use of the degeneracy of the genetic code. Accordingly, the codon

substitutions preferably do not alter the encoded amino acid residues, but exclusively

increase the G/C content of the nucleic acid molecule.

Gene therapy: Gene therapy may typically be understood to mean a treatment of a patient's

body or isolated elements of a patient's body, for example isolated tissues/cells, by nucleic

acids encoding a peptide or protein. It typically may comprise at least one of the steps of a)

administration of a nucleic acid, preferably an artificial nucleic acid molecule as defined

herein, directly to the patient - by whatever administration route - or in vitro to isolated



cells/tissues of the patient, which results in transfection of the patient's cells either in vivo/ex

vivo or in vitro; b) transcription and/or translation of the introduced nucleic acid molecule;

and optionally c) re-administration of isolated, transfected cells to the patient, if the nucleic

acid has not been administered directly to the patient.

Genetic vaccination: Genetic vaccination may typically be understood to be vaccination

by administration of a nucleic acid molecule encoding an antigen or an immunogen or

fragments thereof. The nucleic acid molecule may be administered to a subject's body or to

isolated cells of a subject. Upon transfection of certain cells of the body or upon

transfection of the isolated cells, the antigen or immunogen may be expressed by those cells

and subsequently presented to the immune system, eliciting an adaptive, i.e. antigen-

specific immune response. Accordingly, genetic vaccination typically comprises at least one

of the steps of a) administration of a nucleic acid, preferably an artificial nucleic acid

molecule as defined herein, to a subject, preferably a patient, or to isolated cells of a

subject, preferably a patient, which usually results in transfection of the subject's cells either

in vivo or in vitro; b) transcription and/or translation of the introduced nucleic acid

molecule; and optionally c) re-administration of isolated, transfected cells to the subject,

preferably the patient, if the nucleic acid has not been administered directly to the patient.

Heterologous sequence: Two sequences are typically understood to be 'heterologous' if

they are not derivable from the same gene. I.e., although heterologous sequences may be

derivable from the same organism, they naturally (in nature) do not occur in the same

nucleic acid molecule, such as in the same mRNA.

Humoral immunity/humoral immune response : Humoral immunity refers typically to

antibody production and optionally to accessory processes accompanying antibody

production. A humoral immune response may be typically characterized, e.g., by Th2

activation and cytokine production, germinal center formation and isotype switching,

affinity maturation and memory cell generation. Humoral immunity also typically may refer

to the effector functions of antibodies, which include pathogen and toxin neutralization,

classical complement activation, and opsonin promotion of phagocytosis and pathogen

elimination.

Immunogen: In the context of the present invention an immunogen may be typically

understood to be a compound that is able to stimulate an immune response. Preferably, an



immunogen is a peptide, polypeptide, or protein. In a particularly preferred embodiment, an

immunogen in the sense of the present invention is the product of translation of a provided

nucleic acid molecule, preferably an artificial nucleic acid molecule as defined herein.

Typically, an immunogen elicits at least an adaptive immune response.

Immunostimulatory composition: In the context of the invention, an immunostimulatory

composition may be typically understood to be a composition containing at least one

component which is able to induce an immune response or from which a component

which is able to induce an immune response is derivable. Such immune response may be

preferably an innate immune response or a combination of an adaptive and an innate

immune response. Preferably, an immunostimulatory composition in the context of the

invention contains at least one artificial nucleic acid molecule, more preferably an RNA, for

example an mRNA molecule. The immunostimulatory component, such as the mRNA may

be complexed with a suitable carrier. Thus, the immunostimulatory composition may

comprise an mRNA/carrier-complex. Furthermore, the immunostimulatory composition may

comprise an adjuvant and/or a suitable vehicle for the immunostimulatory component, such

as the mRNA.

Immune response : An immune response may typically be a specific reaction of the adaptive

immune system to a particular antigen (so called specific or adaptive immune response) or

an unspecific reaction of the innate immune system (so called unspecific or innate immune

response), or a combination thereof.

Immune system: The immune system may protect organisms from infection. If a pathogen

succeeds in passing a physical barrier of an organism and enters this organism, the innate

immune system provides an immediate, but non-specific response. If pathogens evade this

innate response, vertebrates possess a second layer of protection, the adaptive immune

system. Here, the immune system adapts its response during an infection to improve its

recognition of the pathogen. This improved response is then retained after the pathogen has

been eliminated, in the form of an immunological memory, and allows the adaptive

immune system to mount faster and stronger attacks each time this pathogen is

encountered. According to this, the immune system comprises the innate and the adaptive

immune system. Each of these two parts typically contains so called humoral and cellular

components.



Immunostimulatory RNA; An immunostimulatory RNA (isRNA) in the context of the

invention may typically be an RNA that is able to induce an innate immune response. It

usually does not have an open reading frame and thus does not provide a peptide-antigen

or immunogen but elicits an immune response e.g. by binding to a specific kind of Toll-like-

receptor (TLR) or other suitable receptors. However, of course also mRNAs having an open

reading frame and coding for a peptide/protein may induce an innate immune response

and, thus, may be immunostimulatory RNAs.

Innate immune system: The innate immune system, also known as non-specific (or

unspecific) immune system, typically comprises the cells and mechanisms that defend the

host from infection by other organisms in a non-specific manner. This means that the cells

of the innate system may recognize and respond to pathogens in a generic way, but unlike

the adaptive immune system, it does not confer long-lasting or protective immunity to the

host. The innate immune system may be, e.g., activated by ligands of Toll-like receptors

(TLRs) or other auxiliary substances such as lipopolysaccharides, TNF-alpha, CD40 ligand,

or cytokines, monokines, lymphokines, interleukins or chemokines, IL-1, IL-2, IL-3, IL-4, IL-

5, IL-6, IL-7, IL-8, IL-9, IL-1 0, IL- 1, IL-1 2, IL-1 3, IL-1 4, IL-1 5, IL-1 , IL-1 7, IL-1 8, IL-1 9, IL-

20, IL-21, IL-22, IL-23, IL-24, IL-25, IL-26, IL-27, IL-28, IL-29, IL-30, IL-31 , IL-32, IL-33, IFN-

alpha, IFN-beta, IFN-gamma, GM-CSF, G-CSF, M-CSF, LT-beta, TNF-alpha, growth factors,

and hGH, a ligand of human Toll-like receptor TLR1, TLR2, TLR3, TLR4, TLR5, TLR6, TL 7,

TLR8, TLR9, TLR1 0, a ligand of murine Toll-like receptor TLR1 , TLR2, TLR3, TLR4, TLR5,

TLR6, TLR7, TLR8, TLR9, TLR1 0, TLR1 1, TLR1 2 or TLR1 3, a ligand of a NOD-like receptor,

a ligand of a RIG-I like receptor, an immunostimulatory nucleic acid, an immunostimulatory

RNA (isRNA), a CpG-DNA, an antibacterial agent, o r an anti-viral agent. The

pharmaceutical composition according to the present invention may comprise one or more

such substances. Typically, a response of the innate immune system includes recruiting

immune cells to sites of infection, through the production of chemical factors, including

specialized chemical mediators, called cytokines; activation of the complement cascade;

identification and removal of foreign substances present in organs, tissues, the blood and

lymph, by specialized white blood cells; activation of the adaptive immune system; and/or

acting as a physical and chemical barrier to infectious agents.

Cloning site: A cloning site is typically understood to be a segment of a nucleic acid

molecule, which is suitable for insertion of a nucleic acid sequence, e.g., a nucleic acid



sequence comprising an open reading frame. Insertion may be performed by any molecular

biological method known to the one skilled in the art, e.g. by restriction and ligation. A

cloning site typically comprises one or more restriction enzyme recognition sites (restriction

sites). These one or more restrictions sites may be recognized by restriction enzymes which

cleave the DNA at these sites. A cloning site which comprises more than one restriction site

may also be termed a multiple cloning site (MCS) or a polylinker.

Nucleic acid molecule : A nucleic acid molecule is a molecule comprising, preferably

consisting of nucleic acid components. The term nucleic acid molecule preferably refers to

DNA or RNA molecules. It is preferably used synonymous with the term "polynucleotide".

Preferably, a nucleic acid molecule is a polymer comprising or consisting of nucleotide

monomers which are covalently linked to each other by phosphodiester-bonds of a

sugar/phosphate-backbone. The term "nucleic acid molecule" also encompasses modified

nucleic acid molecules, such as base-modified, sugar-modified or backbone-modified etc.

DNA or RNA molecules.

Open reading frame: An open reading frame (ORF) in the context of the invention may

typically be a sequence of several nucleotide triplets which may be translated into a peptide

or protein. An open reading frame preferably contains a start codon, i.e. a combination of

three subsequent nucleotides coding usually for the amino acid methionine (ATG), at its 5'-

end and a subsequent region which usually exhibits a length which is a multiple of 3

nucleotides. Typically, this is the only stop-codon of the open reading frame. Thus, an open

reading frame in the context of the present invention is preferably a nucleotide sequence,

consisting of a number of nucleotides that may be divided by three, which starts with a start

codon (e.g. ATG) and which preferably terminates with a stop codon (e.g., TAA, TGA, or

TAG). The open reading frame may be isolated or it may be incorporated in a longer

nucleic acid sequence, for example in a vector or an mRNA. An open reading frame may

also be termed "protein coding region".

Peptide: A peptide o r polypeptide is typically a polymer of amino acid monomers, linked by

peptide bonds. It typically contains less than 50 monomer units. Nevertheless, the term

peptide is not a disclaimer for molecules having more than 50 monomer units. Long

peptides are also called polypeptides, typically having between 50 and 600 monomeric

units.



Pharmaceutically effective amount : A pharmaceutically effective amount in the context of

the invention is typically understood to be an amount that is sufficient to induce a

pharmaceutical effect, such as an immune response, altering a pathological level of an

expressed peptide or protein, o r substituting a lacking gene product, e.g., in case of a

pathological situation.

Protein A protein typically comprises one or more peptides or polypeptides. A protein is

typically folded into 3-dimensional form, which may be required for to protein to exert its

biological function.

Poly(A) sequence : A poly(A) sequence, also called poly(A) tail or 3'-poly(A) tail, is typically

understood to be a sequence of adenosine nucleotides, e.g., of up to about 400 adenosine

nucleotides, e.g. from about 20 to about 400, preferably from about 50 to about 400, more

preferably from about 50 to about 300, even more preferably from about 50 to about 250,

most preferably from about 60 to about 250 adenosine nucleotides. A poly(A) sequence is

typically located at the 3'end of an mRNA. In the context of the present invention, a poly(A)

sequence may be located within an mRNA or any other nucleic acid molecule, such as,

e.g., in a vector, for example, in a vector serving as template for the generation of an RNA,

preferably an mRNA, e.g., by transcription of the vector.

Polyadenylation : Polyadenylation is typically understood to be the addition of a poly(A)

sequence to a nucleic acid molecule, such as an RNA molecule, e.g. to a premature mRNA.

Polyadenylation may be induced by a so called polyadenylation signal . This signal is

preferably located within a stretch of nucleotides at the 3'-end of a nucleic acid molecule,

such as an RNA molecule, to be polyadenylated. A polyadenylation signal typically

comprises a hexamer consisting of adenine and uracil/thymine nucleotides, preferably the

hexamer sequence AAUAAA. Other sequences, preferably hexamer sequences, are also

conceivable. Polyadenylation typically occurs during processing of a pre-mRNA (also called

premature-mRNA). Typically, RNA maturation (from pre-mRNA to mature mRNA)

comprises the step of polyadenylation.

Restriction site: A restriction site, also termed restriction enzyme recognition site, is a

nucleotide sequence recognized by a restriction enzyme. A restriction site is typically a

short, preferably palindromic nucleotide sequence, e.g. a sequence comprising 4 to 8

nucleotides. A restriction site is preferably specifically recognized by a restriction enzyme.



The restriction enzyme typically cleaves a nucleotide sequence comprising a restriction site

at this site. In a double-stranded nucleotide sequence, such as a double-stranded DNA

sequence, the restriction enzyme typically cuts both strands of the nucleotide sequence.

RNA, mRNA: RNA is the usual abbreviation for ribonucleic-acid. It is a nucleic acid

molecule, i.e. a polymer consisting of nucleotides. These nucleotides are usually adenosine-

monophosphate, uridine-monophosphate, guanosine-monophosphate and cytidine-

monophosphate monomers which are connected to each other along a so-called backbone.

The backbone is formed by phosphodiester bonds between the sugar, i.e. ribose, of a first

and a phosphate moiety of a second, adjacent monomer. The specific succession of the

monomers is called the RNA-sequence. Usually RNA may be obtainable by transcription of

a DNA-sequence, e.g., inside a cell. In eukaryotic cells, transcription is typically performed

inside the nucleus or the mitochondria. Typically, transcription of DNA usually results in

the so-called premature RNA which has to be processed into so-called messenger-RNA,

usually abbreviated as mRNA. Processing of the premature RNA, e.g. in eukaryotic

organisms, comprises a variety of different posttranscriptional-modifications such as

splicing, 5'-capping, polyadenylation, export from the nucleus or the mitochondria and the

like. The sum of these processes is also called maturation of RNA. The mature messenger

RNA usually provides the nucleotide sequence that may be translated into an amino-acid

sequence of a particular peptide or protein. Typically, a mature mRNA comprises a 5'-cap,

a 5'-UTR, an open reading frame, a 3'-UTR and a poly(A) sequence. Aside from messenger

RNA, several non-coding types of RNA exist which may be involved in regulation of

transcription and/or translation.

Sequence of a nucleic acid molecule: The sequence of a nucleic acid molecule is typically

understood to be the particular and individual order, i.e. the succession of its nucleotides.

The sequence of a protein or peptide is typically understood to be the order, i.e. the

succession of its amino acids.

Sequence identity: Two or more sequences are identical if they exhibit the same length and

order of nucleotides or amino acids. The percentage of identity typically describes the

extent to which two sequences are identical, i.e. it typically describes the percentage of

nucleotides that correspond in their sequence position with identical nucleotides of a

reference-sequence. For determination of the degree of identity, the sequences to be



compared are considered to exhibit the same length, i.e. the length of the longest sequence

of the sequences to be compared. This means that a first sequence consisting of 8

nucleotides is 80% identical to a second sequence consisting of 0 nucleotides comprising

the first sequence. In other words, in the context of the present invention, identity of

sequences preferably relates to the percentage of nucleotides of a sequence which have the

same position in two or more sequences having the same length. Gaps are usually regarded

as non-identical positions, irrespective of their actual position in an alignment.

Stabilized nucleic acid molecule: A stabilized nucleic acid molecule is a nucleic acid

molecule, preferably a DNA or RNA molecule that is modified such, that it is more stable to

disintegration or degradation, e.g., by environmental factors or enzymatic digest, such as by

an exo- or endonuclease degradation, than the nucleic acid molecule without the

modification. Preferably, a stabilized nucleic acid molecule in the context of the present

invention is stabilized in a cell, such as a prokaryotic or eukaryotic cell, preferably in a

mammalian cell, such as a human cell. The stabilization effect may also be exerted outside

of cells, e.g. in a buffer solution etc., for example, in a manufacturing process for a

pharmaceutical composition comprising the stabilized nucleic acid molecule.

Transfection: The term "transfection" refers to the introduction of nucleic acid molecules,

such as DNA or RNA (e.g. mRNA) molecules, into cells, preferably into eukaryotic cells. In

the context of the present invention, the term "transfection" encompasses any method

known to the skilled person for introducing nucleic acid molecules into cells, preferably

into eukaryotic cells, such as into mammalian cells. Such methods encompass, for example,

electroporation, lipofection, e.g. based on cationic lipids and/or liposomes, calcium

phosphate precipitation, nanoparticle based transfection, virus based transfection, or

transfection based on cationic polymers, such as DEAE-dextran or polyethylenimine etc.

Preferably, the introduction is non-viral.

Translation efficiency (or efficiency of translation): This term, as used herein, typically

relates to a property of a nucleic acid molecule (e.g. mRNA) comprising an open reading

frame (ORF). Translation efficiency is experimentally quantifiable. Translation efficiency is

typically measured by determining the quantity of protein translated from the ORF. For

experimental quantification of translation efficiency, the ORF preferably encodes a reporter

protein or any other protein that can be quantified. However, without wishing to be bound



to a particular theory, it is understood that high translation efficiency is typically provided

by a specific UTR element (a specific 5'-UTR element or a specific 3'-UTR element). Thus,

within the context of the present invention, the term translation efficiency is particularly

used in relation to nucleic acid molecules which, in addition to the ORF, comprise at least

one 5'-UTR element and/or at least one 3'-UTR element, preferably as defined herein.

While for the purposes of experimental quantification of translation efficiency, the ORF

suitably encodes a reporter protein or any other protein that can be quantified, the present

invention is not limited to such purposes; consequently, the at least one 5'-UTR element

and/or at least one 3'-UTR element of the invention (which provides high translation

efficiency) can be comprised in a nucleic acid molecule comprising an ORF, which does

not encode a reporter protein.

Translation efficiency is a relative term. Thus, the translation efficiency of various, e.g. two

or more, nucleic acid molecules can be determined and compared, e.g. by experimental

quantification of protein encoded by the ORF. This can be done under standardized

conditions, e.g. in a standardized assay as described herein. Thus, translation efficiency

determined under standardized conditions is an objective feature. Preferably, the translation

efficiency of two nucleic acid molecules is determined and compared. The first of said two

nucleic acid molecules can be referred to as "subject nucleic acid molecule" or "subject

construct", and the second of said two nucleic acid molecules can be referred to as

"reference nucleic acid molecule" or "reference construct". The subject nucleic acid

molecule can be an artificial nucleic acid molecule according to the present invention. For

this purpose, reference nucleic acid molecule and subject nucleic acid molecule share the

same ORF (identical nucleic acid sequence); and preferably the nucleic acid sequence of

the subject nucleic acid molecule is identical to the nucleic acid sequence of the reference

nucleic acid molecule, with the exception of the UTR element that is tested, i.e. either the

5'-UTR element or the 3'-UTR element; in other words, subject nucleic acid molecule and

reference nucleic acid molecule preferably differ from each other only in that either the 5'-

UTR element or the 3'-UTR element has a different nucleic acid sequence; so that the 5'-

UTR element or the 3'-UTR element is the sole structural feature, which distinguishes the

subject nucleic acid molecule from the reference nucleic acid molecule.

In the assay described herein, subject nucleic acid molecule and reference nucleic acid

molecule are transfected into mammalian cells, and translation efficiency is determined.



When the translation efficiency of the subject nucleic acid molecule is higher than the

translation efficiency of the reference nucleic acid molecule, then the subject nucleic acid

molecule is said to be characterized by high translation efficiency. In this instance, the 5'-

UTR element or the 3'-UTR element which distinguishes the subject nucleic acid molecule

from the reference nucleic acid molecule is said to provide high translation efficiency (to

the subject nucleic acid molecule). In other words, the high translation efficiency is said to

be "provided" by the specific 5'-UTR element or the 3'-UTR element which is present in the

subject nucleic acid molecule but not in the reference nucleic acid molecule; and the

subject nucleic acid molecule (or artificial nucleic acid molecule) which comprises such 5'-

UTR or 3'-UTR and at least one ORF is said to "be characterized by" high translation

efficiency.

Vaccine: A vaccine is typically understood to be a prophylactic or therapeutic material

providing at least one antigen, preferably an immunogen. The antigen or immunogen may

be derived from any material that is suitable for vaccination. For example, the antigen or

immunogen may be derived from a pathogen, such as from bacteria or virus particles etc.,

or from a tumor or cancerous tissue. The antigen or immunogen stimulates the body's

adaptive immune system to provide an adaptive immune response.

Vector: The term "vector" refers to a nucleic acid molecule, preferably to an artificial

nucleic acid molecule. A vector in the context of the present invention is suitable for

incorporating or harboring a desired nucleic acid sequence, such as a nucleic acid

sequence comprising an open reading frame. Such vectors may be storage vectors,

expression vectors, cloning vectors, transfer vectors etc. A storage vector is a vector which

allows the convenient storage of a nucleic acid molecule, for example, of an mRNA

molecule. Thus, the vector may comprise a sequence corresponding, e.g., to a desired

mRNA sequence or a part thereof, such as a sequence corresponding to the open reading

frame and the 3'-UTR and/or the 5'-UTR of an mRNA. An expression vector may be used

for production of expression products such as RNA, e.g. mRNA, or peptides, polypeptides

or proteins. For example, an expression vector may comprise sequences needed for

transcription of a sequence stretch of the vector, such as a promoter sequence, e.g. an RNA

polymerase promoter sequence. A cloning vector is typically a vector that contains a

cloning site, which may be used to incorporate nucleic acid sequences into the vector. A

cloning vector may be, e.g., a plasmid vector or a bacteriophage vector. A transfer vector



may be a vector which is suitable for transferring nucleic acid molecules into cells or

organisms, for example, viral vectors. A vector in the context of the present invention may

be, e.g., an RNA vector or a DNA vector. Preferably, a vector is a DNA molecule.

Preferably, a vector in the sense of the present application comprises a cloning site, a

selection marker, such as an antibiotic resistance factor, and a sequence suitable for

multiplication of the vector, such as an origin of replication. Preferably, a vector in the

context of the present application is a plasmid vector.

Vehicle: A vehicle is typically understood to be a material that is suitable for storing,

transporting, and/or administering a compound, such as a pharmaceutically active

compound. For example, it may be a physiologically acceptable liquid which is suitable for

storing, transporting, and/or administering a pharmaceutically active compound.

3'-untranslated region (3'-UTR): Generally, the term "3'-UTR" refers to a part of the

artificial nucleic acid molecule, which is located 3' (i.e. "downstream") of an open reading

frame and which is not translated into protein. Typically, a 3'-UTR is the part of an mRNA

which is located between the protein coding region (open reading frame (ORF) or coding

sequence (CDS)) and the poly(A) sequence of the mRNA. In the context of the invention, the

term 3'-UTR may also comprise elements, which are not encoded in the template, from

which an RNA is transcribed, but which are added after transcription during maturation,

e.g. a poly(A) sequence. A 3'-UTR of the mRNA is not translated into an amino acid

sequence. The 3'-UTR sequence is generally encoded by the gene which is transcribed into

the respective mRNA during the gene expression process. The genomic sequence is first

transcribed into pre-mature mRNA, which comprises optional introns. The pre-mature

mRNA is then further processed into mature mRNA in a maturation process. This maturation

process comprises the steps of 5'capping, splicing the pre-mature mRNA to excise optional

introns and modifications of the 3'-end, such as polyadenylation of the 3'-end of the p re

mature mRNA and optional endo-/ or exonuclease cleavages etc.. In the context of the

present invention, a 3'-UTR corresponds to the sequence of a mature mRNA which is

located between the stop codon of the protein coding region, preferably immediately 3' to

the stop codon of the protein coding region, and the poly(A) sequence of the mRNA. The

term "corresponds to" means that the 3'-UTR sequence may be an RNA sequence, such as

in the mRNA sequence used for defining the 3'-UTR sequence, o r a DNA sequence which

corresponds to such RNA sequence. In the context of the present invention, the term "a 3'-



UTR of a gene", is the sequence which corresponds to the 3'-UTR of the mature mRNA

derived from this gene, i.e. the mRNA obtained by transcription of the gene and maturation

of the pre-mature mRNA. The term "3'-UTR of a gene" encompasses the DNA sequence

and the RNA sequence (both sense and antisense strand and both mature and immature) of

the 3'-UTR. Preferably, the 3'UTRs have a length of more than 20, 30, 40 or 50 nucleotides.

5'-untranslated region (5'-UTR): Generally, the term "5'-UTR" refers to a part of the

artificial nucleic acid molecule, which is located 5' (i.e. "upstream") of an open reading

frame and which is not translated into protein. A 5'-UTR is typically understood to be a

particular section of messenger RNA (mRNA), which is located 5' of the open reading frame

of the mRNA. Typically, the 5'-UTR starts with the transcriptional start site and ends one

nucleotide before the start codon of the open reading frame. Preferably, the 5'UTRs have a

length of more than 20, 30, 40 or 50 nucleotides. The 5'-UTR may comprise elements for

controlling gene expression, also called regulatory elements. Such regulatory elements may

be, for example, ribosomal binding sites. The 5'-UTR may be posttranscriptionally modified,

for example by addition of a 5'-CAP. A 5'-UTR of the mRNA is not translated into an amino

acid sequence. The 5'-UTR sequence is generally encoded by the gene which is transcribed

into the respective mRNA during the gene expression process. The genomic sequence is first

transcribed into pre-mature mRNA, which comprises optional introns. The pre-mature

mRNA is then further processed into mature mRNA in a maturation process. This maturation

process comprises the steps of 5'capping, splicing the pre-mature mRNA to excise optional

introns and modifications of the 3'-end, such as polyadenylation of the 3'-end of the p re

mature mRNA and optional endo-/ or exonuclease cleavages etc.. In the context of the

present invention, a 5'-UTR corresponds to the sequence of a mature mRNA which is

located between the start codon and, for example, the 5'-CAP. Preferably, the 5'-UTR

corresponds to the sequence which extends from a nucleotide located 3' to the 5'-CAP,

more preferably from the nucleotide located immediately 3' to the 5'-CAP, to a nucleotide

located 5' to the start codon of the protein coding region, preferably to the nucleotide

located immediately 5' to the start codon of the protein coding region. The nucleotide

located immediately 3' to the 5'-CAP of a mature mRNA typically corresponds to the

transcriptional start site. The term "corresponds to" means that the 5'-UTR sequence may be

an RNA sequence, such as in the mRNA sequence used for defining the 5'-UTR sequence,

o r a DNA sequence which corresponds to such RNA sequence. In the context of the present

invention, the term "a 5'-UTR of a gene" is the sequence which corresponds to the 5'-UTR



of the mature mRNA derived from this gene, i.e. the mRNA obtained by transcription of the

gene and maturation of the pre-mature mRNA. The term "5'-UTR of a gene" encompasses

the DNA sequence and the RNA sequence (both sense and antisense strand and both

mature and immature) of the 5'-UTR.

5Termina) Oligopyrimidine Tract (TOP): The 5'terminal oligopyrimidine tract (TOP) is

typically a stretch of pyrimidine nucleotides located in the 5' terminal region of a nucleic

acid molecule, such as the 5' terminal region of certain mRNA molecules or the 5' terminal

region of a functional entity, e.g. the transcribed region, of certain genes. The sequence

starts with a cytidine, which usually corresponds to the transcriptional start site, and is

followed by a stretch of usually about 3 to 30 pyrimidine nucleotides. For example, the TOP

may comprise 3, 4, 5, 6, 7, 8, 9, 0, 11, 12, 13, 14, 5, 16, 7, 18, 9, 20, 2 1, 22, 23, 24,

25, 26, 27, 28, 29, 30 or even more nucleotides. The pyrimidine stretch and thus the 5'

TOP ends one nucleotide 5' to the first purine nucleotide located downstream of the TOP.

Messenger RNA that contains a 5'terminal oligopyrimidine tract is often referred to as TOP

mRNA. Accordingly, genes that provide such messenger RNAs are referred to as TOP genes.

TOP sequences have, for example, been found in genes and mRNAs encoding peptide

elongation factors and ribosomal proteins.

TOP motif: In the context of the present invention, a TOP motif is a nucleic acid sequence

which corresponds to a 5'TOP as defined above. Thus, a TOP motif in the context of the

present invention is preferably a stretch of pyrimidine nucleotides having a length of 3-30

nucleotides. Preferably, the TOP-motif consists of at least 3 pyrimidine nucleotides,

preferably at least 4 pyrimidine nucleotides, preferably at least 5 pyrimidine nucleotides,

more preferably at least 6 nucleotides, more preferably at least 7 nucleotides, most

preferably at least 8 pyrimidine nucleotides, wherein the stretch of pyrimidine nucleotides

preferably starts at its 5'end with a cytosine nucleotide. In TOP genes and TOP mRNAs, the

TOP-motif preferably starts at its 5'end with the transcriptional start site and ends one

nucleotide 5' to the first purin residue in said gene or mRNA. A TOP motif in the sense of

the present invention is preferably located at the 5'end of a sequence which represents a 5'-

UTR or at the 5'end of a sequence which codes for a 5'-UTR. Thus, preferably, a stretch of 3

or more pyrimidine nucleotides is called "TOP motif" in the sense of the present invention if

this stretch is located at the 5'end of a respective sequence, such as the artificial nucleic



acid molecule, the 5'-UTR element of the artificial nucleic acid molecule, o r the nucleic

acid sequence which is derived from the 5'-UTR of a TOP gene as described herein. In

other words, a stretch of 3 or more pyrimidine nucleotides, which is not located at the 5'-

end of a 5'-UTR or a 5'-UTR element but anywhere within a 5'-UTR or a 5'-UTR element, is

preferably not referred to as "TOP motif".

TOP gene: TOP genes are typically characterised by the presence of a 5' terminal

oligopyrimidine tract. Furthermore, most TOP genes are characterized by a growth-

associated translational regulation. However, also TOP genes with a tissue specific

translational regulation are known. As defined above, the 5'-UTR of a TOP gene

corresponds to the sequence of a 5'-UTR of a mature mRNA derived from a TOP gene,

which preferably extends from the nucleotide located 3' to the 5'-CAP to the nucleotide

located 5' to the start codon. A 5'-UTR of a TOP gene typically does not comprise any start

codons, preferably no upstream AUGs (uAUGs) or upstream open reading frames (uORFs).

Therein, upstream AUGs and upstream open reading frames are typically understood to be

AUGs and open reading frames that occur 5' of the start codon (AUG) of the open reading

frame that should be translated. The 5'-UTRs of TOP genes are generally rather short. The

lengths of 5'-UTRs of TOP genes may vary between 20 nucleotides up to 500 nucleotides,

and are typically less than about 200 nucleotides, preferably less than about 150

nucleotides, more preferably less than about 100 nucleotides. Exemplary 5'-UTRs of TOP

genes in the sense of the present invention are the nucleic acid sequences extending from

the nucleotide at position 5 to the nucleotide located immediately 5' to the start codon (e.g.

the ATG) in the sequences according to SEQ ID Nos. 1- 1363 of the patent application

W02 0 13/1 43700, whose disclosure is incorporated herewith by reference. In this context a

particularly preferred fragment of a 5'-UTR of a TOP gene is a 5'-UTR of a TOP gene

lacking the 5'TOP motif. The terms "5'-UTR of a TOP gene" or "5'-TOP UTR" preferably

refer to the 5'-UTR of a naturally occurring TOP gene. A preferred example is represented

by SEQ ID NO: 208 (5'-UTR of human ribosomal protein Large 32 lacking the 5' terminal

oligopyrimidine tract); corresponding to SEQ ID NO. 1368 of the patent application

WO201 3/1 43700).

Wild-type , e.g. wild-type nucleic acid molecule: The term "wild-type" may be understood

as a sequence occurring in nature. A wild-type nucleic molecule may typically be



understood to be a nucleic acid molecule, e.g. a DNA or an RNA, that occurs naturally. In

other words, an artificial nucleic acid molecule may be understood as a natural nucleic acid

molecule. Such nucleic acid molecule may be natural due to its individual sequence (which

occurs naturally) and/or due to other modifications, e.g. structural modifications of

nucleotides which occur naturally. A wild-type nucleic acid molecule may be a DNA

molecule, an RNA molecule or a hybrid-molecule comprising DNA and RNA portions.

Herein, the term "wild-type" refers to any sequence as long as it occurs in nature, reflection

in publically accessible sequence collections such as GenBank is not required. The

National Institute of Health (NIH) provides a publically accessible, annotated collection of

publicly available nucleotide sequences ("GenBank", accessible through the NCBI Entrez

retrieval system: http://www.ncbi.nlm.nih.gov), (Nucleic Acids Research, 201 3;

4 1(D1 ):D36-42), including publicly available wild-type sequences. Each GenBank record is

assigned a unique constant identifier called an accession number and appears on the

ACCESSION line of a GenBank record; and changes to the sequence data are tracked by an

integer extension of the accession number which appears on the VERSION line of the

GenBank record. Further, the term "wild-type nucleic acid molecule" is not restricted to

mean "one single molecule" but is, typically, understood to comprise an ensemble of

identical molecules. Accordingly, it may relate to a plurality of identical molecules

contained in an aliquot.

Detailed description

The invention relates to an artificial nucleic acid molecule comprising at least one open

reading frame and at least one 3'-untranslated region element (3'-UTR element) and/or at

least one 5'-untranslated region element (5'-UTR element), wherein said artificial nucleic

acid molecule is characterized by high translation efficiency. The translation efficiency is

contributed, at least in part, by the 5'-UTR element or the 3'-UTR element, or both of the 5'-

UTR element and the 3'-UTR element. The invention further relates to the use of such an

artificial nucleic acid molecule in gene therapy and/or genetic vaccination. Furthermore,

novel 3'-UTR elements and 5'-UTR elements are provided.



In a first aspect, the present invention relates to an artificial nucleic acid molecule

comprising

a. at least one open reading frame (ORF); and

b. at least one 3'-untranslated region element (3'-UTR element) and/or at least

one 5'-untranslated region element (5'-UTR element), wherein said artificial

nucleic acid molecule is characterized by high translation efficiency.

For example, the artificial nucleic acid molecule of the invention may differ from other (e.g.

wild-type or artificial) nucleic acid molecules in that at least one 3'-UTR element (preferably

one 3'-UTR element) is replaced by at least one nonidentical 3'-UTR element (preferably

one 3'-UTR element) or in that at least one 5'-UTR element (preferably one 5'-UTR element)

is replaced by at least one nonidentical 5'-UTR element (preferably one 5'-UTR element).

In general, replacing one (or least one) 3'-UTR element or replacing one (or least one) 5'-

UTR element (in a starting nucleic acid molecule or reference nucleic acid molecule)

generally means that a sequence of at least some nucleotides of said 3'-UTR element or of

said 5'-UTR element is replaced by a nonidentical nucleic acid sequence. Preferably, when

replacing a 5'-UTR element, a continuous sequence of nucleotides of the 5'-UTR element is

replaced by a nonidentical continuous sequence (element) of nucleotides; and when

replacing a 3'-UTR element, a continuous sequence of nucleotides of the 3'-UTR element is

replaced by a nonidentical continuous sequence (element) of nucleotides. The continuous

sequence of nucleotides of the original (replaced) element and of the replacing element can

each be independently of any lengths, such as from 1 to more than 500 nucleotides, 20 to

500 nucleotides, 40 to 400 nucleotides, 60 to 300 nucleotides, 80 to 200 nucleotides or

100 to 150 nucleotides. When a (5'- or 3'-) UTR element is replaced, this does not

necessarily mean that all nucleotides located 5' of the start codon or all nucleotides located

3' of the stop codon are replaced. In preferred embodiments, a continuous sequence, which

is a subset of all the nucleotides located 5' of the start codon or a subset of all nucleotides

located 3' of the stop codon, respectively, is replaced. Examples thereof are shown in Fig.

1B (5') and C (3'). It is possible to exactly replace a known 5'-UTR element, or a known 3'-

UTR element, present in the staring sequence or reference sequence. For example, when a

(e.g. reference) nucleic acid comprises a 5'-UTR element corresponding to the sequence

according to SEQ ID NO: 208; the artificial nucleic acid molecule of the present invention



can be made by replacing exactly the entire continuous sequence according to SEQ D NO:

208 by a nonidentical continuous 5'-UTR element according to the present invention, i.e. a

5'-UTR element which provides high translation efficiency. Alternatively, it is possible that a

known UTR element is not replaced exactly, e.g. a continuous nucleic acid sequence

comprising additional nucleotides, i.e. in addition to the known UTR element, is replaced,

or e.g. only a fraction (usually a major fraction, i.e. 90 % of length or more) of a known

UTR element is replaced. While these possibilities have been illustrated here for the case of

5'-UTR elements, the same possibilities also exist for 3'-UTR elements. In other words, the

replaced UTR element need not necessarily be confined by the exact boundaries of a

known UTR elment. These possibilities are illustrated further, by means of example, in Fig

I B and Fig. 1C, respectively, each in comparison with Fig. 1A. Likewise, the replacing UTR

element need not necessarily be confined by the exact boundaries of a known UTR elment.

Preferably, the artificial nucleic acid molecule according to the present invention does not

comprise a 3'-UTR (element) and/or a 5'-UTR (element) of ribosomal protein S6, of

RPL36AL, of rps1 6 or of ribosomal protein L9. More preferably, the artificial nucleic acid

molecule according to the present invention does not comprise a 3'-UTR (element) and/or a

5'-UTR (element) of ribosomal protein S6, of RPL36AL, of rps1 6 or of ribosomal protein L9

and the open reading frame of the artificial nucleic acid molecule according to the present

invention does not code for a GFP protein. Even more preferably, the artificial nucleic acid

molecule according to the present invention does not comprise a 3'-UTR (element) and/or a

5'-UTR (element) of ribosomal protein S6, of RPL36AL, of rps 6 or of ribosomal protein L9

and the open reading frame of the artificial nucleic acid molecule according to the present

invention does not code for a reporter protein, e.g., selected from the group consisting of

globin proteins (particularly beta-globin), luciferase protein, GFP proteins, glucuronidase

proteins (particularly beta- glucuronidase) or variants thereof, for example, variants

exhibiting at least 70% sequence identity to a globin protein, a luciferase protein, a GFP

protein, o r a glucuronidase protein.

The term "3'-UTR element" refers to a nucleic acid sequence which comprises or consists of

a nucleic acid sequence that is derived from a 3'-UTR or from a variant or a fragment of a

3'-UTR. A "3'-UTR element" preferably refers to a nucleic acid sequence which is

comprised by a 3'-UTR of an artificial nucleic acid sequence, such as an artificial mRNA.



Accordingly, in the sense of the present invention, preferably, a 3'-UTR element may be

comprised by the 3'-UTR of an mRNA, preferably of an artificial mRNA, or a 3'-UTR

element may be comprised by the 3'-UTR of the respective transcription template.

Preferably, a 3'-UTR element is a nucleic acid sequence which corresponds to the 3'-UTR

of an mRNA, preferably to the 3'-UTR of an artificial mRNA, such as an mRNA obtained by

transcription of a genetically engineered vector construct. Preferably, a 3'-UTR element in

the sense of the present invention functions as a 3'-UTR or codes for a nucleotide sequence

that fulfils the function of a 3'-UTR.

Accordingly, the term "5'-UTR element" refers to a nucleic acid sequence which comprises

or consists of a nucleic acid sequence that is derived from a 5'-UTR or from a variant or a

fragment of a 5'-UTR. A "5'-UTR element" preferably refers to a nucleic acid sequence

which is comprised by a 5'-UTR of an artificial nucleic acid sequence, such as an artificial

mRNA. Accordingly, in the sense of the present invention, preferably, a 5'-UTR element

may be comprised by the 5'-UTR of an mRNA, preferably of an artificial mRNA, or a 5'-

UTR element may be comprised by the 5'-UTR of the respective transcription template.

Preferably, a 5'-UTR element is a nucleic acid sequence which corresponds to the 5'-UTR

of an mRNA, preferably to the 5'-UTR of an artificial mRNA, such as an mRNA obtained by

transcription of a genetically engineered vector construct. Preferably, a 5'-UTR element in

the sense of the present invention functions as a 5'-UTR or codes for a nucleotide sequence

that fulfils the function of a 5'-UTR.

The 3'-UTR element and/or the 5'-UTR element in the artificial nucleic acid molecule

according to the present invention provides high translation efficiency to said artificial

nucleic acid molecule. Thus, the artificial nucleic acid molecule according to the present

invention may in particular comprise:

— a 3'-UTR element which provides high translation efficiency to said artificial nucleic

acid molecule,

— a 5'-UTR element which provides high translation efficiency to said artificial nucleic

acid molecule,

— a 3'-UTR element which provides high translation efficiency to said artificial nucleic

acid molecule and a 5'-UTR element which provides high translation efficiency to

said artificial nucleic acid molecule.



Preferably, the artificial nucleic acid molecule according to the present invention comprises

a 3'-UTR element which provides high translation efficiency to said artificial nucleic acid

molecule and/or a 5'-UTR element which provides high translation efficiency to said

artificial nucleic acid molecule.

Preferably, the artificial nucleic acid molecule according to the present invention comprises

at least one 3'-UTR element and at least one 5'-UTR element, i.e. at least one 3'-UTR

element which provides high translation efficiency to said artificial nucleic acid molecule

and at least one 5'-UTR element which provides high translation efficiency to said artificial

nucleic acid molecule.

As described in detail below, said at least one 3'-UTR element which provides high

translation efficiency to said artificial nucleic acid molecule or said at least one 5'-UTR

element which provides high translation efficiency to said artificial nucleic acid molecule

can be selected from naturally occurring (preferably heterologous) 3'-UTR elements and 5'-

UTR elements (together naturally occurring UTR elements or wild-type UTR elements), and

from artificial 3'-UTR elements and artificial 5'-UTR elements (together artificial UTR

elements). Wild-type UTR elements can be selected from the group comprising wild-type

UTR elements published in the literature and in publically accessible databases, such as

GenBank (NCBI), and wild-type UTR elements not previously published. The latter can be

identified by sequencing mRNas found in cells, preferably mammalian cells. Using this

approach, the present inventors identified several wild-type UTR elements not previously

published, and UTR elements of this type are provided in the present invention. The term

artificial UTR element is not particularly limited and can refer to any nucleic acid sequence

not found in nature, i.e. nonidentical to a wild-type UTR element. In preferred

embodiments, however, the artificial UTR element used in the present invention is a nucleic

acid sequence which shows a certain degree of sequence identity to a wild-type UTR

element, such as 10 to 99.9 %, 20 to 99 %, 30 to 98 %, 40 to 97 %, 50 to 96 %, 60 to 95

%, 70 to 90 %. In preferred embodiments, artificial UTR used in the present invention is

identical to a wild-type UTR except that one, or two, or three, or four, or five, or more than

five nucleotides have been substituted by the same number of nucleotides (e.g. one

nucleotide being substituted by one nucleotide). Preferably, substitution of one nucleotide is



a substitution by the respective complementary nucleotide. Preferred artificial UTR elements

correspond to wild-type UTR elements, except that (i) some or all ATG triplets in a wild-

type 5'-UTR element (if present) are converted to the triplet TAG; and/or (ii) selected

cleavage site(s) for a particular restriction enzyme in a wild-type 5'-UTR element or in a in a

wild-type 3'-UTR element (if present) are eliminated by substituting one nucleotide within

the cleavage site for said specific restriction enzyme by the complementary nucleotide,

thereby removing the cleavage sites for said specific restriction enzyme. The latter is usually

desired when a (e.g. wild-type) UTR element comprises a cleavage site for said specific

restriction enzyme, and when said particular restriction enzyme is (planned to be) used in

subsequent cloning steps. Since such internal cleavage of 5'-UTR elements and 3'-UTR

elements is undesired, an artificial UTR element can be generated in which the restriction

cleavage site for said specific restriction enzyme is eliminated. Such substitution can be

done by any suitable method known to the person skilled in the art, e.g. use of modified

primers by PCR.

Optionally, the artificial nucleic acid molecule according to the present invention

comprises at least one 3'-UTR element and at least one 5'-UTR element, i.e. at least one 3'-

UTR element which prolongs and/or increases protein production from said artificial

nucleic acid molecule and at least one 5'-UTR element which prolongs and/or increases

protein production from said artificial nucleic acid molecule.

Protein production; Assay for determining whether protein production is prolonged and/or

increased

"Prolonging and/or increasing protein production from said artificial nucleic acid molecule"

in general refers to the amount of protein produced from the artificial nucleic acid molecule

according to the present invention with the respective 3'-UTR element and/or the 5'-UTR

element in comparison to the amount of protein produced from a respective reference

nucleic acid lacking a 3'-UTR and/or a 5'-UTR or comprising a reference 3'-UTR and/or a

reference 5'-UTR, such as a 3'-UTR and/or a 5'-UTR naturally occurring in combination

with the ORF.

In particular, the at least one 3'-UTR element and/or the 5'-UTR element of the artificial

nucleic acid molecule according to the present invention prolongs protein production from

the artificial nucleic acid molecule according to the present invention, e.g. from an mRNA



according to the present invention, compared to a respective nucleic acid lacking a 3'-UTR

and/or 5'-UTR or comprising a reference 3'-UTR and/or 5'-UTR, such as a 3'- and/or 5'-UTR

naturally occurring in combination with the ORF.

In particular, the at least one 3'-UTR element and/or 5'-UTR element of the artificial nucleic

acid molecule according to the present invention increases protein production, in particular

the protein expression and/or total protein production, from the artificial nucleic acid

molecule according to the present invention, e.g. from an mRNA according to the present

invention, compared to a respective nucleic acid lacking a 3'- and/or 5'-UTR or comprising

a reference 3'- and/or 5'-UTR, such as a 3'- and/or 5'-UTR naturally occurring in

combination with the ORF.

Preferably, the at least one 3'-UTR element and/or the at least one 5'-UTR element of the

artificial nucleic acid molecule according to the present invention do not negatively

influence translational efficiency of a nucleic acid compared to the translational efficiency

of a respective nucleic acid lacking a 3'-UTR and/or a 5'-UTR or comprising a reference 3'-

UTR and/or a reference 5'-UTR, such as a 3'-UTR and/or a 5'-UTR naturally occurring in

combination with the ORF. Alternatively, the translation efficiency is enhanced by the 3'-

UTR and/or a 5'-UTR in comparison to the translation efficiency of the protein encoded by

the respective ORF in its natural context.

The term "respective nucleic acid molecule" or "reference nucleic acid molecule" as used

herein means that - apart from the different 3'-UTRs and/or 5'-UTRs - the reference nucleic

acid molecule is comparable, preferably identical, to the artificial nucleic acid molecule of

the invention comprising the 3'-UTR element and/or the 5'-UTR element.

In order to assess the protein production in vivo or in vitro as defined herein (i.e. in vitro

referring to ("living") cells and/or tissue, including tissue of a living subject; cells include in

particular cell lines, primary cells, cells in tissue or subjects, preferred are mammalian cells,

e.g. human cells and mouse cells and particularly preferred are the human cell lines HeLa,

HEPG2 and U-937 and the mouse cell lines NIH3T3, JAWSII and L929, furthermore

primary cells are particularly preferred, in particular preferred embodiments human dermal

fibroblasts (HDF) by the inventive artificial nucleic acid molecule, the expression of the



encoded protein is determined following injection/transfection of the inventive artificial

nucleic acid molecule into target cells/tissue and compared to the protein expression

induced by the reference nucleic acid. Quantitative methods for determining protein

expression are known in the art (e.g. Western-Blot, FACS, ELISA, mass spectrometry).

Particularly useful in this context is the determination of the expression of reporter proteins

like luciferase, Green fluorescent protein (GFP), or secreted alkaline phosphatase (SEAP).

Thus, an artificial nucleic acid according to the invention or a reference nucleic acid is

introduced into the target tissue or cell, e.g. via transfection o r injection, preferably in a

mammalian expression system, such as in mammalian cells, e.g. in HDF, L929, HepG2

and/or Hela cells. Several hours or several days (e.g. 6, 12, 24, 48 or 72 hours) post

initiation of expression or post introduction of the nucleic acid molecule, a target cell

sample is collected and measured via FACS and/or lysed. Afterwards the lysates can be used

to detect the expressed protein (and thus determine the efficiency of protein expression)

using several methods, e.g. Western-Blot, FACS, ELISA, mass spectrometry or by

fluorescence or luminescence measurement.

Therefore, if the protein expression from an artificial nucleic acid molecule according to the

invention is compared to the protein expression from a reference nucleic acid molecule at a

specific point in time (e.g. 6, 12, 24, 48 or 72 hours post initiation of expression or post

introduction of the nucleic acid molecule), both nucleic acid molecules are introduced

separately into target tissue/cells, a sample from the tissue/cells is collected after a specific

point in time, protein lysates are prepared according to the particular protocol adjusted to

the particular detection method (e.g. Western Blot, ELISA, fluorescence or luminescence

measurement, etc. as known in the art) and the protein is detected by the chosen detection

method. As an alternative to the measurement of expressed protein amounts in cell lysates -

or, in addition to the measurement of protein amounts in cell lysates prior to lysis of the

collected cells or using an aliquot in parallel - protein amounts may also be determined by

using FACS analysis.

The term "prolonging protein production" from an artificial nucleic acid molecule such as

an artificial mRNA preferably means that the protein production from the artificial nucleic

acid molecule such as the artificial mRNA is prolonged compared to the protein production

from a reference nucleic acid molecule such as a reference mRNA, e.g. comprising a



reference 3'- and/or 5'-UTR or lacking a 3'- and/or 5'-UTR, preferably in a mammalian

expression system, such as in HDF, L929, HEP2G or HeLa cells. Thus, protein produced

from the artificial nucleic acid molecule such as the artificial mRNA is observable for a

longer period of time than what may be seen for a protein produced from a reference

nucleic acid molecule. In other words, the amount of protein produced from the artificial

nucleic acid molecule such as the artificial mRNA measured at a later point in time, e.g. 48

hours or 72 hours after transfection, is larger than the amount of protein produced from a

reference nucleic acid molecule such as a reference mRNA at a corresponding later point in

time. Such a "later point in time" may be, for example, any time beyond 24 hours post

initiation of expression, such as post transfection of the nucleic acid molecule, e.g. 36, 48,

60, 72, 96 hours post initiation of expression, i.e. after transfection. Moreover, for the same

nucleic acid, the amount of protein produced at a later point in time may be normalized to

the amount produced an earlier (reference) point in time, for example the amount of protein

at a later point in time may be expressed as percentage of the amount of protein at 24 h

after transfection.

Preferably, this effect of prolonging protein production is determined by (i) measuring

protein amounts, e.g. obtained by expression of an encoded reporter protein such as

luciferase, preferably in a mammalian expression system such as in HDF, L929, HEP2G or

HeLa cells, over time, (ii) determining the amount of protein observed at a "reference" point

in time t , for example t = 24h after transfection, and setting this protein amount to 00%,

(iii) determining the amount of protein observed at one or more later points in time , ,

etc., for example t2 = 48h and t3 = 72h after transfection, and calculating the relative

amount of protein observed at a later point in time as a percentage of the protein amount at

a point in time ti. For example, a protein which is expressed at ti in an amount of "80", at

in an amount of "20", and at t3 in an amount of " 0", the relative amount of protein at t

would be 25%, and at 12,5%. These relative amounts at a later point in time may then be

compared in a step (iv) to relative protein amounts for the corresponding points in time for a

nucleic acid molecule lacking a 3'- and/or 5'-UTR, respectively, or comprising a reference

3'- and/or 5'-UTR, respectively. By comparing the relative protein amount produced from

the artificial nucleic acid molecule according to the present invention to the relative protein

amount produced from the reference nucleic acid molecule, i.e. the nucleic acid molecule

lacking a 3'- and/or 5'-UTR, respectively, or comprising a reference 3'- and/or 5'-UTR,



respectively, a factor may be determined by which the protein production from the artificial

nucleic acid molecule according to the present invention is prolonged compared to the

protein production from the reference nucleic acid molecule.

Preferably, the at least one 3'- and/or 5'-UTR element in the artificial nucleic acid molecule

according to the invention prolongs protein production from said artificial nucleic acid

molecule at least 1.2 fold, preferably at least 1.5 fold, more preferably at least 2 fold, even

more preferably at least 2.5 fold, compared to the protein production from a reference

nucleic acid molecule lacking 3'- and/or 5'-UTR, respectively, o r comprising a reference 3'-

and/or 5'-UTR, respectively. In other words, the (relative) amount of protein produced from

the artificial nucleic acid molecule according to the invention at a certain later point in time

as described above is increased by a factor of at least 1.2, preferably at least 1.5, more

preferably at least 2, even more preferably at least 2.5, compared to the (relative) amount of

protein produced from a reference nucleic acid molecule, which is e.g. lacking a 3'- and/or

5'-UTR, respectively, or comprising a reference 3'- and/or 5'-UTR, respectively, for the

same later point in time.

Alternatively, the effect of prolonging protein production may also be determined by (i)

measuring protein amounts, e.g. obtained by expression of an encoded reporter protein

such as luciferase, preferably in a mammalian expression system such as in HDF, L929,

HEP2G or HeLa cells, over time, (ii) determining the point in time at which the protein

amount undercuts the amount of protein observed, e.g., at 1, 2, 3, 4, 5, or 6 hours post

initiation of expression, e.g. 1, 2, 3, 4, 5, or 6 hours post transfection of the artificial nucleic

acid molecule, and (iii) comparing the point in time at which the protein amount undercuts

the protein amount observed at 1, 2, 3, 4, 5, or 6 hours post initiation of expression to said

point in time determined for a nucleic acid molecule lacking a 3'- and/or 5'-UTR,

respectively, or comprising a reference 3'- and/or 5'-UTR, respectively.

For example, the protein production from the artificial nucleic acid molecule such as the

artificial mRNA - in an amount which is at least the amount observed in the initial phase of

expression, such as 1, 2, 3, 4, 5, or 6 hours post initiation of expression, such as post

transfection of the nucleic acid molecule - is prolonged by at least about 5 hours, preferably

by at least about 0 hours, more preferably by at least about 24 hours compared to the



protein production from a reference nucleic acid molecule, such as a reference mRNA, in a

mammalian expression system, such as in mammalian cells, e.g. in HDF, L929, HEP2G or

HeLa cells. Thus, the artificial nucleic acid molecule according to the present invention

preferably allows for prolonged protein production in an amount which is at least the

amount observed in the initial phase of expression, such as 1, 2, 3, 4, 5, or 6 hours post

initiation of expression, such as post transfection, by at least about 5 hours, preferably by at

least about 0 hours, more preferably by at least about 24 hours compared to a reference

nucleic acid molecule lacking a 3'- and/or 5'-UTR, respectively, or comprising a reference

3'- and/or 5'-UTR, respectively.

In preferred embodiments, the period of protein production from the artificial nucleic acid

molecule according to the present invention is extended at least 1.2 fold, preferably at least

1.5 fold, more preferably at least 2 fold, even more preferably at least 2.5 fold, compared to

the protein production from a reference nucleic acid molecule lacking a 3'- and/or 5'-UTR,

respectively, or comprising a reference 3'- and/or 5'-UTR, respectively.

Preferably, this prolonging effect on protein production is achieved, while the total amount

of protein produced from the artificial nucleic acid molecule according to the present

invention, e.g. within a time span of 48 or 72 hours, corresponds at least to the amount of

protein produced from a reference nucleic acid molecule lacking a 3'- and/or 5'-UTR,

respectively, or comprising a reference 3'- and/or 5'-UTR, respectively, such as a 3'-UTR

and/or 5'-UTR naturally occurring with the ORF of the artificial nucleic acid molecule.

Thus, the present invention provides an artificial nucleic acid molecule which allows for

prolonged protein production in a mammalian expression system, such as in mammalian

cells, e.g. in HDF, L929, HEP2G or HeLa cells, as specified above, wherein the total

amount of protein produced from said artificial nucleic acid molecule, e.g. within a time

span of 48 or 72 hours, is at least the total amount of protein produced, e.g. within said time

span, from a reference nucleic acid molecule lacking a 3'- and/or 5'-UTR, respectively, or

comprising a reference 3'- and/or 5'-UTR, respectively, such as a 3'- and/or 5'-UTR

naturally occurring with the ORF of the artificial nucleic acid molecule.

Moreover, the term "prolonged protein expression" also includes "stabilized protein

expression", whereby "stabilized protein expression" preferably means that there is more



uniform protein production from the artificial nucleic acid molecule according to the

present invention over a predetermined period of time, such as over 24 hours, more

preferably over 48 hours, even more preferably over 72 hours, when compared to a

reference nucleic acid molecule, for example, an mRNA comprising a reference 3'- and/or

5'-UTR, respectively, or lacking a 3'- and/or 5'-UTR, respectively.

Accordingly, the level of protein production, e.g. in a mammalian system, from the artificial

nucleic acid molecule comprising a 3'- and/or 5'-UTR element according to the present

invention, e.g. from an mRNA according to the present invention, preferably does not drop

to the extent observed for a reference nucleic acid molecule, such as a reference mRNA as

described above. To assess to which extent the protein production from a specific nucleic

acid molecule drops, for example, the amount of a protein (encoded by the respective ORF)

observed 24 hours after initiation of expression, e.g. 24 hours post transfection of the

artificial nucleic acid molecule according to the present invention into a cell, such as a

mammalian cell, may be compared to the amount of protein observed 48 hours after

initiation of expression, e.g. 48 hours post transfection. Thus, the ratio of the amount of

protein encoded by the ORF of the artificial nucleic acid molecule according to the present

invention, such as the amount of a reporter protein, e.g., luciferase, observed at a later point

in time, e.g. 48 hours, post initiation of expression, e.g. post transfection, to the amount of

protein observed at an earlier point in time, e.g. 24 hours, post initiation of expression, e.g.

post transfection, is preferably higher than the corresponding ratio (including the same

points in time) for a reference nucleic acid molecule comprising a reference 3'- and/or 5'-

UTR, respectively, or lacking a 3'- and/or 5'-UTR, respectively.

Preferably, the ratio of the amount of protein encoded by the ORF of the artificial nucleic

acid molecule according to the present invention, such as the amount of a reporter protein,

e.g., luciferase, observed at a later point in time, e.g. 48 hours, post initiation of expression,

e.g. post transfection, to the amount of protein observed at an earlier point in time, e.g. 24

hours, post initiation of expression, e.g. post transfection, is preferably at least 0.2, more

preferably at least about 0.3, even more preferably at least about 0.4, even more preferably

at least about 0.5, and particularly preferably at least about 0.7. For a respective reference

nucleic acid molecule, e.g. an mRNA comprising a reference 3'- and/or 5'-UTR,



respectively, or lacking a 3'- and/or 5'-UTR, respectively, said ratio may be, for example

between about 0.05 and about 0.35.

Thus, the present invention provides an artificial nucleic acid molecule comprising an ORF

and a 3'- and/or 5'-UTR element as described above, wherein the ratio of the protein

amount, e.g. the amount of luciferase, observed 48 hours after initiation of expression to the

protein amount observed 24 hours after initiation of expression, preferably in a mammalian

expression system, such as in mammalian cells, e.g. in HDF cells or in HeLa cells, is

preferably at least 0.2, more preferably at least about 0.3, more preferably at least about 0.4,

even more preferably at least about 0.5, even more preferably at least about 0.6, and

particularly preferably at least about 0.7. Thereby, preferably the total amount of protein

produced from said artificial nucleic acid molecule, e.g. within a time span of 48 hours,

corresponds at least to the total amount of protein produced, e.g. within said time span,

from a reference nucleic acid molecule lacking a 3'- and/or 5'-UTR, respectively, or

comprising a reference 3'- and/or 5'-UTR, respectively, such as a 3'-UTR and/or 5'-UTR

naturally occurring with the ORF of the artificial nucleic acid molecule.

Preferably, the present invention provides an artificial nucleic acid molecule comprising an

ORF and a 3'-UTR element and/or a 5'-UTR element as described above, wherein the ratio

of the protein amount, e.g. the amount of luciferase, observed 72 hours after initiation of

expression to the protein amount observed 24 hours after initiation of expression,

preferably in a mammalian expression system, such as in mammalian cells, e.g. in HeLa

cells or HDF cells, is preferably above about 0.05, more preferably above about 0.1 , more

preferably above about 0.2, even more preferably above about 0.3, wherein preferably the

total amount of protein produced from said artificial nucleic acid molecule, e.g. within a

time span of 72 hours, is at least the total amount of protein produced, e.g. within said time

span, from a reference nucleic acid molecule lacking a 3'- and/or 5'-UTR, respectively, or

comprising a reference 3'- and/or 5'-UTR, respectively, such as a 3'- and/or 5'-UTR

naturally occurring with the ORF of the artificial nucleic acid molecule.

"Increased protein expression" or "enhanced protein expression" in the context of the

present invention preferably means an increased/enhanced protein expression at one point

in time after initiation of expression or an increased/enhanced total amount of expressed



protein compared to the expression induced by a reference nucleic acid molecule. Thus,

the protein level observed at a certain point in time after initiation of expression, e.g. after

transfection, of the artificial nucleic acid molecule according to the present invention, e.g.

after transfection of an RNA according to the present invention, for example, 6, 2, 24, 48

or 72 hours post transfection, is preferably higher than the protein level observed at the

same point in time after initiation of expression, e.g. after transfection, of a reference nucleic

acid molecule, such as a reference mRNA comprising a reference 3'- and/or 5'-UTR,

respectively, or lacking a 3'- and/or 5'-UTR, respectively. In a preferred embodiment, the

maximum amount of protein (as determined e.g. by protein activity or mass) expressed from

the artificial nucleic acid molecule is increased with respect to the protein amount

expressed from a reference nucleic acid comprising a reference 3'- and/or 5'-UTR,

respectively, or lacking a 3'- and/or 5'-UTR, respectively. Peak expression levels are

preferably reached within 48 hours, more preferably within 24 hours and even more

preferably within 12 hours after, for instance, transfection.

Preferably, the term "increased total protein production" or "enhanced total protein

production" from an artificial nucleic acid molecule according to the invention refers to an

increased/enhanced protein production over a time span, in which protein is produced from

an artificial nucleic acid molecule, e.g. 48 hours or 72 hours, preferably in a mammalian

expression system, such as in mammalian cells, e.g. in HDF, L929, HEP2G or HeLa cells in

comparison to a reference nucleic acid molecule lacking a 3'- and/or 5'-UTR, respectively,

or comprising a reference 3'- and/or 5'-UTR, respectively. According to a preferred

embodiment, the cumulative amount of protein expressed over time is increased when

using the artificial nucleic acid molecule according to the invention.

The total amount of protein for a specific time period may be determined by (i) collecting

tissue or cells at several points in time after introduction of the artificial nucleic acid

molecule (e.g. 6, 2, 24, 48 and 72 hours post initiation of expression or post introduction

of the nucleic acid molecule), and the protein amount per point in time can be determined

as explained above. In order to calculate the cumulative protein amount, a mathematical

method of determining the total amount of protein can be used, e.g. the area under the

curve (AUC) can be determined according to the following formula:

a



In order to calculate the area under the curve for total amount of protein, the integral of the

equation of the expression curve from each end point (a and b) is calculated.

Thus, "total protein production" preferably refers to the area under the curve (AUC)

representing protein production over time.

Preferably, the at least one 3'- or 5'-UTR element according to the present invention

increases protein production from said artificial nucleic acid molecule at least 1.5 fold,

preferably at least 2 fold, more preferably at least 2.5 fold, compared to the protein

production from a reference nucleic acid molecule lacking a 3'- and/or 5'-UTR,

respectively. In other words, the total amount of protein produced from in the artificial

nucleic acid molecule according to the invention at a certain point in time, e.g. 48 hours or

72 hours post initiation of expression, e.g. post transfection, is increased by a factor of at

least 1.5, preferably at least 2, more preferably at least 2.5, compared to the (relative)

amount of protein produced from a reference nucleic acid molecule, which is e.g. lacking a

3'- and/or 5'-UTR, respectively, or comprising a reference 3'- and/or 5'-UTR, respectively,

for the corresponding later point in time.

The mRNA and/or protein production prolonging effect and efficiency and/or the protein

production increasing effect and efficiency of the variants> fragments and/or variant

fragments of the 3'-UTR and/or the 5'-UTR as well as the mRNA and/or protein production

prolonging effect and efficiency and/or the protein production increasing effect and

efficiency of the at least one 3'-UTR element and/or the at least one 5'-UTR element of the

artificial nucleic acid molecule according to the present invention may be determined by

any method suitable for this purpose known to skilled person.

For example, artificial mRNA molecules may be generated comprising a coding

sequence/open reading frame (ORF) for a reporter protein, such as luciferase, and a 3'-UTR

element according to the present invention, i.e. which prolongs and/or increases protein

production from said artificial mRNA molecule. In addition such an inventive mRNA



molecule may further comprise a 5'-UTR element according to the present invention, i.e.

which prolongs and/or increases protein production from said artificial mRNA molecule, no

5'-UTR element or a 5'-UTR element which is not according to the present invention, e.g. a

reference 5'-UTR. Accordingly, artificial mRNA molecules may be generated comprising a

coding sequence/open reading frame (ORF) for a reporter protein, such as luciferase, and a

5'-UTR element according to the present invention, i.e. which prolongs and/or increases

protein production from said artificial mRNA molecule. In addition such an inventive

mRNA molecule may further comprise a 3'-UTR element according to the present

invention, i.e. which prolongs and/or increases protein production from said artificial

mRNA molecule, no 3'-UTR element or a 3'-UTR element which is not according to the

present invention, e.g. a reference 3'-UTR.

According to the present invention mRNAs may be generated, for example, by in vitro

transcription of respective vectors such as plasmid vectors, e.g. comprising a T7 promoter

and a sequence encoding the respective mRNA sequences. The generated mRNA molecules

may be transfected into cells by any transfection method suitable for transfecting mRNA, for

example they may be lipofected into mammalian cells, such as HeLa cells or HDF cells,

and samples may be analyzed certain points in time after transfection, for example, 6 hours,

24 hours, 48 hours, and 72 hours post transfection. Said samples may be analyzed for

mRNA quantities and/or protein quantities by methods well known to the skilled person. For

example, the quantities of reporter mRNA present in the cells at the sample points in time

may be determined by quantitative PCR methods. The quantities of reporter protein

encoded by the respective mRNAs may be determined, e.g., by Western Blot, ELISA assays,

FACS analysis or reporter assays such as luciferase assays depending on the reporter protein

used. The effect of stabilizing protein expression and/or prolonging protein expression may

be, for example, analyzed by determining the ratio of the protein level observed 48 hours

post transfection and the protein level observed 24 hours post transfection. The closer said

value is to 1, the more stable the protein expression is within this time period. Such

measurements may of course also be performed at 72 or more hours and the ratio of the

protein level observed 72 hours post transfection and the protein level observed 24 hours

post transfection may be determined to determine stability of protein expression.



Translation Efficiency; Assay for determining translation efficiency
As described in detail above, translation efficiency is a property of a nucleic acid molecule

(e.g. m NA) comprising an open reading frame (ORF) and is typically provided by a

specific UTR element (a specific 5'-UTR element o r a specific 3'-UTR element) comprised

in the nucleic acid molecule. Translation efficiency is typically measured by means of the

quantity of protein translated from the ORF. In this regard, the present invention provides

general methods as well as a specific assay. The translation efficiency of various, e.g. two or

more, nucleic acid molecules can be compared, e.g. by experimental quantification of

protein encoded by the ORF.

In general, in order to assess translation efficiency, cell-based methods are employed.

Translation efficiency is experimentally tested in vivo o r in vitro as defined herein (i.e. in

vitro referring to ("living") cells and/or tissue, including tissue of a living subject; cells

include in particular cell lines, primary cells, cells in tissue o r subjects, preferred are

mammalian cells, e.g. human cells and mouse cells and particularly preferred are the

human cell lines HeLa, HEPG2 and U-937 and the mouse cell lines NIH3T3, JAWSII and

L929, furthermore primary cells are particularly preferred, in particular preferred

embodiments human dermal fibroblasts (HDF) by the inventive artificial nucleic acid

molecule, the expression of the encoded protein is determined following

injection/transfection of the inventive artificial nucleic acid molecule into target cells/tissue

and compared to the protein expression induced by the reference nucleic acid. Quantitative

methods for determining protein expression are known in the art (e.g. Western-Blot, FACS,

ELISA, mass spectrometry). Particularly useful in this context is the determination of the

expression of reporter proteins like luciferase, Green fluorescent protein (GFP), or secreted

alkaline phosphatase (SEAP). Thus, an artificial nucleic acid according to the invention o r a

reference nucleic acid is introduced into the target tissue o r cell, e.g. via transfection o r

injection, preferably in a mammalian expression system, such as in mammalian cells, e.g. in

HDF, L929, HepG2 and/or Hela cells. Several hours or several days (e.g. 6, 12, 24, 48 o r 72

hours) post initiation of expression or post introduction of the nucleic acid molecule, a

target cell sample is collected and measured via FACS and/or lysed. Afterwards the lysates

can be used to detect the expressed protein (and thus determine the translation efficiency)

using several methods, e.g. Western-Blot, FACS, ELISA, mass spectrometry o r by

fluorescence or luminescence measurement.



Therefore, if the protei n expression from an artificial nucleic acid molecu le accordi ng to the

invention is compared to the protei n expression from a reference nucleic acid molecule at a

specific poi nt in t ime (e.g. 6, 12, 24, 48 or 72 hours post initiation of expression or post

introduction of the nucleic acid molecu le), both nucleic acid molecu les are introduced

separately into target tissue/cel ls, a sample from the tissue/cel ls is col lected after a specific

poi nt in t ime, protei n lysates are prepared accordi ng to the particu lar protocol adjusted to

the particu lar detection method (e.g. Western Blot, ELISA, fluorescence or lum inescence

measurement, etc. as known in the art) and the protei n is detected by the chosen detection

method. As an alternative to the measurement of expressed protei n amounts in cel l lysates -

or, in addition to the measurement of protei n amounts in cel l lysates prior to lysis of the

col lected cel ls or usi ng an al iquot in paral lel - protei n amounts may also be determi ned by

usi ng FACS analysis.

Other general aspects correspond to aspects described above in relation to protei n

production, un less the context dictates otherwise.

Preferably, the high translation efficiency is provided to the artificial nucleic acid molecu le

of the present invention by the at least one 3'-untranslated region element (3'-UTR element)

and/or the at least one 5'-untranslated region element (5'-UTR element) "provided by"

means that in the absence of the at least one 3'-untranslated region element (3'-UTR

element) and/or the at least one 5'-untranslated region element (5'-UTR element), the

translation efficiency is not high, as defi ned herei n.

The term "high translation efficiency" can be used to compare the translation efficiency of

an artificial nucleic acid molecule of the present invention to a reference nucleic acid

molecu le. The term "reference nucleic acid molecu le" as used herei n means that - apart

from the different 3'-UTRs and/or 5'-UTRs - the reference nucleic acid molecu le is

comparable, preferably identical, to the artificial nucleic acid molecule of the invention

comprisi ng the 3'-UTR element and/or the 5'-UTR element. Thus, the translation efficiency

of the artificial nucleic acid molecu le can be compared to the translation efficiency of a

reference nucleic acid molecu le. A respective method for comparing the translation

efficiency is provided herei n.



All aspects described above i relation to determination of protein production apply to the

method for comparing the translation efficiency as well, unless the context dictates

otherwise. Since the method for comparing translation efficiency involves the comparison of

two nucleic acid molecules, two parallel experiments are carried out, the only difference

between these experiments being the nature of the nucleic acid molecule. In other words,

all other conditions, such as e.g. growth medium, temperature, pH, are identical between

the experiments. The skilled person will routinely chose appropriate conditions based on

the common general knowledge and the guidance given herein, provided that identical

conditions are chosen for both parallel experiments. Typically, one of the parallel

experiments relates to a reference nucleic acid molecule (which may be wild-type or

artificial), and the other one relates to an artificial nucleic molecule (also termed subject

nucleic acid molecule. This method allows for comparing whether the subject nucleic acid

molecule is characterized by high translation efficiency; i.e. whether it is an artificial

nucleic acid molecule according to the present invention. Particular aspects of the method

for comparing the translation efficiency are the following:

In this method, the reference nucleic acid molecule comprises at least one open reading

frame (ORF), which is identical to the at least one open reading frame (ORF) of the artificial

nucleic acid molecule; and the reference nucleic acid molecule does not comprise at least

one 3'-untranslated region element (3'-UTR element) of the artificial nucleic acid molecule

and/or at least one 5'-untranslated region element (5'-UTR element) of the artificial nucleic

acid molecule. The translation efficiency of the artificial nucleic acid molecule and the

translation efficiency of the reference nucleic acid molecule are compared by a method

comprising the steps:

(i) transfecting mammalian cells with the artificial nucleic acid molecule and

measuring expressed amounts of the protein encoded by the ORF of the artificial

nucleic acid molecule at a certain point in time after transfection (e.g. 24 or 48 h),

(ii) transfecting mammalian cells with the reference nucleic acid molecule and

measuring expressed amounts of the protein encoded by the ORF of the reference

nucleic acid molecule at the same point in time after transfection,



(iii) calculating the ratio of the amount of protein expressed from the artificial

nucleic acid molecule to the amount of protein expressed from the reference nucleic

acid molecule,

wherein the ratio calculated in (iii) is > 1, preferably > 1.

Thus, by comparing the relative protein amount produced from the subject nucleic acid

molecule according to the present invention to the relative protein amount produced from

the reference nucleic acid molecule, a factor may be determined by which the translation

efficiency of the artificial nucleic acid molecule according to the present invention is

increased compared to the translation efficiency of the reference nucleic acid molecule.

"after transfection" is used to refer to the point in time at which the cells have been

transfected with the subject nucleic acid molecule and the reference nucleic acid molecule.

Preferably, the at least one 3'- and/or 5'-UTR element in the artificial nucleic acid molecule

according to the invention increases translation efficiency of said artificial nucleic acid

molecule at least 1.2 fold, preferably at least .5 fold, more preferably at least 2 fold, even

more preferably at least 2.5 fold, compared to the protein production from a reference

nucleic acid molecule comprising a reference 3'- and/or 5'-UTR, respectively (i.e. the ratio

calculated in (iii) is at least 1.2, preferably at least .5, more preferably at least 2, even more

preferably at least 2.5). In other words, the translation efficiency is increased by a factor of

at least .2, preferably at least .5, more preferably at least 2, even more preferably at least

2.5, compared to the translation efficiency of a reference nucleic acid molecule, for the

same point in time.

The high translation efficiency is conferred by the 5'-UTR or by the 3'-UTR by which the

subject nucleic acid molecule differs from the reference nucleic acid molecule.

In a preferred embodiment of the method for comparing the translation efficiency according

to the present invention, (i) the reference nucleic acid molecule comprises at a 3'-UTR

element which is not present in the artificial nucleic acid molecule, or (ii) the reference

nucleic acid molecule comprises a 5'-UTR element which is not present in the artificial



nucleic acid molecule. In more preferred embodiments, (i) the reference nucleic acid

molecule comprises at a 3'-UTR element which is derived from a 3'-UTR of an albumin

gene, preferably a 3'-UTR corresponding to the sequence according to SEQ ID NO: 207, or

(ii) the reference nucleic acid molecule comprises a 5'-UTR element which is derived from

a 5'-UTR of a TOP gene, preferably a 5'-UTR of human ribosomal protein Large 32 lacking

the 5' terminal oligopyrimidine tract, preferably a 5'-UTR corresponding to the sequence

according to SEQ ID NO: 208.

In an alternative preferred embodiment, (i) the reference nucleic acid molecule does not

comprise any 3'-untranslated region element (3'-UTR element), or (ii) the reference nucleic

acid molecule does not comprise any 5'-untranslated region element (5'-UTR element).

In a preferred embodiment, the cells used in the step of transfection of the artificial nucleic

acid molecule and the reference nucleic acid molecule are mammalian cells, preferably

selected from the group of HDF, L929, HEP2G and HeLa cells. It can further be preferred

that the method is carried out in parallel in more than one type of mammalian cells, such as

in parallel in a combination of any two, preferably any three, more preferably all four of the

above cell lines. When the method is carried out in parallel in more than one type of

mammalian cells, then a subject nucleic acid molecule can be considered to be

characterized by high translation efficiency when the ratio calculated in step (iii) is > 1,

preferably > 1, in at least one type of mammalian cells used. However, it is preferred that a

subject nucleic acid molecule is considered to be characterized by high translation

efficiency when the ratio calculated in step (iii) is > 1, preferably > 1, in at least two types,

such as at least three types, such as four types, of mammalian cells used.

The expressed amounts of the protein encoded by the ORF of the artificial nucleic acid

molecule and the reference nucleic acid molecule are measured at a certain point in time

after transfection (e.g. 2 h, 24 h, 36 h, 48 h or 72 h). Preferably the expressed amounts of

the protein encoded by the ORF are measured 24 h after transfection.

The present invention also provides a specific preferred reference construct that can be used

in the method of the present invention. It is particularly preferred that the reference nucleic

acid molecule is an mRNA of SEQ ID NO: 205 (Figure A). In this case, it is further



preferable that the reference nucleic acid molecule differs from the artificial nucleic acid

molecule only in that the at least one 3'-UTR element is replaced by at least one other 3'-

UTR element (preferably one 3'-UTR element) or in that at least one 5'-UTR element is

replaced by at least one other 5'-UTR element (preferably one 5'-UTR element). In either

case, this allows for directly testing whether said other 3'-UTR element or other 5'-UTR

element, respectively, provides high translation efficiency.

It is particularly preferred that the method of determining translation efficiency is further

characterized as follows:

(a) in the step of transfection, the cells are mammalian cells which are selected from the

group of HDF, L929, HEP2G and HeLa cells; and

(b) the point in time for measuring is 24 h after transfection; and

(c) the reference nucleic acid molecule is an mRNA of SEQ ID NO: 205 (Figure 1A); and

preferably, (d) the reference nucleic acid molecule differs from the artificial nucleic acid

molecule only in that (i) the at least one 3'-UTR element (preferably one 3'-UTR element) is

replaced by at least one other 3'-UTR element (preferably one 3'-UTR element), or (ii) the at

least one 5'-UTR element (preferably one 5'-UTR element)) is replaced by at least one other

5'-UTR element (preferably one 5'-UTR element); in other words, the subject nucleic acid

molecule is identical to the reference nucleic acid molecule, except that at least one 5'-UTR

element differs from the 5'-UTR shown in Figure A, or that the at least one 3'-UTR element

differs from the 3'-UTR shown in Figure 1A. An example of 5'-UTR element replacement is

shown in Figure B; an example of 3'-UTR element replacement is shown in Figure C.

When all of (a) to (d) are fulfilled, the method is also referred to as "standardized assay for

determining translation efficiency", or simply "assay for determining translation efficiency".

It is particularly preferred that an artificial nucleic acid molecule of the invention is

characterized by high translation efficiency as determinable by this standard assay for

determining translation efficiency. This standard assay allows for the straightforward

identification of particularly advantageous artificial nucleic acid molecules.

The standard assay was used in Example 3 of the present invention. Thereby, the present

inventors found that a group of new artificial nucleic acids shares the advantageous feature

of high translation efficiency, i.e. higher than the translation efficiency of the reference

nucleic acid molecule of Figure 1A, see Example 3.5. This is a very surprising and



advantageous finding, particularly from the background that said reference nucleic acid

molecule comprises a 3'-UTR element which is derived from a 3'-UTR of an albumin gene

(a 3'-UTR corresponding to the DNA sequence according to SEQ D NO: 207), and a 5'-

UTR element which is derived from a 5'-UTR of a TOP gene, particularly a 5'-UTR of

human ribosomal protein Large 32 lacking the 5' terminal oligopyrimidine tract (a 5'-UTR

corresponding to the DNA sequence according to SEQ ID NO: 208). Such 3'-UTR elements

and 5'-UTR elements are known to be advantageous in the context of protein translation in

a cell (for a 3'-UTR derived from an albumin gene, see W02 0 3/1 43700; for a 5'-TOP-

UTR, see W02 0 3/1 43700). The present invention provides a further improvement.

In some embodiments, the ORF of the artificial nucleic acid molecule encodes a protein

that can be quantified, preferably a reporter protein. These embodiments are very suitable in

the method for comparing the translation efficiency according to the present invention. In

other embodiments, the ORF of the artificial nucleic acid molecule does not encode a

protein that can be quantified, preferably a reporter protein. For example, when a particular

5'-UTR or a 3'-UTR has been determined by the method of the invention, using an ORF of

the artificial nucleic acid molecule encodes a protein that can be quantified, to provide high

translation efficiency, said 5'-UTR or a 3'-UTR can be recombined with any ORF. For

example, while in the standardized assay for determining translation efficiency the ORF

encodes a reporter protein, artificial nucleic acids of the present invention are not limited to

the ORF used in the standardized assay.

These methods can also be used iteratively; i.e. an artificial nucleic acid molecule, which

has been been determined by the method herein to be characterized by high translation

efficiency, can itself be used as "reference construct" for a subsequent round of the method

herein. This enables testing whether yet further artificial nucleic acid molecule is

characterized by even higher translation efficiency (or whether a UTR comprised in the

further artificial nucleic acid molecule provides even higher translation efficiency). This

enables the identification of even further improved artificial nucleic acid molecules and

UTRs.



Stable mRNA

In some embodiments, the at least one 3'-UTR element and/or the at least one 5'-UTR

element in the artificial nucleic acid molecule according to the present invention, is derived

from a stable mRNA. Thereby, "derived" from a stable mRNA means that the at least one 3'-

UTR element and/or the at least one 5'-UTR element shares at least 50%, preferably at least

60%, preferably at least 70%, more preferably at least 75%, more preferably at least 80%,

more preferably at least 85%, even more preferably at least 90%, even more preferably at

least 95%, and particularly preferably at least 98% sequence identity with a 3'-UTR element

and/or a 5'-UTR element of a stable mRNA. Preferably, the stable mRNA is a naturally

occurring mRNA and, thus, a 3'-UTR element and/or a 5'-UTR element of a stable mRNA

refers to a 3'-UTR and/or a 5'-UTR, or fragments or variants thereof, of naturally occurring

mRNA. Moreover, a 3'-UTR element and/or a 5'-UTR element derived from a stable mRNA

preferably also refers to a 3'-UTR element and/or a 5'-UTR element, which is modified in

comparison to a naturally occurring 3'-UTR element and/or 5'-UTR element, e.g. in order to

increase RNA stability even further and/or to prolong and/or increase protein production. It

goes without saying that such modifications are preferred, which do not impair RNA

stability, e.g. in comparison to a naturally occurring (non-modified) 3'-UTR element and/or

5'-UTR element. In particular, the term mRNA as used herein refers to an mRNA molecule,

however, it may also refer to an mRNA species as defined herein.

Preferably, the stability of mRNA, i.e. mRNA decay and/or half-life, is assessed under

standard conditions, for example standard conditions (standard medium, incubation, etc.)

for a certain cell line used.

The term "stable mRNA" as used herein refers in general to an mRNA having a slow mRNA

decay. Thus, a "stable mRNA" has typically a long half-life. The half-life of an mRNA is the

the time required for degrading 50% of the in vivo or in vitro existing mRNA molecules.

Accordingly, stability of mRNA is usually assessed in vivo or in vitro. Thereby, in vitro refers

in particular to ("living") cells and/or tissue, including tissue of a living subject. Cells

include in particular cell lines, primary cells, cells in tissue or subjects. In specific

embodiments cell types allowing cell culture may be suitable for the present invention.

Particularly preferred are mammalian cells, e.g. human cells and mouse cells. In particularly

preferred embodiments the human cell lines HeLa, HEPG2 and U-937 and the mouse cell

lines NIH3T3, JAWSII and L929 are used. Furthermore primary cells are particularly



preferred, in particular preferred embodiments human dermal fibroblasts (HDF) may be

used. Alternatively also a tissue of a subject may be used.

Preferably, the half-life of a "stable mRNA" is at least 5 h, at least 6 h, at least 7 h, at least 8

h, at least 9 h, at least 0 h, at least h, at least 2 h, at least 3 h, at least h, and/or at

least 15 h . The half-life of an mRNA of interest may be determined by different methods

known to the person skilled in the art. Typically, the half-life of an mRNA of interest is

determined by determining the decay constant, whereby usually an ideal in vivo (or in vitro

as defined above) situation is assumed, in which transcription of the mRNA of interest can

be "turned off" completely (or at least to an undetectable level). In such an ideal situation it

is usually assumed that mRNA decay follows first-order kinetics. Accordingly, the decay of

an mRNA may usually be described by the following equation:

A(t) = A o * e

with A being the amount (or concentration) of the mRNA of interest at time 0, i.e. before

the decay starts, A(t) being the amount (or concentration) of the mRNA of interest at a time t

during decay and λ being the decay constant. Thus, if the amount (or concentration) of the

mRNA of interest at time 0 (Ao) and the amount (or concentration) of the mRNA of interest

at a certain time t during the decay process (A(t) and t) are known, the decay constant λ may

be calculated. Based on the decay constant λ, the half-life can be calculated by the

following equation:

t 2 = In2 / .

since per definition A(t)/A0 = 1/2 at
/2

. Thus, to assess the half-life of an mRNA of interest,

usually the amount or concentration of the mRNA is determined during the RNA decay

process in vivo (or in vitro as defined above).

To determine the amount or concentration of mRNA during the RNA decay process in vivo

(or in vitro as defined above), various methods may be used, which are known to the skilled

person. Non-limiting examples of such methods include general inhibition of transcription,



e.g. with a transcription inhibitor such as actinomycin D, use of inducible promotors to

specifically promote transient transcription, e.g. c-fos serum-inducible promotor system and

Tet-off regulatory promotor system, and kinetic labelling techniques, e.g. pulse labelling, for

example by 4-thiouridine (4sU), 5-Ethynyluridine (EU) or 5'-bromo-uridine (BrU). Further

details and preferred embodiments regarding how to determine the amount or

concentration of mRNA during the RNA decay are outlined below, in the context of a

method for identifying a 3'-UTR element and/or the at least one 5'-UTR element according

to the present invention. The respective description and preferred embodiments of how to

determine the amount or concentration of mRNA during the RNA decay apply here as well.

Preferably, a "stable mRNA" in the sense of the present invention has a slower mRNA decay

compared to average mRNA, preferably assessed in vivo (or in vitro as defined above). For

example, "average mRNA decay" may be assessed by investigating mRNA decay of a

plurality of mRNA species, preferably 00, at least 300, at least 500, at least 000, at least

2000, at least 3000, at least 4000, at least 5000, at least 6000, at least 7000, at least 8000,

at least 9000, at least 0000, at least 000, at least 12000, at least 3000, at least 14000,

at least 5000, at least 16000, at least 17000, at least 8000, at least 9000, at least 20000,

at least 2 1000, at least 22000, at least 23000, at least 24000, at least 25000, at least 26000,

at least 27000, at least 28000, at least 29000, at least 30000 mRNA species. It is particularly

preferred that the whole transcriptome is assessed, or as many mRNA species of the

transcriptome as possible. This may be achieved, for example, by using a micro array

providing whole transcript coverage.

An "mRNA species", as used herein, corresponds to a genomic transcription unit, i.e.

usually to a gene. Thus, within one "mRNA species" different transcripts may occur, for

example, due to mRNA processing. For example, an mRNA species may be represented by

a spot on a microarray. Accordingly, a microarray provides an advantageous tool to

determine the amount of a plurality of mRNA species, e.g. at a certain point in time during

mRNA decay. However, also other techniques known to the skilled person, e.g. RNA-seq,

quantitative PCR etc. may be used.

In the present invention it is particularly preferred that a stable mRNA is characterized by an

mRNA decay wherein the ratio of the amount of said mRNA at a second point in time to the



amount of said mRNA at a first point in time is at least 0.5 (50%), at least 0.6 (60%), at least

0.7 (70%), at least 0.75 (75%), at least 0.8 (80%), at least 0.85 (85%), at least 0.9 (90%), or

at least 0.95 (95%). Thereby, the second point in time is later in the decay process than the

first point in time.

Preferably, the first point in time is selected such that only mRNA undergoing a decay

process is considered, i.e. emerging mRNA - e.g. in ongoing transcription - is avoided. For

example, if kinetic labelling techniques, e.g. pulse labelling, are used, the first point in time

is preferably selected such that the incorporation of the label into mRNA is completed, i.e.

no ongoing incorporation of the label into mRNA occurs. Thus, if kinetic labelling is used,

the first point in time may be at least 10 min, at least 20 min, at least 30 min, at least 40

min, at least 50 min, at least 60 min, at least 70 min, at least 80 min, or at least 90 min after

the end of the experimental labelling procedure, e.g. after the end of the incubation of cells

with the label.

For example, the first point in time may be preferably from 0 to 6 h after the stop of

transcription (e.g. by a transcriptional inhibitor), stop of promotor induction in case of

inducible promoters or after stop of pulse or label supply, e.g. after end of labelling. More

preferably, the first point in time may be 30 min to 5 h, even more preferably 1 h to 4 h and

particularly preferably about 3 h after the stop of transcription (e.g. by a transcriptional

inhibitor), stop of promotor induction in case of inducible promotors or after stop of pulse or

label supply, e.g. after end of labelling.

Preferably, the second point in time is selected as late as possible during the mRNA decay

process. However, if a plurality of mRNA species is considered, the second point in time is

preferably selected such that still a considerable amount of the plurality of mRNA species,

preferably at least 10% of the mRNA species, is present in a detectable amount, i.e. in an

amount higher than 0 . Preferably, the second point in time is at least 5 h, at least 6 h, at

least 7 h, at least 8 h, at least 9 h, at least 0 h, at least 1 h, at least 2 h, at least 3 h, at

least 14 h, or at least h after the end of transcription or the end of the experimental

labelling procedure.



Thus, the time span between the first point in time and the second point in time is

preferably as large as possible within the above described limits. Therefore, the time span

between the first point in time and the second point in time is preferably at least 4 h, at least

5 h, at least 6 h, at least 7 h, at least 8 h, at least 9 h, at least 0 h, at least 1 h, or at least

12 h .

Moreover, it is possible that the at least one 3'-UTR element and/or the at least one 5'-UTR

element in the artificial nucleic acid molecule according to the present invention is

identified by a method for identifying a 3'-UTR element and/or a 5'-UTR element according

to the present invention as described herein. It is particularly preferred that the at least one

3'-UTR element and/or the at least one 5'-UTR element in the artificial nucleic acid

molecule according to the present invention, is identified by a method for identifying a 3'-

UTR element and/or a 5'-UTR element, which provides high translation efficiency to an

artificial nucleic acid molecule, as described herein.

Preferred embodiments of the artificial nucleic acid molecule of the present invention
Preferably, the at least one 3'-UTR element and/or the at least one 5'-UTR element in the

artificial nucleic acid molecule according to the present invention comprises or consists of a

nucleic acid sequence which is derived from the 3'-UTR and/or the 5'-UTR of a eukaryotic

protein coding gene, preferably from the 3'-UTR and/or the 5'-UTR of a vertebrate protein

coding gene, more preferably from the 3'-UTR and/or the 5'-UTR of a mammalian protein

coding gene, e.g. from mouse and human protein coding genes, even more preferably from

the 3'-UTR and/or the 5'-UTR of a primate or rodent protein coding gene, in particular the

3'-UTR and/or the 5'-UTR of a human or murine protein coding gene.

In general, it is understood that the at least one 3'-UTR element in the artificial nucleic acid

molecule according to the present invention comprises or consists of a nucleic acid

sequence which is preferably derived from a naturally (in nature) occurring 3'-UTR,

whereas the at least one 5'-UTR element in the artificial nucleic acid molecule according to

the present invention comprises or consists of a nucleic acid sequence which is preferably

derived from a naturally (in nature) occurring 5'-UTR.



Preferably, the at least one open reading frame is heterologous to the at least one 3'-UTR

element and/or to the at least one 5'-UTR element. The term "heterologous" in this context

means that two sequence elements comprised by the artificial nucleic acid molecule, such

as the open reading frame and the 3'-UTR element and/or the open reading frame and the

5'-UTR element, do not occur naturally (in nature) in this combination. They are typically

recombinant. Preferably, the 3'-UTR element and/or the 5'-UTR element are/is derived from

a different gene than the open reading frame. For example, the ORF may be derived from a

different gene than the 3'-UTR element and/or to the at least one 5'-UTR element, e.g.

encoding a different protein or the same protein but of a different species etc. I.e. the open

reading frame is derived from a gene which is distinct from the gene from which the 3'-UTR

element and/or to the at least one 5'-UTR element is derived. In a preferred embodiment,

the ORF does not encode a human or plant (e.g., Arabidopsis) ribosomal protein, preferably

does not encode human ribosomal protein S6 (RPS6), human ribosomal protein L36a-like

(RPL36AL) or Arabidopsis ribosomal protein S 6 (RPS1 6). In a further preferred

embodiment, the open reading frame (ORF) does not encode ribosomal protein S6 (RPS6),

ribosomal protein L36a-like (RPL36AL) or ribosomal protein S 6 (RPS1 6).

In specific embodiments it is preferred that the open reading frame does not code for a

reporter protein, e.g., selected from the group consisting of globin proteins (particularly

beta-globin), luciferase protein, GFP proteins or variants thereof, for example, variants

exhibiting at least 70% sequence identity to a globin protein, a luciferase protein, or a GFP

protein. Thereby, it is particularly preferred that the open reading frame does not code for a

GFP protein. It is also particularly preferred that 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, beta-glucuronidase (GUS) and GFP proteins or variants thereof,

preferably not selected from EGFP, or variants of any of the above genes, typically

exhibiting at least 70% sequence identity to any of these reporter genes, preferably a globin

protein, a luciferase protein, or a GFP protein.

Even more preferably, the 3'-UTR element and/or the 5'-UTR element is heterologous to any

other element comprised in the artificial nucleic acid as defined herein. For example, if the

artificial nucleic acid according to the invention comprises a 3'-UTR element from a given



gene, it does preferably not comprise any other nucleic acid sequence, in particular no

functional nucleic acid sequence (e.g. coding or regulatory sequence element) from the

same gene, including its regulatory sequences at the 5' and 3' terminus of the gene's ORF.

Accordingly, for example, if the artificial nucleic acid according to the invention comprises

a 5'-UTR element from a given gene, it does preferably not comprise any other nucleic acid

sequence, in particular no functional nucleic acid sequence (e.g. coding or regulatory

sequence element) from the same gene, including its regulatory sequences at the 5' and 3'

terminus of the gene's ORF.

Moreover, it is preferred that the artificial nucleic acid according to the present invention

comprises at least one open reading frame, at least one 3'-UTR (element) and at least one

5'-UTR (element), whereby either the at least one 3'-UTR (element) is a 3'-UTR element

according to the present invention and/or the at least one 5'-UTR (element) is a 5'-UTR

element according to the present invention. In such a preferred artificial nucleic acid

according to the present invention, which comprises at least one open reading frame, at

least one 3'-UTR (element) and at least one 5'-UTR (element), it is particularly preferred that

each of the at least one open reading frame, the at least one 3'-UTR (element) and the at

least one 5'-UTR (element) are heterologous, i.e. neither the at least one 3'-UTR (element)

and the at least one 5'-UTR (element) nor the open reading frame and the 3'-UTR (element)

or the 5'-UTR (element), respectively, are occurring naturally (in nature) in this

combination. This means that the artificial nucleic acid molecule comprises an ORF, a 3'-

UTR (element) and a 5'-UTR (element), all of which are heterologous to each other, e.g.

they are recombinant as each of them is derived from different genes (and their 5' and 3'

UTR's). In another preferred embodiment, the 3'-UTR (element) is not derived from a 3'-

UTR (element) of a viral gene or is not of viral origin.

Preferably, the at least one 3'-UTR element and/or to the at least one 5'-UTR element is

functionally linked to the ORF. This means preferably that the 3'-UTR element and/or to the

at least one 5'-UTR element is associated with the ORF such that it may exert a function,

such as an enhancing or stabilizing function on the expression of the encoded peptide or

protein or a stabilizing function on the artificial nucleic acid molecule. Preferably, the ORF

and the 3'-UTR element are associated in 5'->3' direction and/or the 5'-UTR element and

the ORF are associated in 5'->3' direction. Thus, preferably, the artificial nucleic acid



molecule comprises in general the structure 5'-[5'-UTR element]-(optional)-linker-ORF-

(optional)-linker-[3'-UTR element]-3', wherein the artificial nucleic acid molecule may

comprise only a 5'-UTR element and no 3'-UTR element, only a 3'-UTR element and no 5'-

UTR element, or both, a 3'-UTR element and a 5'-UTR element. Furthermore, the linker

may be present o r absent. For example, the linker may be one or more nucleotides, such as

a stretch of 1-50 or -20 nucleotides, e.g., comprising o r consisting of one o r more

restriction enzyme recognition sites (restriction sites).

Preferably, the at least one 3'-UTR element and/or the at least one 5'-UTR element

comprises o r consists of a nucleic acid sequence which is derived from the 3'-UTR and/or

the 5'-UTR of a transcript of a gene selected from the group consisting of ZNF460, TGM2,

IL7R, BGN, TK1 , RAB3B, CBX6, FZD2, COL8A1 , NDUFS7, PHGDH, PLK2, TSPO, PTGS1 ,

FBX032, NID2, ATP5D, EXOSC4, NOL9, UBB4B, VPS1 8, ORMDL2, FSCN1 , TMEM33,

TUBA4A, EMP3, TMEM201, CRIP2, BRAT1, SERPINH1, CD9, DPYSL2, CDK9, TFRC,

PSMB3 5'-UTR, FASN, PSMB6, PRSS56, KPNA6, SFT2D2, PARD6B, LPP, SPARC, SCAND1 ,

VASN, SLC26A1 , LCLAT1 , FBXL1 8, SLC35F6, RAB3D, MAPI B, VMA21 , CYBA, SEZ6L2,

PCOLCE, VTN, ALDH1 6A1 , RAVER1 , KPNA6, SERINC5, JUP, CPN2, CRIP2, EPT1 , PNPO,

SSSCA1 , POLR2L, LIN7C, UQCR1 0, PYCRL, AMN, MAPI S, NDUFS7, PHGDH, TSPO,

ATP5D, EXOSC4, TUBB4B, TUBA4A, EMP3, CRIP2, BRAT1 , CD9, CDK9, PSMB3, PSMB6,

PRSS56, SCAND1 , AMN, CYBA, PCOLCE, MAPI S, VTN, ALDH1 6A1 (all preferably

human) and Dpysl2, Ccndl, Acox2, Cbx6, Ubc, Ldlr, Nudt22, Pcyoxl l, Ankrdl , Tmem37,

Tspyl4, Slc7a3, Cst6, Aacs, Nosip, Itga7, Ccnd2, Ebp, Sf3b5, Fasn, Hmgcsl , Osr1 , Lmnbl,

Vma21 , Kif20a, Cdca8, Slc7a1, Ubqln2, Prps2, Shmt2, Aurkb, FignM, Cad, Anln, Slfn9,

Ncaph, Pole, Uhrfl, Gja1 , Fam64a, Kif2c, TspanI O, Scandl , Gpr84, Fads3, Cers6, Cxcr4,

Gprc5c, Fen1 , Cspg4, Mrpl34, Comtdl , Armc6, Emr4, Atp5d, 0001 J03Rik, Csf2ra,

Aarsdl , if22, Cth, Tpgsl , Cell 7, Alkbh7, Ms4a8a, Acox2, Ubc, Slpi, Pcyoxl l, Igf2bp1 ,

Tmem37, Slc7a3, Cst6, Ebp, Sf3b5, Plk1, Cdca8, if22, Cad, Cth, Pole, Kif2c, Scandl,

Gpr84, Tpgsl , Ccl1 7, Alkbh7, Ms4a8a, Mrpl34, Comtdl, Armc6, Atp5d, 0001 J03Rik,

Nudt22, Aarsdl (all preferably mouse).

Preferably, the at least one 3'-UTR element and/or the at least one 5'-UTR element of the

artificial nucleic acid molecule according to the present invention comprises o r consists of a



"functional fragment", a "functional variant" or a "functional fragment of a variant" of the

3'-UTR and/or the 5'-UTR of a transcript of a gene.

Preferably, the at least one 5'-UTR element comprises a nucleic acid sequence which is

derived from the 5'-UTR of a transcript of a gene selected from the group consisting of

ZNF460-5'-UTR, TGM2-5'-UTR, IL7R-5'-UTR, BGN-5'-UTR, TK1-5'-UTR, RAB3B-5'-UTR,

CBX6-5'-UTR, FZD2-5'-UTR, COL8A1 -5'-UTR, NDUFS7-5'-UTR, PHGDH-5'-UTR, PLK2-

5'-UTR, TSPO-5'-UTR, PTGS1 -5'-UTR, FBX032-5'-UTR, NID2-5'-UTR, ATP5D-5'-UTR,

EXOSC4-5'-UTR, NOL9-5'-UTR, UBB4B-5'-UTR, VPS1 8-5'-UTR, ORMDL2-5'-UTR,

FSCNl -5'-UTR, TMEM33-5'-UTR, TUBA4A-5'-UTR, EMP3-5'-UTR, TMEM201 -5'-UTR,

CRIP2-5'-UTR, BRAT1 -5'-UTR, SERPINH1 -5'-UTR, CD9-5'-UTR, DPYSL2-5'-UTR, CDK9-

5'-UTR, TFRC-5'-UTR, PSMB3 5'-UTR, FASN-5'-UTR, PSMB6-5'-UTR, PRSS56-5'-UTR,

KPNA6-5'-UTR, SFT2D2-5'-UTR, PARD6B-5'-UTR, LPP-5'-UTR, SPARC-5'-UTR, SCAND1 -

5'-UTR, VASN-5'-UTR, SLC26A1 -5'-UTR, LCLAT1 -5'-UTR, FBXL1 8-5'-UTR, SLC35F6-5'-

UTR, RAB3D-5'-UTR, MAPI B-5'-UTR, VMA21 -5'-UTR, CYBA-5'-UTR, SEZ6L2-5'-UTR,

PCOLCE-5'-UTR, VTN-5'-UTR, ALDH1 6A1 -5'-UTR, RAVER1 -5'-UTR, KPNA6-5'-UTR,

SERINC5-5'-UTR, JUP-5'-UTR, CPN2-5'-UTR, CRIP2-5'-UTR, EPT1-5'-UTR, PNPO-5'-UTR,

SSSCA1 -5'-UTR, POLR2L-5'-UTR, LIN7C-5'-UTR, UQCR1 0-5'-UTR, PYCRL-5'-UTR, AMN-

5'-UTR, MAP1 S-5'-UTR, (all preferably human) and Dpysl2-5'-UTR, Ccndl -5'-UTR,

Acox2-5'-UTR, Cbx6-5'-UTR, Ubc-5'-UTR, Ldlr-5'-UTR, Nudt22-5'-UTR, Pcyoxl l-5'-UTR,

Ankrd1 -5'-UTR, Tmem37-5'-UTR, Tspyl4-5'-UTR, Slc7a3-5'-UTR, Cst6-5'-UTR, Aacs-5'-

UTR, Nosip-5'-UTR, ltga7-5'-UTR, Ccnd2-5'-UTR, Ebp-5'-UTR, Sf3b5-5'-UTR, Fasn-5'-

UTR, Hmgcs1 -5'-UTR, Osr1 -5'-UTR, Lmnbl -5'-UTR, Vma21-5'-UTR, Kif20a-5'-UTR,

Cdca8-5'-UTR, Slc7a1 -5'-UTR, Ubqln2-5'-UTR, Prps2-5'-UTR, Shmt2-5'-UTR, Aurkb-5'-

UTR, Fignl1 -5'-UTR, Cad-5'-UTR, Anln-5'-UTR, Slfn9-5'-UTR, Ncaph-5'-UTR, Pole-5'-UTR,

Uhrf1 -5'-UTR, Gja1 -5'-UTR, Fam64a-5'-UTR, Kif2c-5'-UTR, Tspanl 0-5'-UTR, Scand1 -5'-

UTR, Gpr84-5'-UTR, Fads3-5'-UTR, Cers6-5'-UTR, Cxcr4-5'-UTR, Gprc5c-5'-UTR, Fen1 -5'-

UTR, Cspg4-5'-UTR, Mrpl34-5'-UTR, Comtdl -5'-UTR, Armc6-5'-UTR, Emr4-5'-UTR,

Atp5d-5'-UTR, 1 10001J03Rik-5'-UTR, Csf2ra-5'-UTR, Aarsdl -5'-UTR, Kif22-5'-UTR, Cth-

5'-UTR, Tpgs1 -5'-UTR, Cell 7-5'-UTR, Alkbh7-5'-UTR, Ms4a8a-5'-UTR (all preferably

mouse).



Preferably, the at least one 3'-UTR element comprises or consists of a nucleic acid sequence

which is derived from the 3'-UTR of a transcript of a gene selected from the group

consisting of NDUFS7-3'-UTR, PHGDH-3'-UTR, TSPO-3'-UTR, ATP5D-3'-UTR, EXOSC4-

3'-UTR, TUBB4B-3'-UTR, TUBA4A-3'-UTR, EMP3-3'-UTR, CRIP2-3'-UTR, BRAT1 -3'-UTR,

CD9-3'-UTR, CDK9-3'-UTR, PSMB3-3'-UTR, PSMB6-3'-UTR, PRSS56-3'-UTR, SCAND1 -3'-

UTR, AMN-3'-UTR, CYBA-3'-UTR, PCOLCE-3'-UTR, MAPI S-3'-UTR, VTN-3'-UTR,

ALDH1 6A1 -3'-UTR (all preferably human) and Acox2-3'-UTR, Ubc-3'-UTR, Slpi-3'-UTR,

Pcyoxl l-3'-UTR, Igf2bpl -3'-UTR, Tmem37-3'-UTR, Slc7a3-3'-UTR, Cst6-3'-UTR, Ebp-3'-

UTR, Sf3b5-3'-UTR, Plk1 -3'-UTR, Cdca8-3'-UTR, Kif22-3'-UTR, Cad-3'-UTR, Cth-3'-UTR,

Pole-3'-UTR, Kif2c-3'-UTR, Scandl -3'-UTR, Gpr84-3'-UTR, Tpgsl -3'-UTR, Cell 7-3'-UTR,

Alkbh7-3'-UTR, Ms4a8a-3'-UTR, Mrpl34-3'-UTR, Comtdl -3'-UTR, Armc6-3'-UTR, Atp5d-

3'-UTR, 0001 J03Rik-3'-UTR, Nudt22-3'-UTR, Aarsdl -3'-UTR (all preferably mouse).

It is also preferred that the artificial nucleic acid of the invention comprises both (i) at least

one preferred 5'-UTR and (i) at least one preferred 3'-UTR.

In a particularly preferred embodiment, the at least one 5'-UTR element comprises a nucleic

acid sequence which is derived from the 5'-UTR of a transcript of a gene selected from the

group consisting of ZNF460-5'-UTR, TGM2-5'-UTR, IL7R-5'-UTR, COL8A1 -5'-UTR,

NDUFS7-5'-UTR, PLK2-5'-UTR, FBX032-5'-UTR, ATP5D-5'-UTR, TUBB4B-5'-UTR,

ORMDL2-5'-UTR, FSCN1 -5'-UTR, CD9-5'-UTR, PYSL2-5'-UTR, PSMB3-5'-UTR, PSMB6-5'-

UTR, KPNA6-5'-UTR, SFT2D2-5'-UTR, LCLAT1 -5'-UTR, FBXL1 8-5'-UTR, SLC35F6-5'-UTR,

VMA21 -5'-UTR, SEZ6L2-5'-UTR, PCOLCE-5'-UTR, VTN-5'-UTR, ALDH1 6A -5'-UTR,

KPNA6-5'-UTR, JUP-5'-UTR, CPN2-5'-UTR, PNPO-5'-UTR, SSSCA1 -5'-UTR, POLR2L-5'-

UTR, LIN7C-5'-UTR, UQCR1 0-5'-UTR, PYCRL-5'-UTR, AMN-5'-UTR, MAP1 S-5'-UTR (all

human), Dpysl2-5'-UTR, Acox2-5'-UTR, Ubc-5'-UTR, Nudt22-5'-UTR, Pcyoxl l-5'-UTR,

Ankrd1 -5'-UTR, Tspyl4-5'-UTR, Slc7a3-5'-UTR, Aacs-5'-UTR, Nosip-5'-UTR, ltga7-5'-UTR,

Ccnd2-5'-UTR, Ebp-5'-UTR, Sf3b5-5'-UTR, Fasn-5'-UTR, Hmgcsl -5'-UTR, Osr1 -5'-UTR,

Lmnb1 -5'-UTR, Vma21 -5'-UTR, Kif20a-5'-UTR, Cdca8-5'-UTR, Slc7a1 -5'-UTR, Ubqln2-5'-

UTR, Prps2-5'-UTR, Shmt2-5'-UTR, Fignll -5'-UTR, Cad-5'-UTR, Anln-5'-UTR, Slfn9-5'-

UTR, Ncaph-5'-UTR, Pole-5'-UTR, Uhrfl -5'-UTR, Cja1 -5'-UTR, Fam64a-5'-UTR, Tspanl O-

5'-UTR, Scandl -5'-UTR, Gpr84-5'-UTR, Cers6-5'-UTR, Cxcr4-5'-UTR, Gprc5c-5'-UTR,

Fen1-5'-UTR, Cspg4-5'-UTR, Mrpl34-5'-UTR, Comtdl -5 '-UTR, Armc6-5'-UTR, Emr4-5'-



UTR, Atp5d-5'-UTR, Csf2ra-5'-UTR, Aarsd1-5'-UTR, Cth-5'-UTR, Tpgsl -5'-UTR, Cel 7-5'-

UTR, Alkbh7-5'-UTR, Ms4a8a-5'-UTR (all mouse). Such UTR elements were shown to

contribute to high translation efficiency.

In a particularly preferred embodiment, the at least one 3'-UTR element comprises a nucleic

acid sequence which is derived from the 3'-UTR of a transcript of a gene selected from the

group consisting of NDUFS7-3'-UTR, PHGDH-3'-UTR, TSPO-3'-UTR, ATP5D-3'-UTR,

EXOSC4-3'-UTR, TUBB4B-3'-UTR, TUBA4A-3'-UTR, EMP3-3'-UTR, CRIP2-3'-UTR,

BRAT1 -3'-UTR, CD9-3'-UTR, CDK9-3'-UTR, PSMB3-3'-UTR, PSMB6-3'-UTR, PRSS56-3'-

UTR, SCAND1 -3'-UTR, AMN-3'-UTR, CYBA-3'-UTR, PCOLCE-3'-UTR, MAPI S-3'-UTR,

VTN-3'-UTR, ALDH1 6Al -3'-UTR (all preferably human) and Acox2-3'-UTR, Ubc-3'-UTR,

Slpi-3'-UTR, Pcyoxl l-3'-UTR, Igf2bp1 -3'-UTR, Tmem37-3'-UTR, Slc7a3-3'-UTR, Cst6-3'-

UTR, Ebp-3'-UTR, Sf3b5-3'-UTR, Plk1 -3'-UTR, Cdca8-3'-UTR, Kif22-3'-UTR, Cad-3'-UTR,

Cth-3'-UTR, Pole-3'-UTR, Kif2c-3'-UTR, Scandl -3'-UTR, Gpr84-3'-UTR, Tpgsl -3'-UTR,

Ccl1 7-3'-UTR, Alkbh7-3'-UTR, Ms4a8a-3'-UTR, Mrpl34-3'-UTR, Comtdl -3'-UTR, Armc6-

3'-UTR, Atp5d-3'-UTR, 1 0001 J03Rik-3'-UTR, Nudt22-3'-UTR, Aarsdl -3'-UTR, (all

preferably mouse). Such UTR elements were shown to contribute to high translation

efficiency.

These particularly preferred embodiments are combinable so that that the artificial nucleic

acid of the invention comprises both (i) at least one particularly preferred 5'-UTR and (i) at

least one particularly preferred 3'-UTR.

The phrase "nucleic acid sequence which is derived from the 3'-UTR and/or the 5'-UTR of a

of a transcript of a gene" preferably refers to a nucleic acid sequence which is based on the

3'-UTR sequence and/or on the 5'-UTR sequence of a transcript of a gene or a fragment or

part thereof, preferably a naturally occurring gene or a fragment or part thereof. In this

context, the term naturally occurring is used synonymously with the term wild-type. This

phrase includes sequences corresponding to the entire 3'-UTR sequence and/or the entire

5'-UTR sequence, i.e. the full length 3'-UTR and/or 5'-UTR sequence of a transcript of a

gene, and sequences corresponding to a fragment of the 3'-UTR sequence and/or the 5'-

UTR sequence of a transcript of a gene. Preferably, a fragment of a 3'-UTR and/or a 5'-UTR

of a transcript of a gene consists of a continuous stretch of nucleotides corresponding to a



continuous stretch of nucleotides in the full-length 3'-UTR and/or 5'-UTR of a transcript of a

gene, which represents at least 5%, 0%, 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 3'-UTR and/or 5'-UTR of a transcript of a gene. Such a fragment, in

the sense of the present invention, is preferably a functional fragment as described herein.

Preferably, the fragment retains a regulatory function for the translation of the ORF linked to

the 3'-UTR and/or 5'-UTR or fragment thereof.

The terms "variant of the 3'-UTR and/or variant of the 5'-UTR of a of a transcript of a gene"

and "variant thereof" in the context of a 3'-UTR and/or a 5'-UTR of a transcript of a gene

refers to a variant of the 3'-UTR and/or 5'-UTR of a transcript of a naturally occurring gene,

preferably to a variant of the 3'-UTR and/or 5'-UTR of a transcript of a vertebrate gene,

more preferably to a variant of the 3'-UTR and/or 5'-UTR of a transcript of a mammalian

gene, even more preferably to a variant of the 3'-UTR and/or 5'-UTR of a transcript of a

primate gene, in particular a human gene as described above. Such variant may be a

modified 3'-UTR and/or 5'-UTR of a transcript of a gene. For example, a variant 3'-UTR

and/or a variant of the 5'-UTR may exhibit one or more nucleotide deletions, insertions,

additions and/or substitutions compared to the naturally occurring 3'-UTR and/or 5'-UTR

from which the variant is derived. Preferably, a variant of a 3'-UTR and/or variant of the 5'-

UTR of a of a transcript of a gene is at least 40%, preferably at least 50%, more preferably at

least 60%, more preferably at least 70%, even more preferably at least 80%, even more

preferably at least 90%, most preferably at least 95% identical to the naturally occurring 3'-

UTR and/or 5'-UTR the variant is derived from. Preferably, the variant is a functional variant

as described herein.

The phrase "a nucleic acid sequence which is derived from a variant of the 3'-UTR and/or

from a variant of the 5'-UTR of a of a transcript of a gene" preferably refers to a nucleic acid

sequence which is based on a variant of the 3'-UTR sequence and/or the 5'-UTR of a

transcript of a gene or on a fragment or part thereof as described above. This phrase

includes sequences corresponding to the entire sequence of the variant of the 3'-UTR and/or

the 5'-UTR of a transcript of a gene, i.e. the full length variant 3'-UTR sequence and/or the

full length variant 5'-UTR sequence of a transcript of a gene, and sequences corresponding



to a fragment of the variant 3'-UTR sequence and/or a fragment of the variant 5'-UTR

sequence of a transcript of a gene. Preferably, a fragment of a variant of the 3'-UTR and/or

the 5'-UTR of a transcript of a gene consists of a continuous stretch of nucleotides

corresponding to a continuous stretch of nucleotides in the full-length variant of the 3'-UTR

and/or the 5'-UTR of a transcript of a gene, 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 preferably at least 70%, even more preferably at least

80%, and most preferably at least 90% of the full-length variant of the 3'-UTR and/or the 5'-

UTR of a transcript of a gene. Such a fragment of a variant, in the sense of the present

invention, is preferably a functional fragment of a variant as described herein.

The terms "functional variant", "functional fragment", and "functional fragment of a variant"

(also termed "functional variant fragment") in the context of the present invention, mean

that the fragment of the 3'-UTR and/or the 5'-UTR, the variant of the 3'-UTR and/or the 5'-

UTR, or the fragment of a variant of the 3'-UTR and/or the 5'-UTR of a transcript of a gene

fulfils at least one, preferably more than one function of the naturally occurring 3'-UTR

and/or 5'-UTR of a transcript of a gene of which the variant, the fragment, or the fragment of

a variant is derived. Such function may be, for example, stabilizing mRNA and/or

enhancing, stabilizing and/or prolonging protein production from an mRNA and/or

increasing protein expression or total protein production from an mRNA, preferably in a

mammalian cell, such as in a human cell. Preferably, the function of the 3'-UTR and/or the

5'-UTR concerns the translation of the protein encoded by the ORF. More preferably, the

function comprises enhancing translation efficiency of the ORF linked to the 3'-UTR and/or

the 5'-UTR or fragment or variant thereof. It is particularly preferred that the variant, the

fragment, and the variant fragment in the context of the present invention fulfil the function

of stabilizing an mRNA, preferably in a mammalian cell, such as a human cell, compared to

an mRNA comprising a reference 3'-UTR and/or a reference 5'-UTR or lacking a 3'-UTR

and/or a 5'-UTR, and/or the function of enhancing, stabilizing and/or prolonging protein

production from an mRNA, preferably in a mammalian cell, such as in a human cell,

compared to an mRNA comprising a reference 3'-UTR and/or a reference 5'-UTR or lacking

a 3'-UTR and/or a 5'-UTR, and/or the function of increasing protein production from an

mRNA, preferably in a mammalian cell, such as in a human cell, compared to an mRNA

comprising a reference 3'-UTR and/or a reference 5'-UTR or lacking a 3'-UTR and/or a 5'-



UTR. A reference 3'-UTR and/or a reference 5'-UTR may be, for example, a 3'-UTR and/or

a 5'-UTR naturally occurring in combination with the ORF. Furthermore, a functional

variant, a functional fragment, or a functional variant fragment of a 3'-UTR and/or a 5'-UTR

of a transcript of a gene preferably does not have a substantially diminishing effect on the

efficiency of translation of the mRNA which comprises such variant, fragment, or variant

fragment of a 3'-UTR and/or a 5'-UTR compared to the wild-type 3'-UTR and/or the wild-

type 5'-UTR from which the variant, the fragment, or the variant fragment is derived. A

particularly preferred function of a "functional fragment", a "functional variant" or a

"functional fragment of a variant" of the 3'-UTR and/or the 5'-UTR of a transcript of a gene

in the context of the present invention is the enhancement, stabilization and/or prolongation

of protein production by expression of an mRNA carrying the functional fragment,

functional variant or functional fragment of a variant as described above.

Preferably, the efficiency of the one or more functions exerted by the functional variant, the

functional fragment, or the functional variant fragment, such as providing translation

efficiency, is increased by at least 5%, more preferably by at least 0%, more preferably by

at least 20%, more preferably by at least 30%, more preferably by at least 40%, more

preferably by at least 50%, more preferably by at least 60%, even more preferably by at

least 70%, even more preferably by at least 80%, most preferably by at least 90% with

respect to the translation efficiency exhibited by the naturally occurring 3'-UTR and/or 5'-

UTR of a transcript of a gene from which the variant, the fragment or the variant fragment is

derived.

In the context of the present invention, a fragment of the 3'-UTR and/or of the 5'-UTR of a

transcript of a gene or of a variant of the 3'-UTR and/or of the 5'-UTR of a transcript of a

gene preferably exhibits a length of at least about 3 nucleotides, preferably of at least about

5 nucleotides, more preferably of at least about 10, 15, 20, 25 or 30 nucleotides, even more

preferably of at least about 50 nucleotides, most preferably of at least about 70 nucleotides.

Preferably, such fragment of the 3'-UTR and/or of the 5'-UTR of a transcript of a gene or of a

variant of the 3'-UTR and/or of the 5'-UTR of a transcript of a gene is a functional fragment

as described above. In a preferred embodiment, the 3'-UTR and/or the 5'-UTR of a

transcript of a gene or a fragment or variant thereof exhibits a length of between 3 and

about 500 nucleotides, preferably of between 5 and about 150 nucleotides, more preferably



of between 10 and 00 nucleotides, even more preferably of between 15 and 90, most

preferably of between 20 and 70. Typically, the 5'-UTR element and/or the 3'-UTR element

is characterized by less than 500, 400, 300, 200, 50 or less than 100 nucleotides.

5'-UTR elements

Preferably, the at least one 5'-UTR element comprises or consists of a nucleic acid sequence

which has an identity of at least about 1, 2, 3, 4, 5, 0, 5, 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 NO: 1 to 15 1 or the

corresponding RNA sequence, respectively, 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 a nucleic acid sequence selected from the group consisting of SEQ ID

NO: 1 to 15 1 or the corresponding RNA sequence, respectively.

Among the sequences detailed in the following, SEQ D NO: 1 to 136 can be considered as

wild-type 5'-UTR sequences, and SEQ ID NO: 36 to 15 1 can be considered as artificial 5'-

UTR sequences.

SEQ ID NO: 1 - Homo sapiens ZNF4 60 5 '-UTR

NM_006635 .3

GAAACAGTGTGGGGCCTAGAGCGCTGGGTGGGCGCGTTCTGCGGCCTGAGCAGGGACGGGTAGTGA

AGCGGTTACGCCCCTTCTTCGCGTCTTGGCGGGAGCCTGACGCCCCGCTTCTCCCCTAACGAGGTG

TCCCACCGGCGCCCGCCGAGGCCTAGGCCTCCGCAGCCGCCCTCCGTCTCCTCAGCCCCGACGCTG

CGCCTTGGGCCTTGTGCGCATTTTTTTCGGGGGAAAACTGAGGCTCGGAGTGCGAAAGTCAGCCGA

GGTCGCCCCGCCCAGGACAGAGAAGGGCTGTGGTCGGCTGATCCGCGGCATTCCCGGG

SEQ ID NO: 2 - Homo sapiens TGM2 5'-UTR

NM 004613.2



ATAAGTTAGCGCCGCTCTCCGCCTCGGCAGTGCCAGCCGCCAGTGGTCGCACTTGGAGGGTCTCGC

CGCCAGTGGAAGGAGCCACCGCCCCCGCCCGACC

SEQ ID NO: 3 - Homo sapiens IL7R 5'-UTR

NM_002185.3

ATCTAAGCTTCTCTGTCTTCCTCCCTCCCTCCCTTCCTCTTACTCTCATTCATTTCATACACACTG

GCTCACACATCTACTCTCTCTCTCTATCTCTCTCAGA

SEQ ID NO: 4 - Homo sapiens BGN 5 '-UTR

NM_001711.4

CCTTTCCTCCCTCCCCGCCCTCTCCCCGCTGTCCCCTCCCCGTCGGCCCGCCTGCCCAGCCTTTAG

CCTCCCGCCCGCCGCCTCTGTCTCCCTCTCTCCACAAACTGCCCAGGAGTGAGTAGCTGCTTTCGG

TCCGCCGGACACACCGGACAGATAGACGTGCGGACGGCCCACCACCCCAGCCCGCCAACTAGTCAG

CCTGCGCCTGGCGCCTCCCCTCTCCAGGTCCATCCGCC

SEQ ID NO: 5 - Homo sapiens TK1 5 '-UTR

NM_003258 .4

GCGCACGTCCCGGATTCCTCCCACGAGGGGGCGGGCTGCGGCCAAATCTCCCGCCAGGTCAGCGGC

CGGGCGCTGATTGGCCCCATGGCGGCGGGGCCGGCTCGTGATTGGCCAGCACGCCGTGGTTTAAAG

CGGTCGGCGCGGGAACCAGGGGCTTACTGCGGGACGGCCTTGGAGAGTACTCGGGTTCGTGAACTT

CCCGGAGGCGCA

SEQ ID NO: 6 - Homo sapiens RAB3B 5 '-UTR

NM_002867 .3

AGACTCCGCCCTTGGGCGGGGCCTGGATGCGGCCGGAGCGGAGCAGTGCTGGAGCGGGAGCCTCAG

CCCTCAGGCGCCACTGTGAGGACCTGACCGGACCAGACCATCCCGCAGCGCCCCGCCCCGGCCCCC

TCCGCGCCCTCCCGACGCCAGGTCCTGCCGTCCCGCCGACCGTCCGGGAGCGAACCCGTCGTCCCG

CACTCGGAGTCCGCG

SEQ ID NO: 7 - Homo sapiens CBX6 5 '-UTR

NM_014292 .3

GAGCGGTGCCGCACCGGCCGCGGGCGCAGGGAGTATTATGGGCTGTGGGTGCCGCTGAGCAAG

SEQ ID NO: 8 - Homo sapiens FZD2 5 '-UTR

NM 001466.3



GAGGAGAGAGGGCAGCAGCGCGCGGTGTCTCCGGCTGCTCAGTCCGACCGCGGCAAGCAAGCGGGC

AGGCGCACCGCCCCCTCCCCCGCCCGGCCTCCCCAACTCTGCGGCCGCGAGTAAAGTTTGCAAAGA

GGCGCGGGAGGCGGCAGCCGCAGCGAGGAGGCGGCGGGGAAGAAGCGCAGTCTCCGGGTTGGGGGC

GGGGGCGGGGGGGGCGCCAAGGAGCCGGGTGGGGGGCGGCGGCCAGC

SEQ ID NO : 9 - Homo sapiens COL8A1 5'-UTR

NM_0018 50.4

ATCACAGCCCTTCCCCGATCCTCTCCGTGGGAGCCAGCGAGCCTCTCTCCCTGATCTTACGTGCTC

AAGGGAGCTCACACGTTCACCAACTCACCCTTGAAGTCATCTCAAGAACAAAAGACAACTGAAAGA

AGCTGTTGTGAAGGCAGAGCAGCATCTGCTGAAGAGACAGAAACCAGCCCCAGAGGTGTCACAGGA

AGGCACCAGCAAGGACATTGGTCTTTGATTTGATTCAGCAGTCCTGTCAAGTATAAATGTG

SEQ ID NO: 10 - Homo sapiens NDUFS7 5'-UTR

NM_02 440 .

AAGGAGAACGGACCTCAGAGGTTGTCTGAAGGCCGAGGCCAAG

SEQ ID NO: 11 - Homo sapiens PHGDH 5 '-UTR

NM_006623. 3

GCAGGGATTTGGCAACCTCAGAGCCGCGAGGAGGAGGCGGAGTCGCGGAGAGTTTGAGTATTTCCG

TCCAATCAAAAGGAGACTGTAAGAGGAGGAGGAGGAGGAGATGACTGGGGAGCGGGAGGTGGAGAA

TACTGCCCAGTTACTCTAGCGCGCCAGGCCGAACCGCAGCTTCTTGGCTTAGGTACTTCTACTCAC

AGCGGCCGATTCCGAGGCCAACTCCAGCA

SEQ ID NO: 12 - Homo sapiens PLK2 5 '-UTR

NM_006622.3

TCCGCCCCCTTCCCGCCTCCCCGTATATAAGACTTCGCCGAGCGCTCTCACTCGCACAAGTGGACC

GGGGTGTTGGGTGCTAGTCGGCACCAGAGGCAAGGGTGCGAGGACCACGGCCGGCTCGGACGTGTG

ACCGCGCCTAGGGGGTGGCAGCGGGCAGTGCGGGGCGGCAAGGCGACC

SEQ ID NO: 13 - Homo sapiens TSPO 5 '-UTR

NM_000714 .5

GGCGGCTGGGAGGGGCGGGGCGGATGCGGGGACAGCGGCCTGGCTAACTCCTGCCAGGCAGTGCCC

TTCCCGGAGCGTGCCCTCGCCGCTGAGCTCCCCTGAACAGCAGCTGCAGCAGCC

SEQ ID NO: 14 - Homo sapiens PTGS1 5 '-UTR



NM_000962 .3

ATGGGCTGGAGCTCCGGGCAGTGTGCGAGGCGCACGCACAGGAGCCTGCACTCTGCGTCCCGCACC

CCAGCAGCCGCGCC

SEQ ID NO: 15 - Homo sapiens FBX032 5 '-UTR

NM_058229 .3

GCTGCGGCCGGCTGCGGGGATAAATACTGCGGCAGCTACTGCCGCGCAGCACTCCCGGAGCCTGCA

ACGCTTGAGATCCTCTCCGCGCCCGCCACCCCGCAGGGTGCCCCGCGCCGTTCCCGCCGCCCCGCC

GCCCCCGTCGCGGGCCCCTGCACCCCGAGCATCCGCCCCGGGTGGCACGTCCCCGAGCCCACCAGG

CCGGCCCCGTCTCCCCATCCGTCTAGTCCGCTCGCGGTGCC

SEQ ID NO: 16 - Homo sapiens NID2 5 '-UTR

NM_007361.3

GCCTTAGAAAAGTTAACGAGAACCAGATGTGGTGGCCACTGCCGAACTTTCTCAGAGCCGGTGATT

GGTCCCCAGCCGAGGGCCTCAGCCAATTAGCTTGCTGGGTGGGCCTGGAGTCCCGCCCCGCCCAGG

CGCCCGCGGAGATCCAGGTTCGAGGCTGGCGCGGCGCGGAGAGTGGGCTGGAGGCCGGGGCGGGAC

GCGTTGTGCAGCGGGTAAGCGCACGGCCGAGCGAGC

SEQ ID NO: 17 - Homo sapiens ATP5D 5'-UTR

NM_00168 7.4

CAGACGTCCCTGCGCGTCGTCCTCCTCGCCCTCCAGGCCGCCCGCGCCGCGCCGGAGTCCGCTGTC

CGCCAGCTACCCGCTTCCTGCCGCCCGCCGCTGCC

SEQ ID NO: 18 - Homo sapiens EXOSC4 5 '-UTR

NM_019037.2

ATGGCGGACCTCCGGAAACCGTAGATTCCGGGCGGTCGGAGCCGCCGGGAGCTGTAGTTCTCCCGC

GGCTCAGAGAAGTAGGCAGAGAGCGGACCTGGCGGCCGGGCAGC

SEQ ID NO: 19 - Homo sapiens NOL9 5 '-UTR

NM_024654 .4

GGCTCGGAGGCCCCTCTTTTCGGCAGCTGGGAGGGCAGCGGGGCGGACCGACGGGATCTCGCGAGA

TTCTCGCGCGGTAGGCCCTGAGGACCCAGC

SEQ ID NO: 20 - Homo sapiens TUBB4B 5 '-UTR

N 006088.5



ATATAAGCGTTGGCGGAGCGTCGGTTGTAGCACTCTGCGCGCCCGCTCTTCTGCTGCTGTTTGTCT

ACTTCCTCCTGCTTCCCCGCCGCCGCCGCCGCCATC

SEQ ID NO: 21 - Homo sapiens VPS18 5'-UTR

NM_020857.2

GCCCGCGTCACGGGGGCGGGAGTCAGCTGAGCTGCCGGGGCGAGGTTGGGATCACCTGGCACCGGC

TGAAGGGAGCCTGTGATTTTTTTGTAGCGGGGGCGGGGAGTAAGGTGCAAGACTGCGCCAGATTCA

AGGACGAGGGCTGCCCGATTATCTCGCTGCATAAGGCAAGAGCAAGAGGATCCTCAGGATTTTAAA

GAGGAGGCGACGGCTGCAGGTTCCCAGGATCTGTCAGAGGCTGGGGAGTTACAGCTTCCATTCTGG

GGCGACGGGGACCCCGGGGGGGTAGCCCTTTTGTAATCCCCAGGCCCCGGACAAAGAGCCCAGAGG

CCGGGCACC

SEQ ID NO: 22 - Homo sapiens ORMDL2 5'-UTR

NM_014182

AAGGGGCAGAAGGAGAGGCGTTACTTCCTGGAGACTTCAGGTGTGGTAGCCGGCGCCGCGCCCATA

GCCGGACGGGGATCTGAGCTGGCAGG

SEQ ID NO: 23 - Homo sapiens FSCN1 5 '-UTR

NM_003088 .3

AGCTGGGCTTTGTGGAGCGCTGCGGAGGGTGCGTGCGGGCCGCGGCAGCCGAACAAAGGAGCAGGG

GCGCCGCCGCAGGGACCCGCCACCCACCTCCCGGGGCCGCGCAGCGGCCTCTCGTCTACTGCCACC

SEQ ID NO: 24 - Homo sapiens TMEM33 5 '-UTR

NM_018126.2

ACGGAAATGAAAGGAGCACTTCCGGGTTCGGCAATAACCTGGAGCCGGCGGCGTAGGTTGGCTCTT

TAGGGCTTCACCCCGAAGCTCCACCTTCGCTCCCGTCTTTCTGGAAACACCGCTTTGATCTCGGCG

GTGCGGGACAGGTACCTCCCGGCTGCTGCGGGTGCCCTGGATCCAGTCGGCTGCACCAGGCGAGCG

AGACCCTTCCCTGGTGGAGGCTCAGAGTTCCGGCAGGGTGCATCCGGCCTGTGTGTGGCGCGAGGC

AGGGAAGCCGGTACCCGGGTCCTGGCCCCAGCGCTGACGTTTTCTCTCCCCTTTCTTCTCTCTTCG

CGGTTGCGGCGTCGCAGACGCTAGTGTGAGCCCCC

SEQ ID NO: 25 - Homo sapiens TUBA4A 5 '-UTR

NM_006000 .2

ATAAGGGCGGTGCGGCACTGCAGCTAGCGCAGTTCTCACTGAGACCTGTCACCCCGACTCAACGTG

AGACGCACCGCCCGGACTCACC



SEQ ID NO: 26 - Homo sapiens EMP3 5 '-UT

NM_001425.2

CGGGAGCAAGAGAGAAGGAGGCCCAGACAGTGAGGGCAGGAGGGAGAGAAGAGACGCAGAAGGAGA

GCGAGCGAGAGAGAAAGGGTTCTGGATTGGAGGGGAGAGCAAGGGAGGGAGGAAGGCGGTGAGAGA

GGCGGGGGCCTCGGGAGGGTGAAAGGAGGGAGGAGAAGGGCGGGGCACGGAGGCCCGAGCGAGGGA

CAAGACTCCGACTCCAGCTCTGACTTTTTTCGCGGCTCTCGGCTTCCACTGCAGCC

SEQ ID NO: 27 - Homo sapiens TMEM201 5 '-UTR

NM_001010866.3

CTACCCGCCTACCCGCCTACCCCCCTGCCGGCCTGCCGTCCTTCCACGCGGAGAGCC

SEQ ID NO: 28 - Homo sapiens CRIP2 5 '-UTR

NM_001312 .3

GGACAGCCGGGCAGGCGGGGCTGGGCGCGGGCGGCGGCGGCCCGGAGGAGAACGGGCGGAGGGCGC

GGGCCGACCGGGCGCACCGACC

SEQ ID NO: 29 - Homo sapiens BRATl 5 '-UTR

NM_152743. 3

ACCGGATGCTCGGCATGAACCACTAGGCGCCTGGCGGGGGTGATCTGTCGGAGCGACCGGCTTGGC

GCCTGCCTGTCCCCAGCCCCTCTCAGCTTGAACTCCTTCCTTCAAGTCTGGGCCCTCGAGGCTTCC

AGAGCGGCCTCCAGGGGTGCAGTCTCAGTTCCCCACGCCAGCCGTCTCCGTCCTCCGCCTCCTCCG

GGCCTGGCAGGTGGCACTGTCCGGAGGCGGAGCCTTGGGCGAGGGGTGGTTGCGGCGGAGGACGCA

ACCGAGCGGGCCTGCGGCCTCACC

SEQ ID NO: 30 - Homo sapiens SERPINH1 5 '-UTR

NM_001235. 3

AGTAGGACCCAGGGGCCGGGAGGCGCCGGCAGAGGGAGGGGCCGGGGGCCGGGGAGGTTTTGAGGG

AGGTCTTTGGCTTTTTTTGGCGGAGCTGGGGCGCCCTCCGGAAGCGTTTCCAACTTTCCAGAAGTT

TCTCGGGACGGGCAGGAGGGGGTGGGGACTGCCATATATAGATCCCGGGAGCAGGGGAGCGGGCTA

AGAGTAGAATCGTGTCGCGGCTCGAGAGCGAGAGTCACGTCCCGGCGCTAGCCCAGCCCGACCCAG

GCCCACCGTGGTGCACGCAAACCACTTCCTGGCC

SEQ ID NO: 31 - Homo sapiens CD9 5 '-UTR

NM 001769.3



CTTTTCCCGGCACATGCGCACCGCAGCGGGTCGCGCGCCCTAAGGAGTGGCACTTTTTAAAAGTGC

AGCCGGAGACCAGCCTACAGCCGCCTGCATCTGTATCCAGCGCCAGGTCCCGCCAGTCCCAGCTGC

GCGCGCCCCCCAGTCCCGCACCCGTTCGGCCCAGGCTAAGTTAGCCCTCACC

SEQ ID NO: 32 - Homo sapiens DPYSL2 5'-UTR

NM_001386.

ATATCCCAGGATCGCGGCCAATCGCTGCTCGTCTCTCTCGAAGCGGATGGCTTTTGCCTGAGAGGA

AAGGGAGTGGCTGGCGGCGCATGCGCCACGGTGGCCGACTTGAACCGAGGCTTTTATTGCTGTAGT

TTATTTCCACCCCCTTCCCTCCTGTTTCTCTCTCTCCTTCTCTCTCTCTCTCTCTCTCTCTCTTTT

TTTTCCGCCCTAGCTGGGGCTGTGTTGGAGGAGAGGAAGAAAGAGAGACAGAGGATTGCATTCATC

CGTTACGTTCTTGAAATTTCCTAATAGCAAGACCAGCGAAGCGGTTGCACCCTTTTCAATCTTGCA

AAGGAAAAAAACAAAACAAAACAAAAAAAACCCAAGTCCCCTTCCCGGCAGTTTTTGCCTTAAAGC

TGCCCTCTTGAAATTAATTTTTTCCCAGGAGAGAG

SEQ ID NO: 33 - Homo sapiens CDK9 5'-UTR

NM_001261 .3

AAGTGGCCGTGGAGGCGGAAGTGGCGCGGCCGCGGAGGGGCCTGGAGTGCGGCGGCGGCGGGACCC

GGAGCAGGAGCGGCGGCAGCAGCGACTGGGGGCGGCGGCGGCGCGTTGGAGGCGGCC

SEQ ID NO: 34 - Homo sapiens SSSCAl 5'-UTR

NM_006396 .1

CCGGCGGTGACAACGGCAAC

SEQ ID NO: 35 - Homo sapiens POLR2L 5'-UTR

NM_021128.4

AGTCTGGGACGCGCCGCCGCC

SEQ ID NO: 36 - Homo sapiens LIN7C 5'-UTR

NM_018 362

CTGTGGGTCTGTAGGTTAAGGGAGAAG

SEQ ID NO: 37 - Homo sapiens UQCR10 5 '-UTR

NM_001003684 .1

GCGGTGGCGCGAGTTGGACTGTGAAGAAAC



SEQ ID NO: 38 - Homo sapiens TFRC 5 '-UTR

NMJ301128148 .1

ACGCACAGCCCCCCTGGGGGCCGGGGGCGGGGCCAGGCTATAAACCGCCGGTTAGGGGCCGCCATC

CCCTCAGAGCGTCGGGATATCGGGTGGCGGCTCGGGACGGAGGACGCGCTAGTGTTCTTCTGTGTG

GCAGTTCAGA

SEQ ID NO: 39 - Homo sapiens PSMB3 5 '-UTR

NM_002795.2

GAGCGGTTGCGCAGTGAAGGCTAGACCCGGTTTACTGGAATTGCTCTGGCGATCGAGGGGTCCTAG

TACACCGCAATC

SEQ ID NO: 40 - Homo sapiens FASN 5 '-UTR

NM_0 0 10

GAGAGACGGCAGCGGCCCCGGCCTCCCTCTCCGCCGCGCTTCAGCCTCCCGCTCCGCCGCGCTCCA

GCCTCGCTCTCCGCCGCCCGCACCGCCGCCCGCGCCCTCACCAGAGCAGCC

SEQ ID NO: 41 - Homo sapiens PSMB6 5 '-UTR

NM_002798 .2

GTGACAGAGCGCTTTACGACAGTTGCTTTGAGGCAGTACCGGAGGAGAAAG

SEQ ID NO: 42 - Homo sapiens PYCRL 5 -UTR

NM_023078 .3

CTAGATCTGTGGGCGGGGCGCGGCCTGTGG

SEQ ID NO: 43 - Homo sapiens PRSS56 -U R

NM_001195129. 1

GATGATTTGAGGGACAAGAATTCAGTGCCCGGGGGCCGAAAGGCAGCAGAAGGCGGGCACCAAAGG

ATAGGCACCCGGAAGGTGGACTCCGAGGAGGAGAGAGGACAGGGGTCTCTCACCCCAGCTCCTGGT

CACC

SEQ ID NO: 44 - Homo sapiens KPNA6 S^UTR

NM_012316.4

CTACAGATCCGCCATATTGTCTACTGAAAGCTGCCGCTGAAGCTGCCGCCGTTGCCTCCGCCGCCA

AGAGTGAGCGAGCGGACCCGCG



SEQ ID NO: 45 - Homo sapiens SFT2D2 5 '-UTR

NM_199344 .2

CCGTCAACTTAGCGAGCGCAACAGGCTGCCGCTGAGGAGCTGGAGCTGGTGGGGACTGGGCCGCA

SEQ ID NO: 46 - Homo sapiens PARD6B 5'-UTR

NM_032 521.2

GAGGGAGGGAGCTGCTTCCCCGCCTGCCGCGCCACCAGTCCGACCCTCGGTCCCGCCGTGTGAGCA

GCTGGTGGAGTGGAGCTCAGCGCGGACGCCGGAGCTGCGGCCGCCCCCTCTGCAGGTGCCTGTGAG

GAGGCGCCCGGGCCGCAACCGCTTTCCGAGATCCCCAGTCGCGCACTCGCTCCCCGCGCTCCTGAG

GGGCCGCCCGGCCGGAGGAGGCCGTCGCGGGGCTCGGCGTTCAGC

SEQ ID NO: 47 - Homo sapiens LPP 5 '-UTR

GAGGAAGGAGGGGGAAAGGCACCAACCAGCAGCCGCTCCAGCCCTGCCGAAGTTTCACTTTTTGTC

TGTGGGTTCGTTCCCGGGTCCCGCGCGAGCTTTCCCGGGATAAGTAGCTTTAGCGATCGGGAGACA

GCCGGGCGCTGCAAGTGGGAACTTTGAGGCTCAGAGACAGAGCAGAAGACAGAACCTGGTCTTCTG

ATTCCCTGTGTTCTGCTTTTTTCATTGTTCCACTGGACGCTCATCAGAGGGAAGATCTTTTTCCTC

AATTGCATTGCAGTTGGCTGAACCTTGTGTCAACCATCCATTCCAGGAGCCAGCTATCTGAGATTC

CAACA

SEQ ID NO: 48 - Homo sapiens SPARC 5 '-UTR

NM_003118 .3

GGGAGAAGGAGGAGGCCGGGGGAAGGAGGAGACAGGAGGAGGAGGGACCACGGGGTGGAGGGGAGA

TAGACCCAGCCCAGAGCTCTGAGTGGTTTCCTGTTGCCTGTCTCTAAACCCCTCCACATTCCCGCG

GTCCTTCAGACTGCCCGGAGAGCGCGCTCTGCCTGCCGCCTGCCTGCCTGCCACTGAGGGTTCCCA

GCACC

SEQ ID NO: 49 - Homo sapiens SCAND1 5 '-UTR

CTTCCGGGAGCCCGCAAGCGGCTTCCGGGTGCTCGCGCGCCGACCTGGACGCAGAGAAGCCAGAGA

CTTTCGCTTCCGGCTGCCGCAGGCGCTTCGCTGGTGCAGGTAAGCTCCGCACACTCTCGGCCGGTC

CCGAGTCCGACTCCCTCAAGGGTGACGCGAGCTCTGCCCTTTAACCGGAAACGTCTCCCTGCTCAC

CCCACCCCCGCGCAGACGCAGTGCTGAGCACACAGCTACCGGACAAAGAGTGACGCCCGGAGCTGG

AGTT

SEQ ID NO: 50 - Homo sapiens VASN 5 '-UTR

NM 138440.2



GACTCCGGAGCCCGAGCCCGGGGCGGGTGGACGCGGACTCGAACGCAGTTGCTTCGGGACCCAGGA

CCCCCTCGGGCCCGACCCGCCAGGAAAGACTGAGGCCGCGGCCTGCCCCGCCCGGCTCCCTGCGCC

GCCGCCGCCTCCCGGGACAGAAG

SEQ ID NO: 51 - Homo sapiens SLC26A1 5 '-UTR

NM_022042 .3

ACAGACCACTGCCTGCAGGTTGGCGCCACCACCCCCACTCTCCCCGCTGCTCGCGGGAGCCAGAGG

GCCCTGCGGTCCTCGGTGGTCTTGCCAGCCCCTCGTCATCCCAGGGCCCTCCGCGCCTGTGAGGAC

TCCCTCAGGTCGGCCACGGGACCTGACGCAACAGG

SEQ ID NO: 52 - Homo sapiens LCLAT1 5 '-UTR

NM_182551 .3

GGCCGGACGCCTCCGCGTTACGGGATGAATTAACGGCGGGTTCCGCACGGAGGTTGTGACCCCTAC

GGAGCCCCAGCTTGCCCACGCACCCCACTCGGCGTCGCGCGGCGTGCCCTGCTTGTCACAGGTGGG

AGGCTGGAACTATCAGGCTGAAAAACAGAGTGGGTACTCTCTTCTGGGAAGCTGGCAACAAATGGA

TGATGTGATAT

SEQ ID NO: 53 - Homo sapiens FBXL18 5 '-UTR

N _024963 .4

GCGGTGGACGCGCCGGCTTCGAGCATCCCTAGCCGGGCAGGTGGGAGGCACGGGGTTGCGGATCCC

GCGGCCGCGGTTCGGACCCGCCGGCGAC

SEQ ID NO: 54 - Homo sapiens SLC35F6 5 '-UTR

NM_017877 .3

GGAAGCGCTCGCGCAGGAGACCCCGGGTGACGGGGCCCGGCGCCGCTAACTGGAGCGAACCCCAGC

GTCCGCCGAC

SEQ ID NO: 55 - Homo sapiens RAB3D 5 '-UTR

NM_004283 .3

CCTTCCTCCGCCTTCTGGGCGGAGCCCGCGCGGGATCCGGGTGGCTGCAGGCTGCTGGCTTCTGCG

GCTGCGGGGTCGGGGTCGCGGCCAGGGCCAAGCCGCAGCGAGTTCACAGGCGGAACCCCTGCAGGC

GGCGCCCCCTACGCGAGGTCACCCCTGGGAAGGAGCGCAGCCCACCCGGCCCCTCCGCATCCGAGC

AGGACGCCCGTCTCCTCTCCCTGAGGATTTCAGGTCTCCCTGTCCCAGGAGGCTTGTGCCAAG

SEQ ID NO: 56 - Homo sapiens MAP1B 5 '-UTR



ΝΜ_005909 .3

GCCTAGTCTCCATATAAAAGCGGCGCCGCCTCCCCGCCCTCTCTCACTCCCCGCTCCTCTCCGCCG

CGCACTCTCCGCGGCGCTGGGAGAGGGCGGAGGGGGAGGCGGCGCGCGGCGCCAGAGGAGGGGGGA

CGCAGGGGGCGGAGCGGAGACAGTACCTTCGGAGATAATCCTTTCTCCTGCCGCAGTGGAGAGGAG

CGGCCGGAGCGAGACACTTCGCCGAGGCACAGCAGCCGGCAGG

SEQ ID NO: 57 - Homo sapiens VMA21 5 '-UTR

NM_001017980 .3

GCACTTCCGGCGCGAACCGCTACTTCCGGTGCGAACCGCCTCGGCCGTTCCCTCGCGGAGCTTACT

GAGCGCGGCCGCCGAGCCCAGCTCCGCCGCCGAGCGCCTGTGCCGGCACGGCTACACC

SEQ ID NO: 58 - Homo sapiens A N 5 '-UTR

NM_030943 .3

GTCTCCTGGTGGGGTGCAAGGAGCCGAGGCGAG

SEQ ID NO: 59 - Homo sapiens CYBA 5 '-UTR

NM_000101 .3

GGCGGGGTTCGGCCGGGAGCGCAGGGGCGGCAGTGCGCGCCTAGCAGTGTCCCAGCCGGGTTCGTG

TCGCC

SEQ ID NO: 60 - Homo sapiens SEZ6L2 5 '-UTR

NM_012410 .3

ACCACAGAGCCGCGAGAAGAGGACAGAGGAGACTGAGCAAAGGGGGGTGGGCTCCAGGCGACCCCT

AGCCCAATTCTGCCCCTCCATCCCAAGGGGCAGAGAAATTGTCTTTCTTTGCTGACTCCTACGAGG

AAAAAAAAAAAAAAAAAAAAAACAATTAAAGGGAAAGATAAACGGAGACGGAGGAAAGGTGGCAGC

CAGAT ACT AGAGAGGCACAGAGGAGAGAGATCGGGGTGAGTCGCC

SEQ ID NO: 61 - Homo sapiens PCOLCE 5 '-UTR

NM_002593 .3

GACCTAGAGAGGTCCCAGGACACGCCACTGTCCCGCCTTCCCCATTGCCCGCCCCACTGGCCAGTC

CCCACGCCCACACACCCAAGGCTGCCCCATCTGGCGCTGATTATCCTGCTGCTGCCGCCACCGCTG

CTGCTGCTCTGCAAAATTCAGCTGCTGCCTCTGTCTTGAGGACCCCAGCGCCTTTCCCCCGGGGCC

SEQ ID NO: 62 - Homo sapiens MAP1S 5 '-UTR

NM 018174.4



GGCCCGAAG

SEQ ID NO: 63 - Homo sapiens VTN 5'-UTR

NM_000638 .3

GAGCAAACAGAGCAGCAGAAAAGGCAGTTCCTCTTCTCCAGTGCCCTCCTTCCCTGTCTCTGCCTC

TCCCTCCCTTCCTCAGGCATCAGAGCGGAGACTTCAGGGAGACCAGAGCCCAGCTTGCCAGGCACT

GAGCTAGAAGCCCTGCC

SEQ ID NO: 64 - Homo sapiens ALDH16A1 5'-UTR

NM_001145396. 1

ATTCCCATTAGCCCCGCCCCTTTGGGCTGGAACCGGAGGTGTCGCTCTTCGGACCTCAAGGTTCCC

CTTAACACAGAGCGCCCCGCAGTCTTCGCGGAAAGCGTTCGGGGTAGGCG

SEQ ID NO: 65 - Homo sapiens RAVERl 5 '-UTR

NM_133452.2

TTAGCCAACGGGGCAAGGGGGGCGGGAAGGAGGTGGGGTTTCTCCCAGCCAATCGACGGGCGCGCC

CTCGTTGCCGCTCT

SEQ ID NO: 66 - Homo sapiens KPNA6 5 '-UTR (identical to SEQ ID NO:

44)

NM_012316. 4

CTACAGATCCGCCATATTGTCTACTGAAAGCTGCCGCTGAAGCTGCCGCCGTTGCCTCCGCCGCCA

AGAGTGAGCGAGCGGACCCGCG

SEQ ID NO: 67 - Homo sapiens SERINC5 5 '-UTR

NM__178276. 5

GTTTTTACCCAGGCCTCGGCGCCTAGGCGCTTCGCCGAGGCTGATCTTCGTTCAAGTGTGAGCTGC

GGCTGAGCCCAGCGCTCGAGGCGCGAGGCAGCCAGGAGGGCCCGTGCGGCGCGGGGAGCCAGCGAG

CGCGCCTTCGGCATTGGCCGCCGCG

SEQ ID NO: 68 - Homo sapiens JUP 5 '-UTR

NM_002230 .2

TGAGTTGCTGCCTTGGCCAGAGTCCGGAGCAGCCGCCGCCCGACCACGCCGAGCTCAGTTCGCTGT

CCGCGCCGGCTCCCACCCCGGCCCGACCCCGACCCGGCCCGGTCAGGCCCCATACTCAGTAGCCAC

G



SEQ ID NO: 69 - Homo sapiens CPN2 5'-UTR

NM_001080513.2

GGATTGAGCTGACCACAGGCCACACCAGACTCCTCTCTGCTCCTGAGGAAGACAGGGCAGCCCGGC

GCCACCCGCTCGGCCCTCACGAAG

SEQ ID NO: 70 - Homo sapiens CRIP2 5 ¾-UTR

NM_001312 .3

GGACAGCCGGGCAGGCGGGGCTGGGCGCGGGCGGCGGCGGCCCGGAGGAGAACGGGCGGAGGGCGC

GGGCCGACCGGGCGCACCGACC

SEQ ID NO: 71 - Homo sapiens EPT1 5 '-UTR

NM_033505.2

ACGCGTGCGCGGTGGGCGGAGCGCGGCTCTCCTACCTTCTCGGGCAGCCCAGTCTTTGCCATCCTT

GCCCAGCCGGTGTGGTGCTTGTGTGTCACAGCCTTGTAGCCGGGAGTCGCTGCCGAGTGGGCGCTC

AGTTTTCGGGTCGTC

SEQ ID NO: 72 - Homo sapiens PNPO 5 -

NM_018129. 3

CATTGGCTCCGAGGACTTAGGACCTGTTAGCTTGGTTGGGCGACTGGCAAATCCTTCCTTCCCCGG

GGTAGAAGTCCAGGGTGAGAAATTGGTTCCGAACTCAAAGGAACCCAGTGCCGGGCCACAGCCGGG

TCACGTGGCCGGCGGCCCCCC

SEQ ID NO: 73 - s musculus Dpysl2 5 '-UTR

NM_009955.3

CTCTCTCCCTCTTTCTTTTTTCCGCCCTAGCTGGATCTGTGTTGGAGGAGAGGAAAAGAGACAGAG

GATTGCATCTGTTTTGAAATCTCCTAATAGCAAGACCAGTTAAGGGATTGTACCTTTTTCCTACAA

ATATAAATATATATATATTTTAAACCAAGTCTTTTTTTTTCCGGCTATCTTTGCTTTAAAGCTGTC

CTCTTGAGATTACTTCCTCCCGCCCCCCGGAGAG

SEQ ID NO: 74 - Mus musculus Ccndl 5 '-UTR

NM_007631 .2

TTTTCTCTGCCCGGCTTTGATCTCTGCTTAACAACAGTAACGTCACACGGACTACAGGGGAGTTTT

GTTGAAGTTGCAAAGTCCTGCAGCCTCCAGAGGGCTGTCGGCGCAGTAGCAGAGAGCTACAGACTC



CGCGCGCTCCGGAGACCGGCAGTACAGCGCGAGGCAGCGCGCGTCAGCAGCCGCCACCGGAGCCCA

ACCGAGACCACAGCCCTCCCCAGACGGCCGCGCC

SEQ ID NO: 75 - Mas musculus Acox2 5'-UTR

NM_001161667 .1

CGCTGTCCCAGGACAGAGGTGAGTCAAGAGTTTAGTCCCAGGCCAGCCAGAGAACTGACAGAACAT

ACCAAAGGTTCTTGGTACCTCCCGGTGCTCAGAGCAGACCCTAAAGGAAGCCAAGTCCTTCCTGAG

ACAGGCAGATCCAGG

SEQ ID NO: 76 - Mas musculus Cbx6 (Npcd) 5 '-UTR

NM_001013360 .2

GAGCGCGCGCCCCGCCGAGCGCCCGCCCGCCGGGGGCCTGAGCGCTGGGGCGCGTGCGCGAGCGGT

GCAGCACCGGCCGCGGGAGCAGGGAGTATTATGGGCTGTGGGTGCCGCTGAGCAAG

SEQ ID NO: 77 - Mas musculus Ubc 5 ¾-UTR

AGTTCCGTGGAGACTGCGAGTTCCGTCTGCTGTGTGAGGACTGCCGCCACCACCGCTGACG

SEQ ID NO: 78 - Mas musculus Ldlr 5 '-UTR

NM_001252659. 1

GCAGACTCCTCCCCCGCCTGGAAACCTCGCCCCTAGTACTGGGAATGACTCTGGGCGTGCGGCGTA

GTTTGCAGCCGGGACACCGTGAGGCTTGCGAGCCCAGATTCGCAGCCGAGACACCGTGGGGCCCGC

GATCCAGTGTTTGCAGCGGGAACATTTCGGGGTCTGTGATCCGAGTGAGGACGCAACGCAGAAGCT

AAGG

SEQ ID NO: 79 - Mas musculus Nudt22 5 ^UTR

GGCCGGGCCAGCCGCTAAATTCCGAGATCAAGCTTCCAGATCCTGGGAGTAGATCAAGCGTGTCCA

GGTTGGAGAGCTGCCCTGTCAGACT

SEQ ID NO: 80 - Mus musculus Pcyoxll 5 '-UTR

NM_172832.4

GAGCGCCAACCGCTAGAGGCCGATCCGGAGCGTGCTGCCCGGTCACCACCCGCC

SEQ ID NO: 81 - Mus musculus Ankrdl 5 '-UTR

NM_0134 68 .3

CCACAGGGCCAGTTCCAGGGGTTCATCCACAAGAGAGAAAAACATAGACTCACGGCTGCCAAC



SEQ ID NO: 82 - Mas sc l s Tmem37 5 '-UTR

NM_019432.2

GAGTGCGACAGCTAGGCCAGGCGACAGCGCTGCCTACCAGAGCGCAGC

SEQ ID NO: 83 - Mas muscalus Tspyl4 5 '-UTR

NM_030203 .2

AGAAGGAAAAGGGGTGGAGCTAAGCACTCACTGCGGTTTTGCGCTGCGTCTGCAGAGGACAAGGAA

AGCTCTGCAGGGCTGTCAGCTGCCAAA

SEQ ID NO: 84 - Mas asc las Slc7a3 -U R

GGGCGCTTGGCTTGCAAGGACCCTGAGCTGCGGCATTGAAGCACACCCAACCCAACTCGACTGAAG

TCAGCCTCACTGAACCGGATCTGAGAATCTTCTCTCTCTGGGCTTGCCAGGGCTCTCCGAACCTAG

CTAGCATCCTCTTCAATTCCAACTAGA

SEQ ID NO: 85 - Mas masculas Cst6 5 -UTR

CGCGAAGGCTGTAAAAGCCGCGCAGGATGGAAGTCCAGACACTGAATCCGCGGCT

SEQ ID NO: 86 - Mas muscalus Aacs 5 '-UTR

NM_030210.1

GAGTCTCGCGCTGTGGTTCGTCGGCGCACCGCTGATCCGCTCCACGCCTTGCGCTCTCCGCTCTCA

GCCAAAGCCCGGCAGCCCCGGCCACGCAGCTCCGCAACC

SEQ ID NO: 87 - Mas muscalus Nosip 5 '-UTR

N _00116368 .1

CTCCTGTCGGGCGGAAGTAGGAGGAGTAGAGTTTAAAAACAGTACTCTTTTTCCGGTTCGGGACGT

AGTTGAAGCAACGACAAGCCGGATAACCGCTCTTGAGACAGG

SEQ ID NO: 88 - Mas musculus Itga7 5 '-UTR

NM_008398 .2

GTACTTAGCTGGTCCTGGGGCAGCAGCGGGAAGGGACTGAAGAGGGGTGCTGAGGTGAAAGATTGG

AAGACCCGGAAAGATCAGCTAGATTTCGGAAACCAGAAACACCCTCGGGGAGACCTGGGGCTCCCG

GCGCGCGACGATTTCCTCGCACTAGCTGGGAGAGCGTTGATCCC

SEQ ID NO: 89 - Mus musculus Ccnd2 5 '-UTR



NM_009829 .3

TGCCTGAGCGAGAGAGGAGAGCGAGCTGAGGAGAGCCGGGCAGTTCGGAGGGAAGGACCGGTGCGA

GTCAGGCGGCCCTTGAGGCTCCGCTCGCCCACCTTCCACTCTTCTCTCTCTCTCTCCCTCTCTCTC

TTTGCCATTTCTTTCCTCTCCCAAATCTCCCATTCAGCCAAAGGAAGGAGGTAAGGGAAGCACTCC

CCGACCCCCCCGCACCTCCAAAAAATAATAATAATAAAAAAAATTTACAGTCGGGACCGAGTGGTG

GCCGGCTGGCT

SEQ ID NO: 90 - Mus sc lus Ebp 5 -UTR

CGGAACTGGGGCTATTAGGGAGCCTGCAGGTCTTCCTGGAAAGTCGCAAGCCTGTGTTAGGAAGTC

GCCCTGCGATCGCGCCGCCTGGGGTTTTTCTGTCCCTTTGTCCTCGTTTATGTACGAAGCTGCCAG

CGGGCCATAGAAAC

SEQ ID NO: 91 - Mus musculus Sf3b5 5'-UTR

NM_009829 .3

GAAAAGACTGTCTACTCCTGCGTCTCGGTGGCGTCTTTCTCCCGCGCCTGCACGAACTGAGGTTTT

GCGTGGCGGCGGCGGCACCGGCAGCGGCAGCGTCTCTCACTTGAACGCCGCGAGCGGCAGCTTCTC

GTCTGTGTCCTGACCTCGGAGCCTACGAGCAGAGCGGCGCG

SEQ ID NO: 92 - Mus musculus Fasn 5 -UTR

GCAGCGGCGTCCCGTCCAGTTCGCCTGCCGCGCTCCTCGCTTGTCGTCTGCCTCCAGAGCCCAGAC

AGAGAAGAGCC

SEQ ID NO: 93 - Mus musculus Hmgcsl S'-UTR

CCCGGCGCTGCCCGAGTCGGGTGGGTCGGTGGCTATAAAGCTGCGGAGGGCGGGAGGCACAGTCTG

CGGTCTCCTTGCTTTGCTCGTTCTTCTTCCAGGGTCTGATCCCCTTTGGTGGCTGAAGGAGGAACC

GGTGACCGACCTGGAGACCACAGTTCTCTGTCCTTCACACAGCTCTTTCACC

SEQ ID NO: 94 - Mus musculus Osrl 5'-UTR

NM_011859.3

TAGGCGGCTCGGTGCTAAGGGATGAGTGAGACGTAGCTCGGCCTCTCCCCAGCAAGTTCTCGCCGG

CACTGGTTCAGATTCAGAAAGGGAGCCAGGAGCGAGGCTCAGCAGACCCCGGCGGGTAGAACTCCG

GGGCTGTGAAGCGCTCCCGCGTGTCCGACTCTTGGAGTCACCGCAGCTACAGAAGCGTCAGAAGTC

TAGTTCGCCAGGGGTGCCAGTCGGCTCCAGAGTCTCTGGTCACTCAAGTCCAGCGCAGCGACCCTC

ACAGACGCGCTCTGCCCTGGGACCGCGGCGGAACAAGATATTTGAAATCATTGCGGTTCCCAGCGA

CAGAA



SEQ ID NO : 95 - Mus musculus Lmnbl 5'-UTR

NM_011121 .3

GCCCGCCTCTCGCCGCCCTCCTCCTCGGCCCGCCCGCCGCTCTGAGCAGCCCGAGAGGAAACAAAG

TGCTGCGGGCGGGAGACTCGCGTCCGCCGCGCACAGCCGTCTGCGTCTCCCGGCTGCCCTGGCCTC

TTCCCGCGCGCGTCTGCGAGTGTGCGTGTACACTCACAAAGGGCGTCTGGCGGGCGATCGCGGCCC

TCCCGCTTCGCTCTTTGTGCGGTAGCCCCGCCGCCACCGCCAGCCCAGGTCCGCTCGATCCTCACC

GGCCTGTGGTTTGTACCTTCGGTCCCGCCGCCCGCC

SEQ ID NO: 96 - Mus musculus Aarsdl 5 '-UTR

NM_144829. 1

CCGGCTTTTCTGCGCGCGCGGGTCTCTCCGGCCTAGGAGACCGCG

SEQ ID NO: 97 - Mus musculus Vma21 5 '-UTR

NM_001081356.2

GCTTCGGCAGGGGCACTTCCGGCGCGACCGGCCTAGACTGTCACCCTGTTAGCCGCCGCTGAGCCT

CCGCTAACTACCCGGCGCCTGCTGCTGCCCTCCCGGCCACGCC

SEQ ID NO: 98 - Mus musculus Kif20a -UTR

AACAAAGCTGTTCCTCGTGGGCGGAGTTGTGCTCTCCAGCCGCAGGAGTCTTGCTGCGCGGGTGGG

TAGAAGCTGGGATCAGAGAAGCGGCGAGGCAGACAGTCTTCGGACATAGACTGACTCTGCTTGTC

SEQ ID NO: 99 - Mus musculus Cdca8 5 '-UTR

NM__026560 .4

TGTGCCCGTTGAGTTTGAATTGGGTGGCGGTTAACCGAGGAGCCGCCCGTCCCTTAGTTGGAGCTG

TGAGGGTTCCTCAGACTGTGTTTTGGGACCTGCAGGTAGGTTTCGGCAGAGTTCTGGAAACCTAGA

CTCCAACGACTGAACTTTCTCAGCTCTCCGACCGCTCACACCCTCTCCCCGTCTCAGTCGCGGAGC

CGGCTGCTTGGCCCCTCGCTCGACGCAGCCAGGCGCC

SEQ ID NO: 100 - Mus musculus Slc7al 5 '-UTR

NM_007513 .

GGTGCCCTGGAAGCTGACGCGCAGCACTGGCCGTGGCCGTGGGGCCCGCGGAGGGCGGCGCGCGGC

TGATGAAACCGGCTCGGATTCCGCCCGCGTGCGCCATCCCCTCAGCTAGCAGGTGTGAGAGGCTTT

CTACCCGCGGTCTCCACACAGCTCAACATCTTGCCGCCTCCTCCGAGCCTGAAGCTACCGTGGACT



CTGCTGTGGCGTCTTGGCCCCCAGGTGCGGATCCTCCCCAGTGAGAAGTCCCACGAGTCTTACAGC

AGATTCGCTCAGCACA

SEQ ID NO: 101 - Mus musculus U qln2 5 '-UTR

NM_018798 .2

CGGAGACGGCCTGCAGGACCTGCTCTCTCAGCCCTCAGCCGAGGCCTACGCCGAGCCGAGTGCGCA

GCCGACGACCGGGAGGAGCCGCAGCCTTCAACTCTGAGGTACTGTGATCCGCGCTGCCCGCCGGGC

CGCCCCAGTCCGCTGCTGCGGCACCTCCTTCCCTCGCGCCCTCTTCGCTCGCCAGCGCCTTCCCTG

TGAGCCTGCGTCACCGCGGCCGCC

SEQ ID NO: 102 - Mus musculus Prps2 5 '-UTR

NM_026662 .4

AGCCCAGGCCACCGCAGCAGCAGCAGCAACAGCCGCAGCAACGGTAGCAGTAGTCTGCATCGCAGT

CCCTTTCTCCTTCTCCAGCGCGCTCCTCAGTCCCCGGTCACC

SEQ ID NO: 103 - Mus musculus Shmt2 5 '-UTR

NM_026662 .

CTCTTTCACTCGAACTTCACGGGGGCAATTTTCTCGCGCACGCGTTCTAAGAGCAGCTGGTTTTCG

ACCCCGGTACTACACCGATACAGAGTTAGTGGCTAGTCCTCCTGTGCCTCCTGTAGCG

SEQ ID NO: 104 - Mus musculus Kif22 5 '-UTR

NM_145588 .1

GGCCGAAGAAGGGAAGGCT

SEQ ID NO: 105 - Mus musculus Aurkb 5 '-UTR

NM_0 114 96.1

GGAGATTCGAAAGCGTCCGGGTCGCGGGGTAAACCGGTTCTCCGTGTGCGAGCGCCTAGTGGCGTA

GGCTGCGGCTTTGCGGGGAACTGCGGGGGCTGCAGTGGTCCACGGGGCTGATCGGGTTCCGTTGGG

CGGATCCACGTGCCCGCTATCCGCCTGGAAGGAGAGGTGCAGGAGTACCCCCGACCTTGGCTGCGT

GCTGACTCGCTTCCTTCTGCCCGCCCAGGCTTGCACTCCCCGGGGATCTGCCTCTGCATCTCTTGC

CTTCGCTGTTGTTTCCCTCTCTGTCCAGCTCCCCTCCCGCTCTCGCCCTGGAGA

SEQ ID NO: 106 - Mus musculus Fignll 5 '-UTR



GTCACTTCGCGCAGGCGCACTTCGAAAGGCGCGCTTTTCGGTGGCTGCGGTCCCGGCAGGGAGCAC

AGCTCATCCTGTGCTGATAACATCGAGAAGTGTTCAGTGCCTGGTAAAGTACATAGACCTTGCTTC

ACTTGGAACTCGGCCTTGATTTCTGCCGTTGGTCATAATCAGCAGAGTTCTCTCTAAACCTTTGAC

SEQ ID NO: 107 - Mus m sc l s Cad 5'-UTR

NM_023525.2

AGTCGTGCTTCAGCTCACTACGCTTAGGGCTCTGGCTTGCCGCTCCCGCCTGCTCTCCAGCGCCCC

GCGCAGCGAGCCACGTGGACCAACTCCGGCGCGCGGTGTTCGCTTGGTTCCAGTGGGGCTCGCCGC

GCCTCCCGCGTCTGCGTGCTTGCCCTGTCTCAGCTCCGACCCG

SEQ ID NO: 108 - Mus musculus Anln 5 '-UTR

NM_028390.3

GTGTCGTCCGGGGCGCTGAAATTCAAATTTTGAACGGCCGTGGTAGCCTACCGACTCCGTGGGTGC

GGAGGGCAGAGCCGACTGGGTGTGAGAGCGCCCGCCGCCTCGACTGCAGTCCTCCTCCAGGAGCTG

CGCCGAGCCTGCACTCACTTCTTTCCTCTTCCTGAGTTTGAACCGTCGGACCCACCGTCTAGCCGT

CCACTGGTGAGGCCTGGGGCG

SEQ ID NO: 109 - Mus musculus Slfn9 5 -UTR

GGGAATTCCACGCCACCTCCGCGCGCTCTGCGCTCTGGGATCCGGAGCGACCAGGACCTGGTGAGA

CCCTCAGCTCCCCTCCACCTTCCCCGAGGTCCAGCACACCAGAACTGGAACCTGAGCAGCCCAGAA

GCCAGGGTGGCACCACTGTGTCTCTCCTGTCTGAAGACCCGGATATTTTCTCAGACTTGGCGACAC

GTTCCTTTAAAAGATCAGC

SEQ ID NO: 110 - Mus musculus Ncaph 5 '-UTR

NM_144818.3

AAAGACCACGCCCCAGTGACGTCACGCGGCGGTTACCGCGCTTGGCGCTCGCGATTTAAAACTTAC

TCCGGAGACGTGGAGAGCAAG

SEQ ID NO: 111 - Mus musculus Cth 5'-UTR

NM_145953.2

AGCCAAAGCAACACCTCGCACTCCTGCCCCAGC

SEQ ID NO: 112 - Mus musculus Pole 5 '-UTR

NM 011132.2



GCCTCGCGAGAGCACGTGGAGAGCGCGCCAAATTCTCCCCGGAGCCTGAGGGAGCTTTGGAGCGTC

GCA

SEQ ID NO: 113 - Mas musculus Uhrfl 5 '-UTR

NM_001111079. 1

AATTGGGGTGGAAGTCTCCCGCAGCAGCCTGTGCACACTAATAAAAACGCCCTGAGTTTTCGCGGG

AAAAAAAGTCCTAGCAGCTGGAAGGAACCCGCGCTCTAGTGCTCACTTGGGTCTTCAGCCACTCAC

GCGGCTCCCTTCTGGGTCACCCAGCCGCAGAGCCCTAGCCTAGAACCAGGCGTTCCAAGGGAGAGG

AGAGTGCGGATCGCCGCCGTGAGAGAGTACATCGGCATC

SEQ ID NO: 114 - Mas mascalus Gjal 5 '-UTR

NM_010288 .3

TTTTAAAAGCTCTGTGCTCCAAGTTAAAAAACGCTTTTACGAGGTATCAGCACTTTTCTTTCATTG

GGGGAAAGGCGTGAGGGAAGTACCCAACAGCAGCAGACTTTGAAACTTTAAACAGACAGGTCTGAG

AGCCCGAACTCTCCTTTTCCTTTGACTTCAGCCTCCAAGGAGTTCCACCACTTTGGCGTGCCGGCT

TCACTTTCATTAAGTGAAAGAGAGGT GCCCAGAC

SEQ ID NO: 115 - Mas musculus Fam64a 5 -UTR

CGGTGGGCTAGGAGAGGGTGTTGATCTTCGGGTCCGGGTATCGAGCAGGGAGGATCTAGCGGGCAG

CGGAAACTGGACCAAGCAC

SEQ ID NO: 116 - Mas musculus Kif2c 5 -UTR

NM_1344 71 .4

TGACGTTGTAGGGAGGCTGGCGCGCGGGATTTAAACTGCAGCGGTTTAGGCGTTGTTAACACAGCG

CAGTATTAGCAGAGTCGTGGTTTCCAAGCTTCTTTCATTTGTGTTGCCTGTTGTTGTTCCTGAGTC

C

SEQ ID NO: 117 - Mus musculus TspanlO 5 '-UTR

N _1 5363.2

CACTGGAGGAGGAGCTTGCAGCTCTCCAGCTCTGGCTTATACAGTTCACAGAGAAGCCAAGGGACA

CCGGGACACCGTTATTTTAGGACTGTAACCTGTTCAGAGAGACCCTGGCCACTGCTCTCCGTGGTT

TTCTCCAATTGTGTGG

SEQ ID NO: 118 - Mus musculus Scandl 5 -UTR



TTCATTTCCGGCCACCGAGGAGCTTCGCGGGTCGAGACGCAGGCGAGGCGCCGGACTGCGAAACAA

AGGGGGACGCCAACAGCCGTAGTC

SEQ ID NO: 119 - Mus musculus Gpr84 5'-UTR

NM_03072 0.1

TTATATGTCCAGCTGGAAGCCTGGCTGTCCCTAGAAAAGCTGGAAGCCTGACTGCCCCTCAAAAGA

CCTGCTCTTTAGGAGAGCTAGATATTGTTTACTGAAGACAAGTGTGAAAACTGGGAACCTCAGTCT

CCATC

SEQ ID NO: 120 - Mus musculus Tpgsl 5 '-UTR

BC138516. 1

AAATGGTCGTCGAGGGAAGGCGCCTCATCGCGCCGTGAATT

SEQ ID NO: 121 - Mus musculus Ccll7 5 '-UTR

NM_011332 .3

AAGACAGGCAGAAGGACCC

SEQ ID NO: 122 - Mus musculus Fads3 5'-UTR

NM_021890.3

AAGGGAGGGAAAAGTTCCCTGCGCGGAGAGCCGGGCAGGCGCACGCTCTTACGGCGGCCGCAGCGG

CAGGGCGGGGCCGGTGGGGCGGGCGGAGGAAGACCCCTGATTGCCACCTCGCCTCCCTCAGTGTCT

CTCTTAGACCTTGGTCACGTACCGGGGTCCGGAGGACTTGTGTACAGCGGCA

SEQ ID NO: 123 - Mus musculus Cers6 5'-UTR

NM_172856.3

AGCGCGCATCCCCAGTGCCCTGAGCTGCAGAGAGCTCGGAGGAGCGCGGGAGCAGCGACACCGGAG

TGGACAAAGCAAG

SEQ ID NO: 124 - Mus musculus Al b 7 5 '-UTR

NM_027372 .1

AGCCTGCTGTGGTCAATCCCTGAAG

SEQ ID NO: 125 - Mus musculus Ms4a8a 5 -UTR

G AGAGAGGACT TTGGATCATTCTAA



SE ID NO: 126 - s uscul s Cxcr4 5'-UTR

NM_009911 .3

AATTTTGTTGCCTGGTGCAGCAGGTAGCAGTGAAACCTCTGAGGCGTTTGGTGCTCCGGTAACCAC

CACGGCTGTAGAGCGAGTGTTGCC

SEQ ID NO: 127 - Mus musculus Gprc5c 5 -UTR

CAGAAACTCCGATCGCCTTTCCCAACCCGAAAGTGCGCGTCGGCCGAGCCTGGAGGGACCCAGCTG

AAGCCTGGCCTGGGAGCCAGG

SEQ ID NO: 128 - Mus musculus Fenl 5 '-UTR

NM_007999 .

AGATCACGTGACGAGAGCGCGGGCTTTGGAAGGCGGCGAAGCTGGGAACGATACTGAAAGAACGGG

CTCGGGACTGTCCAGAGAACGCTGTGGACTCCAAACCACTGCTAGCTGCTTAAGGCTCGTGCACTC

GAGACGGGGTGAGGTCTCGCGGAAGCGTCTCTGAAAGCGGCAGAGCCGCGGGAACAGCACCGGGCA

GCCCGGGCTTGGGCCATTCGCTCTGCTCCGAACATTCCTCTTCGCCGGTAGGAAGAAGCCATTGCT

CCTGTGCTACC

SEQ ID NO: 129 - Mus musculus Cspg4 5 '-UTR

NM_139001.2

GACTTGCGACTTGCGACTCGGTGCTGTCCAGATTCAGCACGCTCTGTTCCTTCGCCTTACAAGTCC

AGGCACCCAGCCCCGCCGCG

SEQ ID NO: 130 - Mus musculus Mrpl34 5'-UTR

NM_053162.2

GAAGGCATTGTCAAGGAGCCCAGAGTGTAGGAACTGGCATTGACCCGGACGACCGGACCATTGACC

CGCCGCTGGAT

SEQ ID NO: 131 - Mus musculus Comtdl 5^-UTR

CGGCTCTGTGGGCAGGGCCCGGACAAGGTGGAGCCCTGTCGGCTTACTGGTCCCAGTCCCATCCTC

GCTACTCCAGCACACGTGACCTCCGCCGCCGCTGCTAACCTGCACC

SEQ ID NO: 132 - Mus musculus Armc6 5 '-UTR

NM 133972.2



CGCTGCTCACTTCTCAGGGCCGAGTCTACCTAGGTGAAAACTATCTCTTTTGAGGGGAAGCGACAC

CTAGGAGTAGCATTGAGAGTACTGCAAGAGTCTCAGGCCCACGCGTATTCTGTGGCTCCCTTCGCT

TTACCTGTGCTCGCGGTCGCCCTCGTTGCCCCGGAAAGGAGCCTCTCGGCTGAAGGAGGGACGCCG

AGGCGAGGCGGCGCCTCTGCGCTTGCGCTTATATGGTGGCTCGAAGGAGCCAAAGGCAAAGTCTCG

GGTGACAGCTGCGAGCCCCACCCTTTCCCCACGTGGCTGCGTAGACCCGGCAGTG

SEQ ID NO: 133 - Mas musculus E r4 5 '-UTR

NM_139138 .3

AACATTCCTTGAGAAAGAGAGAACAAGATAAGCAGTGGTGCACTTCCTCCTTCATTGCTGCTGAGA

ATGTTCCAGGCTGAGTGAGAAGTAAAAATTCATCATCTCTGAAGAACTCTTACCCAGCCCTGTTGA

AGAAATTCCCAGA

SEQ ID NO: 134 - Mas musculus Atp5d 5 '-UTR

NM_02 5313.2

CCTTCGGAGAATCCTGTGCGCGTGCGTTCTTGTGGGAACTGCGCCTCCCAGAAGGCACCGCGCGTC

GTCCTTCTCCCTCCCTGAAGGCCGCCTCGCTTGCCCAGTGTGTCGGCCGCCCGCGAAGCTAGAGTC

CACTGACTTTTCCGCCACC

SEQ ID NO: 135 - Mas musculus 1110001J03Rik 5 -

GCGGAGTGGGCGGGGGAACACCTCGCCCGAGGCAGTGAGGGACCAGGCTCTCCAAGGACAGAAAA

SEQ ID NO: 136 - Mas musculus Csf2ra S'-UTR

CCCAACCTGCAGATGAGGAAGAGGAAGCGGGAGACAGACGGACAGACGGACGGACACAGACGCTGC

GCCCAGGCCTCACCATCCATCGCAGGAAGCCCCCTGTCTCAG

Some of these wild-type 5'-UTR elements differ from publically available 5'-UTR sequences

identified by GenBank at NCBI, see the Table 1 (Example 1) . This table reflects sequencing

results of the present inventors.

Thus, 5'-UTR elements selected from the group consisting of SEQ D NO: 45, SEQ ID NO:

47, SEQ ID NO: 49, SEQ ID NO: 77, SEQ D NO: 79, SEQ D NO: 84, SEQ ID NO: 85,

SEQ ID NO: 90, SEQ ID NO: 92, SEQ D NO: 93, SEQ ID NO: 98, SEQ ID NO: 06, SEQ

ID NO: 109, SEQ ID NO: 15, SEQ D NO: 18, SEQ ID NO: 125, SEQ ID NO: 127, SEQ



D NO: 31, SEQ ID NO: 135 are contributed by the present invention and may be

employed in any aspect of the present invention.

Examples of artificial 5'-UTR elements useful in the present invention

In some embodiments, the 5'-UTR element according to the present invention differs from a

wild-type 5'-UTR element. Such 5'-UTR elements are designated "artificial 5'-UTR

elements".

It is preferred that an artificial 5'-UTR element shows a degree of sequence identity to a

wild-type 5'-UTR element which is (a) less than 100 %, and at the same time (B) more than

0 %, more than 20 %, more than 30 %, more than 40 %, more than 50 %, more than 60

%, more than 70 %, more than 80 %, more than 90 %, more than 95 %, such wild-type 5'-

UTR element being selected from the group consisting of SEQ D NOs: 1 to 36. Typically

the artificial 5'-UTR element differs from the wild-type 5'-UTR element it is based on in that

at least one nucleotide, such as two nucleotides, three nucleotides, four nucleotides, five

nucleotides, six nucleotides, seven nucleotides, eight nucleotides, nine nucleotides, ten

nucleotides, or more than ten nucleotides, is/are exchanged. For example, such a

nucleotide exchange may be recommendable in case the wild-type 5'-UTR element

comprises a nucleotide element which is considered disadvantageous. For example, in

some embodiments a nucleotide element which is considered disadvantageous is selected

from (i) an internal ATG triplet (i.e. an ATG triplet other than the start codon of the open

reading frame of the nucleic acid of the invention) or (ii) a restriction enzyme recognition

site (cleavage site), particularly the restriction enzyme recognition site (cleavage site) which

is recognized (cleavable) by a restriction enzyme used in the process of making (cloning)

the artificial nucleic acid of the present invention. Hence, it is possible to specifically

introduce certain base(s) (in exchange, preferably substitution, for the respective wild-type

base(s)), so that the artificial 5'-UTR element does not contain a nucleotide element which

is considered disadvantageous. In specific embodiments, the artificial 5'-UTR elements is

selected from the group consisting of SEQ ID NOs: 137 to 15 1 :

SEQ ID NO: 137 - Artificial Sequence (based on SEQ ID NO: 3 )

ATCTTAGCTTCTCTGTCTTCCTCCCTCCCTCCCTTCCTCTTACTCTCATTCATTTCATACACACTG

GCTCACACATCTACTCTCTCTCTCTATCTCTCTCAGA



[This sequence corresponds to the wild-type sequence it is based on, except that AAGCTT is

replaced by TAGCTT, underlined above for emphasis]

SEQ ID NO: 138 - Artificial Sequence (based on SEQ ID NO: 9 )

ATCACAGCCCTTCCCCGATCCTCTCCGTGGGAGCCAGCGAGCCTCTCTCCCTGATCTTACGTGCTC

AAGGGAGCTCACACGTTCACCAACTCACCCTTGAAGTCATCTCAAGAACAAAAGACAACTGAAAGA

AGCTGTTGTGAAGGCAGAGCAGCATCTGCTGAAGAGACAGAAACCAGCCCCAGAGGTGTCACAGGA

AGGCACCAGCAAGGACATTGGTCTTTGATTTGATTCAGCAGTCCTGTCAAGTATAA TAGTG

[This sequence corresponds to the wild-type sequence it is based on, except that ATG is

replaced by TAG, underlined above for emphasis]

SEQ ID NO: 139 - Artificial Sequence (based on SEQ ID NO: 14)

TAGGGCTGGAGCTCCGGGCAGTGTGCGAGGCGCACGCACAGGAGCCTGCACTCTGCGTCCCGCACC

CCAGCAGCCGCGCC

[This sequence corresponds to the wild-type sequence it is based on, except that ATG is

replaced by TAG, underlined above for emphasis]

SEQ ID NO: 140 - Artificial Sequence (based on SEQ ID NO: 17)

CAGTCGTCCCTGCGCGTCGTCCTCCTCGCCCTCCAGGCCGCCCGCGCCGCGCCGGAGTCCGCTGTC

CGCCAGCTACCCGCTTCCTGCCGCCCGCCGCTGCC

[This sequence corresponds to the wild-type sequence it is based on, except that GACGTC

is replaced by GTCGTC, underlined above for emphasis]

SEQ ID NO: 141 - Artificial Sequence (based on SEQ ID NO: 18)

TAGGCGGACCTCCGGAAACCGTAGATTCCGGGCGGTCGGAGCCGCCGGGAGCTGTAGTTCTCCCGC

GGCTCAGAGAAGTAGGCAGAGAGCGGACCTGGCGGCCGGGCAGC

[This sequence corresponds to the wild-type sequence it is based on, except that ATG is

replaced by TAG, underlined above for emphasis]

SEQ ID NO: 142 - Artificial Sequence (based on SEQ ID NO: 29)

ACCGGTAG TAGCTCGGCTAGAACCACTAGGCGCCTGGCGGGGGTGATCTGTCGGAGCGACCGGCTT

GGCGCCTGCCTGTCCCCAGCCCCTCTCAGCTTGAACTCCTTCCTTCAAGTCTGGGCCCTCGAGGCT

TCCAGAGCGGCCTCCAGGGGTGCAGTCTCAGTTCCCCACGCCAGCCGTCTCCGTCCTCCGCCTCCT



CCGGGCCTGGCAGGTGGCACTGTCCGGAGGCGGAGCCTTGGGCGAGGGGTGGTTGCGGCGGAGGAC

GCAACCGAGCGGGCCTGCGGCCTCACC

[This sequence corresponds to the wild-type sequence it is based on, except that two ATG

have each been replaced by TAG , both underlined above for emphasis]

SEQ ID NO: 143 - Artificial Sequence (based on SE ID NO: 31)

CTTTTCCCGGCAC TAGCGCACCGCAGCGGGTCGCGCGCCCTAAGGAGTGGCACTTTTTAAAAGTGC

AGCCGGAGACCAGCCTACAGCCGCCTGCATCTGTATCCAGCGCCAGGTCCCGCCAGTCCCAGCTGC

GCGCGCCCCCCAGTCCCGCACCCGTTCGGCCCAGGCTAAGTTAGCCCTCACC

[This sequence corresponds to the wild-type sequence it is based on, except that ATG is

replaced by TAG, underlined above for emphasis]

SEQ ID NO: 144 - Artificial Sequence (based on SEQ ID NO: 42)

CTTGATCT GTGGGCGGGGCGCGGCCTGTGG

[This sequence corresponds to the wild-type sequence it is based on, except that AGATCT is

replaced by TGATCT, underlined above for emphasis]

SEQ ID NO: 145 - Artificial Sequence (based on SEQ ID NO: 43)

GTAGATTTGAGGGACAA CAATTC AGTGCCCGGGGGCCGAAAGGCAGCAGAAGGCGGGCACCAAAGG

ATAGGCACCCGGAAGGTGGACTCCGAGGAGGAGAGAGGACAGGGGTCTCTCACCCCAGCTCCTGGT

CACC

[This sequence corresponds to the wild-type sequence it is based on, except (i) that ATG is

replaced by TAG, and (ii) that GAATTC is replaced by CAATTC, each underlined above for

emphasis]

SEQ ID NO: 146 - Artificial Sequence (based on SEQ ID NO: 52)

GGCCGGACGCCTCCGCGTTACGGGATGAATTAACGGCGGGTTCCGCACGGAGGTTGTGACCCCTAC

GGAGCCCCAGCTTGCCCACGCACCCCACTCGGCGTCGCGCGGCGTGCCCTGCTTGTCACAGGTGGG

AGGCTGGAACTATCAGGCTGAAAAACAGAGTGGGTACTCTCTTCTGGGAAGCTGGCAACAA TAGGT

AGTAGTGATAT

[This sequence corresponds to the wild-type sequence it is based on, except that three ATG

have each been replaced by TAG , each underlined above for emphasis]

SEQ ID NO: 147 - Artificial Sequence (based on SEQ ID NO: 109)



GGCAATTCCACGCCACCTCCGCGCGCTCTGCGCTCTGGGATCCGGAGCGACCAGGACCTGGTGAGA

CCCTCAGCTCCCCTCCACCTTCCCCGAGGTCCAGCACACCAGAACTGGAACCTGAGCAGCCCAGAA

GCCAGGGTGGCACCACTGTGTCTCTCCTGTCTGAAGACCCGGATATTTTCTCAGACTTGGCGACAC

GTTCCTTTAAAAGATCAGC

[This sequence corresponds to the wild-type sequence it is based on, except that GAATTC is

replaced by CAATTC, underlined above for emphasis]

SE ID NO: 148 - Artificial Sequence (based on SEQ ID NO: 110)

AAAGACCACGCCCCAGT CACGTC ACGCGGCGGTTACCGCGCTTGGCGCTCGCGATTTAAAACTTAC

TCCGGAGACGTGGAGAGCAAG

[This sequence corresponds to the wild-type sequence it is based on, except that GACGTC

is replaced by CACGTC, underlined above for emphasis]

SEQ ID NO: 149 - Artificial Sequence (based on SEQ ID NO: 119)

TTAT TAG TCCAGCTGGAAGCCTGGCTGTCCCTAGAAAAGCTGGAAGCCTGACTGCCCCTCAAAAGA

CCTGCTCTTTAGGAGAGCTAGATATTGTTTACTGAAGACAAGTGTGAAAACTGGGAACCTCAGTCT

CCATC

[This sequence corresponds to the wild-type sequence it is based on, except that ATG is

replaced by TAG, underlined above for emphasis]

SEQ ID NO: 150 - Artificial Sequence (based on SEQ ID NO: .120)

AA TAG GTCGTCGAGGGAAGGCGCCTCATCGCGCCGTGAATT

[This sequence corresponds to the wild-type sequence it is based on, except that ATG is

replaced by TAG, underlined above for emphasis]

SEQ ID NO: 151 - Artificial Sequence (based on SEQ ID NO: 136)

CCCAACCTGCAG TAG AGGAAGAGGAAGCGGGAGACAGACGGACAGACGGACGGACACAGACGCTGC

GCCCAGGCCTCACCATCCATCGCAGGAAGCCCCCTGTCTCAG

[This sequence corresponds to the wild-type sequence it is based on, except that ATG is

replaced by TAG, underlined above for emphasis]



3'-UTR elements

Preferably, 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, 0, 5, 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 NO: 152 to 204 or the

corresponding DNA or RNA sequence, respectively, 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 NO: 152 to 204 or the corresponding DNA or RNA sequence,

respectively.

Among the sequences detailed in the following, SEQ ID NO: 52 to 203 can be considered

as wild-type 3'-UTR sequences, and SEQ ID NO: 204 can be considered as artificial 5'-UTR

sequence.

SEQ ID NO: 152 - Homo sapiens NDUFS7 3'-UTR

NM_024407 .4

CGCCGCCGCCGCCGCCGCCGGAGCCTGTCGCCGTCCTGTCCCCAGCCTGCTTGTGTCCCGTGAGGT

TGTCAATAAACCTGCCCTCGGGCTGCCGCCTCCC

SEQ ID NO: 153 - Homo sapiens PHGDH 3'-UTR

NM_006623 .3

CCTTGGAGCTCACTGGTCCCTGCCTCTGGGGCTTTTCTGAAGAAACCCACCCACTGTGATCAATAG

GGAGAGAAAATCCACATTCTTGGGCTGAACGCGGGCCTCTGACACTGCTTACACTGCACTCTGACC

CTGTAGTACAGCAATAACCGTCTAATAAAGAGCCTACCCCCAACTCCTTCTGC

SEQ ID NO: 154 - Homo sapiens TSPO 3'-UTR

NM 000714.5



GTGCCCGGCCCACCAGGGACTGCAGCTGCACCAGCAGGTGCCATCACGCTTGTGATGTGGTGGCCG

TCACGCTTTCATGACCACTGGGCCTGCTAGTCTGTCAGGGCCTTGGCCCAGGGGTCAGCAGAGCTT

CAGAGGTGGCCCCACCTGAGCCCCCACCCGGGAGCAGTGTCCTGTGCTTTCTGCATGCTTAGAGCA

TGTTCTTGGAACATGGAATTTTATAAGCTGAATAAAGTTTTTGACTTCCTTT

SEQ ID NO: 155 - Homo sapiens ATP5D 3'-UT

NM_001687 .4

GCGGTGCGTACCCGGTGTCCCGAGGCCCGGCCAGGGGCTGGGCAGGGATGCCAGGTGGGCCCAGCC

AGCTCCTGGGGTCCCGGCCACCTGGGGAAGCCGCGCCTGCCAAGGAGGCCACCAGAGGGCAGTGCA

GGCTTCTGCCTGGGCCCCAGGCCCTGCCTGTGTTGAAAGCTCTGGGGACTGGGCCAGGGAAGCTCC

TCCTCAGCTTTGAGCTGTGGCTGCCACCCATGGGGCTCTCCTTCCGCCTCTCAAGATCCCCCCAGC

CTGACGGGCCGCTTACCATCCCCTCTGCCCTGCAGAGCCAGCCGCCAAGGTTGACCTCAGCTTCGG

AGCCACCTCTGGATGAACTGCCCCCAGCCCCCGCCCCATTAAAGACCCGGAAGCCTG

SEQ ID NO: 156 - Homo sapiens EXOSC4 3 '-UTR

NM_019037 .2

CCACCCAGCCACCCATGTCCAGAATAAAACCCTCCTCTGCCCACAC

SEQ ID NO: 157 - Homo sapiens TUBB4B 3 '-UTR

NM_006088.5

AGCCTTCAGTCACTGGGGAAAGCAGGGAAGCAGTGTGAACTCTTTATTCACTCCCAGCCTGTCCTG

TGGCCTGTCCCACTGTGTGCACTTGCTGTTTTCCCTGTCCACATCCATGCTGTACAGACACCACCA

TTAAAGCATTTTCATAGTG

SEQ ID NO: 158 - Homo sapiens TUBA4A 3 '-UTR

NM_00 6000 .1

AGCAGCTGCCTGGAGCCTATTCACTATGTTTATTGCAAAATCCTTTCGAAATAAACAGTTTCCTTG

CACGGTT

SEQ ID NO: 159 - Homo sapiens EMP3 3 '-UTR

GCGCCCCGCCTCGCTCGGCTGCCCCCGCCCCTTCCCGGCCCCCCTCGCCGCGCGTCCTCCAAAAAA

TAAAACCTTAACCGCGG

SEQ ID NO: 160 - Homo sapiens CRIP2 3 '-UTR

NM 001312.3



GCTACAGCGGCTCTCATGATGTGGGCTCACCTGCGCCCCAGACCCTGCAGGGGCCCCCCTGCTTGG

CTCTGCTGGGAGAGTGCTCAGCCGCCCAGTCCTGCCTGCAAGCCCAGGGCGAGTATTGGAGGAGGG

GCAGCCACGGGCAGAGCACCATGCCCATCCCCGAGTCTCTGGTGTGTCTGCCCCCTCTGGCATCCT

CTGGGCGTCCCATGATCCCTTCTGTGTCTGCGTGTCCGAATCCCCGTGTGACCCTGTCCCAGCATT

TTCCCGCCGACCCTGCGTGTCCCCGTGGCGCTGTCCGCTCTCCCTCTCCTGCTGCCCACCCACCTG

CCAGTGTTATTTATGCTCCCTTCGTGGGTGATGGCCACGCCCTCACCATGTCCCTGGCAGAGGGCT

TCCCTCCGGGATCCCCTGCCTGGTGCCCACACTGCCTCGCAAGCGCTCGCCACCCTCACGTGGCTC

ACCTGCTGTTGAGCCTTGTGCTGTCAATAAACGGTTTGAGGATTGCAGGATTGTC

SEQ ID NO: 161 - Homo sapiens BRAT1 3'-UTR

NM_152743 .3

GCAGAACCAGAGTCTGCCACTGGGGCTCAGGACCAAGGGAGGCAGCACCATGTCCTTCTGTGGGAC

ACTGCCAGCCCCAGGGCTCCAGCCCAGCCCGGTGGATCCTCTGGGGAAGCCAGGACCAGGAGAGAA

GCAAGGTCAAGAAATCCCACAGTTTGATGTATTAAAGAAATGACTTATTTCTACTCAAAATAAATG

GCATTGAAGTCTTTCTTTAACCCTTTTTGAGTTAATTTAATAATAATGATCTGAGACAAGG

SEQ ID NO: 162 - Homo sapiens CD9 3 '-UTR

NM_001769.3

AGTCAGCTTACATCCCTGAGCAGGAAAGTTTACCCATGAAGATTGGTGGGATTTTTTGTTTGTTTG

TTTTGTTTTGTTTGTTGTTTGTTGTTTGTTTTTTTGCCACTAATTTTAGTATTCATTCTGCATTGC

TAGATAAAAGCTGAAGTTACTTTATGTTTGTCTTTTAATGCTTCATTCAATATTGACATTTGTAGT

TGAGCGGGGGGTTTGGTTTGCTTTGGTTTATATTTTTTCAGTTGTTTGTTTTTGCTTGTTATATTA

AGCAGAAATCCTGCAATGAAAGGTACTATATTTGCTAGACTCTAGACAAGATATTGTACATAAAAG

AATTTTTTTGTCTTTAAATAGATACAAATGTCTATCAACTTTAATCAAGTTGTAACTTATATTGAA

GACAATTTGATACATAATAAAAAATTATGACAATGTCCTGGACTGGT

SEQ ID NO: 163 - Homo sapiens CDK9 3 '-UTR

NM_001261 .3

GGGCCGGCGCTTGCCACTAGGGCTCTTGTGTTTTTTTTCTTCTGCTATGTGACTTGCATCGTGGAG

ACAGGGCATTTGAGTTTATATCTCTCATGCATATTTTATTTAATCCCCACCCTGGGCTCTGGGAGC

AGCCCGCTGAGTGGACTGGAGTGGAGCATTGGCTGAGAGACCAGGAGGGCACTGGAGCTGTCTTGT

CCTTGCTGGTTTTCTGGATGGTTCCCAGAGGGTTTCCATGGGGTAGGAGGATGGGCTCGCCCACCA

GTGACTTTTTCTAAGAGCTCCCGGCGTGGTGGAAGAGGGGACAGGTCCCTCACCCACCCACAATCC

TATTCTCGGGCTGAGAACCCTGCGTGGGGACAGGGCTCGCCTCAGGAATGGGCTGTTTTTGGCCTA



ACCCTCAGAAACACTGGGGCTGGCACAAACTCTTGGTTTCTTCAACAGGAGAATTTTACTGTGTTT

CTTTTGGTTCCATTGTTTGGAGACATTCCTGGGCACAGTTTGGTCCGTTAGAATTAAAAGTTGAA

SEQ ID NO: 164 - Homo sapiens PSMB3 3'-UTR

NM_002795.2

CCCTGTTCCCAGAGCCCACTTTTTTTTCTTTTTTTGAAATAAAATAGCCTGTCTTTC

SEQ ID NO: 165 - Homo sapiens PSMB6 3 '-UTR

NM_002798 .2

ATCCTGGGATTCTAGTATGCAATAAGAGATGCCCTGTACTGATGCAAAATTTAATAAAGTTTGTCA

CAGAGAATCTTTGTA

SEQ ID NO: 166 - Homo sapiens PRSS56 3^-UTR

NM__001195129. 1

GCCATGTCTGGGCCCCCAGCCCCTGGGGAGGACCTACTGCTCCCAGGGGCTGAGAGGGGTTCGGGA

GCATAATGACAAACTGTCGCTGCCCCAGTGGCTGGGTGTGTGTGGGTGGGATGGGGTGGGGGTCCT

GGGCCCCCCGTGTCTTCCCAGGTTTACAATCAGAGAATCACAGCTGCTTTAATAAATGTTATTTAT

AATACACGGAA

SEQ ID NO: 167 - Homo sapiens SCANDl 3 '-UTR

NM_016558

GCGGTGGAGCTGCGGGCGGCCAGGGCCGGGCGCTCTGTGCGGACTGGGGCCATGATCGGGCCCGGG

GGCCTGAGCCTGGGACCCCACCCCGTGTTAATGAAAAATGAGTTTTGGCAGCGCCTGTGGTC

SEQ ID NO: 168 - Homo sapiens AMN 3 '-UTR

NM_030943.3

GCGGCCGCCTGACCGTCGACCTTGGGGCTCTCCACCCGCTCTGGCCCCAGTCGAACTGGGGGCTAG

CCACCTCCTCGTCCAGCCCCCAAACCTCCCCTTCCTTTCCCCCTCCTCCGGGGGCCAAGGACAGGG

TGGCCTTACTCAGTAAAGGTGTTTCCTGC

SEQ ID NO: 169 - Homo sapiens CYBA 3 '-UTR

N _000101.3

CCTCGCCCCGGACCTGCCCTCCCGCCAGGTGCACCCACCTGCAATAAATGCAGCGAAGCCGGG

SEQ ID NO: 170 - Homo sapiens PCOLCE 3 '-UTR



NM_002593 .3

GACGCAGGCCAGCCCCGGCCCCTAGCCCTCAGGCCTTCTTTCTTATCCAAATAAATGTTTCTTAAT

GAGG

SEQ ID NO: 171 - Homo sapiens MAP1S 3 '-UTR

NM_0 1817 4.4

CCCCATCGCCGACACGCCCCCCACTCAGCCCAGCCCGCCTGTCCCTAGATTCAGCCACATCAGAAA

AAACTG GAC AC CT GGCAA

SEQ ID NO: 172 - Homo sapiens VTN 3 '-UTR

NM_000638 .3

GAGTCAGAGCCCACATGGCCGGGCCCTCTGTAGCTCCCTCCTCCCATCTCCTTCCCCCAGCCCAAT

AAAGGTCCCTTAGCCCCGAGTTTAAA

SEQ ID NO: 173 - Homo sapiens ALDH16A1 3 '-UTR

NM_001145396. 1

TGCCTGAGCGCCACCTACTGCATTTTGGACACCTCACACCAAGGGGAGATGCACCCCACAGACACC

TGGGACTTTCCCCTTCTGGTTCCTGTGTCTCCCAATAAACTCTCTGACCAACCCTAGCTGTGCTTC

TGCGAGAAGAAAGGGTGTAGCAACTTCTGGCAGATATGAGGCTTTTTTCTTTTTTTTTTTTTTTTT

TGAGACAACGTCTGGCTCTGTCACCCAGGCTGGAGCGCAGTGGCACAATCTCGGCCCACTGCAGCC

TCGACCTCTGGGGCTCAAGGGATCCTCATGCCTCAGCCTCATATGTAGCTGGGGCCACAGACATGC

ACCACCACACCTGGCTCGAGGCCATTTTAGTTCTGAGGTTGAGCAGCTCAGGAGCCGGCTCCAGCA

CGGTGCTGTGTTTGTGAAACAGAGAAAGGGGACCCCCGAGGACCCCAGACAGGGCCTTAGGACTCT

CATATCTTCTTGTCTTCTCCATCTGGTGGCTCTTGCTCTCTGGTTTTCTCTACCTTTTCATGGCCC

CAGAATCCATATGCAGTAAAGGAACTCTCTGGAATAAAATTAAAGTCCTCCT

SEQ ID NO: 174 - Mas m scul s Acox2 3 '-UTR

NM_001161667 .1

AAAGCCAAAGGATTCAGGACCAAGCAGCACCATGGCCTTCCTATGGCACATATGCATATAAAGAAT

TTAAAGCACGGGGTGGCGTGCGGCTTGTTCAGATCAGCGAGTAAACTGGTACATGAAAGGATGTTC

ATCATATTATTCTGCTACTGAGTACATCTGAAACTTTCCCTTGTCTGTTTGTAGTACGTATTTGGC

TAAATGCTAGAATTTTGCTTTAAATACAGCAAAAGCTAATAAACTTGTTAGTAACTA

SEQ ID NO: 175 - Mas musculus U c 3 '-UTR

BC006680.1



TGGGGGAGGTGTCTTAGTTTTCCCTATCTTTTAAGCTGTTAACAAGTTTCATTGCACTTTGAATAA

AGTTCTTGCATTCC

SEQ ID NO: 176 - Mus z sc l s Slpi 3'-UT

NM_011414 .3

GCCTGATCCCTGACATTGGCGCCGGCTCTGGACTCGTGCTCGGTGTGCTCTGGAAACTACTTCCCT

GCTCCCAGGCGTCCCTGCTCCGGGTTCCATGGCTCCCGGCTCCCTGTATCCCAGGCTTGGATCCTG

TGGACCAGGGTTACTGTTTTACCACTAACATCTCCTTTTGGCTCAGCATTCACCGATCTTTAGGGA

AATGCTGTTGGAGAGCAAATAAATAAACGCATTCATTTCTCTATGCA

SEQ ID NO: 177 - Mus musculus Nudt22 3 '-UTR

NM_026675.2

AGACAATAAAGGACTTTA CTTGT

SEQ ID NO: 178 - Mus musculus Pcyoxll 3 '-UTR

NM_172832 .4

GGGCTCCCAGGAGAGCCCAGGGACTCTGCGCCACACTGAAGATAACTGAGATGGAGCGCACTCCAG

CCGCGCAGGACTGACGAGGCCACACCCATGGGCTCTGTGGCTTTCTCTGCTCTCATGGATTGAACA

GGGTCCCCCATGTGGGCCCGGGCGATCTGCTGTCTGCTTATCTAAGGATCCTCTTAGAGGCTGCCT

TTTTTTTTTTTTTTTTTAAGGAGCGATTAAGAAAAGGGAAGGAAATTCAAGTCAGTGTTTTGGCTG

TTTTTGTTTTTTGTTTGTTTGTTTTTGTTTGTTTTTTGTGGTGTTGGGTTTTGAGGTTTTTTGTTT

GGTTGGTTTGGTTTTGGGATCGTGTGTTTATTTTATTGTTTTTGTTTTGGGGGGTTGGTCGTTTGT

TGTTTTGGGGGGTTGTTTTGTTTTGTTTGTTTGTTGGTTACTGTTTTTCAAGAAGAAATATAAATT

CATCCTCCAAGCT

SEQ ID NO: 179 - Mus musculus Igf2bpl 3 '-UTR

CCCCGCCCCCTCCTGTCCCATTGGCTCCAAGATCAGCAGGAGGAACACAGAACTGGAGGGGCGGGT

GGAGGGCCGGTGTGCTCTTCCCAGCAGGCCTGAGAATGAGTGGGAATCAGGGCATTTGGGCCTGGC

TGGAGATCAGGTTTGCACACTGTCTTGAGAACAATGTTCCAGTGAGGAATCCTGATCTCTCGCCCC

CAATTGAGCCAGCTGGCCACAGCCCACCCCTTGGAATATCACCATTGCAATCATAGCTTGGGTTGC

TTTTAAACGTGGATTGTCTTGAAGTTCTCCAGCCTCCATGGAAGGATGGGTCAGATCCCAG

SEQ ID NO: 180 - Mus musculus Tmem37 3 '-UTR



GACCTCTGGCTGAGATTGAATAGGACAACCAATGACCTTGACACTGCCTCTTAGGCACTTAGCTCT

AGCAATGCCCTGGAAGTCTCTTCAGCTGAGCTCCAGGGCAAAGGCAGAAGGGTGCCTCTGTACGAC

GGCACAGTGAGCTGGATAGGTTAGTCATGC

SEQ ID NO: 181 - Mus sc lus Slc7a3 3 '-UTR (240)

NM_007515

CCTAACCATACCTAATTGTTGTCTTGTTCTCCTATACAATAATGGAGAGTACTCTTGACCCCACGA

AGAGCTGGGCCTCTCATGTGGTGTTAGTGACGGATATGAAATAATGCTCTGTATTTCTTGTGAAAT

GATGGCTATGTCTTTGCTGTTTCTCATTTGTTTTTAACTTGTATACTTTGAAATAGTCTCTGTAGT

TGTTTCCTGGCTTTGAAAAAAATGTTATTAAAGGAAAATTGT

SEQ ID NO: 182 - Mus musculus Cst6 3 -UTR

CCGGCCCCAGGGTGACAGAGTCAGGGCCCCATGGGAACAAGCATGGTGGAGGCGCCTCAGGGCCAC

GGGCCACGTCTGTTGCAATAAATCTGCAGCTCTGCTTCTTGC

SEQ ID NO: 183 - Mus musculus Ebp 3 -UTR

AGAGCCGGAGAGTGGGCTGAGTCCCTGCTGATGAGGCGCTCTCCTCACTTCCCAGAAGACTCAAAT

CTTCTTCCTCCTCGCACAGGTTGGGGGGGTCAGAACTATCGGACTTGTCCCACTCAAACATGATGA

GTGAGCACACAAAGGGCCAGAGTCAGAAAAGGAAGGGAACAAGTTGAGCTACTGCTAGGAACCTGA

GGGAAAAGATGGATGAGAAGGTGGCAAGTCCGTGACGGTGGCAACTTCCCAAACCAGGAAATAAAA

TGTCTTTTACTATAA

SEQ ID NO: 184 - Mus musculus Sf3b5 3 '-UTR

NM_009829.3

GGTGAGCGCTGCCCAGTCTTCCCCGTGTGCCGGCTGCGAGCCTCCTTGCTCCTGCATCTCGACCAT

TCCGTGTTGGCTGTGTCGCCTGACCTGCGTACCTGTGGAGGATTCGGAACAAGTCATGGAGAGACT

GTCCGGGTCCGCTCCTTGTGAACTGTGCAGAAGGAGTGATCCCAGCATCGGCAAGCGAGGGAGAAG

ACTGCACGAGAGTGATGCGCATTTCGAGTCTGCTTTTCGATAGTTGATGTCTTCTTGCCT

SEQ ID NO: 185 - Mus musculus Plkl 3 '-UTR

NM_011121 .3

GTCTCTCTCCTTCGGACTGGTGCCCCTTCACTCTGCTAGCTCTGAGCCTGCACTGTAGGCTCCTGG

GGGCTGCTGTTCAGTGCCCCTGGCCCTGGGGGCTGGGCAGGAGCAGGGCCCCCTTTGAAGGGGTTG

CTGTGTGTAAGTTATTTTGTACATGTCTGGGTGTGGGTTTACATCTGCTTCCCTGCCCTCGCTCAG



CCCACTGTATGAATTGTATAAATGTTTCTATTAAATTGGGACTGCTCTTTCCTTAGCTTTATATAT

ATTAAAATGTGTACATCTCTC

SEQ ID NO: 186 - Mas musculus Aarsdl 3'-UTR

NM_144829.1

GGGGCCAGGACGTCGTCCCTGTGACCAACAGTAAAATATTGTGACTC

SEQ ID NO: 187 - Mas asc l s Cdca8 3 '-UTR

NM_026560 .4

GAGGACAACAGGACACACAGTGGCAGCAGGGACTGTGGTAGCAGAGTGCACACATCTGTCCTTCTT

CTGTGGGGTCCTTCACTGCCAACACCTGCAACGGTGCTTTGTCTCTCTGACAGCTATGGTGTCTTG

CTGCACACTTCTAGTTAGTGGGAATTTTAGACGGGGAACACAGGGCTAGTCAGGGCCTTTGTGTGC

TTGGTGTGGAGTGACTGAGAACCGTCTATGGTTCAAGGTCCCACTGGGGATAAACTGCTTAGAGCA

CTGTCCTAGAGGGCAAGTGTAGCCTTCGCCTCCGGGCCCAGGCAGGCTATGCAGTCAGCAGTAGGG

TCTGTGCTCCATGCGGGTCCAGGCGCACGGCTCTCCTATTCTGTTGTCATTTGTGCCCTCTATGGG

CAGGTGTGTTTCAAGTTGGTTTTCTGTTGCTGAGGCTTTCATACACATCAGTTACCATCTCAGCTG

ATTTGTCTACTGAAAGCTTGCTGTTTTCAATAAATCTTAGTTTGCCATGGTTTTAAGTC

SEQ ID NO: 188 - Mas musculus Kif22 3 '-UTR

NM_145588 .1

GACACTACCTTCTTTTAAAAATCCTTGTATAGTGACGTGTTGTGTAAATACAGTTTTTATTCC

SEQ ID NO: 189 - Mas musculus Cad 3 '-UTR

NM_023525.2

GTCCCAGCTTCCTTTCTTGTCTCTTCAGGCCCAGCTGCTGGGCAAGGAATCCCGATGCCCCCCCCA

CGGGGGCAGCACACTTAGCAGACAATCCTGGAGCATACAGATAGCCCAAGCACATAGATGTACTAA

ACTGGGACCATGCTTTAGGCTCCAGACGAGAGTCTTTTCTAACTTGGGGATGCAGTCTCAGATACT

GGGGGCCCCTCTGCCTCATCTCCATTCTTACACCTCAAATCTGTACAGTTACTTTTGTACTGACTG

TAATAAACAGCCAAACAGTT

SEQ ID NO: 190 - Mus musculus Cth 3 '-UTR

NM_145953.2

AAGTTCGAGTCAAAGCTGTCATTCCAGTGCTGCCATCAGGAGCAGCATCCAAGGGGCCAAATCTTC

GGAATAACTGGACAGATCATTACGGAGCATACGCAGAACTGCACTGAATATTTTAAGGCCCTAATG

AGTTTACAGCTGTAACCTTCCATGGATCTTCCCTTAAGAACTGTCTTCTGTTTATCTTCTAACTAA



CAGGTTGTTCTGTTAGTATCATTTCGGTAATTTTGCTATATTTGTGTCCAAGGAAGTAAGAGTTGT

TCTGTTTTGGGATCATGTTGTCTTTTTTCTTTCTTCAGTAGCTTATGATATATTTTAATCATGTTT

ACAATGTTACAATTTAGTATTGATGTTTTATGAAGTTAAATTATTAAATGAATGGTCTTAAATCCA

CTGTGGTGGTTTTTTTTTGAAAAATTATATAATTACCATAAGCCAAAAATCAAATATTTGGAATAC

CTACTGTGAAATTCAAGAGATTAAAGGTTGTACTTGATACTTGTTATTTTTCTTAAATAAATCTAG

TTATCAAGTTATTTTTCTTAAATAAATCTAGTTATCAAATGT

SEQ ID NO: 191 - Mas sc lus Pole 3'-UTR

NM_011132 .2

CAAGCCTAGGCTAAAGACACTTTGGTATCCCACACCTACTGCCTGCTCCAAAAGGCAGAACCACTG

ACCACCTTGCTTTTCCAAACTCATGAGCACAGCCCAGAAGGAACAGAAGACTTCTGCTAACGTCAT

CATGCCATAAACAGACAGAAGCAGGGAATGGCTCTATCCCTAGCTGCCTGCTAAGTAAACACGGTT

TTGAAGCGTC

SEQ ID NO: 192 - Mas musculas Kif2c 3 -UTR

NM_134471 .

TGACTTCAAATAAAGATCTGTTTGATATCACACTAGCCTCTTCCCCTCCCCAGAAAACTTTGGGCA

CCTTCTGGCTTTGGTTAGGAACTGAGTTGGACAGGTTGGGTAAATTTCAACCTCAGGGCATCATGC

CCAGGAAAGCTGGGGAGAGGCGATGTTCTTTTCCTCAGTTTGGAGCGGGAAGAAGGAGTTTTAATG

ACTGTGCTTCCTCTTCTCCTCCCCATGGAAGGGGGGGGGGATCCCTGGCTCAGCATCCACTGCTGG

TGGAAACCTCGCTGCGAGGTGCCGCTGTGAGGTGTGCCGCTGTGAGGTGCGTGCTCTGGAAGAGAG

GCGGAGCTTGTCCGCTTCCTGCTGCCTCTGCCTGCAGTACCACCCTCGGTCTAAGCACTCATGATT

TTATACTTTCAGAAAAAAGTTTTAAGACTTCTTTGGGTTTTTTGTTTTTGTTTTGAAGCCTAAGAA

AGTCACTAGTTCTTGCCTTTATGTATTTATATGCTGTACCTAACAATAAAGAAAGAAGAAAAAAAA

CAAA

SEQ ID NO: 193 - Mas masculas Scandl 3'-UTR

NM_020255.3

GCGGCGGAGCCTGGGGCTCCCTGGACTGACACCCTACCCCTGAGTTAATAAAAGTTGAATTTTGAC

AGCTCCCA

SEQ ID NO: 194 - Mus musculus Gpr84 3'-UTR

NM_030720 .1

AGCTATTTAAAGCTAGTAGTCCATTCACCAGGACAGGCCAAACATCCGGAACCAGAGTGGCCTGCA

GAGGACAGGACAGGAGCCCTTCAGTCCTTGGGTATTTCACAGACAACCTCAGTGGTATAGAGGTAC



ACCACTTTCCCATTCAGGAATCAGTGCGTCAACCCTGTGTGACCCAAGGAGTGTGGTTAATTATTA

ATAAAGACATTGCATCCCCCCCTC

SEQ ID NO: 195 - Mas musculus Tpgsl 3 '-UTR

NM_1 893 2

GACCACGATGCACCCACATCCCGCCACCTGCCCAGGACTTGGGACCTGCAAACTGATGTCCCGGCA

TTCTGCACAGGGTCATCACCCAGGAAGGGGTACCCGCTTGGACTTTGCAGGACCAGCACCTGCAGC

TCAATCCCCTCTGTACTGGCCTGCCTACCCCACTCACAGAAATAAAATCTAAAACGAC

SEQ ID NO: 196 - Mas musculus Ccll7 3 '-UTR

NM_011332 .3

CCTTCCCGCTGAGGCATTTGGAGACGCCAGGGCTGCTGTCCATGGTTTCAACATAAAACGGCCTGT

GACCAGCAGAGCCCAAGAGCAGCCACAGAGCAGAAGTCCCTGTTCCCTTTTTTATGGACTCTTATG

CACTACAGGCGAACACAAAAAAAAGCAACGGAATAAAGCCTTCCTCCCTC

SEQ ID NO: 197 - Mas musculus Alkbh7 -U R

CCTCCCACATATCCTCCATATTTGTGAATAAAGTAGGGAAAATGCTGTCAT

SEQ ID NO: 198 - Mas musculus Ms4a8a 3 '-UTR

NM_022430.2

GTGAACCTGAAGATTCTAGAGACCAAGTGACATCCTCTCCTACCTAGACTCCTATAAACCAAGTTC

TTCCTTTCCTGACGAAGGGTAAATATCTTTCTTGTGGCCTAAATTATAGACTCTTGCTTCAACTCA

CCCTGGAAAAATCTCTATTAAAACGAGATGGGAGATTGAAATGGATTCAAATAAAGATGCTCTAGC

AGGA

SEQ ID NO: 199 - Mas musculus Mrpl34 3 '-UTR

NM_053162.2

GGAGCGCAACGTCGCAGGGAATAGACTCAGACGCCGGTAGAGTTGCCCGAGGGCGAGAAGTTGGGG

CAAGCTGAAAGTGGGGGTCTGTCCCTTCGTAGGTTTTTAGACGCATCCCCCGTCGACGGCTGCTTA

CCAACCACCAGCACCTGCGATACCTCATCCATTTCTGTGAATATATTTGAAGGCATCTTTGCAAGA

CGGGGTCATTAAAACACAGACACCACCCCTACGTTTCCAGCCATTCCAAAGTATTACCGACTTAAT

AAATATTCACGTTTCTTGAACCACT

SEQ ID NO: 200 - Mas musculus Comtdl 3 -UTR



GGTTAACACGAAGCTTAGGGCCTGGGTGTGAGAACCTAAGACCCCCAGCCAGTGACCTGACTTTTA

AACCTGACAATAAAGGTACTGGACACGCG

SEQ ID NO: 201 - Mas sc l s Armc6 3 '-UTR

NM_133972 .2

CCTTAGCTCAGAGAACTCTGACTCCAGAACGTGGGTGGCTATGGGGCCCTGCCTCTCTGTCCTCCT

TCCCATGCTACCCAGAGCACAAGTGTGCTAGCAGGGCAGGGGGTGGGGAGGGCAGAAGCAGTGATG

ACCTGGTGGCCCACCACTGCCAGTGTCCCTTCTACCACAGCTGCTCTCTGCAGCTTTGGGACAAAG

GGCACATGGAACTGCAGTGTTCTGTCTGGAGTTTGAGGCCTCCACAAGCTGGTGTCCCAGCAGGGC

CAGCCTGCAATCCGGGCACCACTCCAAGCAGTTGATAACCCTGCTCCTTGGGCAGGCCCCCTGGGT

AGAGGTGCTTCAGCCAAGGCTGATTCCCCAAGATCCGCATGATGGGAGGAGGGAGGTGTCTCCTCC

AAATTGTCCTCTGAACTCTGTATGTGTGCTGTGGTGCACACATACATGCTAGCTAAATAAACAAAC

AAACAAATAA

SEQ ID NO: 202 - M s musculus Atp5d 3 '-UTR

NM_025313.2

GTGGTACCTACTGTCTGACACCCACGGGGAAACTGAGCCAGGTCCAGGCCGATGAGAAGTTCCCAG

TGGGCTGAAGTGGCCACCAGGGGTCAGCAGTGCTCCAGTTGCTGGGCTTAAAGCTTCCTGGTGCCT

GTCTGCCAGGTCATGGAGGATTCCCCAATCTGGCATCCCCACGATGCCTCTGGAGAGATGGCCTTG

ATTGCCCCTCAAAGCCACCTGAACCGTCGTCAACTTACCCAGCCTGTCTCCATTAAACACCAGGAA

CCAACTGAG

SEQ ID NO: 203 - Mus musculus 1110001J03Rik 3^-UTR

NM_025363 .3

TGCAGAGAGTCCTCAGATGTTCCTTCATTCAAGAGTTTAACCATTTCTAACAATATGTAGTTATCA

TTAAATCTTTTTTAAAGTGTG

Some of these wild-type 3'-UTR elements differ from publically available 3'-UTR sequences

identified by GenBank at NCBI, see the Table 2 (Example 1) . This table reflects sequencing

results of the present inventors.

Thus, 3'-UTR elements selected from the group consisting of SEQ ID NO: 179, SEQ D NO:

180, SEQ ID NO: 182, SEQ ID NO: 183, SEQ ID NO: 197, SEQ ID NO: 200 are



contributed by the present invention and may be employed in any aspect of the present

invention.

Example of artificial 3'-UTR elements useful in the present invention

In some embodiments, the 3'-UTR element according to the present invention differs from a

wild-type 3'-UTR element. Such 3'-UTR elements are designated "artificial 3'-UTR

elements".

It is preferred that an artificial 3'-UTR element shows a degree of sequence identity to a

wild-type 3'-UTR element which is (a) less than 00 %, and at the same time (B) more than

10 %, more than 20 %, more than 30 %, more than 40 %, more than 50 %, more than 60

%, more than 70 %, more than 80 %, more than 90 %, more than 95 %, such wild-type 3'-

UTR element being selected from the group consisting of SEQ D NOs: 2 to 203.

Typically the artificial 3'-UTR element differs from the wild-type 3'-UTR element it is based

on in that at least one nucleotide, such as two nucleotides, three nucleotides, four

nucleotides, five nucleotides, six nucleotides, seven nucleotides, eight nucleotides, nine

nucleotides, ten nucleotides, or more than ten nucleotides, is/are exchanged. For example,

such a nucleotide exchange may be recommendable in case the wild-type 3'-UTR element

comprises a nucleotide element which is considered disadvantageous. For example, in

some embodiments a nucleotide element which is considered disadvantageous is a

restriction enzyme recognition site (cleavage site), particularly the restriction enzyme

recognition site (cleavage site) which is recognized (cleavable) by a restriction enzyme used

in the process of making (cloning) the artificial nucleic acid of the present invention. Hence,

it is possible to specifically introduce certain base(s) (in exchange, preferably substitution,

for the respective wild-type base(s)), so that the artificial 3'-UTR element does not contain a

nucleotide element which is considered disadvantageous. In a specific embodiment, the

artificial 3'-UTR elements is SEQ ID NO: 204:

SEQ ID NO: 204 - Artificial Sequence (based on SEQ ID NO: 192)

TGACTTCAAATAATGATCTGTTTGATATCACACTAGCCTCTTCCCCTCCCCAGAAAACTTTGGGCA
CCTTCTGGCTTTGGTTAGGAACTGAGTTGGACAGGTTGGGTAAATTTCAACCTCAGGGCATCATGC
CCAGGAAAGCTGGGGAGAGGCGATGTTCTTTTCCTCAGTTTGGAGCGGGAAGAAGGAGTTTTAATG
ACTGTGCTTCCTCTTCTCCTCCCCATGGAAGGGGGGGGGGATCCCTGGCTCAGCATCCACTGCTGG
TGGAAACCTCGCTGCGAGGTGCCGCTGTGAGGTGTGCCGCTGTGAGGTGCGTGCTCTGGAAGAGAG
GCGGAGCTTGTCCGCTTCCTGCTGCCTCTGCCTGCAGTACCACCCTCGGTCTAAGCACTCATGATT
TTATACTTTCAGAAAAAAGTTTTAAGACTTCTTTGGGTTTTTTGTTTTTGTTTTGAAGCCTAAGAA



AGTCACTAGTTCTTGCCTTTATGTATTTATATGCTGTACCTAACAATAAAGAAAGAAGAAAAAAAA
CAAA

[This sequence corresponds to the wild-type sequence it is based on, except that AGATCT is

replaced by TGATCT , underlined above for emphasis]

Novel 5'-UTR elements and novel 3 - TR elements

The present invention also provides novel 5'-UTR elements and novel 3'-UTR elements, i.e.

5'-UTR elements and 3'-UTR elements which the present inventors found to be expressed in

human cells and mouse cells, respectively, but which are not known from public databases

(see Example 1) . Any 5'-UTR selected from the group consisting of SEQ ID NO: 45, SEQ ID

NO: 47, SEQ ID NO: 49 can be preferred in some embodiments of this invention. Any 5'-

UTR selected from the group consisting of SEQ ID NO: 77, SEQ ID NO: 79, SEQ ID NO:

84, SEQ ID NO: 85, SEQ ID NO: 90, SEQ ID NO: 92, SEQ ID NO: 93, SEQ ID NO: 98,

SEQ ID NO: 06, SEQ ID NO: 109, SEQ ID NO: 5, SEQ ID NO: 18, SEQ ID NO: 25,

SEQ ID NO: 127, SEQ D NO: 13 1, SEQ ID NO: 135 can be preferred in some

embodiments of this invention. Any 3'-UTR selected from the group consisting of SEQ D

NO: 79, SEQ ID NO: 180, SEQ ID NO: 82, SEQ ID NO: 183, SEQ ID NO: 97, SEQ ID

NO: 200 can be preferred in some embodiments of this invention.

Description of 5'-UTR elements and preferred 3 -UTR elements

Preferably, the at least one 3'-UTR element of the artificial nucleic acid molecule according

to the present invention comprises or consists 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%, most preferably of 00% to the 3'-UTR sequence of a

transcript of a gene selected from the group consisting of NDUFS7-3'-UTR, PHGDH-3'-

UTR, TSPO-3'-UTR, ATP5D-3'-UTR, EXOSC4-3'-UTR, TUBB4B-3'-UTR, TUBA4A-3'-UTR,

EMP3-3'-UTR, CRIP2-3'-UTR, BRAT1 -3'-UTR, PSMB3-3'-UTR, PSMB6-3'-UTR, SCAND1 -

3'-UTR, AMN-3'-UTR, CYBA-3'-UTR, PCOLCE-3'-UTR, MAPI S-3'-UTR, VTN-3'-UTR,

ALDH1 6A1 -3'-UTR (all human), Acox2-3'-UTR, Ubc-3'-UTR, Slpi-3'-UTR, lgf2bp1 -3'-

UTR, Tmem37-3'-UTR, Slc7a3-3'-UTR, Cst6-3'-UTR, Ebp-3'-UTR, Sf3b5-3'-UTR, Cdca8-3'-

UTR, Kif22-3'-UTR, Cad-3'-UTR, Pole-3'-UTR, Kif2c-3'-UTR, Scandl -3'-UTR, Gpr84-3'-



UTR, Tpgs1 -3'-UTR, Cel 7-3'-UTR, Alkbh7-3'-UTR, Ms4a8a-3'-UTR, Mrp)34-3'-UTR,

Comtd1 -3'-UTR, Armc6-3'-UTR, Atp5d-3'-UTR, 1 0001 J03Rik-3'-UTR, Nudt22-3'-UTR

(all mouse). Most preferably, the at least one 3'-UTR element of the artificial nucleic acid

molecule according to the present invention comprises or consists 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%, most preferably of 100% to a

sequence selected from the group consisting of SEQ ID NO: 52, SEQ D NO: 153, SEQ ID

NO: 54, SEQ ID NO: 155, SEQ ID NO: 56, SEQ D NO: 57, SEQ ID NO: 58, SEQ ID

NO: 159, SEQ ID NO: 160, SEQ ID NO: 16 , SEQ ID NO: 64, SEQ ID NO: 65, SEQ ID

NO: 67, SEQ ID NO: 68, SEQ ID NO: 69, SEQ ID NO: 170, SEQ ID NO: 17 , SEQ ID

NO: 172, SEQ ID NO: 173; SEQ ID NO: 174, SEQ D NO: 175, SEQ ID NO: 176, SEQ ID

NO: 179, SEQ ID NO: 180, SEQ ID NO: 181, SEQ ID NO: 182, SEQ ID NO: 183, SEQ ID

NO: 184, SEQ ID NO: 187, SEQ ID NO: 88, SEQ ID NO: 89, SEQ ID NO: 19 1, SEQ ID

NO: 204 (alternatively SEQ D NO: 2), SEQ ID NO: 93, SEQ D NO: 94, SEQ ID NO:

195, SEQ ID NO: 196, SEQ D NO: 197, SEQ ID NO: 98, SEQ ID NO: 199, SEQ ID NO:

200, SEQ ID NO: 201 , SEQ ID NO: 202, SEQ ID NO: 203, SEQ D NO: 177, or the

corresponding RNA sequences, respectively.

Preferably, the at least one 5'-UTR element of the artificial nucleic acid molecule according

to the present invention comprises or consists 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%, most preferably of 00% to the 5'-UTR sequence of a

transcript of ZNF460-5'-UTR, TGM2-5'-UTR, IL7R-5'-UTR, COL8A1 -5'-UTR, NDUFS7-5'-

UTR, PLK2-5'-UTR, FBX032-5'-UTR, ATP5D-5'-UTR, TUBB4B-5'-UTR, ORMDL2-5'-UTR,

FSCN1 -5'-UTR, CD9-5'-UTR, PYSL2-5'-UTR, PSMB3-5'-UTR, PSMB6-5'-UTR, KPNA6-5'-

UTR, SFT2D2-5'-UTR, LCLAT1 -5'-UTR, FBXL1 8-5'-UTR, SLC35F6-5'-UTR, VMA21 -5'-UTR,

SEZ6L2-5'-UTR, PCOLCE-5'-UTR, VTN-5'-UTR, ALDH1 6A1 -5'-UTR, KPNA6-5'-UTR, JUP-

5'-UTR, CPN2-5'-UTR, PNPO-5'-UTR, SSSCA1 -5'-UTR, POLR2L-5'-UTR, LIN7C-5'-UTR,

UQCR1 0-5'-UTR, PYCRL-5'-UTR, AMN-5'-UTR, MAP1 S-5'-UTR (all human), Dpysl2-5'-



UTR, Acox2 -5'-UTR, Ubc-5'-UTR, Nudt22-5'-UTR, Pcyoxl l-5'-UTR, Ankrd l -5'-UTR,

Tspyl4-5 '-UTR, Slc7a3-5'-UTR, Aacs-5'-UTR, Nosip-5'-UTR, ltga7-5'-UTR, Ccnd2-5'-UTR,

Ebp-5'-UTR, Sf3b5-5'-UTR, Fasn-5'-UTR, Hmgcsl -5 '-UTR, Osr1 -5'-UTR, Lmnbl -5'-UTR,

Vma2 1-5'-UTR, Kif20a-5'-UTR, Cdca8-5'-UTR, Slc7a1 -5'-UTR, Ubqln2-5'-UTR, Prps2-5'-

UTR, Shmt2-5'-UTR, Fign l -5'-UTR, Cad-5'-UTR, Anln-5'-UTR, Slfn9-5'-UTR, Ncaph-5'-

UTR, Pole-5'-UTR, Uhrfl -5'-UTR, Gjal -5'-UTR, Fam64a-5'-UTR, Tspan 0-5'-UTR, Scand l -

5'-UTR, Gpr84-5'-UTR, Cers6-5'-UTR, Cxcr4-5'-UTR, Gprc5c-5'-UTR, Fen1-5'-UTR,

Cspg4-5'-UTR, Mrpl34-5'-UTR, Comtdl -5'-UTR, Armc6-5'-UTR, Emr4-5'-UTR, Atp5d-5'-

UTR, Csf2 ra-5'-UTR, Aarsdl -5'-UTR, Cth-5'-UTR, Tpgsl -5'-UTR, Cel 7-5'-UTR, Alkbh7-5'-

UTR, Ms4a8a-5'-UTR (al l mouse). Most preferably, the at least one 5'-UTR element of the

artificial nucleic acid molecu le accordi ng to the present invention comprises or consists of a

nucleic acid sequence w h ich 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%, most

preferably of 00% to a sequence accordi ng to SEQ D NO: 1, SEQ ID NO: 2, SEQ ID NO:

137 (alternatively SEQ ID NO: 3), SEQ ID NO: 138 (a lternatively SEQ ID NO: 9), SEQ ID

NO: 10, SEQ ID NO: 12, SEQ ID NO: 15, SEQ ID NO: 140 (a lternatively SEQ ID NO: 17),

SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 43 (alternatively SEQ ID

NO: 31), SEQ ID NO: 32, SEQ D NO: 39, SEQ ID NO: 4 1, SEQ ID NO: 44 , SEQ ID NO:

45, SEQ D NO: 146 (alternatively SEQ ID NO: 52), SEQ ID NO: 53, SEQ ID NO: 54,

SEQ ID NO: 57, SEQ ID NO: 60, SEQ ID NO: 6 1, SEQ ID NO: 63, SEQ ID NO: 64, SEQ ID

NO: 66, SEQ ID NO: 68, SEQ ID NO: 69, SEQ ID NO: 72, SEQ ID NO: 34, SEQ ID NO:

35, SEQ ID NO: 36, SEQ ID NO: 37, SEQ ID NO: 44 (a lternatively SEQ ID NO: 42), SEQ

D NO: 58, SEQ ID NO: 62; SEQ ID NO: 73, SEQ ID NO: 75, SEQ ID NO: 77, SEQ ID

NO: 79, SEQ ID NO: 80 , SEQ ID NO: 8 1 , SEQ ID NO: 83, SEQ ID NO: 84, SEQ ID NO:

86, SEQ ID NO: 87, SEQ ID NO: 88, SEQ ID NO: 89, SEQ ID NO: 90, SEQ ID NO: 91,

SEQ ID NO: 92, SEQ ID NO: 93, SEQ ID NO: 94 , SEQ ID NO: 95 , SEQ ID NO: 97, SEQ

ID NO: 98 , SEQ D NO: 99, SEQ ID NO: 00, SEQ ID NO: 0 1, SEQ ID NO: 02, SEQ ID

NO: 103, SEQ ID NO: 106, SEQ ID NO: 107, SEQ ID NO: 108, SEQ ID NO: 147

(a lternatively SEQ ID NO: 09), SEQ ID NO: 148 (a lternatively SEQ ID NO: 0), SEQ ID

NO: 12 , SEQ ID NO: 13 , SEQ ID NO: 4 , SEQ ID NO: 5 , SEQ ID NO: 7, SEQ



D NO: 8 , SEQ ID NO: 49 (alternatively SEQ ID NO: 9), SEQ ID NO: 123, SEQ ID

NO: 126, SEQ ID NO: 127, SEQ D NO: 128, SEQ ID NO: 129, SEQ ID NO: 130, SEQ D

NO: 131, SEQ ID NO: 132, SEQ ID NO: 133, SEQ ID NO: 134, SEQ D NO: 15 1

(alternatively SEQ ID NO: 136), SEQ ID NO: 96, SEQ ID NO: 11, SEQ ID NO: 150

(based on SEQ ID NO: 120), SEQ ID NO: 12 1 , SEQ D NO: 124 , SEQ ID NO: 125, or the

corresponding RNA sequence, respectively.

The at least one 3'-UTR element of the artificial nucleic acid molecule according to the

present invention may also comprise or consist 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%, most preferably of 100% to the nucleic acid

sequence of the 3'-UTR of a transcript of a gene, such as to the 3'-UTR of a sequence

according to SEQ ID NOs: 52 to 204, wherein the fragment is preferably a functional

fragment or a functional variant fragment as described above. Such fragment preferably

exhibits a length of at least about 3 nucleotides, preferably of at least about 5 nucleotides,

more preferably of at least about 10, 5, 20, 25 or 30 nucleotides, even more preferably of

at least about 50 nucleotides, most preferably of at least about 70 nucleotides. In a preferred

embodiment, the fragment or variant thereof exhibits a length of between 3 and about 500

nucleotides, preferably of between 5 and about 150 nucleotides, more preferably of

between 10 and 100 nucleotides, even more preferably of between 15 and 90, most

preferably of between 20 and 70. Preferably, said variants, fragments or variant fragments

are functional variants, functional fragments, or functional variant fragments of the 3'-UTR,

prolong protein production from the artificial nucleic acid molecule according to the

invention with an efficiency of at least 30%, preferably with an efficiency of at least 40%,

more preferably of at least 50%, more preferably of at least 60%, even more preferably of at

least 70%, even more preferably of at least 80%, most preferably of at least 90% of the

protein production prolonging efficiency exhibited by an artificial nucleic acid molecule

comprising the nucleic acid sequence selected from the group consisting of SEQ ID NO:

52, SEQ D NO: 153, SEQ ID NO: 154, SEQ ID NO: 55, SEQ ID NO: 156, SEQ D NO:

157, SEQ ID NO: 158, SEQ ID NO: 159, SEQ ID NO: 60, SEQ ID NO: 16 1, SEQ ID NO:

164, SEQ D NO: 165, SEQ ID NO: 167, SEQ ID NO: 68, SEQ ID NO: 169, SEQ ID NO:



70, SEQ D NO: 171, SEQ ID NO: 72, SEQ ID NO: 73; SEQ D NO: 74, SEQ ID NO:

75, SEQ ID NO: 76, SEQ ID NO: 179, SEQ ID NO: 80, SEQ ID NO: 8 1, SEQ D NO:

182, SEQ ID NO: 183, SEQ ID NO: 184, SEQ ID NO: 187, SEQ ID NO: 188, SEQ ID NO:

89, SEQ ID NO: 9 1, SEQ ID NO: 204 (alternatively SEQ ID NO: 192), SEQ ID NO: 93,

SEQ ID NO: 194, SEQ ID NO: 195, SEQ ID NO: 196, SEQ D NO: 197, SEQ D NO: 198,

SEQ ID NO: 99, SEQ ID NO: 200, SEQ ID NO: 201 , SEQ ID NO: 202, SEQ ID NO: 203,

SEQ ID NO: 77.

The at least one 5'-UTR element of the artificial nucleic acid molecule according to the

present invention may also comprise or consist 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%, most preferably of 100% to the nucleic acid

sequence of the 5'-UTR of a transcript of a gene, such as to the 5'-UTR of a sequence

according to SEQ ID NO: 1 to 51, wherein the fragment is preferably a functional fragment

or a functional variant fragment as described above. Such fragment preferably exhibits a

length of at least about 3 nucleotides, preferably of at least about 5 nucleotides, more

preferably of at least about 10, 5, 20, 25 or 30 nucleotides, even more preferably of at

least about 50 nucleotides, most preferably of at least about 70 nucleotides. In a preferred

embodiment, the fragment or variant thereof exhibits a length of between 3 and about 500

nucleotides, preferably of between 5 and about 150 nucleotides, more preferably of

between 10 and 100 nucleotides, even more preferably of between 5 and 90, most

preferably of between 20 and 70. Preferably, said variants, fragments or variant fragments

are functional variants, functional fragments, or functional variant fragments of the 5'-UTR,

increase protein production from the artificial nucleic acid molecule according to the

invention with an efficiency of at least 30%, preferably with an efficiency of at least 40%,

more preferably of at least 50%, more preferably of at least 60%, even more preferably of at

least 70%, even more preferably of at least 80%, most preferably of at least 90% of the

protein production increasing efficiency exhibited by an artificial nucleic acid molecule

comprising the nucleic acid sequence selected from the group consisting of SEQ ID NO: 1,

SEQ ID NO: 2, SEQ ID NO: 137 (alternatively SEQ ID NO: 3), SEQ ID NO: 138

(alternatively SEQ ID NO: 9), SEQ D NO: 0, SEQ ID NO: 12, SEQ ID NO: 5, SEQ ID



NO: 1 0 (alternatively SEQ ID NO: 17), SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 23,

SEQ ID NO: 143 (alternatively SEQ ID NO: 31), SEQ ID NO: 32, SEQ ID NO: 39, SEQ ID

NO: 4 1, SEQ ID NO: 44, SEQ D NO: 45, SEQ D NO: 14 6 (alternatively SEQ ID NO:

52), SEQ ID NO: 53, SEQ ID NO: 54, SEQ D NO: 57, SEQ ID NO: 60, SEQ ID NO: 6 1,

SEQ D NO: 63, SEQ ID NO: 64, SEQ ID NO: 66, SEQ ID NO: 68, SEQ ID NO: 69, SEQ D

NO: 72, SEQ ID NO: 34, SEQ D NO: 35, SEQ ID NO: 36, SEQ ID NO: 37, SEQ ID NO:

144 (alternatively SEQ ID NO: 42), SEQ ID NO: 58, SEQ ID NO: 62; SEQ ID NO: 73,

SEQ ID NO: 75, SEQ ID NO: 77, SEQ ID NO: 79, SEQ D NO: 80, SEQ ID NO: 8 1, SEQ ID

NO: 83, SEQ ID NO: 84, SEQ ID NO: 86, SEQ ID NO: 87, SEQ ID NO: 88, SEQ ID NO:

89, SEQ ID NO: 90, SEQ ID NO: 91, SEQ ID NO: 92, SEQ ID NO: 93, SEQ D NO: 94,

SEQ ID NO: 95, SEQ ID NO: 97, SEQ ID NO: 98, SEQ ID NO: 99, SEQ ID NO: 100, SEQ

ID NO: 101, SEQ D NO: 102, SEQ ID NO: 103, SEQ ID NO: 106, SEQ ID NO: 107, SEQ

ID NO: 108, SEQ ID NO: 147 (alternatively SEQ ID NO: 109), SEQ ID NO: 148

(alternatively SEQ ID NO: 0), SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 4,

SEQ ID NO: 15, SEQ ID NO: 1 7, SEQ ID NO: 1 8, SEQ ID NO: 49 (alternatively SEQ

ID NO: 19), SEQ ID NO: 123, SEQ ID NO: 126, SEQ ID NO: 127, SEQ D NO: 128, SEQ

ID NO: 129, SEQ ID NO: 130, SEQ ID NO: 13 1, SEQ ID NO: 32, SEQ ID NO: 133, SEQ

ID NO: 34, SEQ ID NO: 1 1 (alternatively SEQ D NO: 36), SEQ ID NO: 96, SEQ ID

NO: 11, SEQ ID NO: 150 (based on SEQ ID NO: 120), SEQ ID NO: 121, SEQ ID NO:

124, SEQ ID NO: 125.

Further preferred embodiments

Preferably, the at least one 3'-UTR element and/or the at least one 5'-UTR element of the

artificial nucleic acid molecule according to the present invention exhibits a length of at

least about 3 nucleotides, preferably of at least about 5 nucleotides, more preferably of at

least about 10, 5, 20, 25 or 30 nucleotides, even more preferably of at least about 50

nucleotides, most preferably of at least about 70 nucleotides. The upper limit for the length

of the at least one 3'-UTR element and/or the at least one 5'-UTR element may be 500

nucleotides or less, e.g. 400, 300, 200, 50 or 00 nucleotides. For other embodiments the

upper limit may be chosen within the range of 50 to 00 nucleotides. For example, the

fragment or variant thereof may exhibit a length of between 3 and about 500 nucleotides,

preferably of between 5 and about 1 0 nucleotides, more preferably of between 0 and 00



nucleotides, even more preferably of between 5 and 90, most preferably of between 20

and 70.

It may also be preferable that the UTR element comprised in the artificial nucleic acid

molecule comprises (or consists of) a continuous sequence which is shorter than any

sequence selected from SEQ D NOs: 1 to 204 provided herein, but still shares a degree of

identity of 70 % or more, 80 % or more, 90 % or more or 95 % or more with the respective

sequence any sequence selected from SEQ ID NOs: 1 to 204. In such case, preferably, the

replacing UTR element comprises of a continuous sequence which is over its entire length

identical to any sequence selected from SEQ ID NOs: 1 to 204; however, the replacing UTR

element is shorter, e.g has a length of 70 % or more, 80 % or more, 90 % or more or 95 %

or more with respect to the total length of the sequence it is otherwise identical to, and

which is selected from SEQ ID NOs: 1 to 204.

Furthermore, the artificial nucleic acid molecule according to the present invention may

comprise more than one 3'-UTR elements and/or more than one 5'-UTR elements as

described above. For example, the artificial nucleic acid molecule according to the present

invention may comprise one, two, three, four or more 3'-UTR elements, and/or one, two,

three, four or more 5'-UTR elements, wherein the individual 3'-UTR elements may be the

same or they may be different, and similarly, the individual 5'-UTR elements may be the

same or they may be different. For example, the artificial nucleic acid molecule according

to the present invention may comprise two essentially identical 3'-UTR elements as

described above, e.g. two 3'-UTR elements comprising or consisting of a nucleic acid

sequence, which is derived from the 3'-UTR of a transcript of a gene, such as from a

sequence according to SEQ ID NO: 152 to 204, or from a fragment or variant of the 3'-UTR

of a transcript of a gene, functional variants thereof, functional fragments thereof, or

functional variant fragments thereof as described above. Accordingly, for example, the

artificial nucleic acid molecule according to the present invention may comprise two

essentially identical 5'-UTR elements as described above, e.g. two 5'-UTR elements

comprising or consisting of a nucleic acid sequence, which is derived from the 5'-UTR of a

transcript of a gene, such as from a sequence according to SEQ ID NO: 1 to 15 1, or from a



fragment or variant of the 5'-UTR of a transcript of a gene, functional variants thereof,

functional fragments thereof, or functional variant fragments thereof as described above.

Surprisingly, the inventors found that an artificial nucleic acid molecule comprising a 3'-

UTR element as described above and/or a 5'-UTR element as described above may

represent or may provide an mRNA molecule, which provides high translation efficiency.

Thus, a 3'-UTR element as described herein and/or a 5'-UTR element as described herein

may improve translation efficiency of an mRNA molecule.

In particular, the artificial nucleic acid molecule according to the invention may comprise

(i) at least one 3'-UTR element and at least one 5'-UTR element, which provides high

translation efficiency; (ii) at least one 3'-UTR element, which provides high translation

efficiency, but no 5'-UTR element, which provides high translation efficiency; or (iii) at

least one 5'-UTR element, which provides high translation efficiency, but no 3'-UTR

element, provides high translation efficiency.

However, in particular in case (ii) and (iii), but possibly also in case (i), the artificial nucleic

acid molecule according to the present invention may further comprise one or more "further

3'-UTR elements and/or 5'-UTR elements", i.e. 3'-UTR elements and/or 5'-UTR elements

which do not fulfil the requirements as described above. For example, an artificial nucleic

acid molecule according to the invention, which comprises a 3'-UTR element according to

the present invention, i.e. a 3'-UTR element which provides high translation efficiency to

said artificial nucleic acid molecule, may additionally comprise any further 3'-UTR and/or

any further 5'-UTR, in particular a further 5'-UTR, e.g. a 5'-TOP UTR, or any other 5'-UTR

or 5'-UTR element. Similarly for example, an artificial nucleic acid molecule according to

the invention, which comprises a 5'-UTR element according to the present invention, i.e. a

5'-UTR element which provides high translation efficiency to said artificial nucleic acid

molecule, may additionally comprise any further 3'-UTR and/or any further 5'-UTR, in

particular a further 3'-UTR, e.g. a 3'-UTR derived from a 3'-UTR of an albumin gene,

particularly preferably a 3'-UTR comprising a sequence according to SEQ ID NO: 206 or

207, in particular to SEQ ID NO: 207, or any other 3'-UTR or 3'-UTR element.



If additionally to the inventive at least one 5'-UTR element and/or to the inventive at least

one 3'-UTR element, which provides high translation efficiency, a further 3'-UTR (element)

and/ or a further 5'-UTR (element) are present in the artificial nucleic acid molecule

according to the invention, the further 5'-UTR (element) and/or the further 3'-UTR (element)

may interact with the inventive 3'-UTR element and/or inventive 5'-UTR element and, thus,

support the translation efficiency effect of the inventive 3'-UTR element and/or of the

inventive 5'-UTR element, respectively. Such further 3'-UTR and/or 5'-UTR (elements) may

further support stability and translational efficiency. Moreover, if both, an inventive 3'-UTR

element and an inventive 5'-UTR element are present in the artificial nucleic acid molecule

according to the invention, a translation efficiency effect of the inventive 5'-UTR element

and the inventive 3'-UTR element results preferably in the provision of high translation

efficiency in a synergistic way.

Preferably, the further 3'-UTR comprises or consists of a nucleic acid sequence which is

derived from a 3'-UTR of a gene selected from the group consisting of an albumin gene, an

a-globin gene, a β-globin gene, a tyrosine hydroxylase gene, a lipoxygenase gene, and a

collagen alpha gene, such as a collagen alpha 1(1) gene, or from a variant of a 3'-UTR of a

gene selected from the group consisting of an albumin gene, an a-globin gene, a β-globin

gene, a tyrosine hydroxylase gene, a lipoxygenase gene, and a collagen alpha gene, such as

a collagen alpha 1(1) gene according to SEQ ID No. 1369-1 390 of the patent application

W02 0 3/1 43700 whose disclosure is incorporated herein by reference. In a particularly

preferred embodiment, the further 3'-UTR comprises or consists of a nucleic acid sequence

which is derived from a 3'-UTR of an albumin gene, preferably a vertebrate albumin gene,

more preferably a mammalian albumin gene, most preferably a human albumin gene

according to SEQ ID NO: 206:

SEQ ID NO: 206:

CATCACATTT AAAAGCATCT CAGCCTACCA TGAGAATAAG AGAAAGAAAA TGAAGATCAA
AAGCTTATTC ATCTGTTTTT CTTTTTCGTT GGTGTAAAGC CAACACCCTG TCTAAAAAAC
ATAAATTTCT TTAATCATTT TGCCTCTTTT CTCTGTGCTT CAATTAATAA AAAATGGAAA
GAATCT

(Human albumin 3'-UTR; corresponding to SEQ ID No: 1369 of the patent application

WO 2013/1 43700).



In another particularly preferred embodiment, the further 3'-UTR comprises or consists of a

nucleic acid sequence which is derived from a 3'-UTR of an a-globin gene, preferably a

vertebrate a- or β-globin gene, more preferably a mammalian a- or β-globin gene, most

preferably a human a- or β-globin gene according to SEQ ID No. 1370 of the patent

application W O 201 3/1 43700 (3'-UTR of Homo sapiens hemoglobin, alpha 1 (HBA1 )), or

according to SEQ D No. 1371 of the patent application W O 2013/143700 (3'-UTR of

Homo sapiens hemoglobin, alpha 2 (HBA2)), and/or according to SEQ ID No. 372 of the

patent application W O 201 3/1 43700 (3'-UTR of Homo sapiens hemoglobin, beta (HF3B)).

For example, the further 3'-UTR may comprise or consist of the center, a-complex-binding

portion of the 3'-UTR of an a-globin gene, according to SEQ ID No. 1393 of the patent

application W O 201 3/ 43700.

In this context it is particularly preferred that the inventive nucleic acid molecule comprises

a further 3'-UTR element derived from the nucleic acids according to SEQ ID No. 1369-

390 of the patent application W O 201 3/1 43700 or a fragment, homolog or variant thereof.

Most preferably the further 3'-UTR comprises the nucleic acid sequence derived from a

fragment of the human albumin gene according to SEQ ID NO: 207:

SEQ ID NO: 20 :

CATCACATTTAAAAGCATCTC GCCT CCATGAGAATAAGAGAAAGAAAATGAAGATCAATAGCTT
ATTCATCTCTTTTTCTTTTTCGTTGGTGTAAAGCCAACACCCTGTCTAAAAAACATAAATTTCTTT

AATCATTTTGCCTCTTTTCTCTGTGCTTCAATTAATAAAAAATGGAAAGAACCT

(albumin7 3'-UTR; corresponding to SEQ ID No: 1376 of the patent application

W O 201 3/1 43700)

In this context it is particularly preferred that the further 3'-UTR of the inventive artificial

nucleic acid molecule comprises or consists of the nucleic acid sequence according to SEQ

ID NO: 207, or a corresponding RNA sequence.

In some embodiments, the further 3'-UTR comprises or consists of a nucleic acid sequence

derived from a ribosomal protein coding gene, preferably as described in the international



patent applications W O 201 5/1 0 4 4 o r W O 201 5/1 0 4 5, the disclosure of which is

herewith incorporated by reference.

The further 3'-UTR may also comprise or consist of a nucleic acid sequence derived from a

ribosomal protein coding gene, whereby ribosomal protein coding genes from which a

further 3'-UTR may be derived include, but are not limited to, ribosomal protein L9 (RPL9),

ribosomal protein L3 (RPL3), ribosomal protein L4 (RPL4), ribosomal protein L5 (RPL5),

ribosomal protein L6 (RPL6), ribosomal protein L7 (RPL7), ribosomal protein L7a (RPL7A),

ribosomal protein L 1 (RPL1 1), ribosomal protein L 1 2 (RPL1 2), ribosomal protein L 3

(RPL1 3), ribosomal protein L23 (RPL23), ribosomal protein L 8 (RPL1 8),

ribosomal protein L 1 8a (RPL1 8A), ribosomal protein L 1 9 (RPL1 9), ribosomal protein L21

(RPL21 ), ribosomal protein L22 (RPL22), ribosomal protein L23a (RPL23A),

ribosomal protein L1 7 (RPL1 7), ribosomal protein L24 (RPL24), ribosomal protein L26

(RPL26), ribosomal protein L27 (RPL27), ribosomal protein L30 (RPL30),

ribosomal protein L2 7a (RPL27A), ribosomal protein L28 (RPL28), ribosomal protein L

(RPL29), ribosomal protein L31 (RPL31 ), ribosomal protein L32 (RPL32),

ribosomal protein L35a (RPL35A), ribosomal protein L37 (RPL37), ribosomal protein L37a

(RPL37A), ribosomal protein L38 (RPL38), ribosomal protein L39 (RPL39),

ribosomal protein, large, P0 (RPLP0), ribosomal protein, large, P 1 (RPLP1),

ribosomal protein, large, P2 (RPLP2), ribosomal protein S3 (RPS3), ribosomal protein S3A

(RPS3A), ribosomal protein S4, X-linked (RPS4X), ribosomal protein S4, Y-linked 1

(RPS4Y1 ), ribosomal protein S5 (RPS5), ribosomal protein S6 (RPS6), ribosomal protein S7

(RPS7), ribosomal protein S8 (RPS8), ribosomal protein S9 (RPS9), ribosomal protein S 0

(RPS1 0), ribosomal protein S 1 (RPS1 1), ribosomal protein S 2 (RPS1 2),

ribosomal protein S 3 (RPS1 3), ribosomal protein S (RPS1 5), ribosomal protein S 5a

(RPS1 5A), ribosomal protein S 1 6 (RPS1 6), ribosomal protein SI 9 (RPS1 9),

ribosomal protein S20 (RPS20), ribosomal protein S21 (RPS21 ), ribosomal protein S23

(RPS23), ribosomal protein S25 (RPS25), ribosomal protein S26 (RPS26),

ribosomal protein S27 (RPS27), ribosomal protein S27a (RPS27a), ribosomal protein S28

(RPS28), ribosomal protein S29 (RPS29), ribosomal protein L 5 (RPL1 5),

ribosomal protein S2 (RPS2), ribosomal protein L 4 (RPL1 4), ribosomal protein S14 (RPS1 4),

ribosomal protein L 0 (RPL1 0), ribosomal protein L 0a (RPL1 0A), ribosomal protein L35

(RPL35), ribosomal protein L 3a (RPL1 3A), ribosomal protein L36 (RPL36),



ribosomal protein L3 6a (RPL3 6A), ribosomal protein L4 1 (RPL41 ), ribosomal protein S 8

(RPS1 8), ribosomal protein S24 (RPS24), ribosomal protei n L8 (RPL8), ribosomal protei n L34

(RPL34), ribosomal protei n S 7 (RPS1 7), ribosomal protei n SA (RPSA), ubiquiti n A-52

residue ribosomal protei n fusion product 1 (UBA52), Fi nkel-Biskis-Rei l ly muri ne sarcoma

v irus (FB R-MuSV) ubiqu itously expressed (FAU), ribosomal protei n L22-l ike 1 (RPL22 L1),

ribosomal protei n S 7 (RPS 17), ribosomal protei n L3 9-l ike (RPL3 9L), ribosomal protei n L 0-

l ike (RPL1 0L), ribosomal protei n L3 6a-l ike (RPL3 6AL), ribosomal protei n L3-l ike (RPL3 L),

ribosomal protein S2 7-like (RPS2 7 ), ribosomal protei n L2 6-li ke 1 (RPL26L 1), ribosomal

protei n L7-l ike 1 (RPL7L 1), ribosomal protei n L 3a pseudogene (RPL 13AP), ribosomal

protei n L3 7a pseudogene 8 (RPL3 7AP8), ribosomal protei n S 1 0 pseudogene 5 (RPS1 0P5),

ribosomal protei n S26 pseudogene 1 (RPS2 6P1 ), r ibosomal protei n L39 pseudogene 5

(RPL3 9P5), ribosomal protei n, large, P0 pseudogene 6 (RPLP0P6) and ribosomal protei n L36

pseudogene 1 (RPL3 6P1 4).

Preferably, the further 5'-UTR comprises or consists of a nucleic acid sequence which is

derived from the 5'-UTR of a TOP gene or which is derived from a fragment, homolog or

variant of the 5'-UTR of a TOP gene.

It is particu larly preferred that the 5'-UTR element does not comprise a TOP-motif o r a

5'TOP, as defi ned above. In particu lar, it is preferred that a 5'-UTR of a TOP gene is a 5'-

UTR of a TOP gene lacki ng the TOP motif.

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

a eukaryotic TOP gene, preferably a plant o r ani mal TOP gene, more preferably a chordate

TOP gene, even more preferably a vertebrate TOP gene, most preferably a mammal ian TOP

gene, such as a human TOP gene.

For example, the further 5'-UTR is preferably selected from 5'-UTR elements comprisi ng o r

consisti ng of a nucleic acid sequence which is derived from a nucleic acid sequence

selected from the group consisti ng of SEQ ID NOs. 1- 363, SEQ ID NO. 395, SEQ ID NO.

42 1 and SEQ ID NO. 422 of the patent application WO201 3/1 43700 whose disclosure is

incorporated herei n by reference, from the homologs of SEQ ID NOs. 1-1363, SEQ ID NO.

1395, SEQ ID NO. 42 1 and SEQ ID NO. 1422 of the patent appl ication WO201 3/1 43700,



from a variant thereof, o r preferably from a corresponding RNA sequence. The term

"homologs of SEQ ID NOs. 1- 1363, SEQ ID NO. 1395, SEQ ID NO. 1421 and SEQ ID NO.

1422 of the patent application WO201 3/1 43700" refers to sequences of other species than

Homo sapiens, which are homologous to the sequences according to SEQ ID NOs. 1- 363,

SEQ ID NO. 1395, SEQ ID NO. 1421 and SEQ ID NO. 1422 of the patent application

WO201 3/1 43700.

In a preferred embodiment, the further 5'-UTR comprises or consists of a nucleic acid

sequence which is derived from a nucleic acid sequence extending from nucleotide

position 5 (i.e. the nucleotide that is located at position 5 in the sequence) to the nucleotide

position immediately 5' to the start codon (located at the 3' end of the sequences), e.g. the

nucleotide position immediately 5' to the ATG sequence, of a nucleic acid sequence

selected from SEQ ID NOs. 1- 1363, SEQ ID NO. 395, SEQ ID NO. 1421 and SEQ ID NO.

422 of the patent application WO2 0 13/1 43700, from the homologs of SEQ ID NOs. 1-

1363, SEQ ID NO. 1395, SEQ ID NO. 1421 and SEQ ID NO. 1422 of the patent

application WO2 0 13/1 43700, from a variant thereof, or a corresponding RNA sequence. It

is particularly preferred that the further 5'-UTR is derived from a nucleic acid sequence

extending from the nucleotide position immediately 3' to the 5 O P to the nucleotide

position immediately 5' to the start codon (located at the 3' end of the sequences), e.g. the

nucleotide position immediately 5' to the ATG sequence, of a nucleic acid sequence

selected from SEQ ID NOs. 1-1363, SEQ ID NO. 395, SEQ ID NO. 1421 and SEQ ID NO.

422 of the patent application WO201 3/1 43700, from the homologs of SEQ D NOs. 1-

1363, SEQ ID NO. 1395, SEQ ID NO. 1421 and SEQ ID NO. 1422 of the patent

application WO201 / 43700, from a variant thereof, or a corresponding RNA sequence.

In a particularly preferred embodiment, the further 5'-UTR 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. For

example, the 5'-UTR element comprises or consists of a nucleic acid sequence which is

derived from a 5'-UTR of a nucleic acid sequence according to any of SEQ D NOs: 170,

232, 244, 259, 1284, 1285, 1286, 1287, 1288, 1289, 1290, 1291 , 1292, 1293, 1294,

1295, 1296, 1297, 1298, 1299, 300, 301 , 1302, 1303, 1304, 305, 1306, 1307, 308,

1309, 13 10, 13 1 1, 13 12, 13 13, 13 14, 13 15, 13 16, 13 17, 13 18, 13 19, 1320, 1321 , 1322,



1323, 1324, 1325, 1326, 1327, 1328, 1329, 1330, 1331 , 1332, 1333, 1334, 1335, 1336,

1337, 338, 339, 1340, 1341 , 1342, 1343, 1344, 346, 347, 348, 1349, 1350, 1351 ,

352, 353, 1354, 1355, 356, 1357, 358, 1359, or 360 of the patent application

WO201 3/143700, a corresponding RNA sequence, a homolog thereof, or a variant thereof

as described herein, preferably lacking the 5'-TOP motif. As described above, the sequence

extending from position 5 to the nucleotide immediately 5' to the ATG (which is located at

the 3'end of the sequences) corresponds to the 5'-UTR of said sequences.

Preferably, the further 5'-UTR comprises or consists of a nucleic acid sequence which is

derived from a 5'-UTR of a TOP gene encoding a ribosomal Large protein (RPL) or from a

homolog or variant of a 5'-UTR of a TOP gene encoding a ribosomal Large protein (RPL).

For example, the 5'-UTR element comprises or consists of a nucleic acid sequence which is

derived from a 5'-UTR of a nucleic acid sequence according to any of SEQ ID NOs: SEQ ID

NOs: 67, 259, 1284-1 3 18, 1344, 1346, 1348-1 354, 1357, 1358, 1421 and 1422 of the

patent application W02 0 3/1 43700, a corresponding RNA sequence, a homolog thereof,

or a variant thereof as described herein, preferably lacking the 5'TOP motif.

In a particularly preferred embodiment, 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, preferably from a vertebrate ribosomal protein Large 32 (L32) gene, more preferably

from a mammalian ribosomal protein Large 32 (L32) gene, most preferably from a human

ribosomal protein Large 32 (L32) gene, o r from a variant of the 5'-UTR of a ribosomal

protein Large 32 gene, preferably from a vertebrate ribosomal protein Large 32 (L32) gene,

more preferably from a mammalian ribosomal protein Large 32 (L32) gene, most preferably

from a human ribosomal protein Large 32 (L32) gene, wherein preferably the further 5'-UTR

does not comprise the 5'TOP of said gene.

Accordingly, in a particularly preferred embodiment, the further 5'-UTR comprises or

consists 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 nucleic



acid sequence according to SEQ D NO: 208 (5'-UTR of human ribosomal protein Large 32

lacking the 5 ' terminal oligopyrimidine tract:

GGCGCTGCCTACGGAGGTGGCAGCCATCTCCTTCTCGGCATC (SEQ ID NO: 208);

corresponding to SEQ ID NO. 1368 of the patent application WO201 3/143700) o r

preferably to a corresponding RNA sequence, o r wherein the further 5'-UTR comprises o r

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 nucleic acid sequence according to SEQ D NO: 208 o r more preferably to a

corresponding RNA sequence, wherein, preferably, the fragment is as described above, i.e.

being a continuous stretch of nucleotides representing at least 20% etc. of the full-length 5'-

UTR. Preferably, the fragment exhibits a length of at least about 20 nucleotides o r more,

preferably of at least about 30 nucleotides o r more, more preferably of at least about 40

nucleotides o r more. Preferably, the fragment is a functional fragment as described herein.

In some embodiments, the artificial nucleic acid molecule comprises a further 5'-UTR

which comprises o r consists of a nucleic acid sequence which is derived from the 5'-UTR of

a vertebrate TOP gene, such as a mammalian, e.g. a human TOP gene, selected from RPSA,

RPS2, RPS3, RPS3A, RPS4, RPS5, RPS6, RPS7, RPS8, RPS9, RPS1 0, RPS1 , RPS1 2, RPS1 3,

RPS1 4 , RPS1 5, RPS1 5A, RPS1 6, RPS1 7, RPS1 8, RPS1 9, RPS20, RPS21 , RPS23, RPS24,

RPS25, RPS26, RPS27, RPS27A, RPS28, RPS29, RPS30, RPL3, RPL4, RPL5, RPL6, RPL7,

RPL7A, RPL8, RPL9, RPL1 0, RPL1 0A, RPL1 , RPL1 2 , RPL1 3, RPL1 3A, RPL1 4, RPL1 5,

RPL1 7, RPL1 8, RPL1 8A, RPL1 9, RPL21 , RPL22, RPL23, RPL23A, RPL24, RPL26, RPL27,

RPL27A, RPL28, RPL29, RPL30, RPL31 , RPL32, RPL34, RPL35, RPL35A, RPL36, RPL36A,

RPL37, RPL37A, RPL38, RPL39, RPL40, RPL41 , RPLP0, RPLP1 , RPLP2, RPLP3, RPLP0,

RPLP1 , RPLP2, EEF1A1 , EEF1 B2, EEF1 D , EEF1 G, EEF2, EIF3E, EIF3F, EIF3H, EIF2S3, EIF3C,

EIF3K, EIF3EIP, EIF4A2, PABPC1, HNRNPA1, TPT1 , TUBB1 , UBA52, NPM1 , ATP5C2,

GNB2L1, NME2, UQCRB o r from a homolog o r variant thereof, wherein preferably the

further 5'-UTR does not comprise a TOP-motif o r the 5'TOP of said genes, and wherein

optionally the further 5'-UTR starts at its 5'-end with a nucleotide located at position 1, 2, 3 ,

4 , 5, 6, 7, 8, 9 o r 10 downstream of the 5'terminal oligopyrimidine tract (TOP) and wherein



further optionally the further 5'-UTR which is derived from a 5'-UTR of a TOP gene

terminates at its 3'-end with a nucleotide located at position 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10

upstream of the start codon (A(U/T)G) of the gene it is derived from.

In certain embodiments, a further 5'-UTR comprises or consists of a nucleic acid sequence,

which is derived from a 5'-UTR as described in the international patent application

W O 20 6/ 07877, the disclosure of which is herewith incorporated by reference.

The artificial nucleic acid molecule according to the present invention may be RNA, such

as mRNA or viral RNA or a replicon, DNA, such as a DNA plasmid or viral DNA, or may be

a modified RNA or DNA molecule. It may be provided as a double-stranded molecule

having a sense strand and an anti-sense strand, for example, as a DNA molecule having a

sense strand and an anti-sense strand.

The artificial nucleic acid molecule according to the present invention may further comprise

optionally a 5'-cap. The optional 5'-cap is preferably located 5' to the ORF, more preferably

5' to the at least one 5'-UTR or to any further 5'-UTR within the artificial nucleic acid

molecule according to the present invention.

Preferably, the artificial nucleic acid molecule according to the present invention further

comprises a poly(A) sequence and/or a polyadenylation signal. Preferably, the optional

poly(A) sequence is located 3' to the at least one 3'-UTR element or to any further 3'-UTR,

more preferably the optional poly(A) sequence is connected to the 3'-end of an 3'-UTR

element. The connection may be direct or indirect, for example, via a stretch of 2, 4, 6, 8,

10, 20 etc. nucleotides, such as via a linker of 1-50, preferably of 1-20 nucleotides, e.g.

comprising or consisting of one or more restriction sites. However, even if the artificial

nucleic acid molecule according to the present invention does not comprise a 3'-UTR, for

example if it only comprises at least one 5'-UTR element, it preferably still comprises a

poly(A) sequence and/or a polyadenylation signal.

In one embodiment, the optional polyadenylation signal is located downstream of the 3' of

the 3'-UTR element. Preferably, the polyadenylation signal comprises the consensus



sequence NN(U/T)ANA, with N = A or U, preferably AA(U/T)AAA or A(U/T)(UAT)AAA. Such

consensus sequence may be recogn ised by most animal and bacterial cel l-systems, for

example by the polyadenylation-factors, such as cleavage/polyadenylation specificity factor

(CPSF) cooperating with CstF, PAP, PAB2, CFI and/or CFI . Preferably, the polyadenylation

signal, preferably the consensus sequence N N UANA, is located less than about 50

nucleotides, more preferably less than about 30 bases, most preferably less than about 25

bases, for example 2 1 bases, downstream of the 3'-end of the 3'-UTR element or of the

ORF, if no 3'-UTR element is present.

Transcription of an artificial nucleic acid molecu le accordi ng to the present invention, e.g.

of an artificial DNA molecule, comprisi ng a polyadenylation signal downstream of the 3'-

UTR element (or of the ORF) w il l resu lt in a premature-RNA contai ning the polyadenylation

signal downstream of its 3'-UTR element (or of the ORF).

Usi ng an appropriate transcription system w il l then lead to attachment of a poly(A)

sequence to the premature-RNA. For example, the inventive artificial nucleic acid molecu le

may be a DNA molecule comprisi ng a 3'-UTR element as described above and a

polyadenylation signal, w hich may result in polyadenylation of an RNA upon transcription

of this DNA molecule. Accordi ngly, a resu lti ng RNA may comprise a combi nation of the

inventive 3'-UTR element fol lowed by a poly(A) sequence.

Potential transcription systems are in vitro transcription systems or cel lular transcription

systems etc. Accordi ngly, transcri ption of an artificial nucleic acid molecule accordi ng to

the invention, e.g. transcription of an artificial nucleic acid molecu le comprisi ng an open

readi ng frame, a 3'-UTR element and/or a 5'-UTR element and optional ly a

polyadenylation-signal, may resu lt in an mRNA molecu le comprising an open reading

frame, a 3'-UTR element and optional ly a poly(A) sequence.

Accordingly, the invention also provides an artificial nucleic acid molecule, which is an

mRNA molecule comprisi ng an open readi ng frame, a 3'-UTR element as described above

and/or a 5'-UTR element as described above and optional ly a poly(A) sequence.



In another embodiment, the 3'-UTR of the artificial nucleic acid molecule according to the

invention does not comprise a polyadenylation signal or a poly(A) sequence. Further

preferably, the artificial nucleic acid molecule according to the invention does not comprise

a polyadenylation signal or a poly(A) sequence. More preferably, the 3'-UTR of the artificial

nucleic acid molecule, or the inventive artificial nucleic acid molecule as such, does not

comprise a polyadenylation signal, in particular it does not comprise the polyadenylation

signal AAU/TAAA.

In a preferred embodiment, the invention provides an artificial nucleic acid molecule which

is an artificial RNA molecule comprising an open reading frame and an RNA sequence

corresponding to a DNA sequence selected from the group consisting of sequences

according to SEQ D NO: 1, SEQ D NO: 2, SEQ ID NO: 37 (alternatively SEQ ID NO:

3), SEQ ID NO: 138 (alternatively SEQ ID NO: 9), SEQ ID NO: 10, SEQ ID NO: 12, SEQ

ID NO: 5, SEQ ID NO: 140 (alternatively SEQ ID NO: 7), SEQ ID NO: 20, SEQ ID NO:

22, SEQ ID NO: 23, SEQ ID NO: 143 (alternatively SEQ ID NO: 3 1 ), SEQ ID NO: 32, SEQ

ID NO: 39, SEQ ID NO: 41, SEQ ID NO: 44 , SEQ ID NO: 45, SEQ ID NO: 14 6

(alternatively SEQ ID NO: 52), SEQ ID NO: 53, SEQ ID NO: 54, SEQ D NO: 57, SEQ ID

NO: 60, SEQ ID NO: 6 1, SEQ ID NO: 63, SEQ ID NO: 64, SEQ ID NO: 66, SEQ ID NO:

68, SEQ ID NO: 69, SEQ ID NO: 72, SEQ ID NO: 34, SEQ ID NO: 35, SEQ D NO: 36,

SEQ D NO: 37, SEQ ID NO: 144 (alternatively SEQ ID NO: 42), SEQ D NO: 58, SEQ ID

NO: 62; SEQ D NO: 73, SEQ ID NO: 75, SEQ ID NO: 77, SEQ ID NO: 79, SEQ ID NO:

80 , SEQ ID NO: 8 1 , SEQ ID NO: 83, SEQ ID NO: 84, SEQ ID NO: 86, SEQ ID NO: 87,

SEQ ID NO: 88, SEQ ID NO: 89, SEQ ID NO: 90, SEQ ID NO: 9 1, SEQ ID NO: 92, SEQ ID

NO: 93, SEQ ID NO: 94 , SEQ ID NO: 95 , SEQ ID NO: 97, SEQ ID NO: 98 , SEQ ID NO:

99, SEQ ID NO: 00, SEQ ID NO: 01, SEQ D NO: 02, SEQ D NO: 03, SEQ D NO:

06, SEQ ID NO: 07, SEQ ID NO: 08, SEQ ID NO: 47 (alternatively SEQ ID NO: 109),

SEQ ID NO: 148 (alternatively SEQ ID NO: 0), SEQ ID NO: 1 2 , SEQ ID NO: 113 ,

SEQ ID NO: 14 , SEQ ID NO: 5 , SEQ ID NO: 7, SEQ ID NO: 118 , SEQ ID NO: 1 9

(alternatively SEQ ID NO: 9), SEQ ID NO: 123, SEQ ID NO: 126, SEQ ID NO: 127,

SEQ ID NO: 128, SEQ ID NO: 129, SEQ ID NO: 130, SEQ ID NO: 131, SEQ ID NO: 132,

SEQ ID NO: 33, SEQ ID NO: 34, SEQ ID NO: 15 1 (alternatively SEQ ID NO: 36), SEQ

ID NO: 96, SEQ ID NO: 111, SEQ ID NO: 50 (based on SEQ ID NO: 120), SEQ D NO:



12 , SEQ D NO: 124 , SEQ ID NO: 125 or a fragment thereof as described above.

Moreover, a corresponding artificial DNA molecule is also provided.

In another preferred embodiment, the invention provides an artificial nucleic acid molecule

which is an artificial DNA molecule comprising an open reading frame and a sequence

selected from the group consisting of sequences according to SEQ ID NO: 1, SEQ ID NO:

2, SEQ ID NO: 137 (alternatively SEQ ID NO: 3), SEQ ID NO: 1 8 (alternatively SEQ ID

NO: 9), SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 5, SEQ ID NO: 140 (alternatively

SEQ ID NO: 7), SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 143

(alternatively SEQ D NO: 3 1), SEQ D NO: 32, SEQ ID NO: 39, SEQ ID NO: 4 1, SEQ ID

NO: 44 , SEQ ID NO: 45, SEQ ID NO: 6 (alternatively SEQ ID NO: 52), SEQ ID NO:

53, SEQ ID NO: 54, SEQ ID NO: 57, SEQ ID NO: 60, SEQ ID NO: 61, SEQ ID NO: 63,

SEQ ID NO: 64, SEQ ID NO: 66, SEQ ID NO: 68, SEQ ID NO: 69, SEQ ID NO: 72, SEQ ID

NO: 34, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO: 37, SEQ ID NO: 44 (alternatively

SEQ ID NO: 42), SEQ ID NO: 58, SEQ ID NO: 62; SEQ ID NO: 73, SEQ ID NO: 75, SEQ

ID NO: 77, SEQ ID NO: 79, SEQ ID NO: 80 , SEQ ID NO: 8 1 , SEQ ID NO: 83, SEQ ID

NO: 84, SEQ D NO: 86, SEQ D NO: 87, SEQ ID NO: 88, SEQ D NO: 89, SEQ D NO:

90, SEQ ID NO: 91, SEQ ID NO: 92, SEQ ID NO: 93, SEQ ID NO: 94 , SEQ ID NO: 95 ,

SEQ D NO: 97, SEQ ID NO: 98 , SEQ ID NO: 99, SEQ ID NO: 100, SEQ ID NO: 101, SEQ

ID NO: 02, SEQ ID NO: 03, SEQ ID NO: 06, SEQ ID NO: 107, SEQ ID NO: 108, SEQ

ID NO: 147 (alternatively SEQ ID NO: 109), SEQ ID NO: 148 (alternatively SEQ ID NO:

0), SEQ ID NO: 112 , SEQ ID NO: 3 , SEQ ID NO: 4 , SEQ ID NO: 5 , SEQ ID

NO: 7, SEQ ID NO: 118 , SEQ ID NO: 149 (alternatively SEQ ID NO: 9), SEQ ID

NO: 123, SEQ ID NO: 126, SEQ ID NO: 127, SEQ ID NO: 128, SEQ ID NO: 129, SEQ ID

NO: 30, SEQ ID NO: 131 , SEQ ID NO: 32, SEQ ID NO: 33, SEQ ID NO: 34, SEQ ID

NO: 15 1 (alternatively SEQ ID NO: 36), SEQ ID NO: 96, SEQ ID NO: 1 , SEQ ID NO:

50 (based on SEQ D NO: 120), SEQ ID NO: 12 1 , SEQ D NO: 1 4 , SEQ ID NO: 125.

Accordingly, the invention provides an artificial nucleic acid molecule which may serve as

a template for an RNA molecule, preferably for an mRNA molecule, which is characterized

by high translation efficiency. In other words, the artificial nucleic acid molecule may be a

DNA which may be used as a template for production of an mRNA. The obtainable mRNA,



may, in turn, be translated for production of a desired peptide or protein encoded by the

open reading frame. If the artificial nucleic acid molecule is a DNA, it may, for example, be

used as a double-stranded storage form for continued and repetitive in vitro or in vivo

production of mRNA. Thereby, in vitro refers in particular to ("living") cells and/or tissue,

including tissue of a living subject. Cells include in particular cell lines, primary cells, cells

in tissue or subjects. In specific embodiments cell types allowing cell culture may be

suitable for the present invention. Particularly preferred are mammalian cells, e.g. human

cells and mouse cells. In particularly preferred embodiments the human cell lines HeLa,

HEPG2 and U-937 and the mouse cell lines NIH3T3, JAWSII and L929 are used.

Furthermore primary cells are particularly preferred, in particular preferred embodiments

human dermal fibroblasts (HDF) may be used. A preferred group of cell lines comprises

Alternatively also a tissue of a subject may be used.

In one embodiment, the artificial nucleic acid molecule according to the present invention

further comprises a poly(A) sequence. For example, a DNA molecule comprising an ORF,

optionally followed by a 3' UTR, may contain a stretch of thymidine nucleotides which can

be transcribed into a poly(A) sequence in the resulting mRNA. The length of the

poly(A) sequence may vary. For example, the poly(A) sequence may have a length of about

20 adenine nucleotides up to about 300 adenine nucleotides, preferably of about 40 to

about 200 adenine nucleotides, more preferably from about 50 to about 100 adenine

nucleotides, such as about 60, 70, 80, 90 or 00 adenine nucleotides. Most preferably, the

inventive nucleic acid comprises a poly(A) sequence of about 60 to about 70 nucleotides,

most preferably 64 adenine nucleotides.

Artificial RNA-molecules may also be obtainable in vitro by common methods of chemical-

synthesis without being necessarily transcribed from a DNA-progenitor.

In a particularly preferred embodiment, the artificial nucleic acid molecule according to the

present invention is an RNA molecule, preferably an mRNA molecule comprising in 5'-to-

3'-direction an open reading frame, a 3'-UTR element as described above and a

poly(A) sequence or comprising in 5'-to-3'-direction a 5'-UTR element as described above,

an open reading frame and a poly(A) sequence.



In a preferred embodiment, the open reading frame is derived from a gene, which is distinct

from the gene from which the 3'-UTR element and/or the 5'-UTR element of the inventive

artificial nucleic acid is derived. In some further preferred embodiments, the open reading

frame does not code for a gene selected from the group consisting of ZNF460, TGM2, IL7R,

BGN, TK1, RAB3B, CBX6, FZD2, COL8A1 , NDUFS7, PHGDH, PLK2, TSPO, PTGS1,

FBX032, NID2, ATP5D, EXOSC4, NOL9, UBB4B, VPS1 8, ORMDL2, FSCN1 , TMEM33,

TUBA4A, EMP3, TMEM201 , CRIP2, BRAT1 , SERPINH1 , CD9, DPYSL2, CDK9, TFRC,

PSMB3, FASN, PSMB6, PRSS56, KPNA6, SFT2D2, PARD6B, LPP, SPARC, SCAND1 , VASN,

SLC26A1 , LCLAT1 , FBXL1 8, SLC35F6, RAB3D, MAPI B, VMA21 , CYBA, SEZ6L2, PCOLCE,

VTN, ALDH1 6A1 , RAVER1 , KPNA6, SERINC5, JUP, CPN2, CRIP2, EPT1 , PNPO, SSSCA1,

POLR2L, LIN7C, UQCR1 0, PYCRL, AMN, MAPI S, NDUFS7, PHGDH, TSPO, ATP5D,

EXOSC4, TUBB4B, TUBA4A, EMP3, CRIP2, BRATl , CD9, CDK9, PSMB3, PSMB6, PRSS56,

SCAND1 , AMN, CYBA, PCOLCE, MAPI S, VTN, ALDH1 6A1 (all preferably human) and

Dpysl2, Ccndl , Acox2, Cbx6, Ubc, Ldlr, Nudt22, Pcyoxl I, Ankrdl, Tmem37, Tspyl4,

Slc7a3, Cst6, Aacs, Nosip, Itga7, Ccnd2, Ebp, Sf3b5, Fasn, Hmgcsl, Osr1 , Lmnbl , Vma21 ,

Kif20a, Cdca8, Slc7a1 , Ubqln2, Prps2, Shmt2, Aurkb, Fignll , Cad, Anln, Slfn9, Ncaph,

Pole, Uhrfl , Gja1 , Fam64a, Kif2c, TspanI O, Scandl , Gpr84, Fads3, Cers6, Cxcr4, Gprc5c,

Fen1 , Cspg4, Mrpl34, Comtdl, Armc6, Emr4, Atp5d, 11 0001 J03Rik, Csf2ra, Aarsdl , if22,

Cth, Tpgsl , Cell 7, Alkbh7, Ms4a8a, Acox2, Ubc, Slpi, Pcyoxl I, Igf2bp1, Tmem37, Slc7a3,

Cst6, Ebp, Sf3b5, P , Cdca8, if22, Cad, Cth, Pole, Kif2c, Scandl, Gpr84, Tpgsl, Ccl1 7,

Alkbh7, Ms4a8a, Mrpl34, Comtdl , Armc6, Atp5d, 11 0001J03Rik, Nudt22, Aarsdl (all

preferably mouse), or variants thereof, provided that the 3'-UTR element and/or the 5'-UTR

element is a sequence which is selected from the group consisting of sequences according

to SEQ D NO: 1 to 204.

In a preferred embodiment, the ORF does not encode human o r plant, in particular

Arabidopsis, ribosomal proteins, in particular does not encode human ribosomal protein S6

(RPS6), human ribosomal protein L36a-like (RPL36AL) o r Arabidopsis ribosomal protein S 6

(RPS1 6). In a further preferred embodiment, the open reading frame (ORF) does not encode

ribosomal protein S6 (RPS6), ribosomal protein L36a-like (RPL36AL) or ribosomal protein

S (RPS1 6) of whatever origin.



In one embodiment, the invention provides an artificial DNA molecule comprising an open

reading frame, preferably an open reading frame derived from a gene, which is distinct from

the gene from which the 3'-UTR element and/or the 5'-UTR element is derived; a 3'-UTR

element comprising or consisting of a sequence which has at least about 60%, preferably at

least about 70%, more preferably at least about 80%, more preferably at least about 90%,

even more preferably at least about 95%; even more preferably at least 99%; even more

preferably 00% sequence identity to a DNA sequence selected from the group consisting

of sequences according to SEQ ID NO: 52, SEQ ID NO: 153, SEQ ID NO: 154, SEQ ID

NO: 55, SEQ ID NO: 56, SEQ ID NO: 57, SEQ D NO: 158, SEQ D NO: 59, SEQ ID

NO: 60, SEQ ID NO: 61, SEQ ID NO: 64, SEQ ID NO: 165, SEQ D NO: 67, SEQ ID

NO: 168, SEQ ID NO: 169, SEQ ID NO: 170, SEQ ID NO: 17 1, SEQ D NO: 172, SEQ ID

NO: 173; SEQ ID NO: 174, SEQ ID NO: 175, SEQ ID NO: 176, SEQ D NO: 179, SEQ ID

NO: 80, SEQ ID NO: 81, SEQ D NO: 82, SEQ ID NO: 83, SEQ D NO: 84, SEQ ID

NO: 187, SEQ ID NO: 188, SEQ ID NO: 189, SEQ ID NO: 191, SEQ ID NO: 204

(alternatively SEQ ID NO: 92), SEQ ID NO: 93, SEQ ID NO: 94, SEQ ID NO: 195, SEQ

D NO: 96, SEQ ID NO: 97, SEQ ID NO: 98, SEQ ID NO: 99, SEQ ID NO: 200, SEQ

ID NO: 201 , SEQ ID NO: 202, SEQ ID NO: 203, SEQ ID NO: 77, and/or a 5'-UTR

element comprising or consisting of a sequence which has at least about 60%, preferably at

least about 70%, more preferably at least about 80%, more preferably at least about 90%,

even more preferably at least about 95%; even more preferably at least 99%; even more

preferably 00% sequence identity to a DNA sequence selected from the group consisting

of sequences according to SEQ ID NO: 1, SEQ ID NO: 2, SEQ D NO: 37 (alternatively

SEQ D NO: 3), SEQ ID NO: 138 (alternatively SEQ ID NO: 9), SEQ ID NO: 0, SEQ ID

NO: 12, SEQ ID NO: 5, SEQ ID NO: 140 (alternatively SEQ ID NO: 17), SEQ D NO: 20,

SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 143 (alternatively SEQ ID NO: 3 1), SEQ ID

NO: 32, SEQ D NO: 39, SEQ ID NO: 41, SEQ ID NO: 44, SEQ D NO: 45, SEQ ID NO:

46 (alternatively SEQ ID NO: 52), SEQ ID NO: 53, SEQ ID NO: 54, SEQ ID NO: 57, SEQ

ID NO: 60, SEQ ID NO: 6 1, SEQ ID NO: 63, SEQ ID NO: 64, SEQ ID NO: 66, SEQ ID NO:

68, SEQ ID NO: 69, SEQ D NO: 72, SEQ ID NO: 34, SEQ ID NO: 35, SEQ ID NO: 36,

SEQ ID NO: 37, SEQ ID NO: 44 (alternatively SEQ ID NO: 42), SEQ ID NO: 58, SEQ ID

NO: 62; SEQ ID NO: 73, SEQ ID NO: 75, SEQ ID NO: 77, SEQ ID NO: 79, SEQ ID NO:

80, SEQ ID NO: 8 1, SEQ D NO: 83, SEQ ID NO: 84, SEQ ID NO: 86, SEQ ID NO: 87,

SEQ ID NO: 88, SEQ D NO: 89, SEQ ID NO: 90, SEQ ID NO: 9 1, SEQ ID NO: 92, SEQ ID



NO: 93, SEQ ID NO: 94, SEQ ID NO: 95, SEQ ID NO: 97, SEQ ID NO: 98, SEQ ID NO:

99, SEQ ID NO: 100, SEQ ID NO: 10 1, SEQ ID NO: 102, SEQ ID NO: 103, SEQ ID NO:

06, SEQ ID NO: 107, SEQ ID NO: 08, SEQ ID NO: 147 (alternatively SEQ ID NO: 109),

SEQ ID NO: 48 (alternatively SEQ D NO: 10), SEQ ID NO: 2, SEQ ID NO: 3, SEQ

ID NO: 4, SEQ ID NO: 115, SEQ ID NO: 1 , SEQ ID NO: 8, SEQ ID NO: 149

(alternatively SEQ ID NO: 119), SEQ ID NO: 123, SEQ ID NO: 126, SEQ ID NO: 127, SEQ

ID NO: 128, SEQ ID NO: 129, SEQ D NO: 30, SEQ ID NO: 3 1, SEQ ID NO: 132, SEQ

ID NO: 133, SEQ ID NO: 34, SEQ ID NO: 5 1 (alternatively SEQ ID NO: 36), SEQ ID

NO: 96, SEQ ID NO: 111, SEQ D NO: 150 (based on SEQ D NO: 120), SEQ ID NO: 12 1,

SEQ ID NO: 124, SEQ ID NO: 125; and a polyadenylation signal and/or a poly(A)

sequence.

Furthermore, the invention provides an artificial RNA molecule, preferably an artificial

mRNA molecule or an artificial viral RNA molecule, comprising an open reading frame,

preferably an open reading frame is derived from a gene, which is distinct from the gene

from which the 3'-UTR element and/or the 5'-UTR element is derived; a 3'-UTR element

comprising or consisting of a sequence which has at least about 60%, preferably at least

about 70%, more preferably at least about 80%, more preferably at least about 90%, even

more preferably at least about 95%; even more preferably at least 99%; even more

preferably 00% sequence identity to an RNA sequence corresponding to a DNA sequence

selected from the group consisting of sequences according to SEQ ID NO: 52, SEQ ID NO

153, SEQ ID NO: 154, SEQ ID NO 55, SEQ ID NO 6, SEQ ID NO: 157, SEQ ID NO

158, SEQ ID NO: 159, SEQ ID NO 60, SEQ ID NO 161, SEQ ID NO: 164, SEQ ID NO

65, SEQ ID NO: 167, SEQ ID NO 168, SEQ ID NO 69, SEQ ID NO: 70, SEQ ID NO

7 1, SEQ D NO: 72, SEQ ID NO 73; SEQ ID NO 74, SEQ ID NO: 75, SEQ ID NO

176, SEQ ID NO: 179, SEQ ID NO 80, SEQ ID NO 181, SEQ ID NO: 182, SEQ ID NO

83, SEQ ID NO: 84, SEQ ID NO 87, SEQ ID NO 88, SEQ ID NO: 189, SEQ D NO

9 1 , SEQ D NO: 204 (alternatively SEQ D NO: 192), SEQ ID NO: 93, SEQ ID NO: 94,

SEQ D NO: 195, SEQ ID NO: 196, SEQ ID NO: 197, SEQ ID NO: 198, SEQ D NO: 199,

SEQ D NO: 200, SEQ D NO: 201 , SEQ ID NO: 202, SEQ ID NO: 203, SEQ ID NO: 77,

and/or a 5'-UTR element comprising or consisting of a sequence which has at least about

60%, preferably at least about 70%, more preferably at least about 80%, more preferably at

least about 90%, even more preferably at least about 95%; even more preferably at least



99%; even more preferably 00% sequence identity to an RNA sequence corresponding to

a DNA sequence selected from the group consisting of sequences according to SEQ ID NO:

1, SEQ ID NO: 2, SEQ ID NO: 137 (alternatively SEQ ID NO: 3), SEQ ID NO: 138

(alternatively SEQ ID NO: 9), SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 5, SEQ ID

NO: 0 (alternatively SEQ ID NO: 17), SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 23,

SEQ ID NO: 43 (alternatively SEQ ID NO: 3 1), SEQ ID NO: 32, SEQ ID NO: 39, SEQ ID

NO: 41, SEQ ID NO: 44, SEQ ID NO: 45, SEQ ID NO: 146 (alternatively SEQ ID NO: 52),

SEQ ID NO: 53, SEQ ID NO: 54, SEQ ID NO: 57, SEQ ID NO: 60, SEQ D NO: 61, SEQ ID

NO: 63, SEQ ID NO: 64, SEQ ID NO: 66, SEQ D NO: 68, SEQ ID NO: 69, SEQ ID NO:

72, SEQ ID NO: 34, SEQ ID NO: 35, SEQ ID NO: 36, SEQ D NO: 37, SEQ ID NO: 144

(alternatively SEQ D NO: 42), SEQ ID NO: 58, SEQ ID NO: 62; SEQ ID NO: 73, SEQ ID

NO: 75, SEQ ID NO: 77, SEQ ID NO: 79, SEQ ID NO: 80, SEQ ID NO: 8 1 , SEQ ID NO:

83, SEQ ID NO: 84, SEQ ID NO: 86, SEQ ID NO: 87, SEQ ID NO: 88, SEQ ID NO: 89,

SEQ ID NO: 90, SEQ ID NO: 9 1, SEQ ID NO: 92, SEQ ID NO: 93, SEQ ID NO: 94, SEQ ID

NO: 95, SEQ ID NO: 97, SEQ ID NO: 98, SEQ ID NO: 99, SEQ ID NO: 100, SEQ D NO:

10 1, SEQ ID NO: 102, SEQ ID NO: 103, SEQ ID NO: 106, SEQ ID NO: 107, SEQ ID NO:

108, SEQ ID NO: 47 (alternatively SEQ ID NO: 09), SEQ ID NO: 8 (alternatively SEQ

ID NO: 1 0), SEQ ID NO: 2, SEQ D NO: 113, SEQ ID NO: 4, SEQ ID NO: 15, SEQ

ID NO: 7, SEQ ID NO: 8, SEQ ID NO: 149 (alternatively SEQ D NO: 9), SEQ ID

NO: 123, SEQ ID NO: 126, SEQ ID NO: 127, SEQ ID NO: 128, SEQ ID NO: 129, SEQ ID

NO: 130, SEQ ID NO: 13 1, SEQ ID NO: 132, SEQ ID NO: 133, SEQ D NO: 134, SEQ ID

NO: 5 1 (alternatively SEQ ID NO: 36), SEQ ID NO: 96, SEQ ID NO: 1, SEQ D NO:

50 (based on SEQ ID NO: 120), SEQ ID NO: 12 1, SEQ ID NO: 124, SEQ ID NO: 125; and

a polyadenylation signal and/or a poly(A) sequence.

The invention provides an artificial nucleic acid molecule, preferably an artificial mRNA,

which may be characterized by high translation efficiency. Without being bound by any

theory, high translation efficiency may result from reduction in degradation of the artificial

nucleic acid molecule, such as an artificial mRNA molecule according to the present

invention. Accordingly, the inventive 3'-UTR element and/or the inventive 5'-UTR element

may prevent the artificial nucleic acid from degradation and decay.

Preferably, the artificial nucleic acid molecule may additionally comprise a histone stem-

loop. Thus, an artificial nucleic acid molecule according to the present invention may, for



example, comprise in 5'-to-3'-direction an ORF, a 3'-UTR element, an optional histone

stem-loop sequence, an optional poly(A) sequence or polyadenylation signal and an

optional poly(C) sequence or in 5'-to-3'-direction an 5'-UTR element, an ORF, an optional

histone stem-loop sequence, an optional poly(A) sequence or polyadenylation signal and an

optional poly(C) sequence or in 5'-to-3'-direction an 5'-UTR element, an ORF, a 3'-UTR

element, an optional histone stem-loop sequence, an optional poly(A) sequence or

polyadenylation signal and an optional poly(C) sequence. It may also comprise in 5'-to-3'-

direction an ORF, an 3'-UTR element, an optional poly(A) sequence, an optional poly (C)

sequence and an optional histone stem-loop sequence, or in 5'-to-3'-direction an 5'-UTR

element, an ORF, an optional poly(A) sequence, an optional poly(C) sequence and an

optional histone stem-loop sequence, or in 5'-to-3'-direction an 5'-UTR element, an ORF, a

3'-UTR element, an optional poly(A) sequence, an optional poly(C) sequence and an

optional histone stem-loop sequence.

In a preferred embodiment, the artificial nucleic acid molecule according to the invention

further comprises at least one histone stem-loop sequence.

Such histone stem-loop sequences are preferably selected from histone stem-loop

sequences as disclosed in W O 201 2/01 9780, whose disclosure is incorporated herewith by

reference.

A histone stem-loop sequence, suitable to be used within the present invention, is preferably

selected from at least one of the following formulae (I) or (II):

formula (I) (stem-loop sequence without stem bordering elements):

steml loop stem2



formula (II) (stem-loop sequence with stem bordering elements):

N i-6 [N0-2GN3 -5] [No- (U/T)No -4] [N3 -5CN0-2] N 16
J

steml steml loop stem2 stem2

bordering element bordering element

wherein:

steml 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 4 to 5 or

5 N, wherein each N is independently from

another selected from a nucleotide selected from

A, U, T, C and C, or a nucleotide analogue

thereof;

steml [N0 -2G N3-5] is reverse complementary or partially reverse

complementary with element stem2, and is a

consecutive sequence between of 5 to 7

nucleotides;

wherein N0-2 is a consecutive sequence of 0 to

2, preferably of 0 to 1, more preferably of 1 N,

wherein each N is independently from another

selected from a nucleotide selected from A, U,

T, G and C or a nucleotide analogue thereof;

wherein N3-5 is a consecutive sequence of 3 to

5, preferably of 4 to 5, more preferably of 4 N,

wherein each N is independently from another



selected from a nucleotide selected from A, U,

T, G and C or a nucleotide 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 [N (U )N0 is located between elements steml and stem2,

and is a consecutive sequence of 3 to 5

nucleotides, more preferably of 4 nucleotides;

wherein each N0-4 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 another selected

from a nucleotide selected from A, U, T, G and

C or a nucleotide analogue thereof; and

wherein U/T represents uridine, or optionally

thymidine;

stem2 [N3 -5CN0 is reverse complementary or partially reverse

complementary with element steml, and is a

consecutive sequence between of 5 to 7

nucleotides;

wherein is a consecutive sequence of 3 to

5, preferably of 4 to 5, more preferably of 4 N,

wherein each N is independently from another

selected from a nucleotide selected from A, U,

T, G and C or a nucleotide analogue thereof;



wherein N 0- is a consecutive sequence of 0 to

2, preferably of 0 to 1, more preferably of 1 N,

wherein each N is independently from another

selected from a nucleotide selected from A, U,

T, G or C or a nucleotide analogue thereof; and

wherein C is cytidine or an analogue thereof,

and may be optionally replaced by a guanosine

or an analogue thereof provided that its

complementary nucleoside guanosine in steml

is replaced by cytidine;

wherein

steml and stem2 are capable of base pairing with each other forming a reverse

complementary sequence, wherein base pairing may occur between steml and stem2, e.g.

by Watson-Crick base pairing of nucleotides A and U/T or G and C or by non-Watson-Crick

base pairing e.g. wobble base pairing, reverse Watson-Crick base pairing, Hoogsteen base

pairing, reverse Hoogsteen base pairing or are capable of base pairing with each other

forming a partially reverse complementary sequence, wherein an incomplete base pairing

may occur between steml and stem2, on the basis that one or more bases in one stem do

not have a complementary base in the reverse complementary sequence of the other stem.

According to a further preferred embodiment the histone stem-loop sequence may be selected

according to at least one of the following specific formulae (la) or (Ma):

formula (la) (stem-loop sequence without stem bordering elements):

[N0-1 G N 3-5] [Ni- 3(U/T)No-2] [N3 -5CN0-1 ]

v J '

stem! loop stem2



(Ha) (stem-loop sequence with stem borderi ng elements):

N 2-5 [N0 - 1 G N3-5] [N -3(U/T)No- 2] [N3 -5CN0

stem steml loop stem2 stem2

bordering element borderi g element

wherei n:

N, C, G, T and U are as defined above.

Accordi ng to a further more particularly preferred embodiment of the first aspect, the artificial

nucleic acid molecu le sequence may comprise at least one histone stem-loop sequence

accordi ng to at least one of the fol lowi ng specific formulae (lb) o r (Mb):

formu la (lb) (stem-loop sequence without stem borderi ng elements):

[N1 GN4] [N 2(U T )N i] [N4CN1 ]
Y γ ~

steml loop stem2

formu la (Mb) (stem-loop sequence with stem borderi ng elements):

N4-5 [N1 GN4] [N 2(U/T)Ni ] [N4CN1 ] N4-5
, . .. J

stem l steml loop stem2 stem2
borderi ng element borderi ng element

wherei n:

N, C, G, T and U are as defi ned above.



A particular preferred histone stem-loop sequence is the sequence according to SEQ D NO:

209: CAAAGGCTCTTTTCAGAGCCACCA or more preferably the corresponding RNA

sequence of the nucleic acid sequence according to SEQ ID NO: 209.

As an example, the single elements may be present in the artificial nucleic acid molecule in

the following order:

5'-cap - 5'-UTR (element) - ORF - 3'-UTR (element) - histone stem-loop -

poly(A)/(C) sequence;

5'-cap - 5'-UTR (element) - ORF - 3'-UTR (element) - poly(A)/(C) sequence - histone stem-

loop;

5'-cap - 5'-UTR (element) - ORF - IRES - ORF - 3'-UTR (element) - histone stem-loop -

poly(A)/(C) sequence;

5'-cap - 5'-UTR (element) - ORF - IRES - ORF - 3'-UTR (element) - histone stem-loop -

poly(A)/(C) sequence - poly(A)/(C) sequence;

5'-cap - 5'-UTR (element) - ORF - IRES - ORF - 3'-UTR (element) - poly(A)/(C) sequence -

histone stem-loop;

5'-cap - 5'-UTR (element) - ORF - IRES - ORF - 3'-UTR (element) - poly(A)/(C) sequence -

poly(A)/(C) sequence - histone stem-loop;

5'-cap - 5'-UTR (element) - ORF - 3'-UTR (element) - poly(A)/(C) sequence - poly(A)/(C)

sequence;

5'-cap - 5'-UTR (element) - ORF - 3'-UTR (element) - poly(A)/(C) sequence - poly(A)/(C)

sequence - histone stem loop; etc.

In some embodiments, the artificial nucleic acid molecule comprises further elements such

as a 5'-cap, a poly(C) sequence and/or an IRES-motif. A 5'-cap may be added during

transcription or post-transcriptionally to the 5'end of an RNA. Furthermore, the inventive

artificial nucleic acid molecule, particularly if the nucleic acid is in the form of an mRNA or

codes for an mRNA, may be modified by a sequence of at least 0 cytidines, preferably at

least 20 cytidines, more preferably at least 30 cytidines (so-called "poly(C) sequence"). In

particular, the inventive artificial nucleic acid molecule may contain, especially if the

nucleic acid is in the form of an (m)RNA or codes for an mRNA, a poly(C) sequence of

typically about 10 to 200 cytidine nucleotides, preferably about 10 to 100 cytidine

nucleotides, more preferably about 0 to 70 cytidine nucleotides or even more preferably



about 20 to 50 or even 20 to 30 cytidine nucleotides. Most preferably, the inventive nucleic

acid comprises a poly(C) sequence of 30 cytidine residues. Thus, preferably the artificial

nucleic acid molecule according to the present invention comprises, preferably in 5'-to-3'

direction, at least one 5'-UTR element as described above, an ORF, at least one 3'-UTR

element as described above, a poly(A) sequence or a polyadenylation signal, and a poly(C)

sequence or, in 5'-to-3' direction, optionally a further 5'-UTR, an ORF, at least one 3'-UTR

element as described above, a poly(A) sequence or a polyadenylation signal, and a poly(C)

sequence, or, in 5'-to-3' direction, at least one 5'-UTR element as described above, an ORF,

optionally a further 3'-UTR, a poly(A) sequence or a polyadenylation signal, and a poly(C)

sequence .

An internal ribosome entry site (IRES) sequence or IRES-motif may separate several open

reading frames, for example if the artificial nucleic acid molecule encodes for two or more

peptides or proteins. An IRES-sequence may be particularly helpful if the artificial nucleic

acid molecule is a bi- o r multicistronic nucleic acid molecule.

Furthermore, the artificial nucleic acid molecule may comprise additional 5'-elements,

preferably a promoter or a promoter containing-sequence. The promoter may drive and or

regulate transcription of the artificial nucleic acid molecule according to the present

invention, for example of an artificial DNA-molecule according to the present invention.

Preferably, the artificial nucleic acid molecule according to the present invention,

preferably the open reading frame, is at least partially G/C modified. Thus, the inventive

artificial nucleic acid molecule may be thermodynamically stabilized by modifying the G

(guanosine)/C (cytidine) content of the molecule. The G/C content of the open reading

frame of an artificial nucleic acid molecule according to the present invention may be

increased compared to the G/C content of the open reading frame of a corresponding wild-

type sequence, preferably by using the degeneration of the genetic code. Thus, the encoded

amino acid sequence of the artificial nucleic acid molecule is preferably not modified by

the G/C modification compared to the coded amino acid sequence of the particular wild-

type sequence. The codons of the coding sequence or the whole artificial nucleic acid

molecule, e.g. an mRNA, may therefore be varied compared to the wild-type coding

sequence, such that they include a n increased amount of G/C nucleotides while the



translated amino acid sequence is maintained. Due to the fact that several codons code for

one and the same amino acid (so-called degeneration of the genetic code), it is feasible to

alter codons while not altering the encoded peptide/protein sequence (so-called alternative

codon usage). Hence, it is possible to specifically introduce certain codons (in exchange for

the respective wild-type codons encoding the same amino acid), which are more favourable

with respect to stability of RNA and/or with respect to codon usage in a subject (so-called

codon optimization).

Depending o n the amino acid to be encoded by the coding region of the inventive artificial

nucleic acid molecule as defined herein, there are various possibilities for modification of

the nucleic acid sequence, e.g. the open reading frame, compared to its wild-type coding

region. In the case of amino acids, which are encoded by codons which contain exclusively

G o r C nucleotides, no modification of the codon is necessary. Thus, the codons for Pro

(CCC o r CCG), Arg (CGC or CGG), Ala (GCC o r GCG) and Gly (GGC o r GGG) require no

modification, since no A o r UAT is present.

In contrast, codons which contain A and/or U/T nucleotides may be modified by

substitution of other codons which code for the same amino acids but contain no A and/or

UAT. For example

the codons for Pro can be modified from CC(UAT) o r CCA to CCC or CCG;

the codons for Arg can be modified from CG(UAT) or CGA o r AGA or AGG to CGC o r CGG;

the codons for Ala can be modified from GC(U/T) o r GCA to GCC o r GCG;

the codons for Gly can be modified from GG(U/T) o r GGA to GGC or GGG.

In other cases, although A o r (U/T) nucleotides cannot be eliminated from the codons, it is

however possible to decrease the A and (U T) content by using codons which contain a

lower content of A and/or (UAT) nucleotides. Examples of these are:

The codons for Phe can be modified from (UAT)(U T)(U/T) to (UAT) (U/T)C;

the codons for Leu can be modified from (U/T) (UAT)A, (UAT) (UAT)G, C(UAT) (UAT) o r

C(U/T)A to C(UAT)C or C(UAT)G;

the codons for Ser can be modified from (UAT)C(UAT) o r (UAT)CA o r AG(UAT) to (UAT)CC,



(U )CG or AGC;

the codon for Tyr can be modified from (U/T)A(U/T) to (U/T)AC;

the codon for Cys can be modified from (U T)G(U T) to (U/T)GC;

the codon for His can be modified from CA(U ) to CAC;

the codon for Gin can be modified from CAA to CAG;

the codons for lie can be modified from A(U T)(U T or A(U/T)A to A(U/T)C;

the codons for Thr can be modified from AC(UAT) or ACA to ACC or ACG;

the codon for Asn can be modified from AA(UAT) to AAC;

the codon for Lys can be modified from AAA to AAG;

the codons for Val can be modified from G(U/T)(U/T) or G(UAT)A to G(U/T)C or G(U/T)G;

the codon for Asp can be modified from GA(U/T) to GAC;

the codon for Glu can be modified from GAA to GAG;

the stop codon (U/T)AA can be modified to (U )AG or (U/T)GA.

In the case of the codons for Met (A(U/T)G) and Trp ((U/T)GG), on the other hand, there is

no possibility of sequence modification without altering the encoded amino acid sequence.

The substitutions listed above can be used either individually or in all possible

combinations to increase the G/C content of the open reading frame of the inventive

artificial nucleic acid molecule as defined herein, compared to its particular wild-type open

reading frame (i.e. the original sequence). Thus, for example, all codons for Thr occurring in

the wild-type sequence can be modified to ACC (or ACG).

Preferably, the G/C content of the open reading frame of the inventive artificial nucleic acid

molecule as defined herein is increased by at least 7%, more preferably by at least 15%,

particularly preferably by at least 20%, compared to the G/C content of the wild-type

coding region without altering the encoded amino acid sequence, i.e. using the degeneracy

of the genetic code. According to a specific embodiment at least 5%, 10%, 20%, 30%,

40%, 50%, 60%, more preferably at least 70 %, even more preferably at least 80% and

most preferably at least 90%, 95% or even 00% of the substitutable codons in the open

reading frame of the inventive artificial nucleic acid molecule or a fragment, variant or

derivative thereof are substituted, thereby increasing the G/C content of said open reading

frame.



In this context, it is particularly preferable to increase the G/C content of the open reading

frame of the inventive artificial nucleic acid molecule as defined herein, to the maximum

(i.e. 100% of the substitutable codons), compared to the wild-type open reading frame,

without altering the encoded amino acid sequence.

Furthermore, the open reading frame is preferably at least partially codon-optimized.

Codon-optimization is based on the finding that the translation efficiency may be

determined by a different frequency in the occurrence of transfer RNAs (tRNAs) in cells.

Thus, if so-called "rare codons" are present in the coding region of the inventive artificial

nucleic acid molecule as defined herein, to an increased extent, the translation of the

corresponding modified nucleic acid sequence is less efficient than in the case where

codons coding for relatively "frequent" tRNAs are present.

Thus, the open reading frame of the inventive artificial nucleic acid molecule is preferably

modified compared to the corresponding wild-type coding region such that at least one

codon of the wild-type sequence which codes for a tRNA which is relatively rare in the cell

is exchanged for a codon which codes for a tRNA which is comparably frequent in the cell

and carries the same amino acid as the relatively rare tRNA. By this modification, the open

reading frame of the inventive artificial nucleic acid molecule as defined herein, is modified

such that codons for which frequently occurring tRNAs are available may replace codons

which correspond to rare tRNAs. In other words, according to the invention, by such a

modification all codons of the wild-type open reading frame which code for a rare tRNA

may be exchanged for a codon which codes for a tRNA which is more frequent in the cell

and which carries the same amino acid as the rare tRNA. Which tRNAs occur relatively

frequently in the cell and which, in contrast, occur relatively rarely is known to a person

skilled in the art; cf. e.g. Akashi, Curr. Opin. Genet. Dev. 2001 , (6): 660-666.

Accordingly, preferably, the open reading frame is codon-optimized, preferably with respect

to the system in which the artificial nucleic acid molecule according to the present

invention is to be expressed, preferably with respect to the system in which the artificial

nucleic acid molecule according to the present invention is to be translated. Preferably, the

codon usage of the open reading frame is codon-optimized according to mammalian codon

usage, more preferably according to human codon usage. Preferably, the open reading

frame is codon-optimized and G/C-content modified.



For further improving degradation resistance, e.g. resistance to in vivo (or in vitro as defined

above) degradation by an exo- or endonuclease, and/or for further improving stability of

protein expression from the artificial nucleic acid molecule according to the present

invention, the artificial nucleic acid molecule may further comprise modifications, such as

backbone modifications, sugar modifications and/or base modifications, e.g., lipid-

modifications or the like. Preferably, the transcription and/or the translation of the artificial

nucleic acid molecule according to the present invention is not significantly impaired by

said modifications.

Generally, the artificial nucleic acid molecule of the present invention may comprise any

native (= naturally occurring) nucleotide, e.g. guanosine, uracil, adenosine, and/or cytosine

or an analogue thereof. In this respect, nucleotide analogues are defined as natively and

non-natively occurring variants of the naturally occurring nucleotides adenosine, cytosine,

thymidine, guanosine and uridine. Accordingly, analogues are e.g. chemically derivatized

nucleotides with non-natively occurring functional groups, which are preferably added to or

deleted from the naturally occurring nucleotide or which substitute the naturally occurring

functional groups of a nucleotide. Accordingly, each component of the naturally occurring

nucleotide may be modified, namely the base component, the sugar (ribose) component

and/or the phosphate component forming the backbone (see above) of the RNA sequence.

Analogues of guanosine, uridine, adenosine, thymidine and cytosine include, without

implying any limitation, any natively occurring or non-natively occurring guanosine,

uridine, adenosine, thymidine or cytosine that has been altered e.g. chemically, for example

by acetylation, methylation, hydroxylation, etc., including -methyl-adenosine, -methyl-

guanosine, -methyl-inosine, 2,2-dimethyl-guanosine, 2,6-diaminopurine, 2'-amino-2'-

deoxyadenosine, 2'-amino-2'-deoxycytidine, 2'-amino-2'-deoxyguanosine, 2'-amino-2'-

deoxyuridine, 2-amino-6-chloropurineriboside, 2-aminopurine-riboside, 2'-araadenosine,

2'-aracytidine, 2'-arauridine, 2'-azido-2'-deoxyadenosine, 2'-azido-2'-deoxycytidine, 2'-

azido-2'-deoxyguanosine, 2'-azido-2'-deoxyuridine, 2-chloroadenosine, 2'-fluoro-2'-

deoxyadenosine, 2'-fluoro-2'-deoxycytidine, 2'-fluoro-2'-deoxyguanosine, 2'-fluoro-2'-

deoxyuridine, 2'-fluorothymidine, 2-methyl-adenosine, 2-methyl-guanosine, 2-methyl-thio-

N6-isopenenyl-adenosine, 2'-0-methyl-2-aminoadenosine, 2'-0-methyl-2'-

deoxyadenosine, 2'-0-methyl-2'-deoxycytidine, 2'-0-methyl-2'-deoxyguanosine, 2'-0-

methyl-2 '-deoxyuridine, 2'-0-methyl-5-methyluridine, 2'-0-methylinosine, 2'-0-



methylpseudouridine, 2-thiocytidine, 2-thio-cytosine, 3-methyl-cytosine, 4-acetyl-cytosine,

4-thiouridine, 5-(carboxyhydroxymethyl)-uracil, 5,6-dihydrouridine, 5-aminoallylcytidine,

5-aminoallyl-deoxy-uridine, 5-bromouridine, 5-carboxymehtylaminomethyl-2-thio-uracil,

5-carboxymethylamonomethyl-uracil, 5-chloro-ara-cytosine, 5-fluoro-uridine, 5-

iodouridine, 5-methoxycarbonylmethyl-uridine, 5-methoxy-uridine, 5-methyl-2-thio-

uridine, 6-azacytidine, 6-azauridine, 6-chloro-7-deaza-guanosine, 6-chloropurineriboside,

6-mercapto-guanosine, 6-methyl-mercaptopurine-riboside, 7-deaza-2'-deoxy-guanosine, 7-

deazaadenosine, 7-methyl-guanosine, 8-azaadenosine, 8-bromo-adenosine, 8-bromo-

guanosine, 8-mercapto-guanosine, 8-oxoguanosine, benzimidazole-riboside, beta-D-

mannosyl-queosine, dihydro-uracil, Inosine, N -Methyladenosine, N -([6-

aminohexyl]carbamoylmethyl)-adenosine, N -isopentenyl-adenosine, N -methyl-adenosine,

N7-Methyl-xanthosine, N-uracil-5-oxyacetic acid methyl ester, puromycin, queosine,

uracil-5-oxyacetic acid, uracil-5-oxyacetic acid methyl ester, wybutoxosine, xanthosine,

and xylo-adenosine. The preparation of such analogues is known to a person skilled in the

art, for example from U S patents 4,373,071 , US 4,401 ,796, U S 4,41 5,732, U S 4,458,066,

U S 4,500,707, US 4,668,777, U S 4,973,679, U S 5,047,524, U S 5,1 32,41 8, U S 5,1 53,31 9,

U S 5,262,530 and 5,700,642. In the case of an analogue as described above, particular

preference may be given according to certain embodiments of the invention to those

analogues that increase the protein expression of the encoded peptide or protein or that

increase the immunogenicity of the artificial nucleic acid molecule of the invention and/or

do not interfere with a further modification of the artificial nucleic acid molecule that has

been introduced.

According to a particular embodiment, the artificial nucleic acid molecule of the present

invention can contain a lipid modification.

In a preferred embodiment, the artificial nucleic acid molecule comprises, preferably from

5' to 3' direction, the following elements:

a 5'-UTR element which provides high translation efficiency to said artificial nucleic acid

molecule, preferably a nucleic acid sequence according to any of SEQ ID NO: 1 to 15 1; or

a further 5'-UTR, preferably a 5'-TOP UTR;

at least one open reading frame (ORF), wherein the ORF preferably comprises at least one

modification with respect to the wild-type sequence;



a 3'-UTR element which provides high translation efficiency to said artificial nucleic acid

molecule, preferably a nucleic acid sequence according to any of SEQ D NO: 152 to 204;

or a further 3'-UTR, preferably an albumin7 3'-UTR;

a poly(A) sequence, preferably comprising 64 adenylates;

a poly(C) sequence, preferably comprising 30 cytidylates;

a histone stem-loop sequence.

In a particularly preferred embodiment, the artificial nucleic acid molecule according to the

invention may further comprise one or more of the modifications described in the following:

Chemical modifications:

The term "modification" as used herein with regard to the artificial nucleic acid molecule

may refer to chemical modifications comprising backbone modifications as well as sugar

modifications or base modifications.

In this context, the artificial nucleic acid molecule, preferably an RNA molecule, as defined

herein may contain nucleotide analogues/modifications, e.g. backbone modifications, sugar

modifications or base modifications. A backbone modification in connection with the

present invention is a modification, in which phosphates of the backbone of the nucleotides

contained in a nucleic acid molecule as defined herein are chemically modified. A sugar

modification in connection with the present invention is a chemical modification of the

sugar of the nucleotides of the nucleic acid molecule as defined herein. Furthermore, a base

modification in connection with the present invention is a chemical modification of the

base moiety of the nucleotides of the nucleic acid molecule of the nucleic acid molecule. In

this context, nucleotide analogues or modifications are preferably selected from nucleotide

analogues which are applicable for transcription and/or translation.

Sugar Modifications:

The modified nucleosides and nucleotides, which may be incorporated into the artificial

nucleic acid molecule, preferably an RNA, as described herein, can be modified in the

sugar moiety. Examples of "oxy" -2'-hydroxyl group modifications include, but are not

limited to, alkoxy or aryloxy (-OR, e.g., R = H, alkyl, cycloalkyl, aryl, aralkyl, heteroaryl or

sugar); polyethyleneglycols (PEG), -O(CH CH2O)nCH2CH OR; "locked" nucleic acids (LNA)



in which the 2 ' hydroxyl is connected, e.g., by a methylene bridge, to the 4 ' carbon of the

same ribose sugar; and amino groups (-O-amino), wherein the amino group, e.g., NRR, can

be alkylamino, dialkylamino, heterocyclyl, arylamino, diarylamino, heteroarylamino, or

diheteroaryl amino, ethylene diamine, polyamino) or aminoalkoxy.

"Deoxy" modifications include hydrogen, amino (e.g. N ; alkylamino, dialkylamino,

heterocyclyl, arylamino, diaryl amino, heteroaryl amino, diheteroaryl amino, or amino

acid); or the amino group can be attached to the sugar through a linker, wherein the linker

comprises one or more of the atoms C, N, and O .

The sugar group can also contain one or more carbons that possess the opposite

stereochemical configuration than that of the corresponding carbon in ribose. Thus, a

modified nucleic acid molecule can include nucleotides containing, for instance, arabinose

as the sugar.

Backbone Modifications:
The phosphate backbone may further be modified in the modified nucleosides and

nucleotides, which may be incorporated into the artificial nucleic acid molecule, preferably

an RNA, as described herein. The phosphate groups of the backbone can be modified by

replacing one or more of the oxygen atoms with a different substituent. Further, the

modified nucleosides and nucleotides can include the full replacement of an unmodified

phosphate moiety with a modified phosphate as described herein. Examples of modified

phosphate groups include, but are not limited to, phosphorothioate, phosphoroselenates,

borano phosphates, borano phosphate esters, hydrogen phosphonates, phosphoroamidates,

alkyl or aryl phosphonates and phosphotriesters. Phosphorodithioates have both non-linking

oxygens replaced by sulfur. The phosphate linker can also be modified by the replacement

of a linking oxygen with nitrogen (bridged phosphoroamidates), sulfur (bridged

phosphorothioates) and carbon (bridged methylene-phosphonates).

Base Modifications:
The modified nucleosides and nucleotides, which may be incorporated into the artificial

nucleic acid molecule, preferably an RNA molecule, as described herein, can further be

modified in the nucleobase moiety. Examples of nucleobases found in RNA include, but are



not limited to, adenine, guanine, cytosine and uracil. For example, the nucleosides and

nucleotides described herein can be chemically modified on the major groove face. In some

embodiments, the major groove chemical modifications can include an amino group, a

thiol group, an alkyl group, or a halo group.

In particularly preferred embodiments of the present invention, the nucleotide

analogues/modifications are selected from base modifications, which are preferably selected

from 2-amino-6-chloropurineriboside-5 '-triphosphate, 2-aminopurine-riboside-5'-

tri phosphate; 2-aminoadenosine-5 '-triphosphate, 2'-amino-2'-deoxycytidine-triphosphate,

2-thiocytidine-5'-triphosphate, 2-thiouridine-5 '-triphosphate, 2'-fluorothymidine-5'-

triphosphate, 2'-0-methylinosine-5'-triphosphate 4-thiouridine-5'-triphosphate, 5-

aminoallylcytidine-5 '-triphosphate, 5-aminoallyluridine-5 '-triphosphate, 5-bromocytidine-

5'-triphosphate, 5-bromouridine-5 '-triphosphate, 5-bromo-2'-deoxycytidine-5 '-triphosphate,

5-bromo-2'-deoxyuridine-5' -triphosphate, 5-iodocytidine-5 '-triphosphate, 5-iodo-2'-

deoxycytidine-5'-triphosphate, 5-iodouridine-5'-triphosphate, 5-iodo-2'-deoxyuridine-5'-

triphosphate, 5-methylcytidine-5 '-triphosphate, 5-methyluridine-5'-triphosphate, 5-

propynyl-2'-deoxycytidine-5 '-triphosphate, 5-propynyl-2'-deoxyuridine-5' -triphosphate, 6-

azacytidine-5' -triphosphate, 6-azauridine-5 '-triphosphate, 6-chloropurineriboside-5'-

triphosphate, 7-deazaadenosine-5 '-triphosphate, 7-deazaguanosine-5'-triphosphate, 8-

azaadenosine-5 '-triphosphate, 8-azidoadenosine-5'-triphosphate, benzimidazole-riboside-

5'-triphosphate, N 1-methyladenosine-5'-triphosphate, N 1-methylguanosine-5'-triphosphate,

N6-methyladenosine-5 '-triphosphate, 06-methylguanosine-5 '-triphosphate, pseudouridine-

5'-triphosphate, or puromycin-5 '-triphosphate, xanthosine-5'-triphosphate. Particular

preference is given to nucleotides for base modifications selected from the group of base-

modified nucleotides consisting of 5-methylcytidine-5'-triphosphate, 7-deazaguanosine-5'-

triphosphate, 5-bromocytidine-5 '-triphosphate, and pseudouridine-5'-triphosphate.

In some embodiments, modified nucleosides include pyridin-4-one ribonucleoside, 5-aza-

uridine, 2-thio-5-aza-uridine, 2-thiouridine, 4-thio-pseudouridine, 2-thio-pseudouridine, 5-

hydroxyuridine, 3-methyluridine, 5-carboxymethyl-uridine, 1-carboxymethyl-

pseudouridine, 5-propynyl-uridine, 1-propynyl-pseudouridine, 5-taurinomethyluridine, 1-

taurinomethyl-pseudouridine, 5-taurinomethyl-2-thio-uridine, 1-taurinomethyl-4-thio-

uridine, 5-methyl-uridine, 1-methyl-pseudouridine, 4-thio-1 -methyl-pseudouridine, 2-thio-



1-methyl-pseudouridine, 1-methyl-1 -deaza-pseudouridine, 2-thio-1 -methyl-1 -deaza-

pseudouridine, dihydrouridine, dihydropseudouridine, 2-thio-dihydrouridine, 2-thio-

dihydropseudouridine, 2-methoxyuridine, 2-methoxy-4-thio-uridine, 4-methoxy-

pseudouridine, and 4-methoxy-2-thio-pseudouridine.

In some embodiments, modified nucleosides include 5-aza-cytidine, pseudoisocytidine, 3-

methyl-cytidine, N4-acetylcytidine, 5-formylcytidine, N4-methylcytidine, 5-

hydroxymethylcytidine, -methyl-pseudoisocytidine, pyrrolo-cytidine, pyrrolo-

pseudoisocytidine, 2-thio-cytidine, 2-thio-5-methyl-cytidine, 4-thio-pseudoisocytidine, 4-

thio-1 -methyl-pseudoisocytidine, 4-thio-l -methyl-1 -deaza-pseudoisocytidine, 1-methyl-1 -

deaza-pseudoisocytidine, zebularine, 5-aza-zebularine, 5-methyl-zebularine, 5-aza-2-thio-

zebularine, 2-thio-zebularine, 2-methoxy-cytidine, 2-methoxy-5-methyl-cytidine, 4-

methoxy-pseudoisocytidine, and 4-methoxy-l-methyl-pseudoisocytidine.

In other embodiments, modified nucleosides include 2-aminopurine, 2,6-diaminopurine, 7-

deaza-adenine, 7-deaza-8-aza-adenine, 7-deaza-2-aminopurine, 7-deaza-8-aza-2-

aminopurine, 7-deaza-2,6-diaminopurine, 7-deaza-8-aza-2,6-diaminopurine, 1-

methyladenosine, N6-methyladenosine, N6-isopentenyladenosine, N6-(cis-

hydroxyisopentenyl)adenosine, 2-methylthio-N6-(cis-hydroxyisopentenyl) adenosine, N6-

glycinylcarbamoyladenosine, N6-threonylcarbamoyladenosine, 2-methylthio-N6-threonyl

carbamoyladenosine, N6,N6-dimethyladenosine, 7-methyladenine, 2-methylthio-adenine,

and 2-methoxy-adenine.

In other embodiments, modified nucleosides include inosine, -methyl-inosine, wyosine,

wybutosine, 7-deaza-guanosine, 7-deaza-8-aza-guanosine, 6-thio-guanosine, 6-thio-7-

deaza-guanosine, 6-thio-7-deaza-8-aza-guanosine, 7-methyl-guanosine, 6-thio-7-methyl-

guanosine, 7-methylinosine, 6-methoxy-guanosine, -methylguanosine, N2-

methylguanosine, N2,N2-dimethylguanosine, 8-oxo-guanosine, 7-methyl-8-oxo-guanosine,

1-methyl-6-thio-guanosine, N2-methyl-6-thio-guanosine, and N2,N2-dimethyl-6-thio-

guanosine.



In some embodiments, the nucleotide can be modified on the major groove face and can

include replacing hydrogen on C-5 of uracil with a methyl group or a halo group. In specific

embodiments, a modified nucleoside is 5'-0-(1 -thiophosphate)-adenosine, 5'-0-(1 -

thiophosphate)-cytidine, 5'-0-(1 -thiophosphate)-guanosine, 5'-0-(1 -thiophosphate)-uridine

or 5'-0-(1 -thiophosphate)-pseudouridine.

In further specific embodiments the artificial nucleic acid molecule, preferably an RNA

molecule, may comprise nucleoside modifications selected from 6-aza-cytidine, 2-thio-

cytidine, a-thio-cytidine, pseudo-iso-cytidine, 5-aminoallyl-uridine, 5-iodo-uridine, N 1-

methyl-pseudouridine, 5,6-dihydrouridine, a-thio-uridine, 4-thio-uridine, 6-aza-uridine, 5-

hydroxy-uridine, deoxy-thymidine, 5-methyl-uridine, pyrrolo-cytidine, inosine, a-thio-

guanosine, 6-methyl-guanosine, 5-methyl-cytdine, 8-oxo-guanosine, 7-deaza-guanosine,

N 1-methyl-adenosine, 2-amino-6-chloro-purine, N6-methyl-2 -amino-purine, pseudo-iso-

cytidine, 6-chloro-purine, N6-methyl-adenosine, a-thio-adenosine, 8-azido-adenosine, 7-

deaza-adenosine.

Lipid modification:

According to a further embodiment, the artificial nucleic acid molecule, preferably an RNA,

as defined herein can contain a lipid modification. Such a lipid-modified RNA typically

comprises an RNA as defined herein. Such a lipid-modified RNA molecule as defined

herein typically further comprises at least one linker covalently linked with that RNA

molecule, and at least one lipid covalently linked with the respective linker. Alternatively,

the lipid-modified RNA molecule comprises at least one RNA molecule as defined herein

and at least one (bifunctional) lipid covalently linked (without a linker) with that RNA

molecule. According to a third alternative, the lipid-modified RNA molecule comprises an

artificial nucleic acid molecule, preferably an RNA molecule, as defined herein, at least one

linker covalently linked with that RNA molecule, and at least one lipid covalently linked

with the respective linker, and also at least one (bifunctional) lipid covalently linked

(without a linker) with that RNA molecule. In this context, it is particularly preferred that the

lipid modification is present at the terminal ends of a linear RNA sequence.



Modification of the 5'-end of the modified RNA:

According to another preferred embodiment of the invention, the artificial nucleic acid

molecule, preferably an RNA molecule, as defined herein, can be modified by the addition

of a so-called "5' CAP" structure.

A 5'-cap is an entity, typically a modified nucleotide entity, which generally "caps" the 5'-

end of a mature mRNA. A 5'-cap may typically be formed by a modified nucleotide,

particularly by a derivative of a guanine nucleotide. Preferably, the 5'-cap is linked to the

5'-terminus via a 5'-5'-triphosphate linkage. A 5'-cap may be methylated, e.g. m7GpppN,

wherein N is the terminal 5' nucleotide of the nucleic acid carrying the 5'-cap, typically the

5'-end of an RNA. m7GpppN is the 5'-CAP structure which naturally occurs in mRNA

transcribed by polymerase I I and is therefore not considered as modification comprised in

the modified RNA according to the invention. This means the artificial nucleic acid

molecule, preferably an RNA molecule, according to the present invention may comprise a

m7GpppN as 5'-CAP, but additionally the artificial nucleic acid molecule, preferably an

RNA molecule, comprises at least one further modification as defined herein.

Further examples of 5'cap structures include glyceryl, inverted deoxy abasic residue

(moiety), 4', 5' methylene nucleotide, -(beta-D-erythrofuranosyl) nucleotide, 4'-thio

nucleotide, carbocyclic nucleotide, ,5-anhydrohexitol nucleotide, L-nucleotides, alpha-

nucleotide, modified base nucleotide, threo-pentofuranosyl nucleotide, acyclic 3',4'-seco

nucleotide, acyclic 3,4-dihydroxybutyl nucleotide, acyclic 3,5 dihydroxypentyl nucleotide,

3'-3'-inverted nucleotide moiety, 3'-3 '-inverted abasic moiety, 3'-2'-inverted nucleotide

moiety, 3'-2'-inverted abasic moiety, 1,4-butanediol phosphate, 3'-phosphoramidate,

hexylphosphate, aminohexyl phosphate, 3'-phosphate, 3'phosphorothioate,

phosphorodithioate, or bridging or non-bridging methylphosphonate moiety. These

modified 5'-CAP structures are regarded as at least one modification comprised in the

artificial nucleic acid molecule, preferably in an RNA molecule, according to the present

invention.

Particularly preferred modified 5'-CAP structures are CAP1 (methylation of the ribose of the

adjacent nucleotide of m7G), CAP2 (methylation of the ribose of the 2nd nucleotide

downstream of the m7G), CAP3 (methylation of the ribose of the 3rd nucleotide downstream



of the m7G), CAP4 (methylation of the ribose of the 4th nucleotide downstream of the m7G),

ARCA (anti-reverse CAP analogue, modified ARCA (e.g. phosphothioate modified ARCA),

inosine, N -methyl-guanosine, 2'-fluoro-guanosine, 7-deaza-guanosine, 8-oxo-guanosine,

2-amino-guanosine, LNA-guanosine, and 2-azido-guanosine.

In a preferred embodiment, the at least one open reading frame encodes a therapeutic

protein or peptide. In another embodiment, an antigen is encoded by the at least one open

reading frame, such as a pathogenic antigen, a tumour antigen, an allergenic antigen or an

autoimmune antigen. Therein, the administration of the artificial nucleic acid molecule

encoding the antigen is used in a genetic vaccination approach against a disease involving

said antigen.

In an alternative embodiment, an antibody or an antigen-specific T cell receptor or a

fragment thereof is encoded by the at least one open reading frame of the artificial nucleic

acid molecule according to the invention.

Antigens:

Pathogenic antigens:

The artificial nucleic acid molecule according to the present invention may encode a

protein or a peptide, which comprises a pathogenic antigen or a fragment, variant or

derivative thereof. Such pathogenic antigens are derived from pathogenic organisms, in

particular bacterial, viral or protozoo logical (multicellular) pathogenic organisms, which

evoke an immunological reaction in a subject, in particular a mammalian subject, more

particularly a human. More specifically, pathogenic antigens are preferably surface

antigens, e.g. proteins (or fragments of proteins, e.g. the exterior portion of a surface

antigen) located at the surface of the virus or the bacterial or protozoological organism.

Pathogenic antigens are peptide or protein antigens preferably derived from a pathogen

associated with infectious disease which are preferably selected from antigens derived from

the pathogens Acinetobacter baumannii, Anaplasma genus, Anaplasma phagocytophilum,

Ancylostoma braziliense, Ancylostoma duodenale, Arcanobacterium haemolyticum, Ascaris

lumbricoides, Aspergillus genus, Astroviridae, Babesia genus, Bacillus anthracis, Bacillus

cereus, Bartonella henselae, BK virus, Blastocystis hominis, Blastomyces dermatitidis,



Bordetella pertussis, Borrelia burgdorferi, Borrelia genus, Borrelia spp, Brucella genus,

Brugia malayi, Bunyaviridae family, Burkholderia cepacia and other Burkholderia species,

Burkholderia mallei, Burkholderia pseudomallei, Caliciviridae family, Campylobacter

genus, Candida albicans, Candida spp, Chlamydia trachomatis, Chlamydophila

pneumoniae, Chlamydophila psittaci, CJD prion, Clonorchis sinensis, Clostridium

botulinum, Clostridium difficile, Clostridium perfringens, Clostridium perfringens,

Clostridium spp, Clostridium tetani, Coccidioides spp, coronavi ruses, Corynebacterium

diphtheriae, Coxiella burnetii, Crimean-Congo hemorrhagic fever virus, Cryptococcus

neoformans, Cryptosporidium genus, Cytomegalovirus (CMV), Dengue viruses (DEN-1 ,

DEN-2, DEN-3 and DEN-4), Dientamoeba fragilis, Ebolavirus (EBOV), Echinococcus genus,

Ehrlichia chaffeensis, Ehrlichia ewingii, Ehrlichia genus, Entamoeba histolytica,

Enterococcus genus, Enterovirus genus, Enteroviruses, mainly Coxsackie A virus and

Enterovirus 7 1 (EV71), Epidermophyton spp, Epstein-Barr Virus (EBV), Escherichia coli

0 157:H7, 0 1 and O 104:H4, Fasciola hepatica and Fasciola gigantica, FFI prion,

Filarioidea superfamily, Flaviviruses, Francisella tularensis, Fusobacterium genus,

Geotrichum candidum, Giardia intestinalis, Gnathostoma spp, GSS prion, Guanarito virus,

Haemophilus ducreyi, Haemophilus influenzae, Helicobacter pylori, Henipavirus (Hendra

virus Nipah virus), Hepatitis A Virus, Hepatitis B Virus (HBV), Hepatitis C Virus (HCV),

Hepatitis D Virus, Hepatitis E Virus, Herpes simplex virus 1 and 2 (HSV-1 and HSV-2),

Histoplasma capsulatum, HIV (Human immunodeficiency virus), Hortaea werneckii,

Human bocavirus (HBoV), Human herpesvirus 6 (HHV-6) and Human herpesvirus 7 (HHV-

7), Human metapneumovirus (hMPV), Human papillomavirus (HPV), Human parainfluenza

viruses (HPIV), Japanese encephalitis virus, JC virus, Junin virus, Kingella kingae, Klebsiella

granulomatis, Kuru prion, Lassa virus, Legionella pneumophila, Leishmania genus,

Leptospira genus, Listeria monocytogenes, Lymphocytic choriomeningitis virus (LCMV),

Machupo virus, Malassezia spp, Marburg virus, Measles virus, Metagonimus yokagawai,

Microsporidia phylum, Molluscum contagiosum virus (MCV), Mumps virus, Mycobacterium

leprae and Mycobacterium lepromatosis, Mycobacterium tuberculosis, Mycobacterium

ulcerans, Mycoplasma pneumoniae, Naegleria fowleri, Necator americanus, Neisseria

gonorrhoeae, Neisseria meningitidis, Nocardia asteroides, Nocardia spp, Onchocerca

volvulus, Orientia tsutsugamushi, Orthomyxoviridae family (Influenza), Paracoccidioides

brasiliensis, Paragonimus spp, Paragonimus westermani, Parvovirus B 9, Pasteurella genus,

Plasmodium genus, Pneumocystis jirovecii, Poliovirus, Rabies virus, Respiratory syncytial



virus (RSV), Rhinovirus, rhinoviruses, Rickettsia akari, Rickettsia genus, Rickettsia

prowazekii, Rickettsia rickettsii, Rickettsia typhi, Rift Valley fever virus, Rotavirus, Rubella

virus, Sabia virus, Salmonella genus, Sarcoptes scabiei, SARS coronavirus, Schistosoma

genus, Shigella genus, Sin Nombre virus, Hantavirus, Sporothrix schenckii, Staphylococcus

genus, Staphylococcus genus, Streptococcus agalactiae, Streptococcus pneumoniae,

Streptococcus pyogenes, Strongyloides stercoralis, Taenia genus, Taenia solium, Tick-borne

encephalitis virus (TBEV), Toxocara canis o r Toxocara cati, Toxoplasma gondii, Treponema

pallidum, Trichinella spiralis, Trichomonas vaginalis, Trichophyton spp, Trichuris trichiura,

Trypanosoma brucei, Trypanosoma cruzi, Ureaplasma urealyticum, Varicella zoster virus

(VZV), Varicella zoster virus (VZV), Variola major or Variola minor, vCJD prion, Venezuelan

equine encephalitis virus, Vibrio cholerae, West Nile virus, Western equine encephalitis

virus, Wuchereria bancrofti, Yellow fever virus, Yersinia enterocolitica, Yersinia pestis, and

Yersinia pseudotuberculosis.

In this context particularly preferred are antigens from the pathogens selected from

Influenza virus, respiratory syncytial virus (RSV), Herpes simplex virus (HSV), human

Papilloma virus (HPV), Human immunodeficiency virus (HIV), Plasmodium, Staphylococcus

aureus, Dengue virus, Chlamydia trachomatis, Cytomegalovirus (CMV), Hepatitis B virus

(HBV), Mycobacterium tuberculosis, Rabies virus, and Yellow Fever Virus.

Tumour antigens:

In a further embodiment the artificial nucleic acid molecule according to the present

invention may encode a protein or a peptide, which comprises a peptide or protein

comprising a tumour antigen, a fragment, variant o r derivative of said tumour antigen,

preferably, wherein the tumour antigen is a melanocyte-specific antigen, a cancer-testis

antigen or a tumour-specific antigen, preferably a CT-X antigen, a non-X CT-antigen, a

binding partner for a CT-X antigen or a binding partner for a non-X CT-antigen or a tumour-

specific antigen, more preferably a CT-X antigen, a binding partner for a non-X CT-antigen

or a tumour-specific antigen o r a fragment, variant o r derivative of said tumour antigen; and

wherein each of the nucleic acid sequences encodes a different peptide or protein; and

wherein at least one of the nucleic acid sequences encodes for 5T4, 707-AP, 9D7, AFP,

AlbZIP HPG1, alpha-5-beta-1-integrin, alpha-5-beta-6-integrin, alpha-actinin-4/m, alpha-

methylacyl-coenzyme A racemase, ART-4, ARTC1/m, B7H4, BAGE-1 , BCL-2, bcr/abl, beta-

catenin/m, BING-4, BRCA1/m, BRCA2/m, CA 15-3/CA 27-29, CA 9-9, CA72-4, CA1 25,



calreticulin, CAMEL, CASP-8/m, cathepsin B, cathepsin L, CD , CD20, CD22, CD25,

CDE30, CD33, CD4, CD52, CD55, CD56, CD80, CDC27/m, CDK4/m, CDKN2A/m, CEA,

CLCA2, CML28, CML66, COA-1/m, coactosin-like protein, collage XXIII, COX-2, CT-

9/BRD6, Cten, cyclin ΒΊ , cyclin D 1, cyp-B, CYPB1 , DAM-1 0, DAM-6, DEK-CAN,

EFTUD2/m, EGFR, ELF2/m, EMMPRIN, EpCam, EphA2, EphA3, ErbB3, ETV6-AML1 , EZH2,

FGF-5, FN, Frau-1, G250, GAGE-1 , GAGE-2, GAGE-3, GAGE-4, GAGE-5, GAGE-6,

GAGE7b, GAGE-8, GDEP, GnT-V, gp 00, GPC3, GPNMB/m, HAGE, HAST-2, hepsin,

Her2/neu, HERV-K-MEL, HLA-A*0201 -R1 7I, HLA-A1 /m, HLA-A2/m, HNE, homeobox

N X3.1, HOM-TES-1 4/SCP-1 , HOM-TES-85, HPV-E6, HPV-E7, HSP70-2M, HST-2, hTERT,

iCE, IGF-1 , IL-13Ra2, IL-2R, IL-5, immature laminin receptor, kallikrein-2, kallikrein-4,

Ki67, KIAA0205, KIAA0205/m, KK-LC-1 , K-Ras/m, LAGE-A1 , LDLR-FUT, MAGE-A1 ,

MAGE-A2, MAGE-A3, MAGE-A4, MAGE-A6, MAGE-A9, MAGE-A1 0, MAGE-A1 2, MAGE-

B 1 , MAGE-B2, MAGE-B3, MAGE-B4, MAGE-B5, MAGE-B6, MACE-B1 0, MAGE-B1 6,

MAGE-B1 7, MAGE-C1, MAGE-C2, MAGE-C3, MAGE-D1, MAGE-D2, MAGE-D4, MAGE-

E 1 , MAGE-E2, MAGE-F1, MAGE-HI , MAGEL2, mammaglobin A, MART-1/melan-A, MART-

2, MART-2/m, matrix protein 22, MC1 R, M-CSF, ME1/m, mesothelin, MG50/PXDN,

MMP1 , MN/CA IX-antigen, MRP-3, MUC-1 , MUC-2, MUM-1/m, MUM-2/m, MUM-3/m,

myosin class l/m, NA88-A, N-acetylglucosaminyltransferase-V, Neo-PAP, Neo-PAP/m,

NFYC/m, NGEP, NMP22, NPM/ALK, N-Ras/m, NSE, NY-ESO-1 , NY-ESO-B, OA1 , OFA-

iLRP, OGT, OGT/m, OS-9, OS-9/m, osteocalcin, osteopontin, p 5, p 90 minor bcr-abl,

p53, p53/m, PAGE-4, PAI-1 , PAI-2, PAP, PART-1, PATE, PDEF, Pim-1 -Kinase, Pin-1 ,

Pml/PARalpha, POTE, PRAME, PRDX5/m, prostein, proteinase-3, PSA, PSCA, PSGR, PSM,

PSMA, PTPRK/m, RAGE-1 , RBAF600/m, RHAMM/CD1 68, RU1 , RU2, S-1 00, SAGE, SART-

1, SART-2, SART-3, SCC, SIRT2/m, Sp1 7, SSX-1 , SSX-2/HOM-MEL-40, SSX-4, STAMP-1,

STEAP-1 , survivin, survivin-2B, SYT-SSX-1 , SYT-SSX-2, TA-90, TAG-72, TARP, TEL-AML1 ,

TGFbeta, TGFbetaRIl, TGM-4, TPI/m, TRAG-3, TRG, TRP-1, TRP-2/6b, TRP/INT2, TRP-p8,

tyrosinase, UPA, VEGFR1, VEGFR-2/FLK-1, WT1 and a immunoglobulin idiotype of a

lymphoid blood cell or a T cell receptor idiotype of a lymphoid blood cell, o r a fragment,

variant o r derivative of said tumour antigen; preferably survivin o r a homologue thereof, an

antigen from the MAGE-family o r a binding partner thereof o r a fragment, variant o r

derivative of said tumour antigen. Particularly preferred in this context are the tumour

antigens NY-ESO-1 , 5T4, MAGE-C1 , MAGE-C2, Survivin, Muc-1 , PSA, PSMA, PSCA, STEAP

and PAP.



In a preferred embodiment, the artificial nucleic acid molecule encodes a protein or a

peptide, which comprises a therapeutic protein or a fragment, variant or derivative thereof.

Therapeutic proteins as defined herein are peptides or proteins, which are beneficial for the

treatment of any inherited or acquired disease or which improves the condition of an

individual. Particularly, therapeutic proteins play an important role in the creation of

therapeutic agents that could modify and repair genetic errors, destroy cancer cells or

pathogen infected cells, treat immune system disorders, treat metabolic or endocrine

disorders, among other functions. For instance, Erythropoietin (EPO), a protein hormone can

be utilized in treating patients with erythrocyte deficiency, which is a common cause of

kidney complications. Furthermore adjuvant proteins, therapeutic antibodies are

encompassed by therapeutic proteins and also hormone replacement therapy which is e.g.

used in the therapy of women in menopause. In more recent approaches, somatic cells of a

patient are used to reprogram them into pluripotent stem cells, which replace the disputed

stem cell therapy. Also these proteins used for reprogramming of somatic cells or used for

differentiating of stem cells are defined herein as therapeutic proteins. Furthermore,

therapeutic proteins may be used for other purposes, e.g. wound healing, tissue

regeneration, angiogenesis, etc. Furthermore, antigen-specific B cell receptors and

fragments and variants thereof are defined herein as therapeutic proteins.

Therefore therapeutic proteins can be used for various purposes including treatment of

various diseases like e.g. infectious diseases, neoplasms (e.g. cancer or tumour diseases),

diseases of the blood and blood-forming organs, endocrine, nutritional and metabolic

diseases, diseases of the nervous system, diseases of the circulatory system, diseases of the

respiratory system, diseases of the digestive system, diseases of the skin and subcutaneous

tissue, diseases of the musculoskeletal system and connective tissue, and diseases of the

genitourinary system, independently if they are inherited or acquired.

In this context, particularly preferred therapeutic proteins which can be used inter alia in the

treatment of metabolic or endocrine disorders are selected from (in brackets the particular

disease for which the therapeutic protein is used in the treatment): Acid sphingomyelinase

(Niemann-Pick disease), Adipotide (obesity), Agalsidase-beta (human galactosidase A)



(Fabry disease; prevents accumulation of lipids that could lead to renal and cardiovascular

complications), Alglucosidase (Pompe disease (glycogen storage disease type II)), alpha-

galactosidase A (alpha-GAL A, Agalsidase alpha) (Fabry disease), alpha-glucosidase

(Glycogen storage disease (GSD), Morbus Pompe), alpha-L-iduronidase

(mucopolysaccharidoses (MPS), Hurler syndrome, Scheie syndrome), alpha-N-

acetylglucosaminidase (Sanfilippo syndrome), Amphiregulin (cancer, metabolic disorder),

Angiopoietin ((Ang1 , Ang2, Ang3, Ang4, ANGPTL2, ANGPTL3, ANGPTL4, ANGPTL5,

ANGPTL6, ANGPTL7) (angiogenesis, stabilize vessels), Betacellulin (metabolic disorder),

Beta-glucuronidase (Sly syndrome), Bone morphogenetic protein BMPs (BMP1 , BMP2,

BMP3, BMP4, BMP5, BMP6, BMP7, BMP8a, BMP8b, BMP1 0, BMP1 5) (regenerative effect,

bone-related conditions, chronic kidney disease (CKD)), CLN6 protein (CLN6 disease -

Atypical Late Infantile, Late Onset variant, Early Juvenile, Neuronal Ceroid Lipofuscinoses

(NCL)), Epidermal growth factor (EGF) (wound healing, regulation of cell growth,

proliferation, and differentiation), Epigen (metabolic disorder), Epiregulin (metabolic

disorder), Fibroblast Growth Factor (FGF, FGF-1 , FGF-2, FGF-3, FGF-4, FGF-5, FGF-6, FGF-

7, FGF-8, FGF-9, FGF-1 0, FGF-1 1, FGF-1 2, FGF-1 3, FGF-1 4, FGF-1 6, FGF-1 7, FGF-1 7,

FGF-1 8, FGF-1 9, FGF-20, FGF-21 , FGF-22, FGF-23) (wound healing, angiogenesis,

endocrine disorders, tissue regeneration), Galsulphase (Mucopolysaccharidosis VI), Ghrelin

(irritable bowel syndrome (IBS), obesity, Prader-Willi syndrome, type II diabetes mellitus),

Glucocerebrosidase (Gaucher's disease), GM-CSF (regenerative effect, production of white

blood cells, cancer), Heparin-binding EGF-like growth factor (HB-EGF) (wound healing,

cardiac hypertrophy and heart development and function), Hepatocyte growth factor HGF

(regenerative effect, wound healing), Hepcidin (iron metabolism disorders, Beta-

thalassemia), Human albumin (Decreased production of albumin (hypoproteinaemia),

increased loss of albumin (nephrotic syndrome), hypovolaemia, hyperbilirubinaemia),

Idursulphase (lduronate-2-sulphatase) (Mucopolysaccharidosis I I (Hunter syndrome)),

Integrins ν β3, ανβ 5 and α5β1 (Bind matrix macromolecules and proteinases,

angiogenesis), luduronate sulfatase (Hunter syndrome), Laronidase (Hurler and Hurler-

Scheie forms of mucopolysaccharidosis I), N-acetylgalactosamine-4-sulfatase (rhASB;

galsulfase, Arylsulfatase A (ARSA), Arylsulfatase B (ARSB)) (ary Isulfatase B deficiency,

Maroteaux-Lamy syndrome, mucopolysaccharidosis VI), N-acetylglucosamine-6-sulfatase

(Sanfilippo syndrome), Nerve growth factor (NGF, Brain-Derived Neurotrophic Factor

(BDNF), Neurotropic n-3 (NT-3), and Neurotrophin 4/5 (NT-4/5) (regenerative effect,



cardiovascular diseases, coronary atherosclerosis, obesity, type 2 diabetes, metabolic

syndrome, acute coronary syndromes, dementia, depression, schizophrenia, autism, Rett

syndrome, anorexia nervosa, bulimia nervosa, wound healing, skin ulcers, corneal ulcers,

Alzheimer's disease), Neuregulin (NRG1 , NRG2, NRG3, NRG4) (metabolic disorder,

schizophrenia), Neuropilin (NRP-1 , NRP-2) (angiogenesis, axon guidance, cell survival,

migration), Obestatin (irritable bowel syndrome (IBS), obesity, Prader-Willi syndrome, type

II diabetes mellitus), Platelet Derived Growth factor (PDGF (PDFF-A, PDGF-B, PDGF-C,

PDGF-D) (regenerative effect, wound healing, disorder in angiogenesis, Arteriosclerosis,

Fibrosis, cancer), TGF beta receptors (endoglin, TGF-beta 1 receptor, TGF-beta 2 receptor,

TGF-beta 3 receptor) (renal fibrosis, kidney disease, diabetes, ultimately end-stage renal

disease (ESRD), angiogenesis), Thrombopoietin (THPO) (Megakaryocyte growth and

development factor (MGDF)) (platelets disorders, platelets for donation, recovery of platelet

counts after myelosuppressive chemotherapy), Transforming Growth factor (TGF (TGF-

alpha, TGF-beta (TGFbetal , TGFbeta2, and TGFbeta3))) (regenerative effect, wound

healing, immunity, cancer, heart disease, diabetes, Marfan syndrome, Loeys-Dietz

syndrome), VEGF (VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E, VEGF-F and PIGF)

(regenerative effect, angiogenesis, wound healing, cancer, permeability), Nesiritide (Acute

decompensated congestive heart failure), Trypsin (Decubitus ulcer, varicose ulcer,

debridement of eschar, dehiscent wound, sunburn, meconium ileus), adrenocorticotrophic

hormone (ACTH) ("Addison's disease, Small cell carcinoma, Adrenoleukodystrophy,

Congenital adrenal hyperplasia, Cushing's syndrome, Nelson's syndrome, Infantile spasms),

Atrial-natriuretic peptide (ANP) (endocrine disorders), Cholecystokinin (diverse), Gastrin

(hypogastrinemia), Leptin (Diabetes, hypertriglyceridemia, obesity), Oxytocin (stimulate

breastfeeding, non-progression of parturition), Somatostatin (symptomatic treatment of

carcinoid syndrome, acute variceal bleeding, and acromegaly, polycystic diseases of the

liver and kidney, acromegaly and symptoms caused by neuroendocrine tumors),

Vasopressin (antidiuretic hormone) (diabetes insipidus), Calcitonin (Postmenopausal

osteoporosis, Hypercalcaemia, Paget's disease, Bone metastases, Phantom limb pain, Spinal

Stenosis), Exenatide (Type 2 diabetes resistant to treatment with metformin and a

sulphonylurea), Growth hormone (GH), somatotropin (Growth failure due to G H deficiency

or chronic renal insufficiency, Prader-Willi syndrome, Turner syndrome, AIDS wasting or

cachexia with antiviral therapy), Insulin (Diabetes mellitus, diabetic ketoacidosis,

hyperkalaemia), Insulin-like growth factor 1 IGF-1 (Growth failure in children with GH gene



deletion o r severe primary IGF1 deficiency, neurodegenerative disease, cardiovascular

diseases, heart failure), Mecasermin rinfabate, IGF-1 analog (Growth failure in children with

G H gene deletion o r severe primary IGF1 deficiency, neurodegenerative disease,

cardiovascular diseases, heart failure), Mecasermin, IGF-1 analog (Growth failure in

children with GH gene deletion o r severe primary IGF1 deficiency, neurodegenerative

disease, cardiovascular diseases, heart failure), Pegvisomant (Acromegaly), Pramlintide

(Diabetes mellitus, in combination with insulin), Teriparatide (human parathyroid hormone

residues 1-34) (Severe osteoporosis), Becaplermin (Debridement adjunct for diabetic

ulcers), Dibotermin-alpha (Bone morphogenetic protein 2) (Spinal fusion surgery, bone

injury repair), Histrelin acetate (gonadotropin releasing hormone; GnRH) (Precocious

puberty), Octreotide (Acromegaly, symptomatic relief of VIP-secreting adenoma and

metastatic carcinoid tumours), and Palifermin (keratinocyte growth factor; KGF) (Severe oral

mucositis in patients undergoing chemotherapy, wound healing).

These and other proteins are understood to be therapeutic, as they are meant to treat the

subject by replacing its defective endogenous production of a functional protein in sufficient

amounts. Accordingly, such therapeutic proteins are typically mammalian, in particular

human proteins.

For the treatment of blood disorders, diseases of the circulatory system, diseases of the

respiratory system, cancer o r tumour diseases, infectious diseases o r immunedeficiencies

following therapeutic proteins may be used: Alteplase (tissue plasminogen activator; tPA)

(Pulmonary embolism, myocardial infarction, acute ischaemic stroke, occlusion of central

venous access devices), Anistreplase (Thrombolysis), Antithrombin III (AT-III) (Hereditary

AT-III deficiency, Thromboembolism), Bivalirudin (Reduce blood-clotting risk in coronary

angioplasty and heparin-induced thrombocytopaenia), Darbepoetin-alpha (Treatment of

anaemia in patients with chronic renal insufficiency and chronic renal failure (+/- dialysis)),

Drotrecogin-alpha (activated protein C) (Severe sepsis with a high risk of death),

Erythropoietin, Epoetin-alpha, erythropoetin, erthropoyetin (Anaemia of chronic disease,

myleodysplasia, anaemia due to renal failure o r chemotherapy, preoperative preparation),

Factor IX (Haemophilia B), Factor Vila (Haemorrhage in patients with haemophilia A or B

and inhibitors to factor VIII o r factor IX), Factor VIII (Haemophilia A), Lepirudin (Heparin-

induced thrombocytopaenia), Protein C concentrate (Venous thrombosis, Purpura



fulminans), Reteplase (deletion mutein of tPA) (Management of acute myocardial infarction,

improvement of ventricular function), Streptokinase (Acute evolving transmural myocardial

infarction, pulmonary embolism, deep vein thrombosis, arterial thrombosis o r embolism,

occlusion of arteriovenous cannula), Tenecteplase (Acute myocardial infarction), Urokinase

(Pulmonary embolism), Angiostatin (Cancer), Anti-CD22 immunotoxin (Relapsed CD33+

acute myeloid leukaemia), Denileukin diftitox (Cutaneous T-cell lymphoma (CTCL)),

Immunocyanin (bladder and prostate cancer), MPS (Metallopanstimulin) (Cancer),

Aflibercept (Non-small cell lung cancer (NSCLC), metastatic colorectal cancer (mCRC),

hormone-refractory metastatic prostate cancer, wet macular degeneration), Endostatin

(Cancer, inflammatory diseases like rheumatoid arthritis as well as Crohn's disease, diabetic

retinopathy, psoriasis, and endometriosis), Collagenase (Debridement of chronic dermal

ulcers and severely burned areas, Dupuytren's contracture, Peyronie's disease), Human

deoxy-ribonuclease I, dornase (Cystic fibrosis; decreases respiratory tract infections in

selected patients with FVC greater than 40% of predicted), Hyaluronidase (Used as an

adjuvant to increase the absorption and dispersion of injected drugs, particularly

anaesthetics in ophthalmic surgery and certain imaging agents), Papain (Debridement of

necrotic tissue or liquefication of slough in acute and chronic lesions, such as pressure

ulcers, varicose and diabetic ulcers, burns, postoperative wounds, pilonidal cyst wounds,

carbuncles, and other wounds), L-Asparaginase (Acute lymphocytic leukaemia, which

requires exogenous asparagine for proliferation), Peg-asparaginase (Acute lymphocytic

leukaemia, which requires exogenous asparagine for proliferation), Rasburicase (Paediatric

patients with leukaemia, lymphoma, and solid tumours who are undergoing anticancer

therapy that may cause tumour lysis syndrome), Human chorionic gonadotropin (HCG)

(Assisted reproduction), Human follicle-stimulating hormone (FSH) (Assisted reproduction),

Lutropin-alpha (Infertility with luteinizing hormone deficiency), Prolactin

(Hypoprolactinemia, serum prolactin deficiency, ovarian dysfunction in women, anxiety,

arteriogenic erectile dysfunction, premature ejaculation, oligozoospermia, asthenospermia,

hypofunction of seminal vesicles, hypoandrogenism in men), alpha-1 -Proteinase inhibitor

(Congenital antitrypsin deficiency), Lactase (Gas, bloating, cramps and diarrhoea due to

inability to digest lactose), Pancreatic enzymes (lipase, amylase, protease) (Cystic fibrosis,

chronic pancreatitis, pancreatic insufficiency, post-Bi llroth I I gastric bypass surgery,

pancreatic duct obstruction, steatorrhoea, poor digestion, gas, bloating), Adenosine

deaminase (pegademase bovine, PEG-ADA) (Severe combined immunodeficiency disease



due to adenosine deaminase deficiency), Abatacept (Rheumatoid arthritis (especially when

refractory to TNFalpha inhibition)), Alefacept (Plaque Psoriasis ), Anakinra (Rheumatoid

arthritis), Etanercept (Rheumatoid arthritis, polyarticular-course juvenile rheumatoid

arthritis, psoriatic arthritis, ankylosing spondylitis, plaque psoriasis, ankylosing spondylitis),

lnterleukin-1 (IL-1 ) receptor antagonist, Anakinra (inflammation and cartilage degradation

associated with rheumatoid arthritis), Thymulin (neurodegenerative diseases, rheumatism,

anorexia nervosa), TNF-alpha antagonist (autoimmune disorders such as rheumatoid

arthritis, ankylosing spondylitis, Crohn's disease, psoriasis, hidradenitis suppurativa,

refractory asthma), Enfuvirtide (HIV-1 infection), and Thymosin <x1 (Hepatitis B and C).

(in brackets is the particular disease for which the therapeutic protein is used in the

treatment)

In a further aspect, the present invention provides a vector comprising

a. an open reading frame (ORF) and/or a cloning site, e.g. for insertion of an open reading

frame or a sequence comprising an open reading frame; and

b. at least one 3'-untranslated region element (3'-UTR element) and/or at least one 5'-

untranslated region element (5'-UTR element), wherein said artificial nucleic acid

molecule is characterized by high translation efficiency.

In general, the vector according to the present invention may comprise an artificial nucleic

acid molecule according to the present invention as described above. In particular, the

preferred embodiments described above for an artificial nucleic acid molecule according to

the present invention also apply for an artificial nucleic acid molecule according to the

present invention, which is comprised by a vector according to the present invention. For

example, in the inventive vector the at least one 3'-UTR element and/or the at least one 5'-

UTR element and the ORF are as described above for the artificial nucleic acid molecule

according to the present invention, including the preferred embodiments. For example, in

the vector according to the present invention, the stable mRNA from which the at least one

3'-UTR element and/or the at least one 5'-UTR element is derived may be preferably

characterized by an mRNA decay wherein the ratio of the amount of said mRNA at a

second point in time to the amount of said mRNA at a first point in time is at least 0.5

(50%), at least 0.6 (60%), at least 0.7 (70%), at least 0.75 (75%), at least 0.8 (80%), at least

0.85 (85%), at least 0.9 (90%), or at least 0.95 (95%).



The cloning site may be any sequence that is suitable for introducing an open reading frame

or a sequence comprising an open reading frame, such as one or more restriction sites.

Thus, the vector comprising a cloning site is preferably suitable for inserting an open

reading frame into the vector, preferably for inserting an open reading frame 3' to the 5'-

UTR element and/or 5' to the 3'-UTR element. Preferably the cloning site or the ORF is

located 3' to the 5'-UTR element and/or 5' to the 3'-UTR element, preferably in close

proximity to the 3'-end of the 5'-UTR element and/or to the 5'-end of the 3'-UTR element.

For example, the cloning site or the ORF may be directly connected to the 3'-end of the 5'-

UTR element and/or to the 5'-end of the 3'-UTR element or they may be connected via a

stretch of nucleotides, such as by a stretch of 2, 4, 6, 8, 0, 20 etc. nucleotides as described

above for the artificial nucleic acid molecule according to the present invention.

Preferably, the vector according to the present invention is suitable for producing the

artificial nucleic acid molecule according to the present invention, preferably for producing

an artificial mRNA according to the present invention, for example, by optionally inserting

an open reading frame or a sequence comprising an open reading frame into the vector and

transcribing the vector. Thus, preferably, the vector comprises elements needed for

transcription, such as a promoter, e.g. an RNA polymerase promoter. Preferably, the vector

is suitable for transcription using eukaryotic, prokaryotic, viral or phage transcription

systems, such as eukaryotic cells, prokaryotic cells, or eukaryotic, prokaryotic, viral or

phage in vitro transcription systems. Thus, for example, the vector may comprise a promoter

sequence, which is recognized by a polymerase, such as by an RNA polymerase, e.g. by a

eukaryotic, prokaryotic, viral, or phage RNA polymerase. In a preferred embodiment, the

vector comprises a phage RNA polymerase promoter such as an SP6, T3 or T7, preferably a

T7 promoter. Preferably, the vector is suitable for in vitro transcription using a phage based

in vitro transcription system, such as a T7 RNA polymerase based in vitro transcription

system.

In another preferred embodiment, the vector may be used directly for expression of the

encoded peptide or protein in cells or tissue. For this purpose, the vector comprises

particular elements, which are necessary for expression in those cells/tissue e.g. particular

promoter sequences, such as a CMV promoter.



The vector may further comprise a poly(A) sequence and/or a polyadenylation signal as

described above for the artificial nucleic acid molecule according to the present invention.

The vector may be an RNA vector or a DNA vector. Preferably, the vector is a DNA vector.

The vector may be any vector known to the skilled person, such as a viral vector or a

plasmid vector. Preferably, the vector is a plasmid vector, preferably a DNA plasmid vector.

In a preferred embodiment, the vector according to the present invention comprises the

artificial nucleic acid molecule according to the present invention.

Preferably, a DNA vector according to the invention comprises a nucleic acid sequence

which has an identity of at least about 1, 2, 3, 4, 5, 0, 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%, most

preferably of 100% to the nucleic acid sequence of a 3'-UTR of a transcript of a gene, such

as to the nucleic acid sequences according to SEQ ID NOs: 152 to 204.

Preferably, a DNA vector according to the invention comprises a nucleic acid sequence

which has an identity of at least about 1, 2, 3, 4, 5, 10, 5, 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%, most

preferably of 100% to the nucleic acid sequence of a 5'-UTR element of a transcript of a

gene, such as to the nucleic acid sequences according to SEQ ID NOs: 1 to 15 .

Preferably, a DNA vector according to the present invention comprises a sequence selected

from the group consisting of DNA sequences according to 5'-UTR elements represented

by SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 137 (alternatively SEQ ID NO: 3), SEQ ID

NO: 138 (alternatively SEQ ID NO: 9), SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 5,

SEQ ID NO: 40 (alternatively SEQ ID NO: 17), SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID

NO: 23, SEQ ID NO: 143 (alternatively SEQ D NO: 31), SEQ ID NO: 32, SEQ ID NO: 39,

SEQ ID NO: 41, SEQ ID NO: 44 , SEQ ID NO: 45, SEQ ID NO: 146 (alternatively SEQ



D NO: 52), SEQ ID NO: 53, SEQ ID NO: 54, SEQ ID NO: 57, SEQ D NO: 60, SEQ ID

NO: 6 1, SEQ ID NO: 63, SEQ ID NO: 64, SEQ ID NO: 66, SEQ ID NO: 68, SEQ ID NO:

69, SEQ ID NO: 72, SEQ ID NO: 34, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO: 37,

SEQ ID NO: 44 (alternatively SEQ ID NO: 42), SEQ ID NO: 58, SEQ D NO: 62; SEQ D

NO: 73, SEQ ID NO: 75, SEQ ID NO: 77, SEQ ID NO: 79, SEQ ID NO: 80 , SEQ ID NO:

8 1 , SEQ ID NO: 83, SEQ ID NO: 84, SEQ D NO: 86, SEQ ID NO: 87, SEQ D NO: 88,

SEQ ID NO: 89, SEQ ID NO: 90, SEQ ID NO: 91, SEQ ID NO: 92, SEQ ID NO: 93, SEQ ID

NO: 94 , SEQ ID NO: 95 , SEQ ID NO: 97, SEQ ID NO: 98 , SEQ ID NO: 99, SEQ ID NO:

100, SEQ D NO: 0 1, SEQ ID NO: 102, SEQ ID NO: 03, SEQ ID NO: 106, SEQ ID NO:

07, SEQ ID NO: 108, SEQ ID NO: 147 (alternatively SEQ ID NO: 109), SEQ ID NO: 148

(alternatively SEQ ID NO: 10), SEQ ID NO: 2 , SEQ ID NO: 3 , SEQ ID NO: 14 ,

SEQ ID NO: 5 , SEQ ID NO: 7, SEQ ID NO: 8 , SEQ D NO: 149 (alternatively

SEQ ID NO: 9), SEQ ID NO: 123, SEQ ID NO: 126, SEQ ID NO: 127, SEQ ID NO: 28,

SEQ ID NO: 129, SEQ ID NO: 130, SEQ ID NO: 3 1, SEQ D NO: 132, SEQ ID NO: 33,

SEQ ID NO: 34, SEQ ID NO: 5 1 (alternatively SEQ ID NO: 136), SEQ ID NO: 96, SEQ

ID NO: 111, SEQ ID NO: 150 (based on SEQ ID NO: 120), SEQ ID NO: 121 , SEQ ID NO:

124 , SEQ ID NO: 25 and 3'-UTR elements represented by SEQ ID NO: 2 , SEQ D

NO: 153 , SEQ ID NO: 154 , SEQ ID NO: 155, SEQ ID NO: 156, SEQ D NO: 157 , SEQ

ID NO: 158 , SEQ D NO: 59, SEQ ID NO: 160, SEQ ID NO: 16 1 , SEQ D NO: 164, SEQ

ID NO: 165, SEQ ID NO: 167, SEQ ID NO: 168, SEQ ID NO: 69, SEQ ID NO: 70, SEQ

ID NO: 17 1, SEQ ID NO: 172, SEQ ID NO: 173; SEQ ID NO: 174, SEQ D NO: 75, SEQ

ID NO: 76, SEQ ID NO: 79, SEQ ID NO: 180, SEQ ID NO: 8 1, SEQ ID NO: 82, SEQ

ID NO: 183, SEQ ID NO: 84, SEQ ID NO: 87, SEQ D NO: 188, SEQ ID NO: 89, SEQ

D NO: 9 1, SEQ ID NO: 204 (alternatively SEQ ID NO: 92), SEQ ID NO: 93, SEQ ID

NO: 94, SEQ ID NO: 195, SEQ ID NO: 196, SEQ ID NO: 197, SEQ ID NO: 98, SEQ ID

NO: 99, SEQ ID NO: 200, SEQ ID NO: 201 , SEQ D NO: 202, SEQ ID NO: 203, SEQ ID

NO: 177, or a sequence having 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% sequence

identity to any of said sequences, or a fragment thereof as described above, preferably a

functional fragment thereof.



Preferably, an RNA vector according to the present invention comprises a sequence

selected from the group consisting of the sequences according to RNA sequences

corresponding to DNA sequences described above in relation to the DNA vector according

to the present invention.

Preferably, the vector is a circular molecule. Preferably, the vector is a double-stranded

molecule, such as a double-stranded DNA molecule. Such circular, preferably double

stranded DNA molecule may be used conveniently as a storage form for the inventive

artificial nucleic acid molecule. Furthermore, it may be used for transfection of cells, for

example, cultured cells. Also it may be used for in vitro transcription for obtaining an

artificial RNA molecule according to the invention.

Preferably, the vector, preferably the circular vector, is linearizable, for example, by

restriction enzyme digestion. In a preferred embodiment, the vector comprises a cleavage

site, such as a restriction site, preferably a unique cleavage site, located immediately 3' to

the ORF, or - if present - located immediately 3' to the 3'-UTR element, or - if present -

located 3' to the poly(A) sequence or polyadenylation signal, or - if present - located 3' to

the poly(C) sequence, or - if present - located 3' to the histone stem-loop. Thus, preferably,

the product obtained by linearizing the vector terminates at the 3'end with the 3'-end of the

ORF, or - if present - with the 3'-end of the 3'-UTR element, or - if present - with the 3'-end

of the poly(A) sequence or polyadenylation signal, or - if present - with the 3'-end of the

poly(C) sequence. In the embodiment, wherein the vector according to the present

invention comprises the artificial nucleic acid molecule according to the present invention,

a restriction site, preferably a unique restriction site, is preferably located immediately 3' to

the 3'-end of the artificial nucleic acid molecule.

In a further aspect, the present invention relates to a cell comprising the artificial nucleic

acid molecule according to the present invention or the vector according to present

invention. The cell may be any cell, such as a bacterial cell, insect cell, plant cell,

vertebrate cell, e.g. a mammalian cell. Such cell may be, e.g., used for replication of the

vector of the present invention, for example, in a bacterial cell. Furthermore, the cell may

be used for transcribing the artificial nucleic acid molecule or the vector according to the



present invention and/or translating the open reading frame of the artificial nucleic acid

molecule or the vector according to the present invention. For example, the cell may be

used for recombinant protein production.

The cells according to the present invention are, for example, obtainable by standard

nucleic acid transfer methods, such as standard transfection, transduction or transformation

methods. For example, the artificial nucleic acid molecule or the vector according to the

present invention may be transferred into the cell by electroporation, lipofection, e.g. based

on cationic lipids and/or liposomes, calcium phosphate precipitation, nanoparticle based

transfection, virus based transfection, or based on cationic polymers, such as DEAE-dextran

or polyethylenimine etc.

Preferably, the cell is a mammalian cell, such as a cell of human subject, a domestic

animal, a laboratory animal, such as a mouse or rat cell. Preferably the cell is a human cell.

The cell may be a cell of an established cell line, such as a CHO, BHK, 293T, COS-7, HeLa,

HEPG2 and HEK, etc. or the cell may be a primary cell, such as a human dermal fibroblast

(HDF) cell etc., preferably a cell isolated from an organism. In a preferred embodiment, the

cell is an isolated cell of a mammalian subject, preferably of a human subject. For example,

the cell may be an immune cell, such as a dendritic cell, a cancer or tumor cell, or any

somatic cell etc., preferably of a mammalian subject, preferably of a human subject.

In a further aspect, the present invention provides a pharmaceutical composition comprising

the artificial nucleic acid molecule according to the present invention, the vector according

the present invention, or the cell according to the present invention. The pharmaceutical

composition according to the invention may be used, e.g., as a vaccine, for example, for

genetic vaccination. Thus, the O F may, e.g., encode an antigen to be administered to a

patient for vaccination. Thus, in a preferred embodiment, the pharmaceutical composition

according to the present invention is a vaccine. Furthermore, the pharmaceutical

composition according to the present invention may be used, e.g., for gene therapy.

Preferably, the pharmaceutical composition further comprises one or more

pharmaceutically acceptable vehicles, diluents and/or excipients and/or one or more

adjuvants. In the context of the present invention, a pharmaceutically acceptable vehicle



typically includes a liquid or non-liquid basis for the inventive pharmaceutical composition.

In one embodiment, the pharmaceutical composition is provided in liquid form. In this

context, preferably, the vehicle is based on water, such as pyrogen-free water, isotonic

saline or buffered (aqueous) solutions, e.g phosphate, citrate etc. buffered solutions. The

buffer may be hypertonic, isotonic or hypotonic with reference to the specific reference

medium, i.e. the buffer may have a higher, identical or lower salt content with reference to

the specific reference medium, wherein preferably such concentrations of the afore

mentioned salts may be used, which do not lead to damage of mammalian cells due to

osmosis or other concentration effects. Reference media are e.g. liquids occurring in "in

vivo" methods, such as blood, lymph, cytosolic liquids, or other body liquids, or e.g.

liquids, which may be used as reference media in "in vitro" methods, such as common

buffers or liquids. Such common buffers or liquids are known to a skilled person. Ringer-

Lactate solution is particularly preferred as a liquid basis.

One or more compatible solid or liquid fillers or diluents or encapsulating compounds

suitable for administration to a patient may be used as well for the inventive pharmaceutical

composition. The term "compatible" as used herein preferably means that these components

of the inventive pharmaceutical composition are capable of being mixed with the inventive

artificial nucleic acid, vector or cells as defined herein in such a manner that no interaction

occurs which would substantially reduce the pharmaceutical effectiveness of the inventive

pharmaceutical composition under typical use conditions.

The pharmaceutical composition according to the present invention may optionally further

comprise one or more additional pharmaceutically active components. A pharmaceutically

active component in this context is a compound that exhibits a therapeutic effect to heal,

ameliorate or prevent a particular indication or disease. Such compounds include, without

implying any limitation, peptides or proteins, nucleic acids, (therapeutically active) low

molecular weight organic or inorganic compounds (molecular weight less than 5000,

preferably less than 000), sugars, antigens or antibodies, therapeutic agents already known

in the prior art, antigenic cells, antigenic cellular fragments, cellular fractions, cell wall

components (e.g. polysaccharides), modified, attenuated or de-activated (e.g. chemically or

by irradiation) pathogens (virus, bacteria etc.).



Furthermore, the inventive pharmaceutical composition may comprise a carrier for the

artificial nucleic acid molecule or the vector. Such a carrier may be suitable for mediating

dissolution in physiological acceptable liquids, transport and cellular uptake of the

pharmaceutical active artificial nucleic acid molecule or the vector. Accordingly, such a

carrier may be a component which may be suitable for depot and delivery of an artificial

nucleic acid molecule or vector according to the invention. Such components may be, for

example, cationic or polycationic carriers or compounds which may serve as transfection or

complexation agent.

In a preferred embodiment according to the invention, the artificial nucleic acid molecule

or the vector is complexed with one or more cationic or polycationic compounds,

preferably with cationic or polycationic polymers, cationic or polycationic peptides or

proteins, e.g. protamine, cationic or polycationic polysaccharides and/or cationic or

polycationic lipids.

According to a preferred embodiment, the artificial nucleic acid molecule or the vector may

be complexed with lipids to form one or more liposomes, lipoplexes, or lipid nanoparticles.

Therefore, in one embodiment, the inventive pharmaceutical composition comprises

liposomes, lipoplexes, and/or lipid nanoparticles comprising the artificial nucleic acid

molecule or the vector, preferably RNA, more preferably mRNA.

Lipid-based formulations have been increasingly recognized as one of the most promising

delivery systems for nucleic acids, particularly for RNA, due to their biocompatibility and

their ease of large-scale production. Cationic lipids have been widely studied as synthetic

materials for delivery of RNA. After mixing together, nucleic acids are condensed by

cationic lipids to form lipid/nucleic acid complexes known as lipoplexes. These lipid

complexes are able to protect genetic material from the action of nucleases and deliver it

into cells by interacting with the negatively charged cell membrane. Lipoplexes can be

prepared by directly mixing positively charged lipids at physiological pH with negatively

charged nucleic acids.

Conventional liposomes consist of a lipid bilayer that can be composed of cationic, anionic,

or neutral (phospho)lipids and cholesterol, which encloses an aqueous core. Both the lipid



bilayer and the aqueous space can incorporate hydrophobic or hydrophilic compounds,

respectively. Liposome characteristics and behaviour in vivo can be modified by addition of

a hydrophilic polymer coating, e.g. polyethylene glycol (PEG), to the liposome surface to

confer steric stabilization. Furthermore, liposomes can be used for specific targeting by

attaching ligands (e.g., antibodies, peptides, and carbohydrates) to its surface or to the

terminal end of the attached PEG chains (Front Pharmacol. 201 5 Dec 1;6:286).

Liposomes are typically colloidal lipid-based and surfactant-based delivery systems

composed of a phospholipid bilayer surrounding an aqueous compartment. They may

present as spherical vesicles and can range in size from 20 nm to a few microns. Cationic

lipid-based liposomes are able to complex with negatively charged nucleic acids via

electrostatic interactions, resulting in complexes that offer biocompatibility, low toxicity,

and the possibility of the large-scale production required for in vivo clinical applications.

Liposomes can fuse with the plasma membrane for uptake; once inside the cell, the

liposomes are processed via the endocytic pathway and the genetic material is then

released from the endosome/carrier into the cytoplasm. Liposomes have long been

perceived as drug delivery vehicles because of their superior biocompatibility, given that

liposomes are basically analogs of biological membranes, and can be prepared from both

natural and synthetic phospholipids (Int J Nanomedicine. 201 4; 9 : 833-1 843).

Cationic liposomes have been traditionally the most commonly used non-viral delivery

systems for oligonucleotides, including plasmid DNA, antisense oligos, and siRNA/small

hairpin RNA-shRNA). Cationic lipids, such as DOTAP, ( ,2-dioleoyl-3-trimethylammonium-

propane) and DOTMA (N-[1 -(2,3-dioleoyloxy)propyl]-N,N,N-trimethyl-ammonium methyl

sulfate) can form complexes or lipoplexes with negatively charged nucleic acids to form

nanoparticles by electrostatic interaction, providing high in vitro transfection efficiency .

Furthermore, neutral lipid-based nanoliposomes for RNA delivery as e.g. neutral 1,2-

dioleoyl-sn-glycero-3- phosphatidylcholine (DOPC)-based nanoliposomes were developed.

(Adv Drug Deliv Rev. 201 4 Feb; 66: 1 0-1 16.).

Therefore, in one embodiment the artificial nucleic acid molecule or the vector, preferably

the RNA of the pharmaceutical composition according to the present invention, is



complexed with cationic lipids and/or neutral lipids and thereby forms liposomes, lipid

nanoparticles, lipoplexes or neutral lipid-based nanoliposomes.

In further embodiments particularly preferred transfection or complexation agents in this

context are cationic or polycationic compounds, including protamine, nucleoline, spermine

or spermidine, or other cationic peptides or proteins, such as poly-L-lysine (PLL), poly-

arginine, basic polypeptides, cell penetrating peptides (CPPs), including HIV-binding

peptides, HIV-1 Tat (HIV), Tat-derived peptides, Penetratin, VP22 derived or analog

peptides, HSV VP22 (Herpes simplex), MAP, KALA or protein transduction domains (PTDs),

PpT620, proline-rich peptides, arginine-rich peptides, lysine-rich peptides, MPC-peptide(s),

Pep-1 , L-oligomers, Calcitonin peptide(s), Antennapedia-derived peptides (particularly from

Drosophila antennapedia), pAntp, plsl, FGF, Lactoferrin, Transportan, Buforin-2, Bac71 5-

24, SynB, SynB(1), pVEC, hCT-derived peptides, SAP, or histones.

Furthermore, such cationic or polycationic compounds or carriers may be cationic or

polycationic peptides or proteins, which preferably comprise or are additionally modified to

comprise at least one -SH moiety. Preferably, a cationic or polycationic carrier is selected

from cationic peptides having the following sum formula (I):

{(Arg)i;(Lys)m;(His)„;(Orn) 0;(Xaa) }; formula (I)

wherein l + m + n + o + x = 3-1 00, and I, m, n or o independently of each other is any

number selected from 0, , 2, 3, 4, 5, 6, 7, 8, 9, 0, 1 , 2, 13, , 15, 16, 17, 8, 19, 20,

2 1-30, 3 1-40, 4 1-50, 5 1-60, 6 1-70, 7 1 -80, 8 1-90 and 9 1 - 00 provided that the overall

content of Arg (Arginine), Lys (Lysine), His (Histidine) and Orn (Ornithine) represents at least

10% of all amino acids of the oligopeptide; and Xaa is any amino acid selected from native

(= naturally occurring) or non-native amino acids except of Arg, Lys, His or Orn; and x is

any number selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 , 12, 3, 4, 15, 16, 17, 18, 19,

20, 2 1-30, 3 1-40, 4 1-50, 5 1-60, 6 1-70, 7 1-80, 8 1-90, provided, that the overall content of

Xaa does not exceed 90 % of all amino acids of the oligopeptide. Any of amino acids Arg,

Lys, His, Orn and Xaa may be positioned at any place of the peptide. In this context

cationic peptides or proteins in the range of 7-30 amino acids are particular preferred.

Preferred cationic peptides and proteins are also described in the international patent



application W O 2009/030481 , the disclosure of which is herewith incorporated by

reference.

Further, the cationic or polycationic peptide or protein, when defined according to formula

{(Arg)i;(Lys)m;(His)n;(Orn) 0;(Xaa)x} (formula (I)) as shown above and which comprise or are

additionally modified to comprise at least one -SH moeity, may be, without being restricted

thereto, selected from subformula (la):

{(Arg)i;(Lys)m;(His) ;(Om) ;(Xaa')x (Cys) } subformula (la)

wherein (Arg)i;(Lys)m;(His) ;(Orn) 0; and x are as defined herein, Xaa' is any amino acid

selected from native (= naturally occurring) or non-native amino acids except of Arg, Lys,

His, Orn o r Cys and y is any number selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 0, , 2, 13,

14, 15, 6, 17, 18, 9, 20, 2 1-30, 3 1-40, 4 1-50, 5 1-60, 6 1-70, 7 1-80 and 8 1-90, provided

that the overall content of Arg (Arginine), Lys (Lysine), His (Histidine) and Orn (Ornithine)

represents at least 0% of all amino acids of the oligopeptide. In this context, the disclosure

of W O 2012/01 3326 is incorporated herewith by reference. Further, the cationic or

polycationic peptide may be selected from subformula (lb):

Cys! {(Arg)i;(Lys) i;(His) ;(Orn) 0;(Xaa) } Cys2 subformula (lb)

wherein empirical formula {(Arg)i;(Lys)m;(His) ;(Orn) 0;(Xaa)x} (formula (III)) is as defined

herein and forms a core of an amino acid sequence according to (semiempirical) formula

(III) and wherein Cys and Cys are Cysteines proximal to, or terminal to

(Arg)i;(Lys)m;(His) ;(Orn) 0;(Xaa) . In this context the disclosure of WO 201 1/026641 is

incorporated herewith by reference

Further preferred cationic or polycationic compounds, which can be used as transfection or

complexation agent may include cationic polysaccharides, for example chitosan,

polybrene, cationic polymers, e.g. polyethyleneimine (PEI), cationic lipids, e.g. DOTMA: [ 1 -

(2,3-sioleyloxy)propyl)]-N,N,N-trimethylammonium chloride, DMRIE, di-Ci4-amidine,

DOTIM, SAINT, DC-Choi, BGTC, CTAP, DOPC, DODAP, DOPE: Dioleyl

phosphatidylethanol-amine, DOSPA, DODAB, DOIC, DMEPC, DOGS:



Dioctadecylamidoglicylspermin, D M I: Dimyristo-oxypropyl dimethyl hydroxyethyl

ammonium bromide, DOTAP: dioleoyloxy-3-(trimethylammonio)propane, DC-6-1 4 : Ο ,Ο -

ditetradecanoyl-N-(a-trimethylammonioacetyl)diethanolamine chloride, CLIP1 : rac-[(2,3-

dioctadecyloxypropyl)(2-hydroxyethyl)]-dimethylammonium chloride, CLIP6: rac-[2(2,3-

dihexadecyloxypropyl-oxymethyloxy)ethyl]trimethylammonium, CLIP9: rac-[2(2,3-

dihexadecyloxypropyl-oxysuccinyloxy)ethyl]-trimethylammonium, oligofectamine, o r

cationic or polycationic polymers, e.g. modified polyamino acids, such as β-amino acid-

polymers or reversed polyamides, etc., modified polyethylenes, such as PVP (poly(N-ethyl-

4-vinylpyridinium bromide)), etc., modified acrylates, such as pDMAEMA

(poly(dimethylaminoethyl methylacrylate)), etc., modified amidoamines such as pAMAM

(poly(amidoamine)), etc., modified polybetaaminoester (PBAE), such as diamine end

modified 1,4 butanediol diacrylate-co-5-amino-1 -pentanol polymers, etc., dendrimers, such

as polypropylamine dendrimers or pAMAM based dendrimers, etc., polyimine(s), such as

PEI: poly(ethyleneimine), poly(propyleneimine), etc., polyallylamine, sugar backbone based

polymers, such as cyclodextrin based polymers, dextran based polymers, chitosan, etc.,

si Ian backbone based polymers, such as PMOXA-PDMS copolymers, etc., blockpolymers

consisting of a combination of one or more cationic blocks (e.g. selected from a cationic

polymer as mentioned above) and of one or more hydrophilic o r hydrophobic blocks (e.g.

polyethyleneglycol); etc.

According to another embodiment, the pharmaceutical composition according to the

invention may comprise an adjuvant in order to enhance the immunostimulatory properties

of the pharmaceutical composition. In this context, an adjuvant may be understood as any

compound, which is suitable to support administration and delivery of the components such

as the artificial nucleic acid molecule or vector comprised in the pharmaceutical

composition according to the invention. Furthermore, such an adjuvant may, without being

bound thereto, initiate or increase an immune response of the innate immune system, i.e. a

non-specific immune response. With other words, when administered, the pharmaceutical

composition according to the invention typically initiates an adaptive immune response

directed to the antigen encoded by the artificial nucleic acid molecule. Additionally, the

pharmaceutical composition according to the invention may generate an (supportive) innate



immune response due to addition of an adjuvant as defined herein to the pharmaceutical

composition according to the invention.

Such an adjuvant may be selected from any adjuvant known to a skilled person and suitable

for the present case, i.e. supporting the induction of a n immune response in a mammal.

Preferably, the adjuvant may be selected from the group consisting of, without being limited

thereto, TDM, MDP, muramyl dipeptide, pluronics, alum solution, aluminium hydroxide,

ADJUMER M (polyphosphazene); aluminium phosphate gel; glucans from algae;

algammulin; aluminium hydroxide gel (alum); highly protein-adsorbing aluminium

hydroxide gel; low viscosity aluminium hydroxide gel; AF or SPT (emulsion of squalane

(5%), Tween 80 (0.2%), Pluronic L 1 2 1 ( 1 .25%), phosphate-buffered saline, pH 7.4);

AVRIDINE™ (propanediamine); BAY R 005™ ((N-(2-deoxy-2-L-leucylamino-b-D-

glucopyranosyl)-N-octadecyl-dodecanoyl-amide hydroacetate); CALCITRIOL™ ( 1 -alpha,25-

dihydroxy-vitamin D3); calcium phosphate gel; CAP™ (calcium phosphate nanoparticles);

cholera holotoxin, cholera-toxin-A1-protein-A-D-fragment fusion protein, sub-unit B of the

cholera toxin; CRL 1005 (block copolymer P 205); cytokine-containing liposomes; DDA

(dimethyldioctadecylammonium bromide); DHEA (dehydroepiandrosterone); DMPC

(dimyristoylphosphatidylcholine); DMPG (dimyristoylphosphatidylglycerol); DOC/alum

complex (deoxycholic acid sodium salt); Freund's complete adjuvant; Freund's incomplete

adjuvant; gamma inulin; Gerbu adjuvant (mixture of: i) N-acetylglucosaminyl-(P1 -4)-N-

acetylmuramyl-L-alanyl-D-glutamine (GMDP), ii) dimethyldioctadecylammonium chloride

(DDA), iii) zinc-L-proline salt complex (ZnPro-8); GM-CSF); GMDP (N-acetylglucosaminyl-

(b1 -4)-N-acetylmuramyl-L-alanyl-D-isoglutamine); imiquimod (1 -(2-methypropyl)-1 H-

imidazo[4,5-c]quinoline-4-amine); ImmTher™ (N-acetylglucosaminyl-N-acetylmuramyl-L-

Ala-D-isoGlu-L-Ala-glycerol dipalmitate); DRVs (immunoliposomes prepared from

dehydration-rehydration vesicles); interferon-gamma; interleukin-1 beta; interleukin-2;

interleukin-7; interleukin-1 2; ISCOMSTM; ISCOPREP 7.0.3. TM; liposomes; LOXORIBINE™

(7-allyl-8-oxoguanosine); LT oral adjuvant {E.coli labile enterotoxin-protoxin); microspheres

and microparticles of any composition; MF59TM; (squalene-water emulsion); MONTANIDE

ISA 5 1™ (purified incomplete Freund's adjuvant); MONTANIDE ISA 720™ (metabolisable

oil adjuvant); MPL™ (3-Q-desacyl-4'-monophosphoryl lipid A); MTP-PE and MTP-PE

liposomes ((N-acetyl-L-alanyl-D-isoglutaminyl-L-alanine-2-(1 ,2-dipalmitoyl-sn-glycero-3-

(hydroxyphosphoryloxy))-ethylamide, monosodium salt); MURAMETIDE M (Nac-Mur-L-Ala-



D-Gln-OCH3); MURAPALMITINE™ and D-M URAPALMITINE™ (Nac-Mur-L-Thr-D-isoGIn-

sn-glyceroldipalmitoyl); NAGO (neuraminidase-galactose oxidase); nanospheres o r

nanoparticles of any composition; NISVs (non-ionic surfactant vesicles); PLEURAN™ ( -

glucan); PLGA, PGA and PLA (homo- and co-polymers of lactic acid and glycolic acid;

microspheres/nanospheres); PLURONIC L 21TM; PMMA (polymethyl methacrylate);

PODDS™ (proteinoid microspheres); polyethylene carbamate derivatives; poly-rA: poly-rU

(polyadenylic acid-polyuridylic acid complex); polysorbate 80 (Tween 80); protein

cochleates (Avanti Polar Lipids, Inc., Alabaster, AL); STIMULON™ (QS-21 ); Quil-A (Quil-A

saponin); S-28463 (4-amino-otec-dimethyl-2-ethoxymethyl-1 H-imidazo[4,5 c]quinoline-1 -

ethanol); SAF-1™ ("Syntex adjuvant formulation"); Sendai proteoliposomes and Sendai-

containing lipid matrices; Span-85 (sorbitan trioleate); Specol (emulsion of Marcol 52, Span

85 and Tween 85); squalene or Robane ® (2,6,1 0,1 5,1 9,23-hexamethyltetracosan and

2,6,1 0,1 5,1 9,23-hexamethyl-2, 6,1 0,1 4,1 8,22-tetracosahexane); stearyltyrosine

(octadecyltyrosine hydrochloride); Theramid ® (N-acetylglucosaminyl-N-acetylmuramyl-L-

Ala-D-isoGlu-L-Ala-dipalmitoxypropylamide); Theronyl-MDP (Termurtide™ o r [thr 1]-MDP;

N-acetylmuramyl-L-threonyl-D-isoglutamine); Ty particles (Ty-VLPs o r virus-like particles);

Walter-Reed liposomes (liposomes containing lipid A adsorbed on aluminium hydroxide),

and lipopeptides, including Pam3Cys, in particular aluminium salts, such as Adju-phos,

Alhydrogel, Rehydragel; emulsions, including CFA, SAF, IFA, MF59, Provax, TiterMax,

Montanide, Vaxfectin; copolymers, including Optivax (CRL1 005), L 2 , Poloaxmer401 0),

etc.; liposomes, including Stealth, cochleates, including BIORAL; plant derived adjuvants,

including QS21 , Quil A, Iscomatrix, ISCOM; adjuvants suitable for costimulation including

Tomatine, biopolymers, including PLG, PMM, Inulin,; microbe derived adjuvants, including

Romurtide, DETOX, MPL, CWS, Mannose, CpG nucleic acid sequences, CpG7909, ligands

of human TLR 1- 10, ligands of murine TLR 1- 1 3, ISS-1 0 18, IC31 , Imidazoquinolines,

Ampligen, Ribi529, IMOxine, IRIVs, VLPs, cholera toxin, heat-labile toxin, Pam3Cys,

Flagellin, GPI anchor, LNFPIII/Lewis X, antimicrobial peptides, UC-1V1 50, RSV fusion

protein, cdiGMP; and adjuvants suitable as antagonists including CGRP neuropeptide.

Suitable adjuvants may also be selected from cationic o r polycationic compounds wherein

the adjuvant is preferably prepared upon complexing the artificial nucleic acid molecule o r

the vector of the pharmaceutical composition with the cationic o r polycationic compound.



Association or complexing the artificial nucleic acid molecule or the vector of the

pharmaceutical composition with cationic or polycationic compounds as defined herein

preferably provides adjuvant properties and confers a stabilizing effect to the artificial

nucleic acid molecule or the vector of the pharmaceutical composition. Particularly such

preferred, such cationic or polycationic compounds are selected from cationic or

polycationic peptides or proteins, including protamine, nucleoline, spermin or spermidine,

or other cationic peptides or proteins, such as poly-L-lysine (PLL), poly-arginine, basic

polypeptides, cell penetrating peptides (CPPs), including HIV-binding peptides, Tat, HIV-1

Tat (HIV), Tat-derived peptides, Penetratin, VP22 derived or analog peptides, HSV VP22

(Herpes simplex), MAP, KALA or protein transduction domains (PTDs, PpT620, prolin-rich

peptides, arginine-rich peptides, lysine-rich peptides, MPG-peptide(s), Pep-1 , L-oligomers,

Calcitonin peptide(s), Antennapedia-derived peptides (particularly from Drosophila

antennapedia), pAntp, plsl, FGF, Lactoferrin, Transportan, Buforin-2, Bac71 5-24, SynB,

SynB(1 ), pVEC, hCT-derived peptides, SAP, protamine, spermine, spermidine, or histones.

Further preferred cationic or polycationic compounds may include cationic

polysaccharides, for example chitosan, polybrene, cationic polymers, e.g.

polyethyleneimine (PEI), cationic lipids, e.g. DOTMA: 1-(2,3-sioleyloxy)propyl) -Ν ,Ν ,Ν-

trimethylammonium chloride, DMRIE, di-C1 4-amidine, DOTIM, SAINT, DC-Chol, BGTC,

CTAP, DOPC, DODAP, DOPE: Dioleyl phosphatidylethanol-amine, DOSPA, DODAB,

DOIC, DMEPC, DOGS: Dioctadecylamidoglicylspermin, DIMRI: Dimyristo-oxypropyl

dimethyl hydroxyethyl ammonium bromide, DOTAP: dioleoyloxy-3-

(trimethylammonio)propane, DC-6-1 4: 0,0-ditetradecanoyl-N-( -

trimethylammonioacetyl)diethanolamine chloride, CLIP1 : rac-[(2,3-

dioctadecyloxypropyl)(2-hydroxyethyl)]-dimethylammonium chloride, CLIP6: rac-[2(2,3-

dihexadecyloxypropyl-oxymethyloxy)ethyl]-trimethylammonium, CLIP9: rac-[2(2,3-

dihexadecyloxypropyl-oxysuccinyloxy)ethy ] -trimethylammonium, oligofectamine, or

cationic or polycationic polymers, e.g. modified polyamino acids, such as -amino acid-

polymers or reversed polyamides, etc., modified polyethylenes, such as PVP (poly(N-ethyl-

4-vinylpyridinium bromide)), etc., modified acrylates, such as pDMAEMA

(poly(dimethylaminoethyl methylacrylate)), etc., modified Amidoamines such as pAMAM

(poly(amidoamine)), etc., modified polybetaaminoester (PBAE), such as diamine end

modified 1,4 butanediol diacrylate-co-5-amino-1 -pentanol polymers, etc., dendrimers, such

as polypropylamine dendrimers or pAMAM based dendrimers, etc., polyimine(s), such as



PEI: poly(ethyleneimine), poly(propyleneimine), etc., polyallylamine, sugar backbone based

polymers, such as cyclodextrin based polymers, dextran based polymers, Chitosan, etc.,

si Ian backbone based polymers, such as PMOXA-PDMS copolymers, etc., Blockpolymers

consisting of a combination of one or more cationic blocks (e.g. selected of a cationic

polymer as mentioned above) and of one or more hydrophilic- or hydrophobic blocks (e.g

polyethyleneglycole); etc.

Additionally, preferred cationic or polycationic proteins or peptides, which can be used as

an adjuvant by complexing the artificial nucleic acid molecule or the vector, preferably an

RNA, of the composition, may be selected from following proteins or peptides having the

following total formula (I): (Arg)[;(Lys) ;(His)n;(Orn) 0;(Xaa)x, wherein I + m + n +o + x = 8-1 5,

and I, m, n or o independently of each other may be any number selected from 0, 1, 2, 3, 4,

5, 6, 7, 8, 9, 10, , 12, 13, 4 or 15, provided that the overall content of Arg, Lys, His and

Orn represents at least 50% of all amino acids of the oligopeptide; and Xaa may be any

amino acid selected from native (= naturally occurring) or non-native amino acids except of

Arg, Lys, His or Orn; and x may be any number selected from 0, 1, 2, 3 or 4, provided, that

the overall content of Xaa does not exceed 50 % of all amino acids of the oligopeptide.

Particularly preferred oligoarginines in this context are e.g. Arg , Arg8, Arg 9, Arg , H3R ,

R9H , H3R9H3, YSSR9SSY, (RKH)4, Y(RKH) R, etc.

The ratio of the artificial nucleic acid or the vector to the cationic or polycationic

compound may be calculated on the basis of the nitrogen/phosphate ratio (N/P-ratio) of the

entire nucleic acid complex. For example, 1 g RNA typically contains about 3 nmol

phosphate residues, provided the RNA exhibits a statistical distribution of bases.

Additionally, 1 pg peptide typically contains about x nmol nitrogen residues, dependent on

the molecular weight and the number of basic amino acids. When exemplarily calculated

for (Arg)9 (molecular weight 1424 g/mol, 9 nitrogen atoms), 1 pg (Arg) contains about 700

pmol (Arg)9 and thus 700 x 9=6300 pmol basic amino acids = 6.3 nmol nitrogen atoms. For

a mass ratio of about 1: 1 RNA/(Arg) 9 an N/P ratio of about 2 can be calculated. When

exemplarily calculated for protamine (molecular weight about 4250 g/mol, 2 1 nitrogen

atoms, when protamine from salmon is used) with a mass ratio of about 2:1 with 2 pg RNA,

6 nmol phosphate are to be calculated for the RNA; 1 g protamine contains about 235

pmol protamine molecules and thus 235 x 2 1 = 4935 pmol basic nitrogen atoms = 4.9



nmol nitrogen atoms. For a mass ratio of about 2:1 RNA/protamine an N/P ratio of about

0.81 can be calculated. For a mass ratio of about 8:1 RNA/protamine an N/P ratio of about

0.2 can be calculated. In the context of the present invention, an N/P-ratio is preferably in

the range of about 0.1 -10, preferably in a range of about 0.3-4 and most preferably in a

range of about 0.5-2 or 0.7-2 regarding the ratio of nucleic acid:peptide in the complex,

and most preferably in the range of about 0.7-1 .5.

Patent application WO201 0/037539, the disclosure of which is incorporated herein by

reference, describes an immunostimulatory composition and methods for the preparation of

an immunostimulatory composition. Accordingly, in a preferred embodiment of the

invention, the composition is obtained in two separate steps in order to obtain both, an

efficient immunostimulatory effect and efficient translation of the artificial nucleic acid

molecule according to the invention. Therein, a so called "adjuvant component" is

prepared by complexing - in a first step - the artificial nucleic acid molecule or vector,

preferably an RNA, of the adjuvant component with a cationic or polycationic compound in

a specific ratio to form a stable complex. In this context, it is important, that no free cationic

or polycationic compound or only a neglibly small amount remains in the adjuvant

component after complexing the nucleic acid. Accordingly, the ratio of the nucleic acid and

the cationic or polycationic compound in the adjuvant component is typically selected in a

range that the nucleic acid is entirely complexed and no free cationic or polycationic

compound or only a neclectably small amount remains in the composition. Preferably the

ratio of the adjuvant component, i.e. the ratio of the nucleic acid to the cationic or

polycationic compound is selected from a range of about 6:1 (w/w) to about 0,25:1 (w/w),

more preferably from about 5:1 (w/w) to about 0,5:1 (w/w), even more preferably of about

4:1 (w/w) to about : 1 (w/w) or of about 3:1 (w/w) to about : 1 (w/w), and most preferably a

ratio of about 3:1 (w/w) to about 2: (w/w).

According to a preferred embodiment, the artificial nucleic acid molecule or vector,

preferably an RNA molecule, according to the invention is added in a second step to the

complexed nucleic acid molecule, preferably an RNA, of the adjuvant component in order

to form the (immunostimulatory) composition of the invention. Therein, the artificial acid

molecule or vector, preferably an RNA, of the invention is added as free nucleic acid, i.e.

nucleic acid, which is not complexed by other compounds. Prior to addition, the free



artificial nucleic acid molecule or vector is not complexed and will preferably not undergo

any detectable or significant complexation reaction upon the addition of the adjuvant

component.

Suitable adjuvants may furthermore be selected from nucleic acids having the formula (II):

GlXmGn, wherein: G is guanosine (guanine), uridine (uracil) or an analogue of guanosine

(guanine) or uridine (uracil); X is guanosine (guanine), uridine (uracil), adenosine (adenine),

thymidine (thymine), cytidine (cytosine) or an analogue of the above-mentioned nucleotides

(nucleosides); I is an integer from 1 to 40, wherein when I = 1 G is guanosine (guanine) or

an analogue thereof, when I > 1 at least 50% of the nucleotides (nucleosides) are guanosine

(guanine) or an analogue thereof; m is an integer and is at least 3; wherein when m = 3 X is

uridine (uracil) or an analogue thereof, when m > 3 at least 3 successive uridines (uracils) or

analogues of uridine (uracil) occur; n is an integer from 1 to 40, wherein when n = 1 G is

guanosine (guanine) or an analogue thereof, when n > 1 at least 50% of the nucleotides

(nucleosides) are guanosine (guanine) or an analogue thereof.

Other suitable adjuvants may furthermore be selected from nucleic acids having the formula

(III): ClXmCn, wherein: C is cytidine (cytosine), uridine (uracil) or an analogue of cytidine

(cytosine) or uridine (uracil); X is guanosine (guanine), uridine (uracil), adenosine (adenine),

thymidine (thymine), cytidine (cytosine) or an analogue of the above-mentioned nucleotides

(nucleosides); is an integer from 1 to 40, wherein when I = 1 C is cytidine (cytosine) or an

analogue thereof, when > 1 at least 50% of the nucleotides (nucleosides) are cytidine

(cytosine) or an analogue thereof; m is an integer and is at least 3; wherein when m = 3 X is

uridine (uracil) or an analogue thereof, when m > 3 at least 3 successive uridines (uracils) or

analogues of uridine (uracil) occur; n is an integer from 1 to 40, wherein when n = 1 C is

cytidine (cytosine) or an analogue thereof, when n > 1 at least 50% of the nucleotides

(nucleosides) are cytidine (cytosine) or an analogue thereof.

The pharmaceutical composition according to the present invention preferably comprises a

"safe and effective amount" of the components of the pharmaceutical composition,

particularly of the inventive artificial nucleic acid molecule, the vector and/or the cells as

defined herein. As used herein, a "safe and effective amount" means an amount sufficient to

significantly induce a positive modification of a disease or disorder as defined herein. At the



same time, however, a "safe and effective amount" preferably avoids serious side-effects

and permits a sensible relationship between advantage and risk. The determination of these

limits typically lies within the scope of sensible medical judgment.

In a further aspect, the present invention provides the artificial nucleic acid molecule

according to the present invention, the vector according to the present invention, the cell

according to the present invention, or the pharmaceutical composition according to the

present invention for use as a medicament, for example, as vaccine (in genetic vaccination)

or in gene therapy.

The artificial nucleic acid molecule according to the present invention, the vector according

to the present invention, the cell according to the present invention, or the pharmaceutical

composition according to the present invention are particularly suitable for any medical

application which makes use of the therapeutic action or effect of peptides, polypeptides or

proteins, or where supplementation of a particular peptide or protein is needed. Thus, the

present invention provides the artificial nucleic acid molecule according to the present

invention, the vector according to the present invention, the cell according to the present

invention, or the pharmaceutical composition according to the present invention for use in

the treatment or prevention of diseases or disorders amenable to treatment by the

therapeutic action or effect of peptides, polypeptides or proteins or amenable to treatment

by supplementation of a particular peptide, polypeptide or protein. For example, the

artificial nucleic acid molecule according to the present invention, the vector according to

the present invention, the cell according to the present invention, or the pharmaceutical

composition according to the present invention may be used for the treatment or prevention

of genetic diseases, autoimmune diseases, cancerous or tumour-related diseases, infectious

diseases, chronic diseases or the like, e.g., by genetic vaccination or gene therapy.

In particular, such therapeutic treatments which benefit from an increased and prolonged

presence of therapeutic peptides, polypeptides or proteins in a subject to be treated are

especially suitable as medical application in the context of the present invention, since the

inventive 3'-UTR element provides for a stable and prolonged expression of the encoded

peptide or protein of the inventive artificial nucleic acid molecule or vector and/or the

inventive 5'-UTR element provides for an increased expression of the encoded peptide or



protein of the inventive artificial nucleic acid molecule or vector. Thus, a particularly

suitable medical application for the artificial nucleic acid molecule according to the present

invention, the vector according to the present invention, the cell according to the present

invention, or the pharmaceutical composition according to the present invention is

vaccination. Thus, the present invention provides the artificial nucleic acid molecule

according to the present invention, the vector according to the present invention, the cell

according to the present invention, or the pharmaceutical composition according to the

present invention for vaccination of a subject, preferably a mammalian subject, more

preferably a human subject. Preferred vaccination treatments are vaccination against

infectious diseases, such as bacterial, protozoal or viral infections, and anti-tumour-

vaccination. Such vaccination treatments may be prophylactic or therapeutic.

Depending on the disease to be treated or prevented, the ORF may be selected. For

example, the open reading frame may code for a protein that has to be supplied to a patient

suffering from total lack or at least partial loss of function of a protein, such as a patient

suffering from a genetic disease. Additionally the open reading frame may be chosen from

an ORF coding for a peptide or protein which beneficially influences a disease or the

condition of a subject. Furthermore, the open reading frame may code for a peptide or

protein which effects down-regulation of a pathological overproduction of a natural peptide

or protein or elimination of cells expressing pathologically a protein or peptide. Such lack,

loss of function or overproduction may, e.g., occur in the context of tumour and neoplasia,

autoimmune diseases, allergies, infections, chronic diseases or the like. Furthermore, the

open reading frame may code for an antigen or immunogen, e.g. for an epitope of a

pathogen or for a tumour antigen. Thus, in preferred embodiments, the artificial nucleic

acid molecule or the vector according to the present invention comprises an ORF encoding

an amino acid sequence comprising or consisting of an antigen or immunogen, e.g. an

epitope of a pathogen or a tumour-associated antigen, a 3'-UTR element as described above

and/or a 5'-UTR element as described above, and optional further components, such as a

poly(A) sequence etc.

In the context of medical application, in particular, in the context of vaccination, it is

preferred that the artificial nucleic acid molecule according to the present invention is RNA,

preferably mRNA, since DNA harbours the risk of eliciting an anti-DNA immune response



and tends to insert into genomic DNA. However, in some embodiments, for example, if a

viral delivery vehicle, such as an adenoviral delivery vehicle is used for delivery of the

artificial nucleic acid molecule or the vector according to the present invention, e.g., in the

context of gene therapeutic treatments, it may be desirable that the artificial nucleic acid

molecule or the vector is a DNA molecule.

The artificial nucleic acid molecule according to the present invention, the vector according

to the present invention, the cell according to the present invention, or the pharmaceutical

composition according to the present invention may be administered orally, parenterally, by

inhalation spray, topically, rectally, nasally, buccally, vaginally, via an implanted reservoir

or via jet injection. The term parenteral as used herein includes subcutaneous, intravenous,

intramuscular, intra-articular, intra-synovial, intrasternal, intrathecal, intrahepatic,

intralesional, intracranial, transdermal, intradermal, intrapulmonal, intraperitoneal,

intracardial, intraarterial, and sublingual injection or infusion techniques. In a preferred

embodiment, the artificial nucleic acid molecule according to the present invention, the

vector according to the present invention, the cell according to the present invention, or the

pharmaceutical composition according to the present invention is administered via needle-

free injection (e.g. jet injection).

Preferably, the artificial nucleic acid molecule according to the present invention, the vector

according to the present invention, the cell according to the present invention, or the

pharmaceutical composition according to the present invention is administered

parenterally, e.g. by parenteral injection, more preferably by subcutaneous, intravenous,

intramuscular, intra-articular, intra-synovial, intrasternal, intrathecal, intrahepatic,

intralesional, intracranial, transdermal, intradermal, intrapulmonal, intraperitoneal,

intracardial, intraarterial, sublingual injection or via infusion techniques. Particularly

preferred is intradermal and intramuscular injection. Sterile injectable forms of the inventive

pharmaceutical composition may be aqueous or oleaginous suspension. These suspensions

may be formulated according to techniques known in the art using suitable dispersing or

wetting agents and suspending agents. Preferably, the solutions or suspensions are

administered via needle-free injection (e.g. jet injection).



The artificial nucleic acid molecule according to the present invention, the vector according

to the present invention, the cell according to the present invention, or the pharmaceutical

composition according to the present invention may also be administered orally in any

orally acceptable dosage form including, but not limited to, capsules, tablets, aqueous

suspensions or solutions.

The artificial nucleic acid molecule according to the present invention, the vector according

to the present invention, the cell according to the present invention, or the pharmaceutical

composition according to the present invention may also be administered topically,

especially when the target of treatment includes areas or organs readily accessible by

topical application, e.g. including diseases of the skin or of any other accessible epithelial

tissue. Suitable topical formulations are readily prepared for each of these areas or organs.

For topical applications, the artificial nucleic acid molecule according to the present

invention, the vector according to the present invention, the cell according to the present

invention, or the pharmaceutical composition according to the present invention may be

formulated in a suitable ointment suspended or dissolved in one or more carriers.

In one embodiment, the use as a medicament comprises the step of transfection of

mammalian cells, preferably in vitro or ex vivo transfection of mammalian cells, more

preferably in vitro transfection of isolated cells of a subject to be treated by the medicament.

If the use comprises the in vitro transfection of isolated cells, the use as a medicament may

further comprise the readministration of the transfected cells to the patient. The use of the

inventive artificial nucleic acid molecules or the vector as a medicament may further

comprise the step of selection of successfully transfected isolated cells. Thus, it may be

beneficial if the vector further comprises a selection marker. Also, the use as a medicament

may comprise in vitro transfection of isolated cells and purification of an expression-

product, i.e. the encoded peptide or protein from these cells. This purified peptide or

protein may subsequently be administered to a subject in need thereof.

The present invention also provides a method for treating or preventing a disease or disorder

as described above comprising administering the artificial nucleic acid molecule according

to the present invention, the vector according to the present invention, the cell according to



the present invention, or the pharmaceutical composition according to the present invention

to a subject n need thereof.

Furthermore, the present invention provides a method for treating or preventing a disease or

disorder comprising transfection of a cell with an artificial nucleic acid molecule according

to the present invention or with the vector according to the present invention. Said

transfection may be performed in vitro, ex vivo or in vivo. In a preferred embodiment,

transfection of a cell is performed in vitro and the transfected cell is administered to a

subject in need thereof, preferably to a human patient. Preferably, the cell which is to be

transfected in vitro is an isolated cell of the subject, preferably of the human patient. Thus,

the present invention provides a method of treatment comprising the steps of isolating a cell

from a subject, preferably from a human patient, transfecting the isolated cell with the

artificial nucleic acid according to the present invention or the vector according to the

present invention, and administering the transfected cell to the subject, preferably the

human patient.

The method of treating or preventing a disorder according to the present invention is

preferably a vaccination method or a gene therapy method as described above.

As described above, the inventive 3'-UTR element and/or the inventive 5'-UTR element are

capable of prolonging and/or increasing the protein production from an mRNA. Thus, in a

further aspect, the present invention relates to a method for increasing and/or prolonging

protein production from an artificial nucleic acid molecule, preferably from an mRNA

molecule or a vector, the method comprising the step of associating an open reading frame

with a 3'-UTR element and/or a 5'-UTR element, wherein the 3'-UTR element and/or the 5'-

UTR element provides high translation efficiency to a resulting artificial nucleic acid

molecule, to obtain an artificial nucleic acid molecule, preferably an mRNA molecule,

according to the present invention as described above or a vector according to the present

invention as described above.

Preferably, in the method for increasing and/or prolonging protein production from an

artificial nucleic acid molecule, preferably from an mRNA molecule or a vector, according

to the present invention the 3'-UTR element and/or the 5'-UTR element comprises or



consists of a nucleic acid sequence which is derived from the 3'-UTR and/or the 5'-UTR of

a transcript of a gene selected from the group consisting of ZNF460, TGM2, IL7R, BGN,

TK1 , RAB3B, CBX6, FZD2, COL8A1 , NDUFS7, PHGDH, PLK2, TSPO, PTGS1 , FBX032,

NID2, ATP5D, EXOSC4, NOL9, UBB4B, VPS1 8, ORMDL2, FSCN1, TMEM33, TUBA4A,

EMP3, TMEM201 , CRIP2, BRAT1 , SERPINH1 , CD9, DPYSL2, CDK9, TFRC, PSMB3, FASN,

PSMB6, PRSS56, KPNA6, SFT2D2, PARD6B, LPP, SPARC, SCAND1 , VASN, SLC26A1 ,

LCLAT1 , FBXL1 8, SLC35F6, RAB3D, MAPI B, VMA21, CYBA, SEZ6L2, PCOLCE, VTN,

ALDH1 6A1 , RAVER1 , KPNA6, SERINC5, JUP, CPN2, CRIP2, EPT1 , PNPO, SSSCA1 ,

POLR2L, LIN7C, UQCR1 0, PYCRL, AMN, MAPI S, NDUFS7, PHGDH, TSPO, ATP5D,

EXOSC4, TUBB4B, TUBA4A, EMP3, CRIP2, B AT , CD9, CDK9, PSMB3, PSMB6, PRSS56,

SCAND1 , AMN, CYBA, PCOLCE, MAPI S, VTN, ALDH1 6A1 (all preferably human) and

Dpysl2, Ccndl , Acox2, Cbx6, Ubc, Ldlr, Nudt22, Pcyoxl I, Ankrdl , Tmem37, Tspyl4,

Slc7a3, Cst6, Aacs, Nosip, Itga7, Ccnd2, Ebp, Sf3b5, Fasn, Hmgcsl, Osr1, Lmnbl, Vma21 ,

Kif20a, Cdca8, Slc7a1 , Ubqln2, Prps2, Shmt2, Aurkb, FignH , Cad, Anln, Slfn9, Ncaph,

Pole, Uhrfl, Gja1 , Fam64a, Kif2c, TspanI O, Scandl , Gpr84, Fads3, Cers6, Cxcr4, Gprc5c,

Fen1 , Cspg4, Mrpl34, Comtdl, Armc6, Emr4, Atp5d, 1 10001J03Rik, Csf2ra, Aarsdl , Kif22,

Cth, Tpgsl , Cell 7, Alkbh7, Ms4a8a, Acox2, Ubc, Slpi, Pcyoxl I, Igf2bp1, Tmem37, Slc7a3,

Cst6, Ebp, Sf3b5, Plk1 , Cdca8, if22, Cad, Cth, Pole, Kif2c, Scandl, Gpr84, Tpgsl , Ccl1 7,

Alkbh7, Ms4a8a, Mrpl34, Comtdl, Armc6, Atp5d, 1 0001J03Rik, Nudt22, Aarsdl (all

preferably mouse); preferably from the group consisting of ZNF460-5'-UTR, TGM2-5'-UTR,

IL7R-5'-UTR, BGN-5'-UTR, T 1-5'-UTR, RAB3B-5'-UTR, CBX6-5'-UTR, FZD2-5'-UTR,

COL8A1 -5'-UTR, NDUFS7-5'-UTR, PHGDH-5'-UTR, PLK2-5'-UTR, TSPO-5'-UTR, PTGS1 -

5'-UTR, FBX032-5'-UTR, NID2-5'-UTR, ATP5D-5'-UTR, EXOSC4-5'-UTR, NOL9-5'-UTR,

UBB4B-5'-UTR, VPS1 8-5'-UTR, ORMDL2-5'-UTR, FSCN1 -5'-UTR, TMEM33-5'-UTR,

TUBA4A-5'-UTR, EMP3-5'-UTR, TMEM201 -5'-UTR, CRIP2-5'-UTR, BRAT1 -5'-UTR,

SERPINH1-5'-UTR, CD9-5'-UTR, DPYSL2-5'-UTR, CDK9-5'-UTR, TFRC-5'-UTR, PSMB3 5'-

UTR, FASN-5'-UTR, PSMB6-5'-UTR, PRSS56-5'-UTR, KPNA6-5'-UTR, SFT2D2-5'-UTR,

PARD6B-5'-UTR, LPP-5'-UTR, SPARC-5'-UTR, SCAND1 -5'-UTR, VASN-5'-UTR, SLC26A1 -

5'-UTR, LCLAT1-5'-UTR, FBXL1 8-5'-UTR, SLC35F6-5'-UTR, RAB3D-5'-UTR, M A P B-5'-

UTR, VMA21 -5'-UTR, CYBA-5'-UTR, SEZ6L2-5'-UTR, PCOLCE-5'-UTR, VTN-5'-UTR,

ALDH1 6A1 -5'-UTR, RAVER1 -5'-UTR, KPNA6-5'-UTR, SERINC5-5'-UTR, JUP-5'-UTR,

CPN2-5'-UTR, CRIP2-5'-UTR, EPT1 -5'-UTR, PNPO-5'-UTR, SSSCA1 -5'-UTR, POLR2L-5'-

UTR, LIN7C-5'-UTR, UQCR1 0-5'-UTR, PYCRL-5'-UTR, AMN-5'-UTR, MAPI S-5'-UTR, (all



preferably human) and Dpysl2-5'-UTR, Ccndl -5'-UTR, Acox2-5'-UTR, Cbx6-5'-UTR, Ubc-

5'-UTR, Ldlr-5'-UTR, Nudt22-5'-UTR, Pcyoxl l-5'-UTR, Ankrdi -5'-UTR, Tmem37-5'-UTR,

Tspyl4-5'-UTR, Slc7a3-5'-UTR, Cst6-5'-UTR, Aacs-5'-UTR, Nosip-5'-UTR, ltga7-5'-UTR,

Ccnd2-5'-UTR, Ebp-5'-UTR, Sf3b5-5'-UTR, Fasn-5'-UTR, Hmgcsl -5'-UTR, Osr1 -5'-UTR,

Lmnb1 -5'-UTR, Vma21 -5'-UTR, Kif20a-5'-UTR, Cdca8-5'-UTR, Slc7a1-5'-UTR, Ubqln2-5'-

UTR, Prps2-5'-UTR, Shmt2-5'-UTR, Aurkb-5'-UTR, Fignll -5'-UTR, Cad-5'-UTR, Anln-5'-

UTR, Slfn9-5'-UTR, Ncaph-5'-UTR, Pole-5'-UTR, Uhrfl -5'-UTR, Gja1-5'-UTR, Fam64a-5'-

UTR, Kif2c-5'-UTR, Tspanl 0-5'-UTR, Scandl -5'-UTR, Gpr84-5'-UTR, Fads3-5'-UTR, Cers6-

5'-UTR, Cxcr4-5'-UTR, Cprc5c-5'-UTR, Fen1 -5'-UTR, Cspg4-5'-UTR, Mrpl34-5'-UTR,

Comtd1-5'-UTR, Armc6-5'-UTR, Emr4-5'-UTR, Atp5d-5'-UTR, 10001 J03Rik-5'-UTR,

Csf2ra-5'-UTR, Aarsdl -5'-UTR, Kif22-5'-UTR, Cth-5'-UTR, Tpgsl -5'-UTR, Cell 7-5'-UTR,

Alkbh7-5'-UTR, Ms4a8a-5'-UTR (all preferably mouse); and NDUFS7-3'-UTR, PHGDH-3'-

UTR, TSPO-3'-UTR, ATP5D-3'-UTR, EXOSC4-3'-UTR, TUBB4B-3'-UTR, TUBA4A-3'-UTR,

EMP3-3'-UTR, CRIP2-3'-UTR, BRAT1 -3'-UTR, CD9-3'-UTR, CDK9-3'-UTR, PSMB3-3'-UTR,

PSMB6-3'-UTR, PRSS56-3'-UTR, SCAND1 -3'-UTR, AMN-3'-UTR, CYBA-3'-UTR, PCOLCE-

3'-UTR, MAP1 S-3'-UTR, VTN-3'-UTR, ALDH1 6A1 -3'-UTR (all preferably human) and

Acox2-3'-UTR, Ubc-3'-UTR, Slpi-3'-UTR, Pcyoxl l-3'-UTR, Igf2bp1 -3'-UTR, Tmem37-3'-

UTR, Slc7a3-3'-UTR, Cst6-3'-UTR, Ebp-3'-UTR, Sf3b5-3'-UTR, Plk1-3'-UTR, Cdca8-3'-

UTR, Kif22-3'-UTR, Cad-3'-UTR, Cth-3'-UTR, Pole-3'-UTR, Kif2c-3'-UTR, Scandl -3'-UTR,

Gpr84-3'-UTR, Tpgsl -3'-UTR, Cell 7-3'-UTR, Alkbh7-3'-UTR, Ms4a8a-3'-UTR, Mrpl34-3'-

UTR, Comtd1 -3'-UTR, Armc6-3'-UTR, Atp5d-3'-UTR, 1 0001 J03Rik-3'-UTR, Nudt22-3'-

UTR, Aarsdl -3'-UTR, (all preferably mouse).

The term "associating the artificial nucleic acid molecule or the vector with a 3'-UTR

element and/or a 5'-UTR element" in the context of the present invention preferably means

functionally associating or functionally combining the artificial nucleic acid molecule or the

vector with the 3'-UTR element and/or with the 5'-UTR element. This means that the

artificial nucleic acid molecule or the vector and the 3'-UTR element and/or the 5'-UTR

element, preferably the 3'-UTR element and/or the 5'-UTR element as described above, are

associated or coupled such that the function of the 3'-UTR element and/or of the 5'-UTR

element, e.g., the RNA and/or protein production prolonging and/or increasing function, is

exerted. Typically, this means that the 3'-UTR element and/or the 5'-UTR element is

integrated into the artificial nucleic acid molecule or the vector, preferably the mRNA



molecule, 3' and/or 5', respectively, to an open reading frame, preferably immediately 3' to

an open reading frame and/or immediately 5' to an open reading frame, the 3'-UTR element

preferably between the open reading frame and a poly(A) sequence or a polyadenylation

signal. Preferably, the 3'-UTR element and/or the 5'-UTR element is integrated into the

artificial nucleic acid molecule or the vector, preferably the mRNA, as 3'-UTR and/or as 5'-

UTR respectively, i.e. such that the 3'-UTR element and/or the 5'-UTR element is the 3'-

UTR and/or the 5'-UTR, respectively, of the artificial nucleic acid molecule or the vector,

preferably the mRNA, i.e., such that the 5'-UTR ends immediately before the 5'-end of the

ORF and the 3'-UTR extends from the 3'-side of the open reading frame to the 5'-side of a

poly(A) sequence or a polyadenylation signal, optionally connected via a short linker, such

as a sequence comprising or consisting of one or more restriction sites. Thus, preferably, the

term "associating the artificial nucleic acid molecule or the vector with a 3'-UTR element

and/or a 5'-UTR element" means functionally associating the 3'-UTR element and/or the 5'-

UTR element with an open reading frame located within the artificial nucleic acid molecule

or the vector, preferably within the mRNA molecule. The 3'-UTR and/or the 5'-UTR and the

ORF are as described above for the artificial nucleic acid molecule according to the present

invention, for example, preferably the ORF and the 3'-UTR are heterologous and/or the ORF

and the 5'-UTR are heterologous, respectively, e.g. derived from different genes, as

described above. The association with a 3'-UTR element and/or a 5'-UTR element can

either be achieved by de novo association of individual elements, or by modifying a p re

existing nucleic acid (template). In the latter case, for example and for purposes of

illustration, a nucleic acid molecule according to the present invention may be obtained by

(i) using a nucleic acid corresponding to the sequence shown in Fig. A as template, (ii)

modifying said template by replacing at least one of (a) the underlined 5'-UTR element

(underlined in Fig. 1A) or (b) the 3'-UTR element (double underlined in Fig. A) by a (a) a

different 5'-UTR element or (b) a different 3'-UTR element, thereby associating the artificial

nucleic acid molecule with said 5'-UTR element or 3'-UTR element.

In a further aspect, the present invention provides the use of a 3'-UTR element and/or of a

5'-UTR element, preferably the 3'-UTR element as described above and/or the 5'-UTR

element as described above, for increasing and/or prolonging protein production from an

artificial nucleic acid molecule, preferably from an mRNA molecule or a vector, wherein

the 3'-UTR element and/or the 5'-UTR element comprises or consists of a nucleic acid



sequence which is derived from the 3'-UTR and/or the 5'-UTR of a transcript of a gene

selected from the group consisting of ZNF460, TGM2, IL7R, BGN, TK1, RAB3B, CBX6,

FZD2, COL8A1, NDUFS7, PHGDH, PLK2, TSPO, PTGS1 , FBX032, NID2, ATP5D,

EXOSC4, NOL9, UBB4B, VPS1 8, ORMDL2, FSCN1 , TMEM33, TUBA4A, EMP3, TMEM201 ,

CRIP2, BRAT1, SERPINH1, CD9, DPYSL2, CD 9, TFRC, PSMB3 5'-UTR, FASN, PSMB6,

PRSS56, PN A6, SFT2D2, PARD6B, LPP, SPARC, SCAND1 , VASN, SLC26A1 , LCLAT1 ,

FBXL1 8, SLC35F6, RAB3D, MAPI B, VMA21 , CYBA, SEZ6L2, PCOLCE, VTN, ALDH1 6A1 ,

RAVER1 , KPNA6, SERINC5, JUP, CPN2, CRIP2, EPT1 , PNPO, SSSCA1 , POLR2L, LIN7C,

UQCR1 0, PYCRL, AMN, MAPI S, NDUFS7, PHGDH, TSPO, ATP5D, EXOSC4, TUBB4B,

TUBA4A, EMP3, CRIP2, BRAT1 , CD9, CDK9, PSMB3, PSMB6, PRSS56, SCAND1 , AMN,

CYBA, PCOLCE, MAP1 S, VTN, ALDH1 6A1 (all preferably human) and Dpysl2, Ccndl ,

Acox2, Cbx6, Ubc, Ldlr, Nudt22, Pcyoxl l, Ankrdl , Tmem37, Tspyl4, Slc7a3, Cst6, Aacs,

Nosip, Itga7, Ccnd2, Ebp, Sf3b5, Fasn, Hmgcsl , Osr1 , Lmnbl, Vma21 , Kif20a, Cdca8,

Slc7a1 , Ubqln2, Prps2, Shmt2, Aurkb, Fignll , Cad, Anln, Slfn9, Ncaph, Pole, Uhrf1 , Gja1 ,

Fam64a, Kif2c, TspanI O, Scandl , Gpr84, Fads3, Cers6, Cxcr4, Gprc5c, Fen1 , Cspg4,

Mrpl34, Comtdl, Armc6, Emr4, Atp5d, 0001J03Rik, Csf2ra, Aarsdl, Kif22, Cth, Tpgsl ,

Ccl1 7, Alkbh7, Ms4a8a, Acox2, Ubc, Slpi, Pcyoxl l, Igf2bp1, Tmem37, Slc7a3, Cst6, Ebp,

Sf3b5, Plkl , Cdca8, Kif22, Cad, Cth, Pole, Kif2c, Scandl , Gpr84, Tpgsl , Ccl1 7, Alkbh7,

Ms4a8a, Mrpl34, Comtdl , Armc6, Atp5d, 0001J03Rik, Nudt22, Aarsdl (all preferably

mouse); preferably from the group consisting of ZNF460-5'-UTR, TGM2-5'-UTR, IL7R-5'-

UTR, BGN-5'-UTR, TK1 -5'-UTR, RAB3B-5'-UTR, CBX6-5'-UTR, FZD2-5'-UTR, COL8A1 -5'-

UTR, NDUFS7-5'-UTR, PHGDH-5'-UTR, PLK2-5'-UTR, TSPO-5'-UTR, PTGS1 -5'-UTR,

FBX032-5'-UTR, NID2-5'-UTR, ATP5D-5'-UTR, EXOSC4-5'-UTR, NOL9-5'-UTR, UBB4B-

5'-UTR, VPS1 8-5'-UTR, ORMDL2-5'-UTR, FSCN1 -5'-UTR, TMEM33-5'-UTR, TUBA4A-5'-

UTR, EMP3-5'-UTR, TMEM201 -5'-UTR, CRIP2-5'-UTR, BRAT1 -5'-UTR, SERPINH1 -5'-UTR,

CD9-5'-UTR, DPYSL2-5'-UTR, CDK9-5'-UTR, TFRC-5'-UTR, PSMB3 5'-UTR, FASN-5'-UTR,

PSMB6-5'-UTR, PRSS56-5'-UTR, KPNA6-5'-UTR, SFT2D2-5'-UTR, PARD6B-5'-UTR, LPP-

5'-UTR, SPARC-5'-UTR, SCAND1 -5'-UTR, VASN-5'-UTR, SLC26A1 -5'-UTR, LCLAT1 -5'-

UTR, FBXL1 8-5'-UTR, SLC35F6-5'-UTR, RAB3D-5'-UTR, MAPI B-5'-UTR, VMA21 -5'-UTR,

CYBA-5'-UTR, SEZ6L2-5'-UTR, PCOLCE-5'-UTR, VTN-5'-UTR, ALDH1 6A1 -5'-UTR,

RAVER1 -5'-UTR, KPNA6-5'-UTR, SERINC5-5'-UTR, JUP-5'-UTR, CPN2-5'-UTR, CRIP2-5'-

UTR, EPT1 -5'-UTR, PNPO-5'-UTR, SSSCA1 -5'-UTR, POLR2L-5'-UTR, LIN7C-5'-UTR,

UQCR1 0-5'-UTR, PYCRL-5'-UTR, AMN-5'-UTR, MAPI S-5'-UTR, (all preferably human)



and Dpysl2-5'-UTR, Ccndl -5'-UTR, Acox2-5'-UTR, Cbx6-5'-UTR, Ubc-5'-UTR, Ldlr-5'-

UTR, Nudt22-5'-UTR, Pcyoxl l-5'-UTR, Ankrd1-5'-UTR, Tmem37-5'-UTR, Tspyl4-5'-UTR,

Slc7a3-5'-UTR, Cst6-5'-UTR, Aacs-5'-UTR, Nosip-5'-UTR, ltga7-5'-UTR, Ccnd2-5'-UTR,

Ebp-5'-UTR, Sf3b5-5'-UTR, Fasn-5'-UTR, Hmgcsl -5'-UTR, Osr1 -5'-UTR, Lmnbl -5'-UTR,

Vma21 -5'-UTR, Kif20a-5'-UTR, Cdca8-5'-UTR, Slc7a1 -5'-UTR, Ubqln2-5'-UTR, Prps2-5'-

UTR, Shmt2-5'-UTR, Aurkb-5'-UTR, FignM -5'-UTR, Cad-5'-UTR, Anln-5'-UTR, Slfn9-5'-

UTR, Ncaph-5'-UTR, Pole-5'-UTR, Uhrf1 -5'-UTR, Gjal -5'-UTR, Fam64a-5'-UTR Kif2c-5'-

UTR, Tspan1 0-5'-UTR, Scandl -5'-UTR, Gpr84-5'-UTR, Fads3-5'-UTR, Cers6-5'-UTR,

Cxcr4-5'-UTR, Gprc5c-5'-UTR, Fenl -5'-UTR, Cspg4-5'-UTR, Mrpl34-5'-UTR, Comtd1 -5'-

UTR, Armc6-5'-UTR, Emr4-5'-UTR, Atp5d-5'-UTR, 1 0001J03Rik-5'-UTR, Csf2ra-5'-UTR,

Aarsd1 -5'-UTR, Kif22-5'-UTR, Cth-5'-UTR, Tpgsl -5'-UTR, Ccll 7-5'-UTR, Alkbh7-5'-UTR,

Ms4a8a-5'-UTR (all preferably mouse); and NDUFS7-3'-UTR, PHGDH-3'-UTR, TSPO-3'-

UTR, ATP5D-3'-UTR, EXOSC4-3'-UTR, TUBB4B-3'-UTR, TUBA4A-3'-UTR, EMP3-3'-UTR,

CRIP2-3'-UTR, BRAT1 -3'-UTR, CD9-3'-UTR, CDK9-3'-UTR, PSMB3-3'-UTR, PSMB6-3'-

UTR, PRSS56-3'-UTR, SCAND1 -3'-UTR, AMN-3'-UTR, CYBA-3'-UTR, PCOLCE-3'-UTR,

MAP1 S-3'-UTR, VTN-3'-UTR, ALDH1 6A1 -3'-UTR (all preferably human) and Acox2-3'-

UTR, Ubc-3'-UTR, Slpi-3'-UTR, Pcyoxl l-3'-UTR, Igf2bp1 -3'-UTR, Tmem37-3'-UTR,

Slc7a3-3'-UTR, Cst6-3'-UTR, Ebp-3'-UTR, Sf3b5-3'-UTR, Plk1-3'-UTR, Cdca8-3'-UTR,

Kif22-3'-UTR, Cad-3'-UTR, Cth-3'-UTR, Pole-3'-UTR, Kif2c-3'-UTR, Scandl -3'-UTR,

Gpr84-3'-UTR, Tpgsl -3'-UTR, Cell 7-3'-UTR, Alkbh7-3'-UTR, Ms4a8a-3'-UTR, Mrpl34-3'-

UTR, Comtd1-3'-UTR, Armc6-3'-UTR, Atp5d-3'-UTR, 1 0001 J03Rik-3'-UTR, Nudt22-3'-

UTR, Aarsd1 -3'-UTR, (all preferably mouse).

The uses according to the present invention preferably comprise associating the artificial

nucleic acid molecule, the vector, or the RNA with the 3'-UTR element as described above

and/or with the 5'-UTR element as described above.

The compounds and ingredients of the inventive pharmaceutical composition may also be

manufactured and traded separately of each other. Thus, the invention relates further to a kit

or kit of parts comprising an artificial nucleic acid molecule according to the invention, a

vector according to the invention, a cell according to the invention, and/or a

pharmaceutical composition according to the invention. Preferably, such kit or kits of parts

may, additionally, comprise instructions for use, cells for transfection, an adjuvant, a means



for administration of the pharmaceutical composition, a pharmaceutically acceptable carrier

and/or a pharmaceutically acceptable solution for dissolution or dilution of the artificial

nucleic acid molecule, the vector, the cells or the pharmaceutical composition.

Method for identifying a 3'-untranslated region element (3'-UTR element) and/or a 5'-

untranslated region element (5'-UTR element)
In a further aspect the present description provides a method for identifying a 3'-

untranslated region element (3'-UTR element) and/or a 5'-untranslated region element (5'-

UTR element) comprising the following steps:

a) Analyzing the stability of an mRNA comprising the following sub-steps:

i . Determining the amount of said mRNA at a first point in time during

a decay process of said mRNA,

ii. Determining the amount of said mRNA at a second point in time

during a decay process of said mRNA, and

iii. Calculating the ratio of the amount of said mRNA determined in step

(i) to the amount of said mRNA determined in step (ii);

b) Selecting a stable mRNA having a ratio calculated in sub-step (iii) of at least

0.5 (50%), at least 0.6 (60%), at least 0.7 (70%), at least 0.75 (75%), at least

0.8 (80%), at least 0.85 (85%), at least 0.9 (90%), or at least 0.95 (95%); and

c) Determining the nucleotide sequence of a 3'- and/or 5'-UTR element of said

stable mRNA.

Thereby, the stability of the mRNA is preferably assessed under standard conditions, for

example standard conditions (standard medium, incubation, etc.) for a certain cell line or

cell type used.

In order to analyze the stability of an mRNA, the decay process of this mRNA is assessed by

determining the amount or concentration of said mRNA at a first and at a second point in

time during the decay process of said mRNA (cf. steps a) i . and a) ii.).

To determine the amount or concentration of mRNA during the RNA decay process in vivo

or in vitro as defined above (i.e. in vitro referring in particular to ("living") cells and/or

tissue, including tissue of a living subject; cells include in particular cell lines, primary cells,



cells in tissue or subjects, preferred are mammalian cells, e.g. human cells and mouse cells

and particularly preferred are the human cell lines HeLa, HEPG2 and U-937 and the mouse

cell lines NIH3T3, JAWSII and L929 are used; furthermore primary cells are particularly

preferred, in particular preferred embodiments human dermal fibroblasts (HDF)), various

methods may be used, which are known to the skilled person. Non-limiting examples of

such methods include general inhibition of transcription, e.g. with a transcription inhibitor

such as Actinomycin D, use of inducible promotors to specifically promote transient

transcription, e.g. c-fos serum-inducible promotor system and Tet-off regulatory promotor

system, and kinetic labelling techniques, e.g. pulse labelling.

For example, if transcriptional inhibitor-mediated transcriptional arrest is used in step a) to

determine the amount or concentration of mRNA during the RNA decay process in vivo or

in vitro as defined above, transcriptional inhibitors such as Actinomycin D (ActD), 5,6-

dichloro-1-D-ribofuranosyl-benzimidazole (DRB) or -amanitin (a-Am) may be used.

Hereby, to assess mRNA decay, the transcriptional inhibitors are usually added to the cells

and, thereby the transcription is generally inhibited and RNA decay can be observed

without interferences of ongoing transcription.

Alternatively, inducible promotors to specifically promote transient transcription may be

used in step a), whereby the rationale is to provide a stimulus that activates transcription

and leads to a burst of mRNA synthesis, then remove the stimulus to shut off transcription

and monitor the decay of mRNA. Thereby, the inducible promoter enables a stringent

control, so that induction and silencing of transcription is accomplished within a narrow

window of time. In mammalian cells, the cfos promoter is known to be valuable for this

purpose, because it can be induced in response to serum addition quickly and transiently,

thereby providing a reliable and simple way of achieving a transient burst in transcription.

The Tet-off promotor system offers another option that further broadens the application of a

transcriptional pulsing approach to study mRNA turnover in mammalian cells.

However, in the present invention kinetic labelling techniques are preferred in step a) for

determining the amount of mRNA during the RNA decay process in vivo or in vitro as

defined above. In kinetic labelling RNA is usually labelled, whereby labels include in

particular labelled nucleotides and labelled nucleosides and labelled uridine and labelled



uracil are particularly preferred. Examples of preferred labels include 4-thiouridine (4sU), 2-

thiouridine, 6-thioguanosine, 5-ethynyluridine (EU), 5-bromo-uridine (BrU), Biotin-1 6-

Aminoallyluridine, 5-Aminoallyluridine, 5-Aminoallylcytidine, etc., whereby 4-Thiouridine

(4sU), 5-ethynyluridine (EU) or 5'-bromo-uridine (BrU) are more preferred. Particularly

preferred is 4-thiouridine (4sU). 4-thiouridine (4sU) is preferably used in a concentration of

100-500 µΜ . Moreover, also radioactively labelled nucleotides may be used, e.g. with

Uridine- H. Also combinations of the above mentioned labelled nucleotides may be used,

whereby a combination of 4-thiouridine and 6-thioguanosine is particularly preferred.

In kinetic labelling, usually the emerging RNA is labelled, e.g. by incorporation of labelled

uridine or uracil during transcription. After a while, the provision of label is stopped and

RNA decay may then be observed by assessing specifically labelled RNA without generally

inhibiting transcription.

For determining the amount of mRNA during the RNA decay process in step a), pulse

labelling is preferred, and a pulse-chase methodology is particularly preferred. As used

herein, the term "pulse labelling refers to a technique in which a label, e.g. the labels

described above, is used for the measurement of the rates of synthesis and/or decay of

compounds within living cells. Typically, cells are exposed to a small quantity of a label for

a brief period, hence the term 'pulse'. In the pulse-chase methodology, after pulse-labelling

usually a much larger quantity of an unlabeled compound corresponding to the "pulse"

(e.g. unlabelled uridine, if labelled uridine is used as pulse) is added following the required

period of exposure to the label. The effect of competition between the labelled and the

unlabeled compound is to reduce to a negligible level the further uptake of the labelled

compound, hence the term "chase".

To determine the amount or concentration of mRNA usually the mRNA has to be isolated.

Different techniques for RNA isolation are known to the skilled person, e.g. by Guanidinium

thiocyanate-phenol-chloroform extraction or by silica-column based extraction. Also

commercially available kits may be used, e.g. RNeasy Kit from Qiagen.

Furthermore, an extraction step may be required, in particular if kinetic labelling is used (in

contrast to a transcription inhibitor, wherein the total RNA represents "decaying" RNA since



transcription is generally inhibited). In the extraction step, labelled RNA (i.e. representing

"decaying" RNA) is extracted from total isolated RNA. Thus, the means of extraction may be

selected depending on the label used. For example, immunopurification with antibodies to

the label may be used.

Furthermore, for example, for extraction of thio-labelled, e.g. 4-thiouridine (4sU)-labelled,

RNA, HPDP-Biotin (pyridyldithiol-activated, sulfhydryl-reactive biotinyiation reagent that

conjugates via a cleavable (reversible) disulfide bond) may be incubated with the isolated

"total RNA". This reagent specifically reacts with the reduced thiols (-SH) in the 4-

thiouridine (4sU)-labelled RNA to form reversible disulfide bonds. The biotinyiation allows

for binding of the thio-labelled e.g. 4-thiouridine (4sU)-labelled RNA to streptavidin and

therefore can be extracted from the total RNA by reduction of the disulfide bond with

dithiothreitol or beta-mercaptoethanol (or any other reduction agent).

In case biotin-labelled nucleotides, e.g. Biotin-1 6-Aminoallyluridine, streptavidin can

directly be used to extract the labelled RNA from total RNA.

For example, for extraction of newly transcribed 5-ethynyluridine (EU)-labelled cellular

RNAs from total RNA, biotinyiation of EU in a copper-catalyzed cycloaddition reaction

(often referred to as click chemistry) may be used, which is followed by purification by

streptavidin affinity. This method is commercially available as the Click-iT Nascent RNA

Capture Kit (Catalog no. C 0365, Invitrogen). The manufacturer's instruction of this kit

recommends that the pulse labeling time is 30 to 60 min for a 0.5 mM EU dose, or 1 to 24 h

for a 0.1 or 0.2 mM EU dose.

For example, BrU-labeled RNA molecules may be extracted by immunopurification with an

anti-Bromodeoxyuridine antibody (e.g. Clone. 2B1 , Catalog no. MI-1 1-3, MBL), and Protein

G Sepharose.

The amount or concentration of mRNA, i.e. the transcript level, may then be measured by

various methods known to the person skilled in the art. Non-limiting examples for such

methods include micro array analysis, Northern Blot analysis, quantitative PCR or by next

generation sequencing (high throughput sequencing). Particularly preferred are micro array



analysis and next generation sequencing. Moreover, whole-genome approaches/whole

transcriptome approaches are particularly preferred, e.g. in micro array analysis whole

genome micro array analysis, e.g. Affymetrix Human Gene 1.0 ST or 2.0 ST or Affymetrix

Mouse Gene 1.0 ST or 2.0 ST or whole transcriptome analysis by next generation

sequencing.

In substeps i . and ii. of step a), the amount of mRNA is determined at a first and at a second

point in time during a decay process of the mRNA. Typically, this means that mRNA is in

particular isolated at a first and at a second point in time during a decay process of the

mRNA to determine the respective amounts. Therefore, "the first point in time" and "the

second point in time" are in particular points in time during the RNA decay process, at

which RNA is isolated to determine the RNA amount. In general, "the second point in time"

is later in the RNA decay process than the "the first point in time".

Preferably, the first point in time is selected such, that only mRNA undergoing a decay

process is considered, i.e. emerging mRNA - e.g. in ongoing transcription - is avoided. For

example, if kinetic labelling techniques, e.g. pulse labelling, are used, the first point in time

is preferably selected such that the incorporation of the label into mRNA is completed, i.e.

no ongoing incorporation of the label into mRNA occurs. Thus, if kinetic labelling is used,

the first point in time may be at least 0 min, at least 20 min, at least 30 min, at least 40

min, at least 50 min, at least 60 min, at least 70 min, at least 80 min, or at least 90 min after

the end of the experimental labelling procedure, e.g. after the end of the incubation of cells

with the label.

For example, the first point in time may be preferably from 0 to 6 h after the stop of

transcription (e.g. by a transcriptional inhibitor), stop of promotor induction in case of

inducible promotors or after stop of pulse or label supply, e.g. after end of labelling. More

preferably, the first point in time may be from 30 min to 5 h, even more preferably from 1 h

to 4 h and particularly preferably about 3 h after the stop of transcription (e.g. by a

transcriptional inhibitor), stop of promotor induction in case of inducible promotors or after

stop of pulse or label supply, e.g. after end of labelling.



Preferably, the second point in time is selected as late as possible during the mRNA decay

process. However, if a plurality of mRNA species is considered, the second point in time is

preferably selected such that still a considerable amount of the plurality of mRNA species,

preferably at least 0% of the mRNA species, is present in a detectable amount, i.e. in an

amount higher than 0. Preferably, the second point in time is at least 5 h, at least 6 h, at

least 7 h, at least 8 h, at least 9 h, at least 0 h, at least 1 h, at least 12 h, at least 13 h, at

least 4 h, or at least 5 h after the stop of transcription (e.g. by a transcriptional inhibitor),

stop of promotor induction in case of inducible promotors or after stop of pulse or label

supply, e.g. after end of labelling.

For example, the second point in time may be preferably from 3 to 48 h after the stop of

transcription (e.g. by a transcriptional inhibitor), stop of promotor induction in case of

inducible promotors or after stop of pulse or label supply, e.g. after end of labelling. More

preferably, the second point in time may be from 6 min to 36 h, even more preferably from

10 h to 24 h and particularly preferably about 15 h after the stop of transcription (e.g. by a

transcriptional inhibitor), stop of promotor induction in case of inducible promotors or after

stop of pulse or label supply, e.g. after end of labelling.

Thus, the time span between the first point in time and the second point in time is

preferably as large as possible within the above described limits. Therefore, the time span

between the first point in time and the second point in time is preferably at least 4 h, at least

5 h, at least 6 h, at least 7 h, at least 8 h, at least 9 h, at least 0 h, at least 1 h, or at least

2 h, whereby a time span of about 12 h is particularly preferred. In general, the second

later point in time is at least 10 minutes later than the first point in time.

In sub-step iii. of step a) the ratio of the amount of the mRNA determined in step (i) to the

the amount of the mRNA determined in step (ii) is calculated. To this end, the amount of the

mRNA (transcript level) determined as described above at the second point in time is

divided by the amount of the mRNA (transcript level) determined as described above at the

first point in time. This ratio prevents that stable mRNAs, which are already at the first point

in time present only in very low amounts, are disregarded in respect to mRNAs, which are

present in high amounts.



In step b), such an mRNA is selected, which has a ratio calculated in sub-step (iii) of step a)

of at least 0.5 (50%), at least 0.6 (60%), at least 0.7 (70%), at least 0.75 (75%), at least 0.8

(80%), at least 0.85 (85%), at least 0.9 (90%), or at least 0.95 (95%). Such mRNA is in the

present invention considered as a particular stable mRNA.

In step c), the nucleotide sequence of a 3'- and/or 5'-UTR element of said mRNA, i.e. the

mRNA selected in step b), is determined. To this end, different methods known to the skilled

person may be applied, e.g. sequencing or selection from a publicly available database,

such as e.g. NCBI (National Center for Biotechnology Information). For example, the mRNA

sequence of the mRNA selected in step b) may be searched in a database and the 3'- and/or

5'-UTR may then be extracted from the mRNA sequence present in the database.

In particular, in the above described method for identifying a 3'-untranslated region element

(3'-UTR element) and/or a 5'-untranslated region element (5'-UTR element) the term

"mRNA" and/or "stable mRNA", respectively, may also refer to an mRNA species as defined

herein and/or to a stable mRNA species, respectively.

Furthermore, it is preferred herein that a "stable mRNA" may have a slower mRNA decay

compared to average mRNA decay, preferably assessed in vivo or in vitro as defined above.

Thereby, "average mRNA decay" may be assessed by investigating mRNA decay of a

plurality of mRNA species.

Accordingly, provided herein in a further aspect is a method for identifying a 3'-untransiated

region element (3'-UTR element) and/or a 5'-untrans!ated region element (5'-UTR element)

comprising the following steps:

a) Analyzing the stability of a plurality of mRNA species comprising the

following sub-steps:

i . Determining the amount of each mRNA species of said plurality of

mRNA species at a first point in time during a decay process of said

mRNA species,

ii. Determining the amount of each mRNA species of said plurality of

mRNA species at a second point in time during a decay process of

said mRNA species, and



iii. Calculating for each mRNA species of said plurality of mRNA species

the ratio of the amount of said mRNA species determined in step (i)

to the amount of said mRNA species determined in step (ii);

b) Ranking of the mRNA species of the plurality of mRNA species according to

the ratio calculated in sub-step (iii) for each mRNA species;

c ) Selecting one or more mRNA species having the highest ratio or the highest

ratios calculated in sub-step (iii); and

d) Determining the nucleotide sequence of a 3'- and/or 5'-UTR element of said

mRNA.

An "mRNA species", as used herein, corresponds to a genomic transcription unit, i.e.

usually to a gene. Thus, within one "mRNA species" different transcripts may occur, for

example, due to mRNA processing. For example, an mRNA species may be represented by

a spot on a microarray. Accordingly, a microarray provides an advantageous tool to

determine the amount of a plurality of mRNA species, e.g. at a certain point in time during

mRNA decay. However, also other techniques known to the skilled person, e.g. RNA-seq

(also called Whole Transcriptome Shotgun Sequencing which is a technology that uses the

capabilities of next-generation sequencing to reveal a snapshot of RNA presence and

quantity from a genome at a given moment in time), quantitative PCR etc. may be used.

Preferably, "a plurality of mRNA species", refers to at least 00, at least 300, at least 500, at

least 000, at least 2000, at least 3000, at least 4000, at least 5000, at least 6000, at least

7000, at least 8000, at least 9000, at least 0000, at least 000, at least 2000, at least

3000, at least 14000, at least 5000, at least 16000, at least 17000, at least 8000, at least

19000, at least 20000, at least 2 000, at least 22000, at least 23000, at least 24000, at least

25000, at least 26000, at least 27000, at least 28000, at least 29000, o r at least 30000

mRNA species. It is particularly preferred that the whole transcriptome is assessed, or as

many mRNA species of the transcriptome as possible. This may be achieved, for example,

by using a micro array providing whole transcript coverage.

Step a) of this method with its sub-steps i. to iii. corresponds essentially to step a) with its

sub-steps i . to iii. of the previously described inventive method, but differs only in that the

amount of each mRNA species of a plurality of mRNA species is determined at a first and at



a second point in time and in that the ratio is calculated for each mRNA species.

Accordingly, the detailed methods and preferred embodiments outlined above apply here as

well and the ratio for a single mRNA species (and each single mRNA species, respectively)

may be determined as outlined above for "an mRNA".

However, in contrast to the above method, the stability of the mRNA is not assessed by the

absolute value of the ratio, but by a ranking of the mRNA species of the plurality of mRNA

species according to the ratio calculated in sub-step (iii) of step a) for each mRNA species.

In sub-step c) one or more mRNA species having the highest ratio or the highest ratios

calculated in sub-step (iii) of step a) are then selected.

In this context it is particularly preferred to select the 0.1 %, 0.2%, 0.3%, 0.4%, 0.5%, 0.6%,

0.7%, 0.8%, 0.9%, 1%, 2%, 3%, 4%, 5%, 10%, 5%, 20% most stable mRNA species in

step c). Alternatively or additionally, in step c) such mRNA species may be selected which

show a ratio calculated in sub-step iii. of step a) corresponding to a least 100% of the

average ratio calculated from all mRNA species analyzed. More preferably such mRNA

species are selected showing a ratio of at least 50%, even more preferably of at least 200%

and most preferably of at least 300% of the average ratio calculated from all mRNA species

analyzed.

In step d) the nucleotide sequence of a 3'- and/or 5'-UTR element of the mRNA selected in

step c) is determined as described above, for step c) of the previously described inventive

method.

Preferably, in both of the above described methods for identifying a 3'-UTR element and/or

a 5'-UTR element according to the present invention, the time period between the first point

in time and the second point in time is at least 5h, preferably at least 6h, preferably at least

7h, more preferably at least 8h, more preferably at least 9h, even more preferably at least

10h, even more preferably at least 11h, and particularly preferably at least 2h.

Preferably, in both of the above described methods for identifying a 3'-UTR element and/or

a 5'-UTR element according to the present invention, the stability of an mRNA is analysed

by pulse labelling, preferably using a pulse-chase methodology.



Method for identifying a 3'-untranslated region element (3'-UTR element) and/or a 5'-

untranslated region element (5'-UTR element)
In a further aspect, the present invention also provides a method for identifying a 3'-

untranslated region element (3'-UTR element) and/or a 5'-untranslated region element (5'-

UTR element), which provides high translation efficiency to an artificial nucleic acid

molecule comprising the following steps:

a) identifying a 3'-UTR element and/or a 5'-UTR element which is derived from

a stable mRNA by a method for identifying a 3'-UTR element and/or a 5'-

UTR element according to any of the methods described above;

b) synthesizing an artificial nucleic acid molecule comprising at least one open

reading frame and at least one 3'-UTR element and/or at least one 5'-UTR

element which corresponds to or is comprised by the 3'-UTR element and/or

the 5'-UTR element identified in step a);

c) analyzing the expression of the protein encoded by the at least one open

reading frame (ORF) of the artificial nucleic acid molecule synthesized in

step b);

d) analyzing the expression of a protein encoded by at least one open reading

frame of a reference artificial nucleic acid molecule lacking a 3'-UTR

element and/or a 5'-UTR element;

e) comparing the protein expression from the artificial nucleic acid molecule

analysed in step c) to the protein expression from the reference artificial

nucleic acid molecule analysed in step d); and

f ) selecting the 3'-UTR element and/or the 5'-UTR element if the protein

expression from the artificial nucleic acid molecule analysed in step c) is

prolonged and/or increased in comparison to the protein expression from the

reference artificial nucleic acid molecule analysed in step d).

In this method, at first a 3'-UTR element and/or a 5'-UTR element are identified by a

method according to the present invention as described above. This enables synthesis of the

3'- and/or the 5'-UTR element by methods known to the skilled person, e.g. by PCR

amplification. The primers used for such a PCR may preferably comprise restriction sites for

cloning. Alternatively, the 3'- and/or 5'-UTR element may be synthesized e.g. by chemical



synthesis or oligo annealing. Accordingly, in step b), an artificial nucleic acid molecule is

synthesized comprising at least one open reading frame and at least one 3'-UTR element

and/or at least one 5'-UTR element which corresponds to or is comprised by the 3'-UTR

element and/or the 5'-UTR element identified in step a). In particular, the at least one 3'-

UTR element and/or at least one 5'-UTR element is usually combined with an open reading

frame, which results in an artificial nucleic acid comprising a 3'- and/or 5'-UTR element

according to the present invention, if the 3'- and/or 5'-UTR element fulfil the respective

requirements, i.e. if they prolong and/or increase protein expression. To test this, the 3'-

and/or the 5'-UTR element identified in step a), or a PCR fragment or synthesized sequence

thereof respectively, may be cloned into a particular vector, preferably in an expression

vector, in order to assess protein expression from the respective ORF.

The protein expression from the artificial nucleic acid molecule comprising the at least one

3'-UTR element and/or the at least one 5'-UTR element is then assessed in step c) as

described herein and compared to the protein expression assessed in step d) from a

respective reference artificial nucleic acid molecule lacking a 3'-UTR element and/or a 5'-

UTR element as described herein in step e).

Thereafter, in step f), such a 3'-UTR element and/or 5'-UTR element is selected, which

increases the protein expression from the artificial nucleic acid molecule analysed in step c)

in comparison to the protein expression from the reference artificial nucleic acid molecule

analysed in step d). The comparison of the protein expression of the inventive nucleic acid

molecule to the reference nucleic acid molecule is carried out as described herein, in

particular in the context of the inventive artificial nucleic acid molecule.

Furthermore, the present invention provides a particularly preferred method for identifying a

3'-untranslated region element (3'-UTR element) and/or a 5'-untranslated region element

(5'-UTR element), which provides high translation efficiency to an artificial nucleic acid

molecule comprising the following steps:

a ) feeding/incubating cells with a labelled nucleotide for incorporation in newly

transcribed RNA molecules (pulse-chase labelling);

b) isolating total RNA of the cells at a first point in time and at at least one second later

point in time;



c) extracting of the labelled RNA molecules from the total RNA isolated in step b);

d) measuring of the amount/transcript level of the different mRNA species comprised in

the labelled RNA;

e ) calculating the ratio of the amount/transcript level of an mRNA species present at

the at least one second later point in time to the amount/transcript level of the

mRNA species present at the first point in time;

f) ranking of the mRNA species according to the ratio determined in step e);

g) selecting the most stable mRNA species;

h) determining the nucleotide sequence of the 3'- and/or 5'-UTR of the most stable

mRNA species selected in step g);

i) synthesizing a 3'- and/or a 5'-UTR element comprised in the 3'- and/or 5'-UTR

determined in step h);

j ) combination of the 3'- and/or 5'-UTR element synthesized in step i) with an open

reading frame to get a nucleic acid according to the invention as described herein;

and

k) optionally comparing the expression of the open reading frame present in the

inventive nucleic acid compared to the expression of the open reading frame

present in a reference nucleic acid without a 3'- and/or 5'-UTR element as described

herein.

Thereby, the details and preferred embodiments described for the inventive methods above

also apply herein, within the respective limitation outlined in steps a) to k).

In particular, the following labelled nucleotides are preferred for feeding the cells in step a )

of the inventive method: 4-thiouridine (4sU), 2-thiouridine, 6-thioguanosine, 5-

ethynyluridine (EU), 5-bromo-uridine (BrU), Biotin-1 6-Aminoallyluridine, 5-

Aminoallyluridine, 5-Aminoallylcytidine, etc. Particularly preferred is 4-thiouridine (4sU). 4-

thiouridine is preferably used in a concentration of 00-500 µΜ . Alternatively, radioactively

labelled nucleotides may be used, e.g. Uridine- H . Combinations of the above mentioned

labelled nucleotides may be used. Particularly preferred is the combination of 4-thiouridine

and 6-thioguanosine



The incubation of the cells with the labelled nucleotide in step a) can be varied. Particularly

preferred is an incubation (feeding time) from 0 minutes to 24 hours. Particularly preferred

are 2 to 6 hours, more preferably 2 to 3 hours.

Cells, which can be used for the inventive method, include in particular cell lines, primary

cells, cells in tissue or subjects. In specific embodiments cell types allowing cell culture

may be suitable for the inventive method. Particularly preferred are mammalian cells, e.g.

human cells and mouse cells. In particularly preferred embodiments the human cell lines

HeLa, HEPG2 and U-937 and the mouse cell lines NIH3T3, JAWSIl and L929 are used.

Furthermore primary cells are particularly preferred; in particular preferred embodiments

particularly human dermal fibroblasts (HDF) can be used. Alternatively the labelled

nucleotide may also be applied to a tissue of a subject and after the incubation time the

RNA of the tissue is isolated according to step c).

For determination of the most stable mRNAs of a cell (type), total RNA is extracted at a first

point in time as described above, e.g. 0 to 6 h after labelling, preferably 3 h after labelling

and at a second later point in time as described above, e.g. 3 to 48 h after labelling,

preferably 0 to 24 h, most preferably 15 h after labelling. The second later point in time is

at least 10 minutes later than the first time.

In step f) the mRNA species are ranked according to the ratio calculated in step e). In this

context it is particularly preferred to select the 0.1 %, 0.2%, 0.3%, 0.4%, 0.5%, 0.6%, 0.7%,

0.8%, 0.9%, 1%, 2%, 3%, 4%, 5%, 0%, 5%, 20% most stable mRNA species.

In this context it is further preferred to select these mRNA species showing at least 50% (0,5

fold), at least 60% (0,6 fold), at least 70% (0,7 fold), at least 90% (0,9 fold) or at least 95%

(0,95 fold) transcript level/amount of the mRNA species at the second later time compared

to the first time. This embodiment is particularly preferred if the RNA is isolated at 3 hours

(first point in time) and at 15 hours (second point in time) after labelling.

Alternatively or additionally, these mRNA species are selected showing a ratio calculated in

step e) corresponding to a least 00% of the average ratio calculated from all mRNA species

analyzed. More preferably these mRNA species are selected showing a ratio of at least



50% and more preferably of at least 200% and most preferably of at least 300% of the

average ratio calculated from all mRNA species analyzed.

In a further step of the inventive method the nucleotide sequence of the 3'- and/or 5'-UTR

of the most stable mRNA species selected in step g) is determined and in step i) the 3'-

and/or 5'-UTR element is synthesized e.g. by PCR amplification. The primers used for the

PCR may preferably comprise restriction sites for cloning. Alternatively the 3'- and/or 5'-

UTR element may be synthesized (e.g. by chemical synthesis or oligo annealing).

In step j ) of the inventive method the resulting PCR fragment or synthesized sequence is

combined with an open reading frame resulting in an artificial nucleic acid comprising a 3'-

and/or 5'-UTR element according to the invention. Preferably, the PCR fragment or

sequence may be cloned into a vector.

In a particularly preferred embodiment the invention provides a method comprising the

steps a) to k) for identifying 3'-untranslated region elements (3'-UTR elements) and/or 5'-

untranslated region elements (5'-UTR elements), wherein the 3'-UTR elements and/or the

5'-UTR elements prolong protein production from an artificial nucleic acid molecule

comprising at least one of the 3'-UTR elements and/or at least one of the 5'-UTR elements.

In a further aspect, the present invention also provides a method for generating an artificial

nucleic acid molecule, wherein an artificial nucleic acid molecule comprising at least one

open reading frame and at least one 3'-UTR element and/or at least one 5'-UTR element

identified by a method for identifying a 3'-UTR element and/or a 5'-UTR element according

to the present invention as described above is synthesized. Synthesizing of such an artificial

nucleic acid molecule is typically carried out by methods known to the skilled person, e.g.

cloning methods for example as generally known or described herein.

Preferably, a vector according to the present invention as described herein is used in such

an inventive method for generating an artificial nucleic acid molecule.



Preferably, the artificial nucleic acid molecule generated by such a method for generating

an artificial nucleic acid molecule is a nucleic acid molecule according to the present

invention as described herein.

In addition, the present invention also provides an artificial nucleic acid molecule

obtainable by a method for generating an artificial nucleic acid molecule according to the

present invention as described herein.

The following Figures, Sequences and Examples are intended to illustrate the invention

further. They are not intended to limit the subject matter of the invention thereto.

Figure 1 shows sequences encoding mRNA (i.e. artificial nucleic acid molecules) that can

be obtained by in vitro transcription.

The following abbreviations are used:

• PpLuc (GC): GC-enriched mRNA sequence coding for Photinus pyralis luciferase.

The PpLuc(GC) ORF is highlighted in italics.

A64: poly(A)-sequence with 64 adenylates

C30: poly(C)-sequence with 30 cytidylates

hSL: a histone stem-loop sequence taken from (Cakmakci, Lerner, Wagner, Zheng, &

William F Marzluff, 2008. Mol. Cell. Biol. 28(3):1 82-94)

32L4: an artificial variant of the 5' untranslated region 5'-UTR of human ribosomal

protein Large 32 lacking the 5' terminal oligopyrimidine tract. The 5'-UTR is derived

from human ribosomal protein Large 32 mRNA lacking the 5' terminal

oligopyrimidine tract.

albumin7: an artificial variant of the 3' untranslated region (3'-UTR) of of human

albumin with three single point mutations introduced to remove a T7 termination

signal as well as a Hindlll and Xbal restriction site

Figure A : Reference Construct, SEQ D NO: 205, i.e. the mRNA sequence of 32L4 -

PpLuc(CC) - albumin7 - A64 - C30 - hSL (R31 ) .



For UTR elements of human origin that were subject to experimental testing, see Table 3.

For UTR elements of mouse origin that were subject to experimental testing, see Table 4 .

Fig. B: Artificial nucleic acid (SEQ ID NO: 2 10), said artificial nucleic acid comprising a

tested 5'-UTR corresponding to SEQ ID NO: 1 (single underline ) . All elements elements of

the sequence shown in this figure, except for the single-underlined element, are identical to

SEQ ID NO: 205. SEQ ID NO: 2 10 thus differs from SEQ ID NO: 205 in that a 5'-UTR

element is different.

[5'-UTR corresponding to SEQ ID NO: 1] - PpLuc(GC) - albumin7 - A64 - C30 - hSL

Fig. 1C: Artificial nucleic acid (SEQ ID NO: 2 1), said artificial nucleic acid comprising a

tested 3'-UTR corresponding to SEQ ID NO: 52 (double underline ) . All elements elements

of the sequence shown in this figure, except for the double-underlined element, are

identical to SEQ ID NO: 205. SEQ ID NO: 2 thus differs from SEQ ID NO: 205 in that a

3'-UTR element is different.

32L4 - PpLuc(GQ - [3'-UTR corresponding to SEQ D NO: 52] - A64 - C30 - hSL

Figures 2 to 9 show the mean luciferase expression and SEM of mRNAs that were analyzed

in triplicate; i.e. relative PpLuc expression normalized to RrLuc (mean values of three

independent experiments and standard error of mean (SEM) are given). The effect of 5'-UTR

elements and 3'-UTR elements of human origin (Table 3) and of 5'-UTR elements and 3'-

UTR elements of mouse origin (Table 4) on luciferase expression from mRNA was

examined, compared to luciferase expression from mRNA shown in Figure 1 (Reference

Construct). For details of the constructs comprising the tested 5'-UTR elements and 3'-UTR

elements of Tables 3 and 4, see Example 3, particularly sections 3.3 and 3.4. To this end,

the cell lines indicated in the Figures were transfected with different mRNAs by lipofection

(Figure 2 : HDF cells transfected with the mRNAs having the 5'-UTR elements and 3'-UTR

elements of human origin as shown in Table 3; Figure 3: HDF cells transfected with the

mRNAs having the 5'-UTR elements and 3'-UTR elements of mouse origin as shown in

Table 4; Figure 4 : L929 cells transfected with the mRNAs having the 5'-UTR elements and

3'-UTR elements of human origin as shown in Table 3; Figure 5 : L929 cells transfected with

the mRNAs having the 5'-UTR elements and 3'-UTR elements of mouse origin as shown in

Table 4; Figure 6 : HEPG2 cells transfected with the mRNAs having the 5'-UTR elements and



3'-UTR elements of human origin as shown in Table 3; Figure 7: HEPG2 cells transfected

with the mRNAs having the 5'-UTR elements and 3'-UTR elements of mouse origin as

shown in Table 4; Figure 8 : HeLa cells transfected with the mRNAs having the 5'-UTR

elements and 3'-UTR elements of human origin as shown in Table 3; Figure 9: HeLa cells

transfected with the mRNAs having the 5'-UTR elements and 3'-UTR elements of mouse

origin as shown in Table 4). For details, see Example 3, particularly section 3.5. Figures 2 to

9 each show 96 bars, corresponding to the 96 wells of the assay of Example 3. In Figures 2

to 9, the 96 bars are shown in consecutive order, i.e. A 1, B1, CI , D 1, [...], F 1 2, G 12, H 12 .

RLU = relative light units (Luciferase activity measurement)

Examples

Example : Candidate UTR elements

mRNA expression in human and mouse cells was experimentally evaluated. This led to the

identification of mRNAs expressed in the respective cells. The nucleotide sequence of the

5'- and/or 3'-UTRs of the mRNA species was determined by data base search, verified by

and adjusted according to high-throughput sequencing data of cell transcriptomes, and

amplified by PCR or synthesized by oligo annealing.

Since the identified mRNAs originate from their native cell environment, these mRNAs are

understood to be wild-type mRNAs:

SEQ ID NO: 1 to 72 represent wild-type human 5'-UTR elements.

SEQ ID NO: 73 to 136 represent wild-type mouse 5'-UTR elements.

SEQ ID NO: 2 to 173 represent wild-type human 3'-UTR elements.

SEQ ID NO: 174 to 203 represent wild-type mouse 3'-UTR elements.

While several of these UTR elements are known (e.g. in their wild-type environment), this

approach also led to the identification of novel 5'-UTRelements and novel 3'-UTR elements,

i.e. 5'-UTR elements and 3'-UTR elements which the present inventors found to be



expressed in human cells and mouse cells, respectively, but which are not known from

public databases (NCBI):

In particular, among the group consisting of human 5'-UTR elements of SEQ ID NO: 1 to

72, the following wild-type 5'-UTR elements differ from 5'-UTR elements known from

public databases (NCBI): SEQ ID NO: 45, SEQ ID NO: 47, SEQ ID NO: 49.

Among the group consisting of mouse 5'-UTR elements of SEQ ID NO: 73 to 136, the

following wild-type 5'-UTR elements differ from 5'-UTR elements known from public

databases (NCBI): SEQ ID NO: 77, SEQ ID NO: 79, SEQ ID NO: 84, SEQ ID NO: 85, SEQ

ID NO: 90, SEQ ID NO: 92, SEQ ID NO: 93, SEQ D NO: 98, SEQ ID NO: 106, SEQ ID

NO: 09, SEQ ID NO: 5, SEQ D NO: 8, SEQ ID NO: 125, SEQ D NO: 127, SEQ D

NO: 13 1, SEQ ID NO: 135.

Among the group consisting of mouse 3'-UTR element of SEQ ID NO: 74 to 203, the

following wild-type 3'-UTR elements differ from 3'-UTR elements known from public

databases (NCBI): SEQ ID NO: 179, SEQ ID NO: 180, SEQ ID NO: 182, SEQ ID NO: 183,

SEQ ID NO: 97, SEQ ID NO: 200.

The differences of the newly identified 5'-UTR elements and newly identified 3'-UTR

elements to known 5'-UTR elements and to known 3'-UTR elements, respectively, are

shown in Tables 1 and 2 . In particular, these newly identified elements have not previously

been described to be 3'-UTR element or 5'-UTR elements, respectively.



Table : Novel wild-type 5'-UTR elements

5'-UTR element of the Difference to entry at GenBank at NCBI (ACCESSION or

present invention (SEQ ID VERSION)

NO)

SEQ D NO: 45 The first two nucleotides at the 5'-end (CC) are not part

of NM_1 99344.2

SEQ D NO: 47 Comprised of nucleotides of both of NM_001 67671 . 1

and NM_001 67672.1

SEQ D NO: 49 Not identified as 5'-UTR at NCBI.

SEQ ID NO: 77 Part of SEQ D NO: 77 corresponds to BC006680.1

SEQ ID NO: 79 Part of SEQ ID NO: 79 corresponds to NM_026675.2

SEQ ID NO: 84 Similar to NM_001 301 840

SEQ ID NO: 85 Not identified as 5'-UTR at NCBI.

SEQ ID NO: 90 Not identified as 5'-UTR at NCBI.

SEQ ID NO: 92 Not identified as 5'-UTR at NCBI.

SEQ D NO: 93 Comprises NM_1 45942.4 plus additional upstream

bases

SEQ ID NO 98 Slightly shorter than NM_009004.4

SEQ ID NO 106 Deletion with respect to NM_001 163359.1

SEQ ID NO 09 Not identified as 5'-UTR at NCBI.

SEQ D NO 115 Contains additional bases at 5' end with respect to

NM 44526.3

SEQ ID NO: 118 Not identified as 5'-UTR at NCBI.

SEQ ID NO: 125 Not identified as 5'-UTR at NCBI.

SEQ ID NO: 127 Significantly shorter than NM_001 0337.1

SEQ ID NO: 13 1 Not identified as 5'-UTR at NCBI.

SEQ ID NO: 135 Not identified as 5'-UTR at NCBI.

SEQ D NO: 136 Comprises elements of NM_009970.2; and

XM_01 2471 36.1



Table 2: Novel wild-type 3'-UTR elements

Artificial 5'-UTR elements and artificial 3 -UTR elements

Artificial 5'-UTR elements and artificial 3'-UTR elements were prepared in some cases. This

was done by modifying wild-type 5'-UTR elements and 3'-UTR elements, in a PCR-based

approach using modified primers, as follows:

(i) some ATG triplets in a 5'-UTR sequences (if present) were converted to the triplet TAG.

(i) Further, the presence of a particular cleavage site for a particular restriction enzyme (if

present) was not desired, in case that said particular cleavage site was considered to

interfere with subsequent cloning experiments. A cleavage site present in a wild-type

sequence was considered to interfere with subsequent cloning experiments if a restriction

enzyme used in subsequent cloning experiments (such as described in Examples 2 and 3)

would have recognized and cleaved the wild-type 3'-UTR element or 5'-UTR element.

Since such internal cleavage of 5'-UTR elements and 3'-UTR elements was undesired,

cleavage sites for said specific restriction enzyme were removed by replacing one

nucleotide within the cleavage site for said specific restriction enzyme by the

complementary nucleotide, thereby removing the cleavage sites for said specific restriction

enzyme.

SEQ ID NO: 137 (based on SEQ D NO: 3), SEQ ID NO: 138, (based on SEQ ID NO: 9),

SEQ D NO: 39 (based on SEQ D NO: 4), SEQ ID NO: 0 - (based on SEQ ID NO: 17),

SEQ ID NO: 141 (based on SEQ ID NO: 8), SEQ ID NO: 142 (based on SEQ ID NO:

29),SEQ ID NO: 143 (based on SEQ ID NO: 3 1), SEQ ID NO: 44 (based on SEQ ID NO:



42), SEQ ID NO: 45 (based on SEQ ID NO: 43), SEQ ID NO: 1 6 (based on SEQ ID NO:

52), SEQ ID NO: 7 (based on SEQ ID NO: 109), SEQ ID NO: 48 (based on SEQ ID NO:

10), SEQ D NO: 149 (based on SEQ ID NO: 1 9), SEQ D NO: 150 (based on SEQ ID

NO: 120), and SEQ ID NO: 5 1 (based on SEQ ID NO: 136) represent artificial 5'-UTR

elements. SEQ ID NO: 204 (based on SEQ ID NO: 192) represents an artificial 3'-UTR

element. The exact differences to the respective wild-type sequences are indicated above.

In summary, SEQ ID NO: 1 to 136 can be considered as wild-type 5'-UTR sequences, and

SEQ ID NO: 137 to 5 1 can be considered as artificial 5'-UTR sequences; SEQ ID NO: 52

to 203 can be considered as wild-type 3'-UTR sequences, and SEQ ID NO: 204 can be

considered as artificial 3'-UTR sequence.

In summary, this example provides several 5'-UTR elements and 3'-UTR elements (wild-

type and artificial) which can each be tested for their relative influence on translation

efficiency, with reference to reference UTR elements (as described below in Examples 2 and

3).

Example 2 : Reference UTR elements and Reference Construct comprising the same

Figure 1A shows the RNA sequence of a Reference Construct used in the present invention.

A vector for in vitro transcription, comprising a DNA sequence corresponding to the RNA

sequence of Fig. A was also constructed. The vector contains a T7 promoter, an artificial

variant of the 5' untranslated region (5'-UTR) of 32L4 (ribosomal protein Large 32), a GC-

enriched sequence (open reading frame, ORF) coding for Photinus pyralis luciferase

(PpLuc(GC)), an artificial variant of the 3' untranslated region (3'-UTR) of human albumin

(ALB), albumin7. An A64 poly(A) sequence, followed by C30 and a histone stem-loop

sequence, was present 3' of albumin7. The histone stem-loop sequence was followed by a

restriction site used for linearization of the vector before in vitro transcription.

PCR fragments corresponding to the sequences shown in Example 1 were cloned

individually into a vector containing a DNA sequence corresponding to the RNA sequence

of Figure . In cases where the wild-type sequences of Example 1 contained ATG triplets in

the 5'-UTR, and/or undesired restriction sites in the 5'-UTR or the 3'-UTR, the respective



artificial sequences identified in Example 1 were used (e.g. SEQ ID NO: 137 was used

instead of SEQ ID NO: 3).

In detail, in order to generate a construct for testing a candidate 5'-UTR element, the single

underlined 5'-UTR element in Fig. A was replaced by the candidate (wild-type or artificial)

5'-UTR element (Example 1) to be tested (an example thereof is shown in Figure 1B); and in

order to generate a construct for testing a candidate 3'-UTR element, the double underlined

3'-UTR element in Fig. A was replaced by the candidate (wild-type or artificial) 3'-UTR

element (Example 1) to be tested (an example thereof is shown in Figure 1C). The obtained

vectors or plasmids (containing DNA corresponding e.g. to an RNA sequence, e.g. to the

RNA shown in Figure A to C) can also be termed DNA templates.

The DNA templates were linearized and transcribed in vitro using T7-RNA polymerase

(WO201 5 0 4 6). The DNA templates were then digested by DNase-treatment. mRNA

transcripts contained a 5'-CAP structure obtained by adding an excess of N -methyl-

guanosine-5'-triphosphate-5'-guanosine to the transcription reaction. mRNA thus obtained

was purified and resuspended in water. The so-obtained mRNAs for testing UTR elements

correspond to the mRNA shown in Fig. A (Reference Construct), except that the 5'-UTR

element or the 3'-UTR element of the Reference Construct is replaced by the respective

UTR element to be tested.

Example 3 : Translation Efficiency of Candidate UTR elements with reference to the
Reference Construct

5'-UTR elements of human origin or mouse origin or 3'-UTR elements of human origin or

mouse origin were experimentally tested. Within the context of this Example, "human

origin" can mean either a human wild-type sequence (e.g. SEQ ID NO: 1) or an artificial

sequence based on a human wild-type sequence by substitution of one or more bases (e.g.

SEQ ID NO: 137), and the term "mouse origin" is used accordingly. The details of how

artificial sequences of Tables 3 and 4 are based on wild-type sequences are given in

Example 1.



It was experimentally tested whether any tested (5'- or 3'-) UTR (Tables 3 and 4, below) has

a beneficial effect on translation efficiency. This was done by a method comprising the

steps:

(i) transfecting mammalian cells with an artificial nucleic acid molecule and

measuring expressed amounts of the protein encoded by the ORF of the artificial

nucleic acid molecule at one or two certain points in time after transfection (24 and

48 h),

(ii) transfecting mammalian cells with a reference nucleic acid molecule (Fig. 1A)

and measuring expressed amounts of the protein encoded by the ORF of the

reference nucleic acid molecule at the same one or two points in time after

transfection (24 and 48 h),

(iii) calculating the ratio of the amount of protein expressed from the artificial

nucleic acid molecule to the amount of protein expressed from the reference nucleic

acid molecule,

wherein the ratio calculated in (iii) is > .

This ratio is associated with high translation efficiency.

All UTR sequences subjected to experimental testing within this example are also referred to

as "experimentally tested UTR elements" or "tested UTR elements" or "experimentally

tested UTRs" or "tested UTRs".

The artificial nucleic acid molecule of (i) comprised a tested UTR element. In particular, the

artificial nucleic acid molecule (mRNA) did not structurally differ from the reference nucleic

acid molecule (Fig. 1A), except that either the 5'-UTR element or the 3'-UTR element of the

reference nucleic acid molecule was replaced by a tested UTR element (for illustrative

examples, see Fig. B and C).



3.1 UTR elements of human origin

The details of UTR elements of human origin that were subject to experimental testing are

given in below Table 3. Experimental testing was performed with reference to a reference

construct as described in detail above and in the section "Construct Details".

Table 3: Tested UTR elements of human origin.
( .s. = Homo sap/ens = human)

UTR tested
Wild-type 5'- Artificial 5'-UTR Wild-type 3'- Artificial 3'- Correspond! Position

UTR (SEQ ID (SEQ ID NO) UTR (SEQ ID UTR (SEQ ID ng wild-type in Assay

NO) NO) NO) sequence
SEQ ID NO:
- H.s. ZNF460 ZNF460-5'-
5'-UTR UTR A 1

SEQ D NO: 2
- H.s. TGM2
5'-UTR TGM2-5'-

UTR B 1

SEQ ID NO: 137
- (based on SEQ
ID NO: 3 ) IL7R-5'-UTR C 1

SEQ ID NO: 4
- H.s. BGN 5'-
UTR BGN-5'-

UTR D 1

SEQ ID NO: 5
- H.s. TK1 5'-
UTR TK1 -5'-UTR E 1

SEQ ID NO: 6
- H.s. RAB3B
5'-UTR RAB3B-5'-

UTR Fl
SEQ ID NO: 7
- H.s. CBX6
5'-UTR CBX6-5'-

UTR G 1

SEQ ID NO: 8
- H.s. FZD2
5'-UTR FZD2-5'-

UTR H 1

SEQ ID NO: 138
- (based on SEQ
ID NO: 9 - H.s.
COL8A1 5'- COL8A1 -5'-
UTR) UTR A2

SEQ ID NO: NDUFS7-5'- B2



0 - H .s. UTR
NDUFS7 5'-
UTR
SEQ ID NO:

- H .s.
PHGDH 5'- PHGDH-5'-
UTR UTR C2
SEQ ID NO:
12 - H .s. PLK2 PLK2-5'-
5'-UTR UTR D2
SEQ ID NO:

3 - H .s. TSPO-5'-
TSPO 5'-UTR UTR E2

SEQ ID NO: 139
- (based on SEQ
D NO: 14 - H .s. PTCS1 -5'-

PTGS1 5'-UTR) UTR F2

SEQ ID NO:
5 - H .s.

FBXO32 5'- FBXO32 -5'-
UTR UTR C2
SEQ ID NO:
16 - H .s. N ID2 N ID2-5'-
5'-UTR UTR H2

SEQ ID NO: 140
(based o n SEQ
ID NO: 17 - H .s. ATP5 D-5'-
ATP5 D 5'-UTR) UTR A3
SEQ ID NO: 4 1
Sequence (based
on SEQ ID NO:

8 - H .s. EXOSC4-5'-
EXOSC4 5'-UTR) UTR B3

SEQ ID NO:
9 - H .s. NOL9-5'-

NOL9 5'-UTR UTR C3
SEQ ID NO:
20 - H .s.
TUBB4B 5'- TU BB4B-5 '-
UTR UTR D3
SEQ ID NO:
2 1 - H .s. VPS1 8-5'-
VPS1 8 5'-UTR UTR E3

SEQ ID NO:
22 - H .s.
ORMDL2 5'- ORMDL2-
UTR 5'-UTR F3

SEQ ID NO: FSCN 1-5'-
23 - H .s. UTR G3



FSCN1 5'-UTR

SEQ D NO:
24 - H .s.

TMEM33 5'- TMEM33-5'-
UTR UTR H3
SEQ ID NO:
25 - H .s.

TUBA4A 5'- TUBA4A-5'-
UTR UTR A4
SEQ ID NO:
26 - H .s. EMP3-5'-
E P3 5'-UTR UTR B4
SEQ ID NO:
27 - H .s.

TMEM201 5'- TMEM201 -
UTR 5'-UTR C4
SEQ ID NO:
28 - H .s. CRIP2-5'-
CRIP2 5'-UTR UTR D4

SEQ ID NO: 142
(based on SEQ
ID NO: 29 - H .s. BRAT1 -5'-
BRAT1 5'-UTR) UTR E4

SEQ ID NO:
30 - H .s.

SERPINH1 5'- SERPINH1 -
UTR 5'-UTR F4

SEQ ID NO: 143
(based on SEQ
ID NO: 3 1 - H .s.

CD9 5'-UTR) CD9-5'-UTR G4
SEQ ID NO:
32 - H .s.

DPYSL2 5'- DPYSL2-5'-
UTR UTR H4
SEQ ID NO:
33 - H .s. CDK9-5'-
CDK9 5'-UTR UTR A5
SEQ ID NO:
38 - H .s. TFRC TFRC-5'-
5'-UTR UTR B5
SEQ ID NO:
39 - H .s.

PSMB3 5'- PSMB3-5'-
UTR UTR C5
SEQ ID NO:
40 - H .s. FASN-5'-
FASN 5'-UTR UTR D5
SEQ ID NO: PSMB6-5'- E5



4 1 - H .s. UTR
PSMB6 5'-
UTR

SEQ ID NO: 145
(based o n SEQ
D NO: 43 - H .s. PRSS56-5'-

PRSS56 5'-UTR) UTR F5

SEQ ID NO:
44 - H .s.
KPNA6 5'- KPNA6-5'-
UTR UTR G5
SEQ ID NO:
45 - H .s.
SFT2 D2 5'- SFT2 D2-5'-
UTR UTR H 5
SEQ D NO:
46 - H .s.
PARD6B 5'- PARD6B-5'-
UTR UTR A 6
SEQ D NO:
4 7 - H .s. LPP
5'-UTR LPP-5'-UTR B6
SEQ ID NO:
48 - H .s. SPARC-5'-
SPARC 5'-UTR UTR C6
SEQ ID NO:
49 - H .s.
SCAND1 5'- SCAND1 -5'-
UTR UTR D6
SEQ ID NO:
50 - H .s. VASN-5'-
VASN 5'-UTR UTR E6

SEQ ID NO:
5 1 - H .s.

SLC26A1 5'- SLC26A1 -
UTR 5'-UTR F6

SEQ ID NO: 46
- (based o n SEQ
ID NO: 52 - H .s. LCLAT1 -5 ' -
LCLAT1 5'-UTR) UTR G6

SEQ ID NO:
53 - H .s.

FBXL1 8 5'- FBXL 18-5 ' -
UTR UTR H 6
SEQ ID NO:
54 - H .s.

SLC35F6 5'- SLC35 F6-5 ' -
UTR UTR A 7
SEQ ID NO: RAB3 D-5'- B7



55 - H.s. UTR
RAB3D 5'-
UTR
SEQ D NO:
56 - H.s.
ΜΑΡ Ί B 5'- MAP1 B-5'-
UTR UTR C7
SEQ ID NO:
57 - H.s.
VMA21 5'- VMA21 -5'-
UTR UTR D 7
SEQ ID NO:
59 - H.s. CYBA-5'-
CYBA 5'-UTR UTR E7

SEQ ID NO:
60 - H.s.
SEZ6L2 5'- SEZ6L2-5'-
UTR UTR F7

SEQ ID NO:
6 1 - H.s.
PCOLCE 5'- PCOLCE-5'-
UTR UTR G7
SEQ D NO:
63 - H.s. VTN
5'-UTR VTN-5'-UTR H 7
SEQ ID NO:
64 - H.s.
ALDH1 6A1 ALDH1 6A1 -
5'-UTR 5'-UTR A8
SEQ ID NO:
65 - H.s.
RAVER1 5'- RAVER1 -5'-
UTR UTR B8
SEQ ID NO:
66 - H.s.
KPNA6 5'- KPNA6-5'-
UTR UTR C8
SEQ ID NO:
67 - H.s.
SERINC5 5'- SERINC5-5'-
UTR UTR D8
SEQ ID NO:
68 - H.s. }VP
5'-UTR JUP-5'-UTR E8

SEQ ID NO:
69 - H.s. CPN2-5'-
CPN2 5'-UTR UTR F8

SEQ ID NO: CRIP2-5'-
70 - H.s. UTR G8



CRIP2 5'-UTR

SEQ ID NO:
7 1 - H.s. EPT1 EPT1 -5'-
5'-UTR UTR H 8
SEQ ID NO:
72 - H.s. PNPO-5'-
PNPO 5'-UTR UTR A9

SEQ ID NO:
52 - Homo

sapiens
NDUFS7 3'- NDUFS7-3'-
UTR UTR B9
SEQ ID NO:

53 - Homo
sapiens
PHGDH 3'- PHGDH-3'-
UTR UTR C9
SEQ ID NO:

54 - Homo
sapiens TSPO TSPO-3'-
3'-UTR UTR D 9
SEQ ID NO:
155 - H.s.
ATP5D 3'- ATP5D-3'-
UTR UTR E9

SEQ ID NO:
56 - H.s.

EXOSC4 3'- EXOSC4-3'-
UTR UTR F9

SEQ ID NO:
57 - H.s.

TUBB4B 3'- TUBB4B-3'-
UTR UTR G9
SEQ ID NO:

58 - H.s.
TUBA4A 3'- TUBA4A-3'-
UTR UTR H 9
SEQ ID NO:

59 - H.s.
EMP3 3'-UTR EMP3-3'-

UTR A 0
SEQ ID NO:
160 - H.s. CRIP2-3'-
CRIP2 3'-UTR UTR B 10
SEQ ID NO:

6 1 - H.s. BRAT1 -3'-
BRAT1 3'-UTR UTR C 10
SEQ ID NO:

62 - H.s. CD9-3'-UTR D 10



CD9 3'-UTR

SEQ ID NO:
63 - H.s. CDK9-3'-

CDK9 3'-UTR UTR E 1 0
SEQ ID NO:

64 - H.s.
PSMB3 3'- PSMB3-3'-
UTR UTR F 0
SEQ ID NO:

65 - H.s.
PSMB6 3'- PSMB6-3'-
UTR UTR G 10
SEQ ID NO:

66 - H.s.
PRSS56 3'- PRSS56-3'-
UTR UTR H 10
SEQ ID NO:

67 - H.s.
SCAND1 3'- SCAND1 -3'-
UTR UTR A

SEQ ID NO:
68 - H.s. AMN-3'-

AMN 3'-UTR UTR B 1 1
SEQ ID NO:

69 - H.s. CYBA-3'-
CYBA 3'-UTR UTR C 1

SEQ ID NO:
170 - H.s.
PCOLCE 3'- PCOLCE-3'-
UTR UTR D 11
SEQ ID NO:
17 1 - H.s.
MAPI S 3'- MAPI S-3'-
UTR UTR E 1
SEQ ID NO:
172 - H.s.
VTN 3'-UTR VTN-3'-UTR F

SEQ ID NO:
73 - H.s.

ALDH1 6A1 ALDH1 6A1 -
3'-UTR 3'-UTR G i l

SEQ ID NO:
34 - H.s.
SSSCA1 5'- SSSCA1 -5'-
UTR UTR H 1
SEQ D NO:
35 - H.s.
POLR2L 5'- POLR2L-5'-
UTR UTR A 2



SEQ ID NO:
36 - H.s. LIN7C-5'-
LIN7C 5'-UTR UTR B 12
SEQ ID NO:
37 - H.s.
UQCR10 5'- UQCR1 0-
UTR 5'-UTR C 2

SEQ ID NO: 144
(based on SEQ
ID NO: 42 - H.s. PYCRL-5'-
PYCRL 5'-UTR) UTR D 12

SEQ ID NO:
58 - H.s. AMN AMN-5'-
5'-UTR UTR E 1 2
SEQ ID NO:
62 - H.s.
MAPI S 5'- MAP1 S-5'-
UTR UTR F 2

Reference
Construct
(Figure 1A) G 12
Reference
Construct
(Figure 1A) H 12

The details of UTR elements of mouse origin that were subject to experimental testing are

given in below Table 4 . Experimental testing was performed with reference to a reference

construct as described in detail above and in the section "Construct Details".

Table 4 : Tested UTR elements of mouse origin.
M .m. - Mus musculus = mouse)

UTR tested

Wild-type 5'- Artificial 5'-UTR Wild-type 3'- Artificial 3'- Correspond! n Position

UTR (SEQ ID (SEQ ID NO) UTR (SEQ ID UTR (SEQ ID g wild-type in Assay

NO) NO) NO) sequence
SEQ ID NO: 73
- M.m. Dpysl2 Dpysl2-5'-
5 '-UTR UTR A 1

SEQ ID NO: 74
- M.m. Ccndl Ccndl -5'-
5 '-UTR UTR B 1

SEQ ID NO: 75
- M.m. Acox2 Acox2-5'-
5 '-UTR UTR C





5'-UTR

SEQ ID NO: 92
- M.m. Fasn 5'-
UTR Fasn-5'-UTR D3
SEQ ID NO: 93
- M.m.
Hmgcsl 5'- Hmgcsl -5'-
UTR UTR E3

SEQ ID NO: 94
- M.m. Osrl
5'-UTR Osr1-5'-UTR F3

SEQ D NO: 95
- M.m. Lmnbl Lmnbl -5'-
5'-UTR UTR G3
SEQ ID NO: 97
- M.m. Vma21 Vma21 -5'-
5'-UTR UTR H3
SEQ ID NO: 98
- M.m. if20a Kif20a-5'-
5'-UTR UTR A4
SEQ ID NO: 99
- M.m. Cdca8 Cdca8-5'-
5'-UTR UTR B4
SEQ ID NO:

00 - M.m. Slc7a1 -5'-
Slc7a1 5'-UTR UTR C4
SEQ ID NO:

0 1 - M.m. Ubqln2-5'-
Ubqln2 5'-UTR UTR D4
SEQ ID NO:

02 - M.m.
Prps2 5'-UTR Prps2-5'-UTR E4

SEQ ID NO:
03 - M.m. Shmt2-5'-

Shmt2 5'-UTR UTR F4

SEQ ID NO:
05 - M.m.

Aurkb 5'-UTR Aurkb-5'-UTR G4
SEQ ID NO:

06 - M.m.
Fignll 5'-UTR Fignl1-5'-UTR H4
SEQ ID NO:

07 - M.m.
Cad 5'-UTR Cad-5'-UTR A5
SEQ ID NO:

08 - M.m.
Anln 5'-UTR Anln-5'-UTR B5

SEQ ID NO: 147
(based on SEQ Slfn9-5'-UTR C5









94 - M .m. UTR
Gpr84 3'-
UTR
SEQ ID NO:

95 - M .m.
Tpgsl 3'-UTR Tpgs1 -3'-UTR E10
SEQ ID NO:

96 - M .m.
Ccl1 7 3'-UTR Cc l 7-3'-UTR F 0
SEQ ID NO:

97 - M .m.
Alkbh7 3'- Alkbh7-3'-
UTR UTR G 10
SEQ ID NO:

98 - M .m.
Ms4a8a 3'- Ms4a8a-3'-
UTR UTR H 10
SEQ ID NO:
199 - M .m.
Mrpl34 3'- Mrpl34-3'-
UTR UTR A

SEQ ID NO:
200 - M .m.
Comtdl 3'- Comtdl -3'-
UTR UTR B 1
SEQ ID NO:
201 - M .m.
Armc6 3'- Armc6-3'-
UTR UTR C

SEQ ID NO:
202 - M .m.
Atp5d 3'-UTR Atp5d-3'-UTR D

SEQ ID NO:
203 - M .m.

000 J03R 0001 J03R
ik 3'-UTR ik-3'-UTR E 1

SEQ ID NO: 96
- M .m. Aarsdl Aarsdl -5'-
5'-UTR UTR F 1 1
SEQ ID NO:

04 - M .m.
Kif22 5'-UTR Kif22-5'-UTR G 1
SEQ ID NO:

M .m.
Cth 5'-UTR Cth-5'-UTR H 11

SEQ ID NO: 150
(based on SEQ
ID NO: 120 -
M .m. Tpgsl 5'- Tpgsl -5'-UTR A 12



(Figure 1A) H 12

3.3 Construct Details

When a 5'-UTR was tested, this was done by replacing the 5'-UTR of the Reference

Construct (i.e. 32L4 - PpLuc(GC) - albumin7- A64 - C30 - hSL; Figure 1) by the "tested" 5'-

UTR - i.e. either the wild-type 5'-UTR sequence (mRNA sequence corresponding to the

DNA sequence referred to in Table 3 or 4, first column) or the artificial 5'-UTR sequence

based thereon (mRNA sequence corresponding to the DNA sequence referred to in Table 3

or 4, second column). The other sequence elements of the Reference Construct remained

unchanged.

In turn, when a 3'-UTR was tested, this was done by replacing the 3'-UTR of the Reference

Construct (i.e. 32L4 - PpLuc(GC) - albumin7- A64 - C30 - hSL; Figure 1) by the "tested" 3'-

UTR - i.e. either the wild-type 3'-UTR sequence (mRNA sequence corresponding to the

DNA sequence referred to in Table 3 or 4, third column) or the artificial 3'-UTR sequence

based thereon (mRNA sequence corresponding to the DNA sequence referred to in Table 3



or 4, fourth column). The other sequence elements of the Reference Construct remained

unchanged.

3.4. Luciferase Assay for determination of Translation Efficiency
Translation efficiency was tested experimentally in a cell transfection assay using different

mammalian (human, mouse) cell lines, i.e. HDF, L929, HepG2 and Hela (see Figures 2 to

9).

Human dermal fibroblasts (HDF), L929 cells, HEPG2 cells and HeLa cells were seeded in

96 well plates at a density of 1x 04 cells per well. The following day, cells were washed in

Opti-MEM and then transfected with 25 ng per well of Lipofectamine2000-complexed

PpLuc-encoding mRNA in Opti-MEM. Untransfected cells served as control. mRNA coding

for Renilla reniformis luciferase (RrLuc) was transfected together with PpLuc mRNA to

control for transfection efficiency ( 1 ng of RrLuc mRNA per well). 90 minutes after start of

transfection, Opti-MEM was exchanged for medium. 24 and 48 hours after transfection,

medium was aspirated and cells were lysed in 100 µ Ι of Passive Lysis buffer (Promega).

Lysates were stored at -80°C until luciferase activity was measured.

Luciferase activity was measured as relative light units (RLU) in a Hidex Chameleon plate

reader. The activities of Ppluc and Rrluc are measured sequentially from a single sample in

a dual luciferase assay. The PpLuc activity was measured first at 2 seconds measuring time

using 20 µ Ι of lysate and 50 µ Ι of Beetle juice (pjk GmbH). After 1500ms delay RrLuc

activity is measured with 50 µ Ι Renilla juice (pjk GmbH).

This was done in 96-well plates, and every tested UTR element (in the framework of the

construct in which it was contained, see 3.3) was allocated a position in the 96-well plate.

Two 96 well plates were used, one for testing UTR elements of human origin, and one for

testing UTR elements of mouse origin. In each plate, the Reference Construct

(corresponding to the mRNA sequence shown in Fig. 1A) was at positions G 2 and H 2 .

The tested UTR elements were at the positions indicated in the last column in Tables 3 and

4, respectively. For illustration, a construct comprising the 3'-UTR of mouse Aarsdl (SEQ ID

NO: 86) was at position F 1 (see Table 4).



Luciferase activity was measured 24 hours ( 1 d, 24 h) post transfection of the cel ls, and agai n

48 hours (2d, 48 h) post transfection of the cel ls.

The resu lts of th is assay are described in 3 .5 below.

3 .5 Resu lts - Determ ination of UT elements associated with high translation efficiency

The expression resu lts of the assay (see 3.4 above), measured after 24 hours ( d, 24 h) and

agai n after 48 hours (2 d, 48 h) after transfection into different mammal ian cel l l ines (H DF,

L929, HepG2 and Hela) are shown in Figures 2 to 9 . Note that there are two sets of 96 well

plates, one set relati ng to UTR elements of human origi n and one set relati ng to UTR

elements of mouse origi n.

W hile Figures 2 to 9 refer to specific positions in the 96 wel l plate (e.g. Α Ί ), Tables 3 and 4

al locate specific tested (5'- o r 3'-)UTR elements to specific positions in the 96 wel l plate.

For example, it can be taken from Table 3 that, at position A 1 of the 96 wel l plate of tested

human UTR elements, the Z N F460-5'-UTR element (SEQ ID NO: 1) was tested, and so on.

A group of particularly preferred UTR elements (also termed "final selection") was

determined. This group comprises 5'-UTR elements and 3'-UTR elements which are

characterized by a translation efficiency equal o r better, preferably better, than the reference

Construct (Figu re 1A) in at least one of the cel l l ines tested, measured after 1 day (24 h). Th is

group fal ls into four subgroups: (i) 5'-UTR elements of human origi n (see Table 5), (i i) 3'-

UTR elements of human origi n (see Table 6), (i i i) 5'-UTR elements of mouse origi n (see

Table 7), (i i) 3'-UTR elements of mouse origi n (see Table 8).

Table 5: Preferred 5'-UTR elements of human origin

5'-UTR elements of human origin
Wild-type 5'-UTR (SEQ ID Artificial 5'-UTR (SEQ D Corresponding wild- Position in

NO) NO) type sequence Assay

SEQ ID NO: 1 - H .s. ZNF460
5'-UTR ZNF460-5'-UTR A 1

SEQ ID NO: 2 - H .s. TGM2 5'-
UTR TGM2-5'-UTR B 1

SEQ ID NO: 137 - (based
on SEQ ID NO: 3 - H .s.

IL7R-5'-UTR ) IL7R-5'-UTR CI



SEQ ID NO: 38 - (based
on SEQ ID NO: 9 - H .s.

COL8A1 5'-UTR) COL8A1 -5'-UTR A2
SEQ ID NO: 10 - H .s.

NDUFS7 5'-UTR NDUFS7-5'-UTR B2

SEQ D NO: 12 - H .s. PLK2 5'-
UTR PLK2-5'-UTR D2
SEQ D NO: 15 - H .s. FBX032
5'-UTR FBX032-5'-UTR G2

SEQ ID O : 140 (based on
SEQ ID NO: 17 - H .s.

ATP5D 5'-UTR) ATP5D-5'-UTR A3
SEQ ID NO: 20 - H .s. TUBB4B
5'-UTR TUBB4B-5'-UTR D3
SEQ D NO: 22 - H .s.

ORMDL2 5'-UTR ORMDL2-5'-UTR F3

SEQ ID NO: 23 - H .s. FSCN1
5'-UTR FSCN1 -5'-UTR G3

SEQ ID NO: 143 (based on
SEQ ID NO: 31 - H .s. CD9
5'-UTR) CD9-5'-UTR G4

SEQ ID NO: 32 - H .s. DPYSL2
5'-UTR DPYSL2-5'-UTR H4
SEQ D NO: 39 - H .s. PSMB3
5'-UTR PSMB3-5'-UTR C5
SEQ ID NO: 4 1 - H .s. PSMB6
5'-UTR PSMB6-5'-UTR E5

SEQ ID NO: 44 - H .s. KPNA6
5'-UTR KPNA6-5'-UTR G5
SEQ D NO: 45 - H .s. SFT2D2
5'-UTR SFT2 D2-5'-UTR H5

SEQ ID NO: 146 - (based
on SEQ ID NO: 52 - H .s.

LCLAT1 5'-UTR) LCLAT1 -5'-UTR G6
SEQ ID NO: 53 - H .s. FBXL1 8
5'-UTR FBXL1 8-5'-UTR H6
SEQ ID NO: 54 - H .s.

SLC35F6 5'-UTR SLC35 F6-5'-UTR A 7
SEQ ID NO: 57 - H .s. VMA2 1
5'-UTR VMA2 1-5'-UTR D 7
SEQ D NO: 60 - H .s. SEZ6L2
5'-UTR SEZ6L2-5'-UTR F7

SEQ ID NO: 6 1 - H .s. PCOLCE
5'-UTR PCOLCE-5'-UTR G7
SEQ ID NO: 63 - H .s. VTN 5'-
UTR VTN-5'-UTR H 7
SEQ ID NO: 64 - H .s.

ALDH 16A1 5'-UTR ALDH 16A1 -5'-UTR A8
SEQ ID NO: 66 - H .s. KPNA6
5'-UTR KPNA6-5'-UTR C8
SEQ ID NO: 68 - H .s. JUP 5'-
UTR JU P-5'-UTR E8

SEQ D NO: 69 - H .s. CPN2
5'-UTR CPN2-5'-UTR F8



SEQ D NO: 72 - H .s. PNPO
5'-UTR PN PO-5'-UTR A9
SEQ D NO: 34 - H .s. SSSCA1
5'-UTR SSSCA1 -5'-UTR H 1
SEQ D NO: 35 - H .s. POLR2L
5'-UTR POLR2 L-5'-UTR A 2
SEQ ID NO: 36 - H .s. LIN7C
5'-UTR LIN7C-5'-UTR B 12
SEQ ID NO: 37 - H .s.

UQCR1 0 5'-UTR UQCR1 0-5'-UTR C 2
SEQ ID NO: 144 (based on
SEQ D NO: 42 - H .s.

PYCRL 5'-UTR) PYCRL-5'-UTR D 12
SEQ ID NO: 58 - H .s. AMN 5'-
UTR AMN-5'-UTR E 12
SEQ ID NO: 62 - H .s. MAP1 S
5'-UTR MAP1 S-5'-UTR F 1 2

Thus, 5'-UTRs of the human genes from the group consisting of ZNF460-5'-UTR, TGM2-5'-

UTR, IL7R-5'-UTR, COL8A1 -5'-UTR, NDUFS7-5'-UTR, PLK2-5'-UTR, FBXO32-5'-UTR,

ATP5D-5'-UTR, TUBB4B-5'-UTR, ORMDL2-5'-UTR, FSCN1 -5'-UTR, CD9-5'-UTR, PYSL2-

5'-UTR, PSMB3-5'-UTR, PSMB6-5'-UTR, KPNA6-5'-UTR, SFT2D2-5'-UTR, LCLAT1 -5'-UTR,

FBXL1 8-5'-UTR, SLC35F6-5'-UTR, VMA21 -5'-UTR, SEZ6L2-5'-UTR, PCOLCE-5'-UTR,

VTN-5'-UTR, ALDH1 6A1 -5'-UTR, KPNA6-5'-UTR, JUP-5'-UTR, CPN2-5'-UTR, PNPO-5'-

UTR, SSSCA1 -5'-UTR, POLR2L-5'-UTR, LIN7C-5'-UTR, UQCR1 0-5'-UTR, PYCRL-5'-UTR,

AMN-5'-UTR, MAPI S-5'-UTR are considered to contribute high translation efficiency.

Also, 5'-UTRs reflected by SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 137 (or its wild-type

equivalent SEQ ID NO: 3), SEQ ID NO: 138 (or its wild-type equivalent SEQ ID NO: 9),

SEQ ID NO: 10, SEQ ID NO: 2, SEQ ID NO: 15, SEQ ID NO: 140 (or its wild-type

equivalent SEQ ID NO: 17), SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO:

43 (or its wild-type equivalent SEQ ID NO: 3 1), SEQ ID NO: 32, SEQ ID NO: 39, SEQ D

NO: 4 1, SEQ ID NO: 44, SEQ D NO: 45, SEQ ID NO: 46 - (or its wild-type equivalent

SEQ D NO: 52), SEQ D NO: 53, SEQ ID NO: 54, SEQ ID NO: 57, SEQ ID NO: 60, SEQ

ID NO: 6 1, SEQ ID NO: 63, SEQ ID NO: 64, SEQ ID NO: 66, SEQ ID NO: 68, SEQ ID NO:

69, SEQ ID NO: 72, SEQ D NO: 34, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO: 37,

SEQ D NO: 44 (or its wild-type equivalent SEQ ID NO: 42), SEQ ID NO: 58, SEQ ID NO:

62 are considered to contribute high translation efficiency.



Table 6 : Preferred 3 ' - U T elements o f human origin

Thus, 3'-UTRs of the human genes from the group consisting of NDUFS7-3'-UTR, PHGDH-

3'-UTR, TSPO-3'-UTR, ATP5D-3'-UTR, EXOSC4-3'-UTR, TUBB4B-3'-UTR, TUBA4A-3'-

UTR, EMP3-3'-UTR, CRIP2-3'-UTR, BRAT1 -3'-UTR, PSMB3-3'-UTR, PSMB6-3'-UTR,

SCAND1 -3'-UTR, AMN-3'-UTR, CYBA-3'-UTR, PCOLCE-3'-UTR, MAPI S-3'-UTR, VTN-3'-

UTR, ALDH1 6A1 -3'-UTR are considered to contribute high translation efficiency.

Also, the 3'-UTRs reflected by SEQ ID NO: 52, SEQ ID NO: 53, SEQ ID NO: 54, SEQ

ID NO: 55, SEQ ID NO: 56, SEQ ID NO: 157, SEQ ID NO: 158, SEQ ID NO: 159, SEQ

ID NO: 60, SEQ ID NO: 61, SEQ ID NO: 64, SEQ ID NO: 165, SEQ ID NO: 67, SEQ

ID NO: 168, SEQ ID NO: 69, SEQ ID NO: 70, SEQ ID NO: 17 1 , SEQ ID NO: 72, SEQ

ID NO: 173 are considered to contribute high translation efficiency.



Table 7 : Preferred 5'-UTR elements of mouse origin





SEQ ID NO: 1 - M .m. Cth 5'-
UTR Qh-5'-UTR H 11

SEQ ID NO: 150 (based
on SEQ ID NO: 120 -
M .m. Tpgsl 5'-UTR) Tpgs l -5'-UTR A 12

SEQ D NO: 12 - M .m. Cel 7
5'-UTR Ccl 17-5'-UTR B 12
SEQ D NO: 24 - M .m. Alkbh7
5'-UTR Alkbh7-5'-UTR C 2
SEQ D NO: 125 -M .m.
Ms4a8a 5'-UTR Ms4a8a-5'-UTR D 12

Thus, 5'-UTRs of the mouse genes from the group consisting of Dpysl2-5'-UTR, Acox2-5'-

UTR, Ubc-5'-UTR, Nudt22-5'-UTR, Pcyoxl l-5'-UTR, Ankrdl -5'-UTR, Tspyl4-5'-UTR,

Slc7a3-5'-UTR, Aacs-5'-UTR, Nosip-5'-UTR, ltga7-5'-UTR, Ccnd2-5'-UTR, Ebp-5'-UTR,

Sf3b5-5'-UTR, Fasn-5'-UTR, Hmgcsl -5'-UTR, Osr1 -5'-UTR, Lmnb1-5'-UTR, Vma21 -5'-

UTR, Kif20a-5'-UTR, Cdca8-5'-UTR, Slc7a1 -5'-UTR, Ubqln2-5'-UTR, Prps2-5'-UTR, Shmt2-

5'-UTR, Fignl1-5'-UTR, Cad-5'-UTR, Anln-5'-UTR, Sifn9-5'-UTR, Ncaph-5'-UTR, Pole-5'-

UTR, Uhrf1 -5'-UTR, Gja1 -5'-UTR, Fam64a-5'-UTR, Tspanl 0-5'-UTR, Scandl -5'-UTR,

Gpr84-5'-UTR, Cers6-5'-UTR, Cxcr4-5'-UTR, Gprc5c-5'-UTR, Fen1 -5'-UTR, Cspg4-5'-UTR,

Mrpl34-5'-UTR, Comtdl -5'-UTR, Armc6-5'-UTR, Emr4-5'-UTR, Atp5d-5'-UTR, Csf2ra-5'-

UTR, Aarsd1 -5'-UTR, Cth-5'-UTR, Tpgsl -5'-UTR, Cell 7-5'-UTR, Alkbh7-5'-UTR, Ms4a8a-

5'-UTR are considered to contribute high translation efficiency.

Also, 5'-UTRs reflected by SEQ D NO: 73, SEQ ID NO: 75, SEQ ID NO: 77, SEQ ID NO:

79, SEQ ID NO: 80, SEQ D NO: 81, SEQ ID NO: 83, SEQ ID NO: 84, SEQ ID NO: 86,

SEQ D NO: 87, SEQ ID NO: 88, SEQ ID NO: 89, SEQ D NO: 90, SEQ D NO: 9 1 , SEQ ID

NO: 92, SEQ ID NO: 93, SEQ ID NO: 94, SEQ ID NO: 95, SEQ ID NO: 97, SEQ ID NO:

98, SEQ D NO: 99, SEQ ID NO: 100, SEQ ID NO: 0 1, SEQ ID NO: 102, SEQ ID NO:

103, SEQ ID NO: 06, SEQ ID NO: 107, SEQ ID NO: 108, SEQ ID NO: 147 (or its wild-

type equivalent SEQ ID NO: 09), SEQ ID NO: 1 8 (or its wild-type equivalent SEQ ID NO:

0), SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 15, SEQ ID NO:

7, SEQ ID NO: , SEQ D NO: 149 (or its wild-type equivalent SEQ D NO: 9), SEQ

ID NO: 123, SEQ ID NO: 126, SEQ ID NO: 127, SEQ D NO: 128, SEQ ID NO: 129, SEQ

ID NO: 130, SEQ D NO: 13 1, SEQ ID NO: 132, SEQ D NO: 133, SEQ D NO: 134, SEQ

ID NO: 5 1 (or its wild-type equivalent SEQ ID NO: 36), SEQ ID NO: 96, SEQ ID NO:



111, SEQ ID NO: 150 (based on SEQ ID NO: 120), SEQ ID NO: 121, SEQ D NO: 124,

SEQ ID NO: 125 are considered to contribute high translation efficiency.

Table 8: Preferred 3'-UTR elements of mouse origi n



3'-UTR

SEQ D NO: 200 - m.
Comtdl 3'-UTR Comtdl -3'-UTR B 1 1
SEQ D NO: 201 - M .m. Armc6
3'-UTR Armc6-3'-UTR C

SEQ D NO: 202 - M .m. Atp5d
3'-UTR Atp5d-3'-UTR D

SEQ ID NO: 203 - M .m. 110001 J03 Rik-3'-
1110001J03 Rik 3 -UTR UTR E 1 1
SEQ ID NO: 177 - M .m.
Nudt22 3'-UTR Nudt22-3'-UTR E 1 2

Thus, 3'-UTRs of the mouse genes from the group consisting of Acox2-3'-UTR, Ubc-3'-UTR,

Slpi-3'-UTR, lgf2bp1 -3'-UTR, Tmem37-3'-UTR, SIc7a3-3'-UTR, Cst6-3'-UTR, Ebp-3'-UTR,

Sf3b5-3'-UTR, Cdca8-3'-UTR, Kif22-3'-UTR, Cad-3'-UTR, Pole-3'-UTR, Kif2c-3'-UTR,

Scand1 -3'-UTR, Gpr84-3'-UTR, Tpgsl -3'-UTR, Cell 7-3'-UTR, Alkbh7-3'-UTR, Ms4a8a-3'-

UTR, Mrpl34-3'-UTR, Comtdl -3 '-UTR, Armc6-3'-UTR, Atp5d-3'-UTR, 0001J03Rik-3'-

UTR, Nudt22-3'-UTR are considered to contribute high translation efficiency.

Also, 3'-UTRs reflected by SEQ ID NO: 174, SEQ ID NO: 75, SEQ D NO: 76, SEQ ID

NO: 79, SEQ ID NO: 180, SEQ ID NO: 18 1, SEQ ID NO: 82, SEQ D NO: 83, SEQ ID

NO: 184, SEQ ID NO: 187, SEQ ID NO: 88, SEQ ID NO: 189, SEQ ID NO: 19 1, SEQ ID

NO: 204 (or its wild-type equivalent SEQ ID NO: 92), SEQ ID NO: 93, SEQ ID NO: 94,

SEQ ID NO: 95, SEQ ID NO: 96, SEQ ID NO: 97, SEQ ID NO: 198, SEQ ID NO: 99,

SEQ ID NO: 200, SEQ ID NO: 201 , SEQ ID NO: 202, SEQ ID NO: 203, SEQ ID NO: 77

are considered to contribute high translation efficiency.



Claims

An artificial nucleic acid molecule comprising

a. at least one open reading frame (ORF); and

b. at least one 3'-untranslated region element (3'-UTR element) and/or at least

one 5'-untranslated region element (5'-UTR element),

wherein said artificial nucleic acid molecule is characterized by high translation

efficiency.

The artificial nucleic acid molecule of claim , wherein the high translation

efficiency is provided by the at least one 3'-untranslated region element (3'-UTR

element) and/or the at least one 5'-untranslated region element (5'-UTR element).

The artificial nucleic acid molecule of claim 1 or claim 2, wherein the translation

efficiency of the artificial nucleic acid molecule is compared to the translation

efficiency of a reference nucleic acid molecule,

wherein the reference nucleic acid molecule comprises at least one open reading

frame (ORF), which is identical to the at least one ORF of the artificial nucleic acid

molecule; and wherein the reference nucleic acid molecule does not comprise at

least one 3'-untranslated region element (3'-UTR element) of the artificial nucleic

acid molecule and/or at least one 5'-untranslated region element (5'-UTR element)

of the artificial nucleic acid molecule,

wherein the translation efficiency of the artificial nucleic acid molecule and the

translation efficiency of the reference nucleic acid molecule are compared by a

method comprising the steps:

(i) transfecting mammalian cells with the artificial nucleic acid molecule and

measuring expressed amounts of the protein encoded by the ORF of the artificial

nucleic acid molecule at a certain point in time after transfection (e.g. 24 or 48 h),



(ii) transfecting mammalian cells with the reference nucleic acid molecule and

measuring expressed amounts of the protein encoded by the ORF of the reference

nucleic acid molecule at the same point in time after transfection,

(iii) calculating the ratio of the amount of protein expressed from the artificial

nucleic acid molecule to the amount of protein expressed from the reference

nucleic acid molecule,

wherein the ratio calculated in (iii) is > , preferably > Ί .

4 . The artificial nucleic acid molecule according to claim 3, wherein the ORF

encodes a protein that can be quantified, preferably a reporter protein.

5 . The artificial nucleic acid molecule of claim 3 or 4, wherein the reference nucleic

acid molecule comprises at a 3'-UTR element which is not present in the artificial

nucleic acid molecule,

o r

wherein the reference nucleic acid molecule comprises a 5'-UTR element which is

not present in the artificial nucleic acid molecule.

6 . The artificial nucleic acid molecule of claim 5, wherein the reference nucleic acid

molecule comprises at a 3'-UTR element which is derived from a 3'-UTR of an

albumin gene, preferably a 3'-UTR corresponding to the sequence according to

SEQ D NO: 207,

or

wherein the reference nucleic acid molecule comprises a 5'-UTR element which is

derived from a 5'-UTR of a TOP gene, preferably a 5'-UTR of human ribosomal

protein Large 32 lacking the 5' terminal oligopyrimidine tract, preferably a 5'-UTR

corresponding to the sequence according to SEQ ID NO: 208.

7 . The artificial nucleic acid molecule of claim 3 or 4, wherein the reference nucleic

acid molecule does not comprise any 3'-untranslated region element (3'-UTR

element),



or

wherein the reference nucleic acid molecule does not comprise any 5'-

untranslated region element (5'-UTR element).

8 . The artificial nucleic acid molecule of claim 6, wherein the method is further

characterized as follows:

(a) in the step of transfection, the cells are mammalian cells which are selected

from the group of HDF, L929, HEP2G and HeLa cells;

(b) the point in time for measuring is 24 h after transfection; and

(c) the reference nucleic acid molecule is an mRNA of SEQ ID NO: 205 (Figure

1A).

9 . The artificial nucleic acid molecule according to any one of claims 1 to 4, wherein

the open reading frame is derived from a gene, which is distinct from a gene from

which the at least one 3'-UTR element and/or the at least one 5'-UTR element is

derived.

10 . The artificial nucleic acid molecule according to any one of claims 1 to 9

comprising at least one 3'-UTR element and at least one 5'-UTR element.

. The artificial nucleic acid molecule according to claim 0, wherein each of the at

least one open reading frame, the at least one 3'-UTR element and the at least one

5'-UTR element are heterologous to each other.

12 . The artificial nucleic acid molecule according to any of claims 1 to 11, wherein

the artificial nucleic acid molecule does not comprise a 3'-UTR and/or a 5'-UTR of

ribosomal protein S6, of RPL36AL, of rpsl 6 or of ribosomal protein L9 and wherein

the open reading frame of the artificial nucleic acid molecule does not code for a

GFP protein.

13 . The artificial nucleic acid molecule according to claim 12, wherein the open

reading frame of the artificial nucleic acid molecule does not code for a reporter

protein.



4 . The artificial nucleic acid according to any one of claims 1 to 13, wherein the at

least one 3'-UTR element and/or the at least one 5'-UTR element is derived from a

stable mRNA.

15 . The artificial nucleic acid molecule according to any one of claims 1 to 14,

wherein the at least one 3'-UTR element and/or the at least one 5'-UTR element

comprises or consists of a nucleic acid sequence which is derived from the 3'-UTR

and/or the 5'-UTR of a eukaryotic protein coding gene, preferably from the 3'-UTR

and/or the 5'-UTR of a vertebrate protein coding gene, more preferably from the

3'-UTR and/or the 5'-UTR of a mammalian protein coding gene, even more

preferably from the 3'-UTR and/or the 5'-UTR of a primate protein coding gene, in

particular from the 3'-UTR and/or the 5'-UTR of a human or murine protein coding

gene.

16 . The artificial nucleic acid molecule according to any of claims 1 to 15, wherein

the at least one 3'-UTR element and/or the at least one 5'-UTR element increases

translation efficiency of said artificial nucleic acid molecule at least 1.2 fold,

preferably at least 1.5 fold, more preferably at least 2 fold, even more preferably at

least 2.5 fold, compared to the protein production from a reference nucleic acid

molecule lacking a 3'-UTR and/or the at least one 5'-UTR, respectively, and/or

wherein the at least one 3'-UTR element and/or the at least one 5'-UTR element

provides high translation efficiency to said artificial nucleic acid molecule at least

1.5 fold, preferably at least 2 fold, more preferably at least 2.5 fold, compared to

the protein production from a reference nucleic acid molecule lacking a 3'-UTR

and/or the at least one 5'-UTR, respectively.

7. The artificial nucleic acid molecule according to any one of claims 1 to 16,

wherein the at least one 3'-UTR element and/or the at least one 5'-UTR element

comprises or consists of a nucleic acid sequence which is derived from the 3'-UTR

and/or the 5'-UTR of a transcript of a gene selected from the group consisting of

ZNF460, TGM2, IL7R, BGN, TK1, RAB3B, CBX6, FZD2, COL8A1, NDUFS7,

PHCDH, PLK2, TSPO, PTGS1 , FBX032, NID2, ATP5D, EXOSC4, NOL9, UBB4B,

VPS1 8, ORMDL2, FSCN1 , TMEM33, TUBA4A, EMP3, TMEM201 , CRIP2, BRAT1,

SERPINH1, CD9, DPYSL2, CDK9, TFRC, PSMB3 5'-UTR, FASN, PSMB6, PRSS56,



KPNA6, SFT2D2, PARD6B, LPP, SPARC, SCAND1 , VASN, SLC26A1 , LCLAT1 ,

FBXL1 8, SLC35F6, RAB3D, MAPI B, VMA21 , CYBA, SEZ6L2, PCOLCE, VTN,

ALDH1 6A1, RAVER 1, KPNA6, SERINC5, JUP, CPN2, CRIP2, EPT1, PNPO,

SSSCA1 , POLR2L, LIN7C, UQCR1 0, PYCRL, AMN, MAP1 S, NDUFS7, PHGDH,

TSPO, ATP5D, EXOSC4, TUBB4B, TUBA4A, EMP3, CRIP2, BRAT1 , CD9, CDK9,

PSMB3, PSMB6, PRSS56, SCAND1, AMN, CYBA, PCOLCE, MAP1 S, VTN,

ALDH1 6A1 (all preferably human) and Dpysl2, Ccndl , Acox2, Cbx6, Ubc, Ldlr,

Nudt22, Pcyoxl I, Ankrdl , Tmem37, Tspyl4, Slc7a3, Cst6, Aacs, Nosip, Itga7,

Ccnd2, Ebp, Sf3b5, Fasn, Hmgcsl, Osrl , Lmnbl , Vma21 , Kif20a, Cdca8, Slc7a1,

Ubqln2, Prps2, Shmt2, Aurkb, Fignll , Cad, Anln, Slfn9, Ncaph, Pole, Uhrfl , Gja1,

Fam64a, Kif2c, TspanI O, Scandl , Gpr84, Fads3, Cers6, Cxcr4, Gprc5c, Fen1 ,

Cspg4, Mrpl34, Comtdl, Armc6, Emr4, Atp5d, 1000lJ03Rik, Csf2ra, Aarsdl,

Kif22, Cth, Tpgsl , Ccl1 7, Alkbh7, Ms4a8a, Acox2, Ubc, Slpi, Pcyoxl I, Igf2bp1 ,

Tmem37, Slc7a3, Cst6, Ebp, Sf3b5, Plk1 , Cdca8, if22, Cad, Cth, Pole, Kif2c,

Scandl , Gpr84, Tpgsl , Ccl1 7, Alkbh7, Ms4a8a, Mrpl34, Comtdl , Armc6, Atp5d,

0001J03Rik, Nudt22, Aarsdl (all preferably mouse).

8 . The artificial nucleic acid molecule according to claim 17, wherein the at least one

5'-UTR element comprises a nucleic acid sequence which is derived from the 5'-

UTR of a transcript of a gene selected from the group consisting of ZNF460-5'-

UTR, TGM2-5'-UTR, IL7R-5'-UTR, BGN-5'-UTR, TK1 -5'-UTR, RAB3B-5'-UTR,

CBX6-5'-UTR, FZD2-5'-UTR, COL8A1 -5'-UTR, NDUFS7-5'-UTR, PHGDH-5'-

UTR, PLK2-5'-UTR, TSPO-5'-UTR, PTGS1 -5'-UTR, FBXO32-5'-UTR, NID2-5'-

UTR, ATP5D-5'-UTR, EXOSC4-5'-UTR, NOL9-5'-UTR, UBB4B-5'-UTR, VPS1 8-5'-

UTR, ORMDL2-5'-UTR, FSCN1 -5'-UTR, TMEM33-5'-UTR, TUBA4A-5'-UTR,

EMP3-5'-UTR, TMEM201 -5'-UTR, CRIP2-5'-UTR, BRAT1 -5'-UTR, SERPINH1 -5'-

UTR, CD9-5'-UTR, DPYSL2-5'-UTR, CDK9-5'-UTR, TFRC-5'-UTR, PSMB3 5'-UTR,

FASN-5'-UTR, PSMB6-5'-UTR, PRSS56-5'-UTR, KPNA6-5'-UTR, SFT2D2-5'-UTR,

PARD6B-5'-UTR, LPP-5'-UTR, SPARC-5'-UTR, SCAND1 -5'-UTR, VASN-5'-UTR,

SLC26A1 -5'-UTR, LCLAT1 -5'-UTR, FBXL18-5'-UTR, SLC35F6-5'-UTR, RAB3D-5'-

UTR, MAP1 B-5'-UTR, VMA21 -5'-UTR, CYBA-5'-UTR, SEZ6L2-5'-UTR, PCOLCE-

5'-UTR, VTN-5'-UTR, ALDH1 6A1 -5'-UTR, RAVER1 -5'-UTR, KPNA6-5'-UTR,

SERINC5-5'-UTR, JUP-5'-UTR, CPN2-5'-UTR, CRIP2-5'-UTR, EPT1 -5'-UTR,

PNPO-5'-UTR, SSSCA1 -5'-UTR, POLR2L-5'-UTR, LIN7C-5'-UTR, UQCR1 0-5'-



UTR, PYCRL-5'-UTR, AMN-5'-UTR, MAPI S-5'-UTR, (all preferably human) and

Dpysl2-5'-UTR, Ccnd1-5'-UTR, Acox2-5'-UTR, Cbx6-5'-UTR, Ubc-5'-UTR, Ldlr-

5'-UTR, Nudt22-5'-UTR, Pcyoxl l-5'-UTR, An rd -5'-UTR, Tmem37-5'-UTR,

Tspyl4-5'-UTR, Slc7a3-5'-UTR, Cst6-5'-UTR, Aacs-5'-UTR, Nosip-5'-UTR, Itga7-

5'-UTR, Ccnd2-5'-UTR, Ebp-5'-UTR, Sf3b5-5'-UTR, Fasn-5'-UTR, Hmgcsl -5'-UTR,

Osr1 -5'-UTR, Lmnbl -5'-UTR, Vma21 -5'-UTR, Kif20a-5'-UTR, Cdca8-5'-UTR,

Slc7a1 -5'-UTR, Ubqln2-5'-UTR, Prps2-5'-UTR, Shmt2-5'-UTR, Aurkb-5'-UTR,

Fignll-S'-UTR, Cad-5'-UTR, Anln-5'-UTR, Slfn9-5'-UTR, Ncaph-S'-UTR, Pole-5'-

UTR, Uhrf1 -5'-UTR, Gja1 -5'-UTR, Fam64a-5'-UTR, Kif2c-5'-UTR, Tspanl 0-5'-

UTR, Scand1 -5'-UTR, Gpr84-5'-UTR, Fads3-5'-UTR, Cers6-5'-UTR, Cxcr4-5'-UTR,

Gprc5c-5'-UTR, Fen1 -5'-UTR, Cspg4-5'-UTR, Mrpl34-5'-UTR, Comtdl -5'-UTR,

Armc6-5'-UTR, Emr4-5'-UTR, Atp5d-5'-UTR, 0001J03Rik-5'-UTR, Csf2ra-5'-

UTR, Aarsd1 -5'-UTR, Kif22-5'-UTR, Cth-5'-UTR, Tpgsl -5'-UTR, Cell 7-5'-UTR,

Alkbh7-5'-UTR Ms4a8a-5'-UTR (all preferably mouse).

. The artificial nucleic acid molecule according to claim 17, wherein the at least one

3'-UTR element comprises a nucleic acid sequence which is derived from the 3'-

UTR of a transcript of a gene selected from the group consisting of NDUFS7-3'-

UTR, PHGDH-3'-UTR, TSPO-3'-UTR, ATP5D-3'-UTR, EXOSC4-3'-UTR, TUBB4B-

3'-UTR, TUBA4A-3'-UTR, EMP3-3'-UTR, CRIP2-3'-UTR, BRAT1 -3'-UTR, CD9-3'-

UTR, CDK9-3'-UTR, PSMB3-3'-UTR, PSMB6-3'-UTR, PRSS56-3'-UTR, SCAND1 -

3'-UTR, AMN-3'-UTR, CYBA-3'-UTR, PCOLCE-3'-UTR, MAPI S-3'-UTR, VTN-3'-

UTR, ALDH1 6Al -3'-UTR (all preferably human) and Acox2-3'-UTR, Ubc-3'-UTR,

Slpi-3'-UTR, Pcyoxl l-3'-UTR, lgf2bpl -3'-UTR, Tmem37-3'-UTR, Slc7a3-3'-UTR,

Cst6-3'-UTR, Ebp-3'-UTR, Sf3b5-3'-UTR, Plk1 -3'-UTR, Cdca8-3'-UTR, Kif22-3'-

UTR, Cad-3'-UTR, Cth-3'-UTR, Pole-3'-UTR, Kif2c-3'-UTR, Scandl -3'-UTR,

Gpr84-3'-UTR, Tpgsl-3'-UTR, Cel 7-3'-UTR, Alkbh7-3'-UTR, Ms4a8a-3'-UTR,

Mrpl34-3'-UTR, Comtdl -3'-UTR, Armc6-3'-UTR, Atp5d-3'-UTR, 11 0001 J03Rik-

3'-UTR, Nudt22-3'-UTR, Aarsdl -3'-UTR, (all preferably mouse).

20. The artificial nucleic acid molecule according to any one of claims 7 to 9,

wherein the at least one 5'-UTR element comprises a nucleic acid sequence which

is derived from the 5'-UTR of a transcript of a human gene selected from the group

consisting of ZNF460-5'-UTR, TGM2-5'-UTR, IL7R-5'-UTR, COL8A1 -5'-UTR,



NDUFS7-5'-UTR, PLK2-5'-UTR, FBX032-5'-UTR, ATP5D-5'-UTR, TUBB4B-5'-

UTR, ORMDL2-5'-UTR, FSCN1 -5'-UTR, CD9-5'-UTR, PYSL2-5'-UTR, PSMB3-5'-

UTR, PSMB6-5'-UTR, KPNA6-5'-UTR, SFT2D2-5'-UTR, LCLAT1 -5'-UTR, FBXL1 8-

5'-UTR, SLC35F6-5'-UTR, VMA21 -5'-UTR, SEZ6L2-5'-UTR, PCOLCE-5'-UTR,

VTN-5'-UTR, ALDH1 6A1 -5'-UTR, KPNA6-5'-UTR, JUP-5'-UTR, CPN2-5'-UTR,

PNPO-5'-UTR, SSSCA1 -5'-UTR, POLR2L-5'-UTR, LIN7C-5'-UTR, UQCR1 0-5'-

UTR, PYCRL-5'-UTR, AMN-5'-UTR, MAP1S-5'-UTR; or from the 5'-UTR of a

transcript of a mouse gene selected from the group consisting of Dpysl2-5'-UTR,

Acox2-5'-UTR, Ubc-5'-UTR, Nudt22-5'-UTR, Pcyoxl l-5'-UTR, Ankrdl -5'-UTR,

Tspyl4-5'-UTR, Slc7a3-5'-UTR, Aacs-5'-UTR, Nosip-5'-UTR, ltga7-5'-UTR, Ccnd2-

5'-UTR, Ebp-5'-UTR, Sf3b5-5'-UTR, Fasn-5'-UTR, Hmgcsl -5'-UTR, Osr1 -5'-UTR,

Lmnb1 -5'-UTR, Vma21 -5'-UTR, Kif20a-5'-UTR, Cdca8-5'-UTR, Slc7a1 -5'-UTR,

Ubqln2-5'-UTR Prps2-5'-UTR, Shmt2-5'-UTR, Fignll -5'-UTR, Cad-5'-UTR, Anln-

5'-UTR, Slfn9-5'-UTR, Ncaph-5'-UTR, Pole-5'-UTR, Uhr -5'-UTR, Gja1 -5'-UTR,

Fam64a-5'-UTR Tspanl 0-5'-UTR, Scandl -5'-UTR, Gpr84-5'-UTR, Cers6-5'-UTR,

Cxcr4-5'-UTR, Gprc5c-5'-UTR, Fen1 -5'-UTR, Cspg4-5'-UTR, Mrpl34-5'-UTR,

Comtd1 -5'-UTR, Armc6-5'-UTR, Emr4-5'-UTR Atp5d-5'-UTR, Csf2ra-5'-UTR,

Aarsd1 -5'-UTR, Cth-5'-UTR, Tpgsl -5'-UTR, Cell 7-5'-UTR, Alkbh7-5'-UTR

Ms4a8a-5'-UTR.

The artificial nucleic acid molecule according to any one of claims 17 to 19,

wherein the at least one 3'-UTR element comprises a nucleic acid sequence which

is derived from the 3'-UTR of a transcript of a human gene selected from the group

consisting of NDUFS7-3'-UTR, PHGDH-3'-UTR, TSPO-3'-UTR, ATP5D-3'-UTR,

EXOSC4-3'-UTR, TUBB4B-3'-UTR, TUBA4A-3'-UTR, EMP3-3'-UTR, CRIP2-3'-

UTR, BRAT1 -3'-UTR, PSMB3-3'-UTR, PSMB6-3'-UTR, SCAND1 -3'-UTR, AMN-3'-

UTR, CYBA-3'-UTR, PCOLCE-3'-UTR, MAPI S-3'-UTR, VTN-3'-UTR, ALDH1 6A1 -

3'-UTR; o r from the 3'-UTR of a transcript of a mouse gene selected from the group

consisting of Acox2-3'-UTR, Ubc-3'-UTR, Slpi-3'-UTR, Igf2bp1 -3'-UTR, Tmem37-

3'-UTR, Slc7a3-3'-UTR, Cst6-3'-UTR, Ebp-3'-UTR, Sf3b5-3'-UTR, Cdca8-3'-UTR,

Kif22-3'-UTR, Cad-3'-UTR, Pole-3'-UTR, Kif2c-3'-UTR, Scandl -3'-UTR, Gpr84-3'-

UTR, Tpgsl -3'-UTR, Cell 7-3'-UTR, Alkbh7-3'-UTR, Ms4a8a-3'-UTR, Mrpl34-3'-

UTR, Comtd1 -3'-UTR, Armc6-3'-UTR, Atp5d-3'-UTR, 00O1JO3Rik-3'-UTR,

Nudt22-3'-UTR.



22. The artificial nucleic acid molecule according to any one of claims 1 - 21,

wherein the at least one 3'-UTR element comprises or consists of a nucleic acid

sequence which has an identity 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 D NOs: 52 to 204 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 fragment of a

nucleic acid sequence selected from the group consisting of SEQ ID NOs: 52 to

204.

23. The artificial nucleic acid molecule according to any one of claims 1 - 22,

wherein the at least one 5'-UTR element comprises or consists of a nucleic acid

sequence which has an identity 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: 1 to 15 1 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 a nucleic acid sequence

selected from the group consisting of SEQ ID NOs: 1 to 15 1 .

24. The artificial nucleic acid molecule according to claim 22 or 23, wherein the

fragment exhibits a length of between 3 and about 500 nucleotides, preferably of

between 5 and about 50 nucleotides, more preferably of between 0 and 100

nucleotides, even more preferably of between 15 and 90, most preferably of

between 0 and 70.



25. The artificial nucleic acid molecule according to any one of claims 1 - 24,

wherein the at least one 3'-UTR element and/or the at least one 5'-UTR element

exhibits a length of between 3 and about 500 nucleotides, preferably of between 5

and about 50 nucleotides, more preferably of between 0 and 100 nucleotides,

even more preferably of between 5 and 90, most preferably of between 20 and

70.

26. The artificial nucleic acid molecule according to any one of claims 1 - 25 further

comprising

c . a poly(A) sequence and/or a polyadenylation signal.

27. The artificial nucleic acid molecule according to claim 26, wherein the poly(A)

sequence or the polyadenylation signal is located 3' of the 3'-UTR element.

28. The artificial nucleic acid molecule according to claim 26 or 27, wherein the

polyadenylation signal comprises the consensus sequence NN(U/T)ANA, with N =

A or U, preferably AA(UAT)AAA or A(U/T)(U/T)AAA.

29. The artificial nucleic acid molecule according to any one of claims 26 - 28,

wherein the polyadenylation signal, preferably the consensus sequence NNUANA,

is located less than about 50 nucleotides downstream of the 3'-end of the 3'-UTR

element.

30. The artificial nucleic acid molecule according to any one of claims 26 - 28,

wherein the poly(A) sequence has a length of about 20 to about 300 adenine

nucleotides, preferably of about 40 to about 200 adenine nucleotides, more

preferably of about 50 to about 00 adenine nucleotides, even more preferably of

about 60 to about 70 adenine nucleotides.

3 1 . The artificial nucleic acid molecule according to any one of claims 1 - 30, further

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

IRES-motif.

32. The artificial nucleic acid molecule according to claim 3 1, wherein the histone

stem-loop comprises a sequence according to SEQ ID NO: 209.



The artificial nucleic acid molecule according to any one of claims 1 - 32,

wherein the nucleic acid comprises a promoter.

The artificial nucleic acid molecule according to any one of claims 1 - 33,

wherein the nucleic acid comprises a 5'-TOP UTR.

The artificial nucleic acid molecule according to any one of claims 1 - 34,

wherein the nucleic acid comprises a 3'-UTR, which comprises or consists of a

nucleic acid sequence which is derived from a 3'-UTR of an albumin gene.

The artificial nucleic acid molecule according to any one of claims 1 - 35,

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.

The artificial nucleic acid molecule according to any one of claims 1 - 36,

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

wherein the open reading frame is codon-optimized.

The artificial nucleic acid molecule according to any one of claims 1 - 37, which

is an RNA, preferably an mRNA molecule.

A vector comprising an artificial nucleic acid molecule according to any one of

claims 1 - 38.

The vector according to claim 39, which is a DNA vector.

The vector according to claim 39 or 40, which is a plasmid vector or a viral vector,

preferably a plasmid vector.

The vector according to any one of claims 39 - 4 , which is a circular molecule.

The vector according to claim 42, wherein the poly(A) sequence, the poly(C)

sequence, the histone stem loop or the 3'-UTR element of the coding strand is

followed in 5'->3' direction by a restriction site for linearization of the circular

vector molecule.



44. A cell comprising the artificial nucleic acid molecule according to any one of

claims 1 - 38 or the vector according to any one of claims 39 - 43.

45. The cell according to claim 44, which is a mammalian cell.

46. The cell according to claim 44 or 45, which is a cell of a mammalian subject,

preferably an isolated cell of a mammalian subject, preferably of a human subject.

47. A pharmaceutical composition comprising the artificial nucleic acid molecule

according to any one of claims 1 - 38, the vector according to any one of claims

39-43, or the cell according to any one of claims 44 - 46.

48. The pharmaceutical composition according to claim 47, further comprising one or

more pharmaceutically acceptable vehicles, diluents and/or excipients and/or one

or more adjuvants.

49. The artificial nucleic acid molecule according to any one of claims 1 - 38, the

vector according to any one of claims 39 - 43, the cell according to any one of

claims 44 - 46, or the pharmaceutical composition according to claim 47 or 48 for

use as a medicament.

50. The artificial nucleic acid molecule according to any one of claims - 38, the

vector according to any one of claims 39 - 43, the cell according to any one of

claims 44 - 46, or the pharmaceutical composition according to claim 47 or 48 for

use as a vaccine or for use in gene therapy.

5 1 . A method for treating or preventing a disorder comprising administering the

artificial nucleic acid molecule according to any one of claims 1 - 38, the vector

according to any one of claims 39 - 43, the cell according to any one of claims 44

- 46, or the pharmaceutical composition according to claim 47 or 48 to a subject

in need thereof.

52. A method of treating or preventing a disorder comprising transfection of a cell with

an artificial nucleic acid molecule according to any one of claims 1 - 38 or the

vector according to any one of claims 39 - 43.



53. The method according to claim 52, wherein transfection of a cell is performed in

vitro/ex vivo and the transfected cell is administered to a subject in need thereof,

preferably to a human patient.

54. The method according to claim 53, wherein the cell which is to be transfected in

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

55. The method according to any one of claims 5 1 - 55, which is a vaccination

method or a gene therapy method.

56. A method for increasing translation efficiency of an artificial nucleic acid

molecule, preferably an mRNA molecule or a vector, the method comprising the

step of associating an open reading frame with a 3'-UTR element and/or a 5'-UTR

element, wherein the 3'-UTR element and/or the 5'-UTR element increases

translation efficiency from a resulting artificial nucleic acid molecule, to obtain an

artificial nucleic acid molecule, preferably an mRNA molecule, according to any

of claims 1 - 38 or a vector according to any of claims 39 - 43.

57. A method for increasing translation efficiency of an artificial nucleic acid

molecule, preferably from an mRNA molecule or a vector, according to claim 52,

wherein the 3'-UTR element and/or the 5'-UTR element comprises or consists of a

nucleic acid sequence which is derived from the 3'-UTR and/or the 5'-UTR of a

transcript of a gene selected from the group consisting of ZNF460, TGM2, IL7R,

BGN, TK1 , RAB3B, CBX6, FZD2, COL8A1 , NDUFS7, PHGDH, PLK2, TSPO,

PTGS1 , FBX032, NID2, ATP5D, EXOSC4, NOL9, UBB4B, VPS1 8, ORMDL2,

FSCN1 , TMEM33, TUBA4A, EMP3, TMEM201 , CRIP2, BRAT1, SERPINH1, CD9,

DPYSL2, CDK9, TFRC, PSMB3 5'-UTR, FASN, PSMB6, PRSS56, KPNA6, SFT2D2,

PARD6B, LPP, SPARC, SCAND1, VASN, SLC26A1 , LCLAT1 , FBXL1 8, SLC35F6,

RAB3D, MAPI B, VMA21 , CYBA, SEZ6L2, PCOLCE, VTN, ALDH1 6A1 , RAVER1 ,

KPNA6, SERINC5, JUP, CPN2, CRIP2, ΕΡΤ Ί , PNPO, SSSCA1, POLR2L, LIN7C,

UQCR1 0, PYCRL, AMN, MAPI S, NDUFS7, PHGDH, TSPO, ATP5D, EXOSC4,

TUBB4B, TUBA4A, EMP3, CRIP2, BRAT1 , CD9, CDK9, PSMB3, PSMB6, PRSS56,

SCAND1, AMN, CYBA, PCOLCE, MAP1 S, VTN, ALDH1 6A1 (all preferably

human) and Dpysl2, Ccndl , Acox2, Cbx6, Ubc, Ldlr, Nudt22, Pcyoxl l, Ankrdl ,

Tmem37, Tspyl4, Slc7a3, Cst6, Aacs, Nosip, Itga7, Ccnd2, Ebp, Sf3b5, Fasn,



Hmgcsl, Osr1, Lmnbl, Vma21 , if20a, Cdca8, Slc7a1, Ubqln2, Prps2, Shmt2,

Aurkb, Fignll, Cad, Anln, Slfn9, Ncaph, Pole, Uhrfl , Gja1 , Fam64a, if2c,

TspanI O, Scandl, Cpr84, Fads3, Cers6, Cxcr4, Cprc5c, Fenl , Cspg4, Mrpl34,

Comtdl , Armc6, Emr4, Atp5d, 0001 J03Rik, Csf2ra, Aarsdl , Kif22, Cth, Tpgsl ,

Cell 7, Alkbh7, Ms4a8a, Acox2, Ubc, Slpi, Pcyoxl , Igf2bp1 , Tmem37, Slc7a3,

Cst6, Ebp, Sf3b5, P l , Cdca8, Kif22, Cad, Cth, Pole, Kif2c, Scandl , Gpr84, Tpgsl,

Cell 7, Alkbh7, Ms4a8a, Mrpl34, Comtdl , Armc6, Atp5d, 1 0001 J03Rik,

Nudt22, Aarsdl (all preferably mouse).

Use of a 3'-UTR element and/or a 5'-UTR element for increasing translation

efficiency of an artificial nucleic acid molecule, preferably from an mRNA

molecule or a vector, wherein the 3'-UTR element and/or the 5'-UTR element

comprises o r consists of a nucleic acid sequence which is derived from the 3'-UTR

and/or the 5'-UTR of a transcript of a gene selected from the group consisting of

ZNF460, TGM2, IL7R, BGN, TK1 , RAB3B, CBX6, FZD2, COL8A1 , NDUFS7,

PHGDH, PLK2, TSPO, PTGS1 , FBX032, NID2, ATP5D, EXOSC4, NOL9, UBB4B,

VPS1 8, ORMDL2, FSCN1 , TMEM33, TUBA4A, EMP3, TMEM201 , CRIP2, BRAT1 ,

SERPINH1 , CD9, DPYSL2, CDK9, TFRC, PSMB3 5'-UTR, FASN, PSMB6, PRSS56,

KPNA6, SFT2D2, PARD6B, LPP, SPARC, SCAND1 , VASN, SLC26A1, LCLAT1,

FBXL1 8, SLC35F6, RAB3D, MAPI B, VMA21, CYBA, SEZ6L2, PCOLCE, VTN,

ALDH1 6A1 , RAVER1 , KPNA6, SERINC5, JUP, CPN2, CRIP2, EPT1 , PNPO,

SSSCA1 , POLR2L, LIN7C, UQCR1 0, PYCRL, AMN, MAPI S, NDUFS7, PHGDH,

TSPO, ATP5D, EXOSC4, TUBB4B, TUBA4A, EMP3, CRIP2, BRAT1 , CD9, CDK9,

PSMB3, PSMB6, PRSS56, SCAND1 , AMN, CYBA, PCOLCE, MAPI S, VTN,

ALDH1 6A1 (all preferably human) and Dpysl2, Ccndl , Acox2, Cbx6, Ubc, Ldlr,

Nudt22, Pcyoxl l, Ankrdl , Tmem37, Tspyl4, Slc7a3, Cst6, Aacs, Nosip, Itga7,

Ccnd2, Ebp, Sf3b5, Fasn, Hmgcsl, Osr1, Lmnbl , Vma21, Kif20a, Cdca8, Slc7a1,

Ubqln2, Prps2, Shmt2, Aurkb, Fignll , Cad, Anln, Slfn9, Ncaph, Pole, Uhrfl , Gja1 ,

Fam64a, Kif2c, TspanI O, Scandl , Gpr84, Fads3, Cers6, Cxcr4, Gprc5c, Fen1 ,

Cspg4, Mrpl34, Comtdl , Armc6, Emr4, Atp5d, 110001 J03Rik, Csf2ra, Aarsdl ,

Kif22, Cth, Tpgsl, Ccl1 7, Alkbh7, Ms4a8a, Acox2, Ubc, Slpi, Pcyoxl l, Igf2bp1 ,

Tmem37, Slc7a3, Cst6, Ebp, Sf3b5, Plk , Cdca8, if22, Cad, Cth, Pole, Kif2c,

Scandl , Gpr84, Tpgsl , Ccl1 7, Alkbh7, Ms4a8a, Mrpl34, Comtdl , Armc6, Atp5d,

1 0001 J03Rik, Nudt22, Aarsdl (all preferably mouse).



59. The method according to claim 57 o r the use according to claim 58, wherein the

at least one 3'-UTR element and/or the at least one 5'-UTR element comprises a

nucleic acid sequence which is derived from the 3'-UTR and/or the 5'-UTR of a

transcript of a human gene selected from the group consisting of ZNF460, TGM2,

IL7R, BGN, TK1 , RAB3B, CBX6, FZD2, COL8A1 , NDUFS7, PHGDH, PLK2, TSPO,

PTGS1 , FBX032, NID2, ATP5D, EXOSC4, NOL9, UBB4B, VPS1 8, ORMDL2,

FSCN1 , TMEM33, TUBA4A, EMP3, TMEM201, CRIP2, BRAT1, SERPINH1 , CD9,

DPYSL2, CDK9, TFRC, PSMB3 5'-UTR, FASN, PSMB6, PRSS56, KPNA6, SFT2D2,

PARD6B, LPP, SPARC, SCAND1 , VASN, SLC26A1, LCLAT1, FBXL1 8, SLC35F6,

RAB3D, MAPI B, VMA21 , CYBA, SEZ6L2, PCOLCE, VTN, ALDH1 6A1, RAVER1 ,

KPNA6, SERINC5, JUP, CPN2, CRIP2, EPT1 , PNPO, SSSCA1 , POLR2L, LIN7C,

UQCR1 0, PYCRL, AMN, MAPI S, NDUFS7, PHGDH, TSPO, ATP5D, EXOSC4,

TUBB4B, TUBA4A, EMP3, CRIP2, BRAT1 , CD9, CDK9, PSMB3, PSMB6, PRSS56,

SCAND1 , AMN, CYBA, PCOLCE, MAP1 S, VTN, ALDH1 6A1 .

60. The method according to claim 57 o r the use according to claim 58, wherein the

at least one 3'-UTR element and/or the at least one 5'-UTR element comprises a

nucleic acid sequence which is derived from the 3'-UTR and/or the 5'-UTR of a

transcript of a murine gene selected from the group consisting of and Dpysl2,

Ccndl , Acox2, Cbx6, Ubc, Ldlr, Nudt22, Pcyoxl I, Ankrdl, Tmem37, Tspyl4,

Slc7a3, Cst6, Aacs, Nosip, Itga7, Ccnd2, Ebp, Sf3b5, Fasn, Hmgcsl , Osr1 , Lmnbl ,

Vma21 , Kif20a, Cdca8, Slc7a1 , Ubqln2, Prps2, Shmt2, Aurkb, Fignll, Cad, Anln,

Slfn9, Ncaph, Pole, U hr , Gja1 , Fam64a, Kif2c, TspanI O, Scandl , Gpr84, Fads3,

Cers6, Cxcr4, Gprc5c, Fenl , Cspg4, Mrpl34, Comtdl, Armc6, Emr4, Atp5d,

0001 J03Rik, Csf2ra, Aarsdl , Kif22, Cth, Tpgsl , Cell 7, Alkbh7, Ms4a8a,

Acox2, Ubc, Slpi, Pcyoxl I, Igf2bp1 , Tmem37, Slc7a3, Cst6, Ebp, Sf3b5, Plkl,

Cdca8, Kif22, Cad, Cth, Pole, Kif2c, Scandl , Gpr84, Tpgsl , Cell 7, Alkbh7,

Ms4a8a, Mrpl34, Comtdl , Armc6, Atp5d, 110001J03Rik, Nudt22, Aarsdl .

. The method o r the use according to any one of the claims 57 - 59, wherein the at

least one 3'-UTR element comprises a nucleic acid sequence which is derived

from the 3'-UTR of a transcript of a gene selected from the group consisting of

NDUFS7-3'-UTR, PHGDH-3'-UTR, TSPO-3'-UTR, ATP5D-3'-UTR, EXOSC4-3'-

UTR, TUBB4B-3'-UTR, TUBA4A-3'-UTR, EMP3-3'-UTR, CRIP2-3'-UTR, B AT -3'-



UTR, CD9-3'-UTR, CDK9-3'-UTR, PSMB3-3'-UTR, PSMB6-3'-UTR, PRSS56-3'-

UTR, SCAND1 -3'-UTR, AMN-3'-UTR, CYBA-3'-UTR, PCOLCE-3'-UTR, MAP1 S-3'-

UTR, VTN-3'-UTR, ALDH1 6A1-3'-UTR (all preferably human) and Acox2-3'-UTR,

Ubc-3'-UTR, Slpi-3'-UTR, Pcyoxl l-3'-UTR, lgf2bp1 -3'-UTR, Tmem37-3'-UTR,

Slc7a3-3'-UTR, Cst6-3'-UTR, Ebp-3'-UTR, Sf3b5-3'-UTR, Plk1 -3'-UTR, Cdca8-3'-

UTR, Kif22-3'-UTR, Cad-3'-UTR, Cth-3'-UTR, Pole-3'-UTR, Kif2c-3'-UTR, Scandl -

3'-UTR, Gpr84-3'-UTR, Tpgsl -3'-UTR, Cell 7-3'-UTR, Alkbh7-3'-UTR, Ms4a8a-3'-

UTR, Mrpl34-3'-UTR, Comtdl -3 '-UTR, Armc6-3'-UTR, Atp5d-3'-UTR,

0001J03Rik-3'-UTR, Nudt22-3'-UTR, Aarsdl -3'-UTR, (all preferably mouse);

preferably, the at least one 3'-UTR element comprises or consists of a nucleic acid

sequence which is derived from the 3'-UTR of a transcript of a gene selected from

the group consisting of NDUFS7-3'-UTR, PHGDH-3'-UTR, TSPO-3'-UTR, ATP5D-

3'-UTR, EXOSC4-3'-UTR, TUBB4B-3'-UTR, TUBA4A-3'-UTR, EMP3-3'-UTR,

CRIP2-3'-UTR, BRAT1 -3'-UTR, PSMB3-3'-UTR, PSMB6-3'-UTR, SCAND1 -3'-UTR,

AMN-3'-UTR, CYBA-3'-UTR, PCOLCE-3'-UTR, MA P S-3'-UTR, VTN-3'-UTR,

ALDH1 6A1 -3'-UTR (all human), Acox2-3'-UTR, Ubc-3'-UTR, Slpi-3'-UTR,

lgf2bp1 -3'-UTR, Tmem37-3'-UTR, Slc7a3-3'-UTR, Cst6-3'-UTR, Ebp-3'-UTR,

Sf3b5-3'-UTR, Cdca8-3'-UTR, Kif22-3'-UTR, Cad-3'-UTR, Pole-3'-UTR, Kif2c-3'-

UTR, Scand1 -3'-UTR, Gpr84-3'-UTR, Tpgsl -3'-UTR, Cell 7-3'-UTR, Alkbh7-3'-

UTR, Ms4a8a-3'-UTR, Mrpl34-3'-UTR, Comtdl -3'-UTR, Armc6-3'-UTR, Atp5d-3'-

UTR, 0001 J03Rik-3'-UTR, Nudt22-3'-UTR (all mouse).

The method or the use according to any one of the claims 57 - 60, wherein the at

least one 5'-UTR element comprises a nucleic acid sequence which is derived

from the 5'-UTR of a transcript of a gene selected from the group consisting of

ZNF460-5'-UTR, TGM2-5'-UTR, IL7R-5'-UTR, BGN-5'-UTR, TK1 -5'-UTR, RAB3B-

5'-UTR, CBX6-5'-UTR, FZD2-5'-UTR, COL8A1 -5'-UTR, NDUFS7-5'-UTR,

PHGDH-5'-UTR, PLK2-5'-UTR, TSPO-5'-UTR, PTGS1 -5'-UTR, FBX032-5'-UTR,

NID2-5'-UTR, ATP5D-5'-UTR, EXOSC4-5'-UTR, NOL9-5'-UTR, UBB4B-5'-UTR,

VPS1 8-5'-UTR, ORMDL2-5'-UTR, FSCN1 -5'-UTR, TMEM33-5'-UTR, TUBA4A-5'-

UTR, EMP3-5'-UTR, TMEM201 -5'-UTR, CRIP2-5'-UTR, BRAT1 -5'-UTR,

SERPINH1 -5'-UTR, CD9-5'-UTR, DPYSL2-5'-UTR, CDK9-5'-UTR, TFRC-5'-UTR,

PSMB3 5'-UTR, FASN-5'-UTR, PSMB6-5'-UTR, PRSS56-5'-UTR, KPNA6-5'-UTR,



SFT2D2-5'-UTR, PARD6B-5'-UTR, LPP-5'-UTR, SPARC-5'-UTR, SCAND1-5'-UTR,

VASN-5'-UTR, SLC26A1-5'-UTR, LCLAT1 -5'-UTR, FBXL1 8-5'-UTR, SLC35F6-5'-

UTR, RAB3D-5'-UTR, MAPI B-5'-UTR, VMA21 -5'-UTR, CYBA-5'-UTR, SEZ6L2-5'-

UTR, PCOLCE-5'-UTR, VTN-5'-UTR, ALDH1 6A1 -5'-UTR, RAVER1 -5'-UTR,

KPNA6-5'-UTR, SERINC5-5'-UTR, JUP-5'-UTR, CPN2-5'-UTR, CRIP2-5'-UTR,

EPT -5'-UTR, PNPO-5'-UTR, SSSCA1 -5'-UTR, POLR2L-5'-UTR, LIN7C-5'-UTR,

UQCR1 0-5'-UTR, PYCRL-5'-UTR, AMN-5'-UTR, MAPI S-5'-UTR, (all preferably

human) and Dpysl2-5'-UTR, Ccndl -5'-UTR, Acox2-5'-UTR, Cbx6-5'-UTR, Ubc-5'-

UTR, Ldlr-5'-UTR, Nudt22-5'-UTR, Pcyoxl l-5'-UTR, Ankrdl -5'-UTR, Tmem37-5'-

UTR, Tspyl4-5'-UTR, Slc7a3-5'-UTR, Cst6-5'-UTR, Aacs-5'-UTR, Nosip-5'-UTR,

ltga7-5'-UTR, Ccnd2-5'-UTR, Ebp-5'-UTR, Sf3b5-5'-UTR, Fasn-5'-UTR, Hmgcsl -

5'-UTR, Osr1-5'-UTR, Lmnbl -5'-UTR, Vma21 -5'-UTR, Kif20a-5'-UTR, Cdca8-5'-

UTR, Slc7a1 -5'-UTR, Ubqln2-5'-UTR, Prps2-5'-UTR, Shmt2-5'-UTR, Aurkb-5'-

UTR, Fignll -5'-UTR, Cad-5'-UTR, Anln-S'-UTR, Slfn9-5'-UTR, Ncaph-5'-UTR,

Pole-5'-UTR, Uhrfl -5'-UTR, Gja1 -5'-UTR, Fam64a-5'-UTR, Kif2c-5'-UTR,

Tspan1 0-5'-UTR, Scandl -5'-UTR, Gpr84-5'-UTR, Fads3-5'-UTR, Cers6-5'-UTR,

Cxcr4-5'-UTR, GprcSc-S'-UTR, Fen1 -5'-UTR, Cspg4-5'-UTR, Mrpl34-5'-UTR,

Comtdl -S'-UTR, Armc6-5'-UTR, Emr4-5'-UTR, Atp5d-5'-UTR, 0001J03Rik-5'-

UTR, Csf2ra-5'-UTR, Aarsd1-5'-UTR, Kif22-5'-UTR Cth-5'-UTR, Tpgsl-S'-UTR,

Ccl1 7-5'-UTR, Alkbh7-5'-UTR, Ms4a8a-5'-UTR (all preferably mouse); preferably,

the at least one 5'-UTR element comprises or consists of a nucleic acid sequence

which is derived from the 5'-UTR of a transcript of ZNF460-5'-UTR, TGM2-5'-

UTR, IL7R-5'-UTR, COL8A1 -5'-UTR, NDUFS7-5'-UTR, PLK2-5'-UTR, FBX032-5'-

UTR, ATP5D-5'-UTR, TUBB4B-5'-UTR, ORMDL2-5'-UTR, FSCN1 -5'-UTR, CD9-

5'-UTR, PYSL2-5'-UTR, PSMB3-5'-UTR, PSMB6-5'-UTR, KPNA6-5'-UTR, SFT2D2-

5'-UTR, LCLAT1 -5'-UTR, FBXL1 8-5'-UTR, SLC35F6-5'-UTR, VMA21 -5'-UTR,

SEZ6L2-5'-UTR, PCOLCE-5'-UTR, VTN-5'-UTR, ALDH1 6Α Ί -5'-UTR, KPNA6-5'-

UTR, JUP-5'-UTR, CPN2-5'-UTR, PNPO-5'-UTR, SSSCA1 -5'-UTR, POLR2L-5'-

UTR, LIN7C-5'-UTR, UQCR1 0-5'-UTR, PYCRL-5'-UTR, AMN-S'-UTR, M AP S-5'-

UTR (all human), Dpysl2-5'-UTR, Acox2-5'-UTR, Ubc-5'-UTR, Nudt22-5'-UTR,

Pcyoxl l-5'-UTR, Ankrdl -5'-UTR, Tspyl4-5'-UTR, Slc7a3-5'-UTR, Aacs-5'-UTR,

Nosip-5'-UTR, ltga7-5'-UTR, Ccnd2-5'-UTR, Ebp-5'-UTR, Sf3b5-5'-UTR, Fasn-5'-

UTR, Hmgcs1 -5'-UTR, Osr1 -5'-UTR, Lmnbl -5'-UTR, Vma21 -5'-UTR, Kif20a-5'-



UTR, Cdca8-5'-UTR, Slc7a1 -5'-UTR, Ubqln2-5'-UTR, Prps2-5'-UTR, Shmt2-5'-

UTR, Fignl1 -5'-UTR, Cad-5'-UTR, Anln-5'-UTR, Slfn9-5'-UTR, Ncaph-5'-UTR,

Pole-5'-UTR, Uhrf1 -5'-UTR, Gja1 -5'-UTR, Fam64a-5'-UTR, Tspanl 0-5'-UTR,

Scand1 -5'-UTR, Gpr84-5'-UTR, Cers6-5'-UTR, Cxcr4-5'-UTR, Gprc5c-5'-UTR,

Fen1 -5'-UTR, Cspg4-5'-UTR, Mrpl34-5'-UTR, Comtdl -5'-UTR, Armc6-5'-UTR,

Emr4-5'-UTR Atp5d-5'-UTR, Csf2ra-5'-UTR, Aarsdl -5'-UTR, Cth-5'-UTR, Tpgsl -

5'-UTR, Ccll 7-5'-UTR, Alkbh7-5'-UTR, Ms4a8a-5'-UTR (all mouse).

63. The method or the use according to any one of the claims 57 - 6 , wherein the 3'-

UTR element comprises or consists 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 sequence selected from the

group consisting of SEQ D NOs: 152 to 204 or wherein the 3'-UTR element

comprises or consists of a fragment of a nucleic acid sequence that 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 sequence selected from the group

consisting of SEQ D NOs: 152 to 204.

64. The method or the use according to any one of the claims 57 - 60 and 62, wherein

the 5'-UTR element comprises or consists 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 sequence selected from the

group consisting of SEQ ID NOs: 1 to 15 1 or wherein the 5'-UTR element

comprises o r consists of a fragment of a nucleic acid sequence that 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 sequence selected from the group

consisting of SEQ ID NOs: 1 to 5 .

65. The method or the use according to claim 63 or 64, wherein the fragment exhibits

a length of between 3 and about 500 nucleotides, preferably of between 5 and

about 50 nucleotides, more preferably of between 0 and 100 nucleotides, even

more preferably of between and 90, most preferably of between 20 and 70.

66. The method or the use according to any one of claims 57 - 65, wherein the 3'-

UTR element and/or the 5'-UTR element exhibits a length of between 3 and about

500 nucleotides, preferably of between 5 and about 150 nucleotides, more

preferably of between 0 and 00 nucleotides, even more preferably of between

15 and 90, most preferably of between 20 and 70.

67. A kit or kit of parts comprising an artificial nucleic acid molecule according to any

one of claims 1 - 38, a vector according to any one of claims 39 - 43, a cell

according to any one of claims 44 - 46, and/or a pharmaceutical composition

according to claim 47 or 48.

68. The kit according to claim 67 further comprising instructions for use, cells for

transfection, an adjuvant, a means for administration of the pharmaceutical

composition, a pharmaceutically acceptable carrier and/or a pharmaceutically

acceptable solution for dissolution or dilution of the artificial nucleic acid

molecule, the vector, the cells or the pharmaceutical composition.

69. A method for generating an artificial nucleic acid molecule, wherein an artificial

nucleic acid molecule comprising at least one open reading frame and at least one

3'-UTR element and/or at least one 5'-UTR element defined in any of claims 1 - 38

is synthesized.

70. The method for generating an artificial nucleic acid molecule according to claim

69, wherein a vector according to any of claims 39 - 43 is used for synthesizing the

artificial nucleic acid molecule.

7 1 . An artificial nucleic acid molecule obtainable by a method for generating an

artificial nucleic acid molecule according to any of claims 69 - 70.
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