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

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2013/120499 Al
22 August 2013 (22.08.2013) P O P C T

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
C12N 75/67 (2006.01) kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(21) International Application Number: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

PCT/EP2012/000673 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(22) International Filing Date: HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,

15 February 2012 (15.02.2012) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

(25) Filing Language: English OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,

(26) Publication Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(71) Applicant (for all designated States except US): CURE-
VAC GMBH [DE/DE]; Paul-Ehrlich Str. 15, 72076 (84) Designated States (unless otherwise indicated, for every

Tubingen (DE). kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

(72) Inventors; and UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
(75) Inventors/Applicants (for US only): THESS, Andreas TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

[DE/DE]; Hindenburgstr. 9, 72127 Kusterdingen (DE). DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
SCHLAKE, Thomas [DE/DE]; Gartenweg 1, 7 1 4 Gun- LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
delfingen (DE). PROBST, Jochen [DE/DE]; In den Kirch- SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
hoflandern 19, 72649 Wolfschlugen (DE). GW, ML, MR, NE, SN, TD, TG).

(74) Agents: GRAF VON STOSCH, Andreas et al; Graf von Published:
Stosch Patentanwaltsgesellschaft mbH, Prinzregenten-

— with international search report (Art. 21(3))strasse 22, 80538 Munchen (DE).

o (54) Title: NUCLEIC ACID COMPRISING OR CODING FOR A HISTONE STEM-LOOP AND A POLY (A) SEQUENCE OR A
POLYADENYLATION SIGNAL FOR INCREASING THE EXPRESSION OF AN ENCODED PATHOGENIC ANTIGEN

(57) Abstract: The present invention relates to a nucleic acid sequence, comprising or coding for a coding region, encoding at least
one peptide or protein comprising a pathogenic antigen or a fragment, variant or derivative thereof, at least one histone stem-loop

o and a poly(A) sequence or a polyadenylation signal. Furthermore the present invention provides the use of the nucleic acid for in -
creasing the expression of said encoded peptide or protein. It also discloses its use for the preparation of a pharmaceutical composi -

o tion, especially a vaccine, e.g. for use in the treatment of infectious diseases. The present invention further describes a method for in
creasing the expression of a peptide or protein comprising a pathogenic antigen or a fragment, variant or derivative thereof, using the
nucleic acid comprising or coding for a histone stem-loop and a poly(A) sequence or a polyadenylation signal.



Nucleic acid comprising or coding for a histone stem-loop and a poly(A) sequence or a

polyadenylation signal for increasing the expression of an encoded pathogenic antigen

The present invention relates to a nucleic acid sequence, comprising or coding for a coding

region, encoding at least one peptide or protein comprising a pathogenic antigen or a

fragment, variant or derivative thereof, at least one histone stem-loop and a poly(A)

sequence or a polyadenylation signal. Furthermore the present invention provides the use of

the nucleic acid for increasing the expression of said encoded peptide or protein. It also

discloses its use for the preparation of a pharmaceutical composition, especially a vaccine,

e.g. for use in the treatment of infectious diseases. The present invention further describes a

method for increasing the expression of a peptide or protein comprising a pathogenic

antigen or a fragment, variant or derivative thereof, using the nucleic acid comprising or

coding for a histone stem-loop and a poly(A) sequence or a polyadenylation signal.

Augmenting adaptive immunity by vaccination aims to promote effective responses against

specific antigens present in pathogens in vivo. Traditional vaccination methods, using live

attenuated or heat-killed pathogens, have been successful in preventing and treating

infectious diseases such as smallpox, polio and diphtheria, but there are major diseases

where no effective vaccine is available (e.g. malaria and HIV), or the available vaccine only

gives transient or partial protection (e.g. cholera and flu). Newer strategies are aimed at

targeting selected antigens to antigen presenting cell subsets and directing the immune

system towards the Th1 and/or Th2 type immune responses associated with protection

against the specific pathogen. These narrowly aimed strategies may also lead to the

development of therapeutic vaccines able to overcome some of the immune deficiencies

induced by pathogens for immune evasion (Gamvrellis, A., D . Leong et al. (2004),

Immunology and Cell Biology 82, 506-51 6.). One of these new strategies is genetic

vaccination.



Gene therapy and genetic vaccination are methods of molecular medicine which already

have been proven in the therapy and prevention of diseases and generally exhibit a

considerable effect on daily medical practice, in particular on the treatment of diseases as

mentioned above. Both methods, gene therapy and genetic vaccination, are based on the

introduction of nucleic acids into the patient's cells or tissue and subsequent processing of

the information coded for by the nucleic acid that has been introduced into the cells or

tissue, that is to say the (protein) expression of the desired polypeptides.

In gene therapy approaches, typically DNA is used even though RNA is also known in

recent developments. Importantly, in all these gene therapy approaches mRNA functions as

messenger for the sequence information of the encoded protein, irrespectively if DNA, viral

RNA or mRNA is used.

In general RNA is considered an unstable molecule: RNases are ubiquitous and notoriously

difficult to inactivate. Furthermore, RNA is also chemically more labile than DNA. Thus, it

is perhaps surprising that the "default state" of an mRNA in a eukaryotic cell is

characterized by a relative stability and specific signals are required to accelerate the decay

of individual mRNAs. The main reason for this finding appears to be that mRNA decay

within cells is catalyzed almost exclusively by exonucleases. However, the ends of

eukaryotic mRNAs are protected against these enzymes by specific terminal structures and

their associated proteins: a m7GpppN CAP at the 5' end and typically a poly(A) sequence at

the 3' end. Removal of these two terminal modifications is thus considered rate limiting for

mRNA decay. Although a stabilizing element has been characterized in the 3' UTR of the

alpha-globin mRNA, RNA sequences affecting turnover of eukaryotic mRNAs typically act

as a promoter of decay usually by accelerating deadenylation (reviewed in Meyer, S., C.

Temme, eta/. (2004), Crit Rev Biochem Mol Biol 39(4): 97-21 6.).

As mentioned above, the 5' ends of eukaryotic mRNAs are typically modified

posttranscriptionally to carry a methylated CAP structure, e.g. m7GpppN. Aside from roles

in RNA splicing, stabilization, and transport, the CAP structure significantly enhances the

recruitment of the 40S ribosomal subunit to the 5' end of the mRNA during translation

initiation. The latter function requires recognition of the CAP structure by the eukaryotic

initiation factor complex elF4F. The poly(A) sequence additionally stimulates translation via



increased 40S subunit recruitment to mRNAs, an effect that requires the intervention of

poly(A) binding protein (PABP). PABP, in turn, was recently demonstrated to interact

physically with elF4G, which is part of the CAP-bound elF4F complex. Thus, a closed loop

model of translation initiation on capped, polyadenylated mRNAs was postulated (Michel,

Y. M., D. Poncet, eta/. (2000), J Biol Chem 275(41): 32268-76.).

Nearly all eukaryotic mRNAs end with such a poly(A) sequence that is added to their 3' end

by the ubiquitous cleavage/polyadenylation machinery. The presence of a poly(A) sequence

at the 3' end is one of the most recognizable features of eukaryotic mRNAs. After cleavage,

most pre-mRNAs, with the exception of replication-dependent histone transcripts, acquire a

polyadenylated tail. In this context, 3' end processing is a nuclear co-transcriptional process

that promotes transport of mRNAs from the nucleus to the cytoplasm and affects the stability

and the translation of mRNAs. Formation of this 3' end occurs in a two step reaction

directed by the cleavage/polyadenylation machinery and depends on the presence of two

sequence elements in mRNA precursors (pre-mRNAs); a highly conserved hexanucleotide

AAUAAA (polyadenylation signal) and a downstream G/U-rich sequence. In a first step, pre-

mRNAs are cleaved between these two elements. In a second step tightly coupled to the

first step the newly formed 3' end is extended by addition of a poly(A) sequence consisting

of 200-250 adenylates which affects subsequently all aspects of mRNA metabolism,

including mRNA export, stability and translation (Dominski, Z. and W . F. Marzluff (2007),

Gene 396(2): 373-90.).

The only known exception to this rule are the replication-dependent histone mRNAs which

end with a histone stem-loop instead of a poly(A) sequence. Exemplary histone stem-loop

sequences are described in Lopez e a/. (Davila Lopez, M., & Samuelsson, T. (2008), RNA

(New York, N.Y.), 14(1), 1-10. doi:10.1261/rna.782308.).

The stem-loops in histone pre-mRNAs are typically followed by a purine-rich sequence

known as the histone downstream element (HDE). These pre-mRNAs are processed in the

nucleus by a single endonucleolytic cleavage approximately 5 nucleotides downstream of

the stem-loop, catalyzed by the U7 snRNP through base pairing of the U7 snRNA with the

HDE. The 3'-UTR sequence comprising the histone stem-loop structure and the histone

downstream element (HDE) (binding site of the U7 snRNP) were usually termed as histone



3'-processing signal (see e.g. Chodchoy, N., N. B. Pandey, et al. ( 991). Mol Cell Biol (1):

497-509.).

Due to the requirement to package newly synthesized DNA into chromatin, histone

synthesis is regulated in concert with the cell cycle. Increased synthesis of histone proteins

during S phase is achieved by transcriptional activation of histone genes as well as

posttranscriptional regulation of histone mRNA levels. It could be shown that the histone

stem-loop is essential for all posttranscriptional steps of histone expression regulation. It is

necessary for efficient processing, export of the mRNA into the cytoplasm, loading onto

polyribosomes, and regulation of mRNA stability.

In the above context, a 32 kDa protein was identified, which is associated with the histone

stem-loop at the 3'-end of the histone messages in both the nucleus and the cytoplasm. The

expression level of this stem-loop binding protein (SLBP) is cell-cycle regulated and is

highest during S-phase when histone mRNA levels are increased. SLBP is necessary for

efficient 3'-end processing of histone pre-mRNA by the U7 snRNP. After completion of

processing, SLBP remains associated with the stem-loop at the end of mature histone

mRNAs and stimulates their translation into histone proteins in the cytoplasm. (Dominski, Z .

and W . F. Marzluff (2007), Gene 396(2): 373-90). Interestingly, the RNA binding domain of

SLBP is conserved throughout metazoa and protozoa (Davila Lopez, M., & Samuelsson, T.

(2008), RNA (New York, N.Y.), 14(1), 1-10. doi:1 0.1 261/rna.782308) and it could be

shown that its binding to the histone stem-loop sequence is dependent on the stem-loop

structure and that the minimum binding site contains at least 3 nucleotides 5' and 2

nucleotides 3' of the stem-loop (Pandey, N. B., et al. ( 1 994), Molecular and Cellular

Biology, 143), 1709-1 20 and Williams, A. S., & Marzluff, W . F., ( 1 995), Nucleic Acids

Research, 23(4), 654-662.).

Even though histone genes are generally classified as either "replication-dependent", giving

rise to mRNA ending in a histone stem-loop, or "replacement-type", giving rise to mRNA

bearing a poly(A)-tail instead, naturally occurring mRNAs containing both a histone stem-

loop and poly(A) or oligo(A) 3' thereof have been identified in some very rare cases.

Sanchez e al. examined the effect of naturally occurring oligo(A) tails appended 3' of the

histone stem-loop of histone mRNA during Xenopus oogenesis using Luciferase as a reporter



protein and found that the oligo(A) tail is an active part of the translation repression

mechanism that silences histone mRNA during oogenesis and its removal is part of the

mechanism that activates translation of histone mRNAs (Sanchez, R. and W . F. Marzluff

(2004), Mol Cell Biol 24(6): 25 3-25).

Furthermore, the requirements for regulation of replication dependent histones at the level

of pre-mRNA processing and mRNA stability have been investigated using artificial

constructs coding for the marker protein alpha Globin, taking advantage of the fact that the

globin gene contains introns as opposed to the intron-less histone genes. For this purpose

constructs were generated in which the alpha globin coding sequence was followed by a

histone stem-loop signal (histone stem-loop followed by the histone downstream element)

and a polyadenylation signal (Whitelaw, E., et a/. ( 986). Nucleic Acids Research, 14(1 7),

7059-7070.; Pandey, N . B., & Marzluff, W . F. (1 987). Molecular and Cellular Biology,

7(1 2), 4557-4559.; Pandey, N . B., e a/. ( 1 990). Nucleic Acids Research, 18(1 1), 3 16 1-

3 170).

In another approach Liischer et a/ investigated the cell-cycle dependent regulation of a

recombinant histone H4 gene. Constructs were generated in which the H4 coding sequence

was followed by a histone stem-loop signal and a polyadenylation signal, the two

processing signals incidentally separated by a galactokinase coding sequence (Liischer, B. et

a/., ( 985). Proc. Natl. Acad. Sci. USA, 82(13), 4389-4393).

Additionally, Stauber et a/ identified the minimal sequence required to confer cell-cycle

regulation on histone H4 mRNA levels. For these investigations constructs were used,

comprising a coding sequence for the selection marker Xanthinerguanine phosphoribosyl

transferase (GPT) preceding a histone stem-loop signal followed by a polyadenylation signal

(Stauber, C. eta/., ( 1 986). EMBO J, 5(12), 3297-3303).

Examining histone pre-mRNA processing Wagner et a/ identified factors required for

cleavage of histone pre-mRNAs using a reporter construct placing EGFP between a histone

stem-loop signal and a polyadenylation signal, such that EGFP was expressed only in case

histone pre-mRNA processing was disrupted (Wagner, E. J. et a/., (2007). Mol Cell 28(4),

692-9).



To be noted, translation of polyadenylated mRNA usually requires the 3' poly(A) sequence

to be brought into proximity of the 5' CAP. This is mediated through protein-protein

interaction between the poly(A) binding protein and eukaryotic initiation factor elF4G. With

respect to replication-dependent histone mRNAs, an analogous mechanism has been

uncovered. In this context, Gallie et at. show that the histone stem-loop is functionally

similar to a poly(A) sequence in that it enhances translational efficiency and is co-

dependent on a 5'-CAP in order to establish an efficient level of translation. They showed

that the histone stem-loop is sufficient and necessary to increase the translation of a reporter

mRNA in transfected Chinese hamster ovary cells but must be positioned at the 3'-terminus

in order to function optimally. Therefore, similar to the poly(A) tail on other mRNAs, the 3'

end of these histone mRNAs appears to be essential for translation in vivo and is

functionally analogous to a poly(A) tail (Gallie, D . R., Lewis, N . J., & Marzluff, W . F. ( 996),

Nucleic Acids Research, 24(1 0), 1954-1 962).

Additionally, it could be shown that SLBP is bound to the cytoplasmic histone mRNA and is

required for its translation. Even though SLBP does not interact directly with elF4G, the

domain required for translation of histone mRNA interacts with the recently identified

protein SLIP1 . In a further step, SLIP1 interacts with elF4G and allows to circularize histone

mRNA and to support efficient translation of histone mRNA by a mechanism similar to the

translation of polyadenylated mRNAs.

As mentioned above, gene therapy approaches normally use DNA to transfer the coding

information into the cell which is then transcribed into mRNA, carrying the naturally

occurring elements of an mRNA, particularly the 5'-CAP structure and the 3' poly(A)

sequence to ensure expression of the encoded therapeutic or antigenic protein.

However, in many cases expression systems based on the introduction of such nucleic acids

into the patient's cells or tissue and the subsequent expression of the desired polypeptides

coded for by these nucleic acids do not exhibit the desired, or even the required, level of

expression which may allow for an efficient therapy, irrespective as to whether DNA or

RNA is used.



In the prior art, different attempts have hitherto been made to increase the yield of the

expression of an encoded protein, in particular by use of improved expression systems, both

in vitro and/or in vivo. Methods for increasing expression described generally in the prior art

are conventionally based on the use of expression vectors or cassettes containing specific

promoters and corresponding regulation elements. As these expression vectors or cassettes

are typically limited to particular cell systems, these expression systems have to be adapted

for use in different cell systems. Such adapted expression vectors or cassettes are then

usually transfected into the cells and typically treated in dependence of the specific cell

line. Therefore, preference is given primarily to those nucleic acid molecules which are able

to express the encoded proteins in a target cell by systems inherent in the cell, independent

of promoters and regulation elements which are specific for particular cell types. In this

context, there can be distinguished between mRNA stabilizing elements and elements

which increase translation efficiency of the mRNA.

mRNAs which are optimized in their coding sequence and which are in general suitable for

such a purpose are described in application W O 02/098443 (CureVac GmbH). For

example, W O 02/098443 describes mRNAs that are stabilised in general form and

optimised for translation in their coding regions. W O 02/098443 further discloses a method

for determining sequence modifications. W O 02/098443 additionally describes possibilities

for substituting adenine and uracil nucleotides in mRNA sequences in order to increase the

guanine/cytosine (G/C) content of the sequences. According to W O 02/098443, such

substitutions and adaptations for increasing the G/C content can be used for gene

therapeutic applications but also genetic vaccines in the treatment of cancer or infectious

diseases. In this context, W O 02/098443 generally mentions sequences as a base sequence

for such modifications, in which the modified mRNA codes for at least one biologically

active peptide or polypeptide, which is translated in the patient to be treated, for example,

either not at all or inadequately or with faults. Alternatively, WO 02/098443 proposes

mRNAs coding for antigens e.g. pathogenic antigens or viral antigens as a base sequence for

such modifications.

In a further approach to increase the expression of an encoded protein the application W O

2007/036366 describes the positive effect of long poly(A) sequences (particularly longer



than 120 bp) and the combination of at least two 3' untranslated regions of the beta globin

gene on mRNA stability and translational activity.

However, even though all these latter prior art documents already try to provide quite

efficient tools for gene therapy approaches and additionally improved mRNA stability and

translational activity, there still remains the problem of a generally lower stability of RNA-

based applications versus DNA vaccines and DNA based gene therapeutic approaches.

Accordingly, there still exists a need in the art to provide improved tools for gene therapy

approaches and genetic vaccination or as a supplementary therapy for conventional

treatments as discussed above, which allow for better provision of encoded proteins in vivo,

e.g. via a further improved mRNA stability and/or translational activity, preferably for gene

therapy and genetic vaccination.

Furthermore despite of all progress in the art, efficient expression of an encoded peptide or

protein in cell-free systems, cells or organisms (recombinant expression) is still a challenging

problem.

The object underlying the present invention is, therefore, to provide additional and/or

alternative methods to increase expression of an encoded protein, preferably via further

stabilization of the mRNA and/or an increase of the translational efficiency of such an

mRNA with respect to such nucleic acids known from the prior art for the use in genetic

vaccination in the therapeutic or prophylactic treatment of infectious diseases.

This object is solved by the subject matter of the attached claims. Particularly, the object

underlying the present invention is solved according to a first aspect by an inventive nucleic

acid sequence comprising or coding for

a) a coding region, encoding at least one peptide or protein which comprises a

pathogenic antigen or a fragment, variant or derivative thereof;

b) at least one histone stem-loop, and

c) a poly(A) sequence or a polyadenylation signal,

preferably for increasing the expression of said encoded peptide or protein.



In this context it is particularly preferred that the inventive nucleic acid according to the first

aspect of the present invention is produced at least partially by DNA or RNA synthesis,

preferably as described herein or is an isolated nucleic acid.

The present invention is based on the surprising finding of the present inventors, that the

combination of a poly(A) sequence or polyadenylation signal and at least one histone stem-

loop, even though both representing alternative mechanisms in nature, acts synergistically

as this combination increases the protein expression manifold above the level observed with

either of the individual elements. The synergistic effect of the combination of poly(A) and at

least one histone stem-loop is seen irrespective of the order of poly(A) and histone stem-

loop and irrespective of the length of the poly(A) sequence.

Therefore it is particularly preferred that the inventive nucleic acid sequence comprises or

codes for a) a coding region, encoding at least one peptide or protein which comprises a

pathogenic antigen or a fragment, variant or derivative thereof; b) at least one histone stem-

loop, and c) a poly(A) sequence or polyadenylation sequence; preferably for increasing the

expression level of said encoded peptide or protein, wherein the encoded protein is

preferably no histone protein, no reporter protein (e.g. Luciferase, GFP, EGFP, β-

Galactosidase, particularly EGFP) and/or no marker or selection protein (e.g. alpha-Globin,

Galactokinase and Xanthine:Guanine phosphoribosyl transferase (GPT)).

In this context it is particularly preferred that the inventive nucleic acid comprises or codes

for in 5'- to 3'-direction:

a) a coding region, encoding at least one peptide or protein which comprises a

pathogenic antigen or a fragment, variant or derivative thereof;

b) at least one histone stem-loop, optionally without a histone downstream element

(HDE) 3' to the histone stem-loop

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

The term "histone downstream element (HDE) refers to a purine-rich polynucleotide stretch

of about 5 to 20 nucleotides 3' of naturally occurring histone stem-loops, which represents

the binding site for the U7 snRNA involved in processing of histone pre-mRNA into mature



histone mRNA. For example in sea urchins the HDE is CAAGAAAGA (Dominski, Z. and W .

F. Marzluff (2007), Gene 396(2): 373-90).

Furthermore it is preferable that the inventive nucleic acid according to the first aspect of

the present invention does not comprise an intron.

In another particular preferred embodiment, the inventive nucleic acid sequence according

to the first aspect of the present invention comprises or codes for from 5' to 3':

a) a coding region, preferably encoding at least one peptide or protein which

comprises a pathogenic antigen or a fragment, variant or derivative thereof;

c) a poly(A) sequence; and

b) at least one histone stem-loop.

The inventive nucleic acid sequence according to the first embodiment of the present

invention comprise any suitable nucleic acid, selected e.g. from any (single-stranded or

double-stranded) DNA, preferably, without being limited thereto, e.g. genomic DNA,

plasmid DNA, single-stranded DNA molecules, double-stranded DNA molecules, or may

be selected e.g. from any PNA (peptide nucleic acid) or may be selected e.g. from any

(single-stranded or double-stranded) RNA, preferably a messenger RNA (mRNA); etc. The

inventive nucleic acid sequence may also comprise a viral RNA (vRNA). However, the

inventive nucleic acid sequence may not be a viral RNA or may not contain a viral RNA.

More specifically, the inventive nucleic acid sequence may not contain viral sequence

elements, e.g. viral enhancers or viral promotors (e.g. no inactivated viral promoter or

sequence elements, more specifically not inactivated by replacement strategies), or other

viral sequence elements, or viral or retroviral nucleic acid sequences. More specifically, the

inventive nucleic acid sequence may not be a retroviral or viral vector or a modified

retroviral or viral vector.

In any case, the inventive nucleic acid sequence may or may not contain an enhancer

and/or promoter sequence, which may be modified or not or which may be activated or

not. The enhancer and or promoter may be plant expressible or not expressible, and/or in

eukaryotes expressible or not expressible and/or in prokaryotes expressible or not



expressible. The inventive nucleic acid sequence may contain a sequence encoding a (self-

splicing) ribozyme or not.

In specific embodiments the inventive nucleic acid sequence may be or may comprise a

self-replicating RNA (replicon).

Preferably, the inventive nucleic acid sequence is a plasmid DNA, or an RNA, particularly

an mRNA.

In particular embodiments of the first aspect of the present invention, the inventive nucleic

acid is a nucleic acid sequence comprised in a nucleic acid suitable for in vitro

transcription, particularly in an appropriate in vitro transcription vector (e.g. a plasmid or a

linear nucleic acid sequence comprising specific promoters for in vitro transcription such as

T3, T7 or Sp6 promoters).

In further particular preferred embodiments of the first aspect of the present invention, the

inventive nucleic acid is comprised in a nucleic acid suitable for transcription and/or

translation in an expression system (e.g. in an expression vector or plasmid), particularly a

prokaryotic (e.g. bacteria like £ coh) or eukaryotic (e.g. mammalian cells like CHO cells,

yeast cells or insect cells or whole organisms like plants or animals) expression system.

The term "expression system" means a system (cell culture or whole organisms) which is

suitable for production of peptides, proteins or RNA particularly mRNA (recombinant

expression).

The inventive nucleic acid sequence according to the first aspect of the present invention

comprises or codes for at least one histone stem-loop. In the context of the present

invention, such a histone stem-loop is typically derived from histone genes and comprises

an intramolecular base pairing of two neighbored entirely or partially reverse

complementary sequences, thereby forming a stem-loop. A stem-loop can occur in single-

stranded DNA or, more commonly, in RNA. The structure is also known as a hairpin or

hairpin loop and usually consists of a stem and a (terminal) loop within a consecutive

sequence, wherein the stem is formed by two neighbored entirely or partially reverse



complementary sequences separated by a short sequence as sort of spacer, which builds the

loop of the stem-loop structure. The two neighbored entirely or partially reverse

complementary sequences may be defined as e.g. stem loop elements steml and stem2.

The stem loop is formed when these two neighbored entirely or partially reverse

complementary sequences, e.g. stem loop elements steml and stem2, form base-pairs with

each other, leading to a double stranded nucleic acid sequence comprising an unpaired

loop at its terminal ending formed by the short sequence located between stem loop

elements steml and stem2 on the consecutive sequence. The unpaired loop thereby

typically represents a region of the nucleic acid which is not capable of base pairing with

either of these stem loop elements. The resulting lollipop-shaped structure is a key building

block of many RNA secondary structures. The formation of a stem-loop structure is thus

dependent on the stability of the resulting stem and loop regions, wherein the first

prerequisite is typically the presence of a sequence that can fold back on itself to form a

paired double strand. The stability of paired stem loop elements is determined by the length,

the number of mismatches or bulges it contains (a small number of mismatches is typically

tolerable, especially in a long double strand), and the base composition of the paired

region. In the context of the present invention, optimal loop length is 3-10 bases, more

preferably 3 to 8, 3 to 7, 3 to 6 or even more preferably 4 to 5 bases, and most preferably 4

bases.

According to the present invention the histone stem loop sequence according to component

(b) of claim 1 may not derived from a mouse histone protein. More specifically, the histone

stem loop sequence may not be derived from mouse histone gene H2A614. Also, the

nucleic acid of the invention may neither contain a mouse histone stem loop sequence nor

contain mouse histone gene H2A614. Further, the inventive nucleic acid sequence may not

contain a stem-loop processing signal, more specifically, a mouse histone processing signal

and, most specifically, may not contain mouse stem loop processing signal H2kA614, even

if the inventive nucleic acid sequence may contain at least one mammalian histone gene.

However, the at least one mammalian histone gene may not be Seq. ID No. 7 of W O

01/1 2824.



Accordi ng to one preferred embodiment of the first inventive aspect, the inventive nucleic acid

sequence comprises or codes for at least one histone stem-loop sequence, preferably

accordi ng to at least one of the fol lowing formulae (I) or (II):

formula (I) (stem-loop sequence without stem borderi ng elements):

[N0 2GN3. ] [N0.4(U )N0.4] [N3 CN0 2]
V ' '

steml loop stem2

(II) (stem-loop sequence with stem bordering elements):

steml steml loop stem2 stem2
borderi ng element borderi ng element

wherei n:

steml or stem2 bordering elements 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,

G and C, or a nucleotide analogue thereof;

steml .2 3 is reverse complementary or partial ly 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 [ (U/T)N is located between elements steml and stem2,

and is a consecutive sequence of 3 to 5

nucleotides, more preferably of 4 nucleotides;

wherein each 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 .5C N is reverse complementary or partially reverse

complementary with element stemi, and is a

consecutive sequence between of 5 to 7

nucleotides;

wherein N3. 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 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 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 nucleotide guanosine

in stemi is replaced by cytidine;

wherein

stemi and stem2 are capable of base pairing with each other forming a reverse

complementary sequence, wherein base pairing may occur between stemi 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 stemi 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.



In the above context, a wobble base pairing is typically a non-Watson-Crick base pairing

between two nucleotides. The four main wobble base pairs in the present context, which

may be used, are guanosine-uridine, inosine-uridine, inosine-adenosine, inosine-cytidine

(G-U/T, l-U T, l-A and l-C) and adenosine-cytidine (A-C).

Accordingly, in the context of the present invention, a wobble base is a base, which forms a

wobble base pair with a further base as described above. Therefore non-Watson-Crick base

pairing, e.g. wobble base pairing, may occur in the stem of the histone stem-loop structure

according to the present invention.

In the above context a partially reverse complementary sequence comprises maximally 2,

preferably only one mismatch in the stem-structure of the stem-loop sequence formed by

base pairing of stemi and stem2. In other words, stemi and stem2 are preferably capable of

(full) base pairing with each other throughout the entire sequence of stemi and stem2

( 100% of possible correct Watson-Crick or non-Watson-Crick base pairings), thereby

forming a reverse complementary sequence, wherein each base has its correct Watson-

Crick or non-Watson-Crick base pendant as a complementary binding partner.

Alternatively, stemi and stem2 are preferably capable of partial base pairing with each

other throughout the entire sequence of stemi and stem2, wherein at least about 70%,

75%, 80%, 85%, 90%, or 95% of the 100% possible correct Watson-Crick or non-Watson-

Crick base pairings are occupied with the correct Watson-Crick or non-Watson-Crick base

pairings and at most about 30%, 25%, 20%, 5%, 10%, or 5% of the remaining bases are

unpaired.

According to a preferred embodiment of the first inventive aspect, the at least one histone

stem-loop sequence (with stem bordering elements) of the inventive nucleic acid sequence

as defined herein comprises a length of about 15 to about 45 nucleotides, preferably a

length of about 15 to about 40 nucleotides, preferably a length of about 1 to about 35

nucleotides, preferably a length of about 15 to about 30 nucleotides and even more

preferably a length of about 20 to about 30 and most preferably a length of about 24 to

about 28 nucleotides.



According to a further preferred embodiment of the first inventive aspect, the at least one

histone stem-loop sequence (without stem bordering elements) of the inventive nucleic acid

sequence as defined herein comprises a length of about 10 to about 30 nucleotides,

preferably a length of about 0 to about 20 nucleotides, preferably a length of about 2 to

about 20 nucleotides, preferably a length of about 4 to about 20 nucleotides and even

more preferably a length of about 16 to about 17 and most preferably a length of about 16

nucleotides.

According to a further preferred embodiment of the first inventive aspect, the inventive nucleic

acid sequence according to the first aspect of the present invention may comprise or code for

at least one histone stem-loop sequence according to at least one of the following specific

formulae (la) or (Ma):

formula (la) (stem-loop sequence without stem bordering elements):

[N0 1GN3 5] [N 3(U/T)N02] C

steml loop stem2

formula (Ma) (stem-loop sequence with stem bordering elements):

bordering element bordering element

wherein:

N, C, G, T and U are as defined above.

According to a further more particularly preferred embodiment of the first aspect, the inventive

nucleic acid sequence may comprise or code for at least one histone stem-loop sequence

according to at least one of the following specific formulae (lb) or (Mb):



formula (lb) (stem-loop sequence without stem bordering elements):

[ GN [N2(U )N 1] [N4CN

steml loop stem2

formula (Mb) (stem-loop sequence with stem bordering elements):

element

w lherein: N, C, G, T and U are as defined above.

According to an even more preferred embodiment of the first inventive aspect, the inventive

nucleic acid sequence according to the first aspect of the present invention may comprise or

code for at least one histone stem-loop sequence according to at least one of the following

specific formulae (lc) to (Ih) or (lie) to (llh), shown alternatively in its stem-loop structure and as

a linear sequence representing histone stem-loop sequences as generated according to

Example :

formula (lc): (metazoan and protozoan histone stem-loop consensus sequence without stem

bordering elements):

N U
N N

N-N
N-N
N-N
N-N
G-C
N-N (stem-loop structure)

NGNNNNNNUNNNNNCN
(linear sequence) (SEQ ID NO: 1)



formula (lie): (metazoan and protozoan histone stem-loop consensus sequence with stem

bordering elements):

N U
N N

N-N
N-N
N-N
N-N
G-C

N*N*NNNN-NNNN*N*N* (stem-loop structure)

N*N*NNNNGNNNNNNUNNNNNCNNNN*N*N*
(linear sequence) (SEQ ID NO: 2 )

formula (Id): (without stem bordering elements)

N U
N N

N-N
N-N
N-N
N-N
C-G
N-N (stem-loop structure)

NCNNNNNNUNNNNNGN
(linear sequence) (SEQ ID NO: 3)



formula (lid): (with stem bordering elements)

N U
N N

N-N
N-N
N-N
N-N
C-G

N*N*NNNN-NNNN*N*N* (stem-loop structure)

N*N*NNNNCNNNNNNUNNNNNGNNNN*N*N*
(linear sequence) (SEQ ID NO: 4)

formula (le): (protozoan histone stem-loop consensus sequence without stem bordering
elements)

N U
N N

N-N
N-N
N-N
N-N
G-C
D-H (stem-loop structure)

DGNNNNNNUNNNNNCH
(linear sequence) (SEQ ID NO: 5)



formula (Me): (protozoan histone stem-loop consensus sequence with stem bordering
elements)

N U
N N

N-N
N-N
N-N
N-N
G-C

N*N*NNND-HNNN*N*N* (stem-loop structure)

N*N*NNNDGNNNNNNUNNNNNCHNNN*N*N*
(linear sequence) (SEQ ID NO: 6)

formula (If): (metazoan histone stem-loop consensus sequence without stem bordering
elements)

N U
N N
Y-V
Y-N
B-D
N-N
G-C
N-N (stem-loop structure)

NGNBYYNNUNVNDNCN
(linear sequence) (SEQ ID NO: 7)



formula (llf): (metazoan histone stem-loop consensus sequence with stem bordering
elements)

N U
N N
Y-V
Y-N
B-D

N-N
G-C

N*N*NNNN-NNNN*N*N* (stem-loop structure)

N*N*NNNNGNBYYNNUNVNDNCNNNN*N*N*
(linear sequence) (SEQ ID NO: 8)

formula (Ig): (vertebrate histone stem-loop consensus sequence without stem bordering
elements)

N U
D H
Y-A
Y-B
Y-R
H-D
G-C
N-N (stem-1oop structu re)

NGHYYYDNUHABRDCN
(linear sequence) (SEQ ID NO: 9)



formula (llg): (vertebrate histone stem-loop consensus sequence with stem bordering
elements)

N U
D H
Y-A
Y-B
Y-R
H-D
G-C

N*N*HNNN-NNNN*N*H* (stem-loop structure)

N*N*HNNNGHYYYDNUHABRDCNNNN*N*H*
(linear sequence) (SEQ ID NO: 0)

formula (Ih): (human histone stem-loop consensus sequence (Homo sapiens) without stem
bordering elements)

Y u
D H

U-A
C-S
Y-R
H-R
G-C
D-C (stem-loop structure)

DGHYCUDYUHASRRCC
(linear sequence) (SEQ ID NO: 1 )



formula (llh): (human histone stem-loop consensus sequence (Homo sapiens) with stem
bordering elements)

Y u
D H

U-A
c-s
Y-R
H-R
G-C

N*H*AAHD-CVHB*N*H* (stem loop structure)

N*H*AAHDGHYCUDYUHASRRCCVHB*N*H*
(linear sequence) (SEQ ID NO: 12)

wherein in each of above formulae (Ic) to (Ih) or (lie) to (llh): N, C, G, A, T and U are as

defined above; each U may be replaced by T; each (highly) conserved G or C in the stem

elements 1 and 2 may be replaced by its complementary nucleotide base C or G, provided that

its complementary nucleotide in the corresponding stem is replaced by its complementary

nucleotide in parallel; and/or G, A, T, U, C, R, Y, M, K, S, W , H, B, V, D, and N are nucleotide

bases as defined in the following Table:



In this context it is particularly preferred that the histone stem-loop sequence according to at

least one of the formulae (I) or (la) to (Ih) or (II) or (lla) to (llh) of the present invention is

selected from a naturally occurring histone stem loop sequence, more particularly preferred

from protozoan or metazoan histone stem-loop sequences, and even more particularly

preferred from vertebrate and mostly preferred from mammalian histone stem-loop

sequences especially from human histone stem-loop sequences.

According to a particularly preferred embodiment of the first aspect, the histone stem-loop

sequence according to at least one of the specific formulae (I) or (la) to (Ih) or (II) or (lla) to (llh)

of the present invention is a histone stem-loop sequence comprising at each nucleotide

position the most frequently occurring nucleotide, or either the most frequently or the second-

most frequently occurring nucleotide of naturally occurring histone stem-loop sequences in

metazoa and protozoa (Fig. 1), protozoa (Fig. 2), metazoa (Fig. 3), vertebrates (Fig. 4) and

humans (Fig. 5) as shown in figure 1-5. In this context it is particularly preferred that at least

80%, preferably at least 85%, or most preferably at least 90% of all nucleotides correspond to

the most frequently occurring nucleotide of naturally occurring histone stem-loop sequences.

In a further particular embodiment of the first aspect, the histone stem-loop sequence

according to at least one of the specific formulae (I) or (la) to (Ih) of the present invention is

selected from following histone stem-loop sequences (without stem-bordering elements)

representing histone stem-loop sequences as generated according to Example 1:

VGYYYYH HTH RWRCB (SEQ ID NO: 3 according to formula (lc))

SGYYYTTYTMARRRCS (SEQ ID NO: 4 according to formula (lc))

SGYYCTTTTMAGRRCS (SEQ ID NO: 5 according to formula (lc))

DGNNNBNNTHVNNNCH (SEQ ID NO: 6 according to formula (le))

RGNNNYHBTHRDNNCY (SEQ ID NO: 17 according to formula (le))

RGNDBYHYTHRDHNCY (SEQ ID NO: 8 according to formula (le))

VGYYYTYHTH RVRRCB (SEQ ID NO: 9 according to formula (If))

SGYYCTTYTMAGRRCS (SEQ ID NO: 20 according to formula (If))



SGYYCTTTTMAGRRCS (SEQ ID NO: 2 1 according to formula (If))

GGYYCTTYTHAGRRCC (SEQ ID NO: 22 according to formula (lg))

GGCYCTTYTMAGRGCC (SEQ ID NO: 23 according to formula (lg))

GGCTCTTTTMAGRGCC (SEQ ID NO: 24 according to formula (lg))

DGHYCTDYTHASRRCC (SEQ ID NO: 25 according to formula (lh))

GGCYCTTTTHAGRGCC (SEQ ID NO: 26 according to formula (lh))

GGCYCTTTTMAGRGCC (SEQ ID NO: 27 according to formula (lh))

Furthermore in this context following histone stem-loop sequences (with stem bordering

elements) as generated according to Example 1 according to one of specific formulae (II) or

( a) to (llh) are particularly preferred:

H*H*HHWGYYYYHHTHRWRCBVHH*N*N* (SEQ ID NO: 28 according to formula (lie))

M*H*MHMSGYYYTTYTMARRRCSMCH*H*H* (SEQ ID NO: 29 according to formula (lie))

M*M*MMMSGYYCTTTTMAGRRCSACH*M*H* (SEQ ID NO: 30 according to formula (lie))

N*N*NNNDGNNNBNNTHVNNNCHNHN*N*N* (SEQ ID NO: 3 1 according to formula (Me))

N*N*HHNRGNNNYHBTHRDNNCYDHH*N*N* (SEQ ID NO: 32 according to formula (lie))

N*H*HHVRGNDBYHYTHRDHNCYRHH*H*H* (SEQ ID NO: 33 according to formula (Me))

H*H*MHMVGYYYTYHTHRVRRCBVMH*H*N* (SEQ ID NO: 34 according to formula ( If))

M*M*MMMSGYYCTTYTMAGRRCSMCH*H*H* (SEQ ID NO: 35 according to formula (llf))

M*M*MMMSGYYCTTTTMAGRRCSACH*M*H* (SEQ ID NO: 36 according to formula (llf))

H*H*MAMGGYYCTTYTHAGRRCCVHN*N*M* (SEQ ID NO: 37 according to formula (llg))

H*H*AAMGGCYCTTYTMAGRGCCVCH*H*M* (SEQ ID NO: 38 according to formula (llg))

M*M*AAMGGCTCTTTTMAGRGCCMCY*M*M* (SEQ ID NO: 39 according to formula (llg))

N*H*AAHDGHYCTDYTHASRRCCVHB*N*H* (SEQ ID NO: 40 according to formula (llh))

H*H*AAMGGCYCTTTTHAGRGCCVMY*N*M* (SEQ ID NO: 4 1 according to formula (llh))

H*M*AAAGGCYCTTTTMAGRGCCRMY*H*M* (SEQ ID NO: 42 according to formula (llh))



According to a further preferred embodiment of the first inventive aspect, the inventive nucleic

acid sequence comprises or codes for at least one histone stem-loop sequence showing at least

about 80%, preferably at least about 85%, more preferably at least about 90%, or even more

preferably at least about 95%, sequence identity with the not to 100% conserved nucleotides

in the histone stem-loop sequences according to at least one of specific formulae (I) or (la) to

(Ih) or (II) or (lla) to (II ) or with a naturally occurring histone stem-loop sequence.

The inventive nucleic acid sequence according to the first aspect of the present invention

may optionally comprise o r code for a poly(A) sequence. When present, such a poly(A)

sequence comprises a sequence of about 25 to about 400 adenosine nucleotides, preferably

a sequence of about 50 to about 400 adenosine nucleotides, more preferably a sequence of

about 50 to about 300 adenosine nucleotides, even more preferably a sequence of about 50

to about 250 adenosine nucleotides, most preferably a sequence of about 60 to about 250

adenosine nucleotides. In this context the term "about" refers to a deviation of + 0% of the

value(s) it is attached to.

Preferably, the nucleic acid according of the present invention does not contain one or two

or at least one or all but one or all of the components of the group consisting of: a sequence

encoding a ribozyme (preferably a self-splicing ribozyme), a viral nucleic acid sequence, a

histone stem-loop processing signal, in particular a histone-stem loop processing sequence

derived from mouse histone H2A614 gene, a Neo gene, an inactivated promoter sequence

and an inactivated enhancer sequence. Even more preferably, the nucleic acid according to

the invention does not contain a ribozyme, preferably a self-splicing ribozyme, and one of

the group consisting of: a Neo gene, an inactivated promoter sequence, an inactivated

enhancer sequence, a histone stem-loop processing signal, in particular a histone-stem loop

processing sequence derived from mouse histone H2A61 4 gene. Accordingly, the nucleic

acid may in a preferred mode neither contain a ribozyme, preferably a self-splicing

ribozyme, nor a Neo gene or, alternatively, neither a ribozyme, preferably a self-splicing

ribozyme, nor any resistance gene (e.g. usually applied for selection). In another preferred

mode, the nucleic acid of the invention may neither contain a ribozyme, preferably a self-

splicing ribozyme nor a histone stem-loop processing signal, in particular a histone-stem

loop processing sequence derived from mouse histone H2A614 gene



Alternatively, according to the first aspect of the present invention, the inventive nucleic

sequence optionally comprises a polyadenylation signal which is defined herein as a signal

which conveys polyadenylation to a (transcribed) mRNA by specific protein factors (e.g.

cleavage and polyadenylation specificity factor (CPSF), cleavage stimulation factor (CstF),

cleavage factors I and I I (CF I and CF II), poly(A) polymerase (PAP)). In this context a

consensus polyadenylation signal is preferred comprising the NN(U/T)ANA consensus

sequence. In a particular preferred aspect the polyadenylation signal comprises one of the

following sequences: AA(U/T)AAA or A(U/T)(U/T)AAA (wherein uridine is usually present in

RNA and thymidine is usually present in DNA).

The inventive nucleic acid sequence according to the first aspect of the present invention

may furthermore encode a protein or a peptide, which comprises a pathogenic antigen or a

fragment, variant or derivative thereof.

Pathogenic antigens are peptide or protein antigens 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, Cory nebacteri urn

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, 0 111 and O104: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 fowled, 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 1 , 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 or 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.

Furthermore, the pathogenic antigen (antigen derived from a pathogen associated

with infectious disease) may be selected from the following antigens: Outer

membrane protein A OmpA, biofilm associated protein Bap, transport protein MucK

(Acinetobacter baumannii, Acinetobacter infections)); variable surface glycoprotein

VSG, microtubule-associated protein ΜΑΡΡ Ί 5, trans-sialidase TSA (Trypanosoma

brucei, African sleeping sickness (African trypanosomiasis)); HIV p24 antigen, HIV

envelope proteins (Gp120, Gp41 , Gp1 60), polyprotein GAG, negative factor protein

Nef, trans-activator of transcription Tat (HIV (Human immunodeficiency virus),

AIDS (Acquired immunodeficiency syndrome)); galactose-inhibitable adherence

protein GIAP, 29 kDa antigen Eh29, Gal/GalNAc lectin, protein CRT, 125 kDa

immunodominant antigen, protein M l 7, adhesin ADH1 2, protein STIRP

(Entamoeba histolytica, Amoebiasis); Major surface proteins 1-5 (MSP1 a, MSP1 b,

MSP2, MSP3, MSP4, MSP5), type IV secreotion system proteins (VirB2, VirB7,

VirB1 , VirD4) (Anaplasma genus, Anaplasmosis); protective Antigen PA, edema

factor EF, lethal facotor LF, the S-layer homology proteins SLH (Bacillus anthracis,

Anthrax); acranolysin, phospholipase D, collagen-binding protein CbpA

(Arcanobacterium haemolyticum, Arcanobacterium haemolyticum infection);

nucleocapsid protein NP, glycoprotein precursor GPC, glycoprotein GP1 ,

glycoprotein GP2 (Junin virus, Argentine hemorrhagic fever); chitin-protein layer

proteins, 14 kDa suarface antigen A , major sperm protein MSP, MSP

polymerization-organizing protein MPOP, MSP fiber protein 2 MFP2, MSP

polymerization-activating kinase MPAK, ABA-1 -like protein ALB, protein ABA-1 ,



cuticulin CUT-1 (Ascaris lumbricoides, Ascariasis); 4 1 kDa allergen Asp v 3,

allergen Asp f3, major conidial surface protein rodlet A, protease Pepl p, GPI-

anchored protein Gel1 p, GPI-anchored protein Crf1 p (Aspergillus genus,

Aspergillosis); family VP26 protein, VP29 protein (Astroviridae, Astrovirus infection);

Rhoptry-associated protein 1 RAP-1 , merozoite surface antigens MSA-1 , MSA-2 (a1 ,

a2, b, c), 2D3, C5, 2 1B4, P29, variant erythrocyte surface antigen VESA1 , Apical

Membrane Antigen 1 AMA-1 (Babesia genus, Babesiosis); hemolysin, enterotoxin C,

PX01 -51 , glycolate oxidase, ABC-transporter, penicillin-bingdn protein, zinc

transporter family protein, pseudouridine synthase Rsu, plasmid replication protein

RepX, oligoendopeptidase F, prophage membrane protein, protein HemK, flagellar

antigen H, 28.5-kDa cell surface antigen (Bacillus cereus, Bacillus cereus infection);

large T antigen LT, small T antigen, capsid protein VP1 , capsid protein VP2 (BK

virus, BK virus infection); 29 kDa-protein, caspase-3-like antigens, glycoproteins

(Blastocystis hominis, Blastocystis hominis infection); yeast surface adhesin WI-1

(Blastomyces dermatitidis, Blastomycosis); nucleoprotein N, polymerase L, matrix

protein Z, glycoprotein GP (Machupo virus, Bolivian hemorrhagic fever); outer

surface protein A OspA, outer surface protein OspB, outer surface protein OspC,

decorin binding protein A DbpA, decorin binding protein B DbpB, flagellar filament

4 1 kDa core protein Fla, basic membrane protein A precursor BmpA

(Immunodominant antigen P39), outer surface 22 kDa lipoprotein precursor (antigen

IPLA7), variable surface lipoprotein vlsE (Borrelia genus, Borrelia infection);

Botulinum neurotoxins BoNT/A1 , BoNT/A2, BoNT/A3, BoNT/B, BoNT/C, BoNT/D,

BoNT/E, BoNT/F, BoNT/G, recombinant botulinum toxin F He domain FHc

(Clostridium botulinum, Botulism (and Infant botulism)); nucleocapsid, glycoprotein

precursor (Sabia virus, Brazilian hemorrhagic fever); copper/Zinc superoxide

dismutase SodC, bacterioferritin Bfr, 50S ribosomal protein RplL, OmpA-like

transmembrane domain-containing protein Omp31 , immunogenic 39-kDa protein

M 5 P39, zinc ABC transporter periplasmic zinc-bnding protein znuA, periplasmic

immunogenic protein Bp26, 30S ribosomal protein S 1 2 RpsL, glyceraldehyde-3-

phosphate dehydrogenase Gap, 25 kDa outer-membrane immunogenic protein



precursor Omp25, invasion protein B lalB, trigger factor Tig, molecular chaperone

DnaK, putative peptidyl-prolyl cis-trans isomerase SurA, lipoprotein Omp1 9, outer

membrane protein MotY O mp 6, conserved outer membrane protein D 5, malate

dehydrogenase Mdh, component of the Type-IV secretion system (T4SS) VirJ,

lipoprotein of unknown function BAB1_01 87 (Brucella genus, Brucellosis); members

of the ABC transporter family (LolC, OppA, and PotF), putative lipoprotein releasing

system transmembrane protein LolC/E, flagellin FliC, Burkholderia intracellular

motility A BimA, bacterial Elongation factor-Tu EF-Tu, 7 kDa OmpA-like protein,

boaA coding protein, boaB coding protein (Burkholderia cepacia and other

Burkholderia species, Burkholderia infection); mycolyl-transferase Ag85A, heat-

shock protein Hsp65, protein TB1 0.4, 19 kDa antigen, protein PstS3, heat-shock

protein Hsp70 (Mycobacterium ulcerans, Buruli ulcer); norovirus major and minor

viral capsid proteins VP1 and VP2, genome polyprotein, Sapoviurus capsid protein

VP1 , protein Vp3, geome polyprotein (Caliciviridae family, Calicivirus infection

(Norovirus and Sapovirus)); major outer membrane protein PorA, flagellin FlaA,

surface antigen CjaA, fibronectin binding protein CadF, aspartate/glutamate-binding

ABC transporter protein PebI A, protein FspA1 , protein FspA2 (Campylobacter

genus, Campylobacteriosis); glycolytic enzyme enolase, secreted aspartyl

proteinases SAP1 - 10, glycophosphatidyl inositol (GPI)-linked cell wall protein,

protein Hyr1 , complement receptor 3-related protein CR3-RP, adhesin Als3p, heat

shock protein 90 kDa hsp90, cell surface hydrophobicity protein CSH (usually

Candida albicans and other Candida species, Candidiasis); 17-kDa antigen, protein

P26, trimeric autotransporter adhesins TAAs, Bartonella adhesin A BadA, variably

expressed outer-membrane proteins Vomps, protein Pap3, protein HbpA, envelope-

associated protease HtrA, protein OMP89, protein GroEL, protein LalB, protein

OMP43, dihydrolipoamide succinyltransferase SucB (Bartonella henselae, Cat-

scratch disease); amastigote surface protein-2, amastigote-specific surface protein

SSP4, cruzipain, trans-sialidase TS, trypomastigote surface glycoprotein TSA-1 ,

complement regulatory protein CRP-1 0, protein G4, protein G2, paraxonemal rod

protein PAR2, paraflagellar rod component Pari , mucin-Associated Surface Proteins



MPSP (Trypanosoma cruzi, Chagas Disease (American trypanosomiasis)); envelope

glycoproteins (gB, gC, gE, gH, gl, gK, gL) (Varicella zoster virus (VZV), Chickenpox);

major outer membrane protein MOMP, probable outer membrane protein PMPC,

outer membrane complex protein B OmcB, heat shock proteins Hsp60 HSP1 0,

protein IncA, proteins from the type III secretion system, ribonucleotide reductase

small chain protein NrdB, plasmid protein Pgp3, chlamydial outer protein N CopN,

antigen CT521 , antigen CT425, antigen CT043, antigen TC0052, antigen TC01 89,

antigen TC0582, antigen TC0660, antigen TC0726, antigen TC081 6, antigen

TC0828 (Chlamydia trachomatis, Chlamydia); low calcium response protein E LCrE,

chlamydial outer protein N CopN, serine/threonine-protein kinase PknD, acyl-

carrier-protein S-malonyltransferase FabD, single-stranded DNA-binding protein

Ssb, major outer membrane protein MOMP, outer membrane protein 2 Omp2,

polymorphic membrane protein family (Pmp1 , Pmp2, Pmp3, Pmp4, Pmp5, Pmp6,

Pmp7, Pmp8, Pmp9, Pmp1 0, Pmp1 , Pmp1 2, Pmp1 3, Pmp1 4, Pmp1 5, Pmp1 6,

Pmp1 7, Pmp1 8, Pmp1 9, Pmp20, Pmp21 ) (Chlamydophila pneumoniae,

Chlamydophila pneumoniae infection); cholera toxin B CTB, toxin coregulated pilin

A TcpA, toxin coregulated pilin TcpF, toxin co-regulated pilus biosynthesis ptrotein

F TcpF, cholera enterotoxin subunit A, cholera enterotoxin subunit B, Heat-stable

enterotoxin ST, mannose-sensitive hemagglutinin MSHA, outer membrane protein U

Porin ompU, Poring B protein, polymorphic membrane protein-D (Vibrio cholerae,

Cholera); propionyl-CoA carboxylase PCC, 14-3-3 protein, prohibitin, cysteine

proteases, glutathione transferases, gelsolin, cathepsin L proteinase CatL,

Tegumental Protein 20.8 kDa TP20.8, tegumental protein 3 1 .8 kDa TP31 .8,

lysophosphatidic acid phosphatase LPAP, (Clonorchis sinensis, Clonorchiasis);

surface layer proteins SLPs, glutamate dehydrogenase antigen GDH, toxin A, toxin

B, cysteine protease Cwp84, cysteine protease Cw p 3, cysteine protease Cwp1 9,

Cell Wall Protein CwpV, flagellar protein FliC, flagellar protein FliD (Clostridium

difficile, Clostridium difficile infection); rhinoviruses: capsid proteins VP1 , VP2,

VP3, VP4; coronaviruses: sprike proteins S, envelope proteins E, membrane proteins

M, nucleocapsid proteins N (usually rhinoviruses and coronaviruses, Common cold



(Acute viral rhinopharyngitis; Acute coryza)); prion protein Prp (CJD prion,

Creutzfeldt-Jakob disease (CJD)); envelope protein Gc, envelope protein Gn,

nucleocapsid proteins (Crimean-Congo hemorrhagic fever virus, Crimean-Congo

hemorrhagic fever (CCHF)); virulence-associated DEAD-box RNA helicase VAD1 ,

galactoxylomannan-protein GalXM, glucuronoxylomannan GXM, mannoprotein M P

(Cryptococcus neoformans, Cryptococcosis); acidic ribosomal protein P2 CpP2,

mucin antigens M u , Muc2, Muc3 Muc4, Muc5, Muc6, Muc7, surface adherence

protein CP20, surface adherence protein CP23, surface protein CP1 2, surface

protein CP21 , surface protein CP40, surface protein CP60, surface protein CP1 5,

surface-associated glycopeptides gp40, surface-associated glycopeptides gp 5,

oocyst wall protein AB, profilin PRF, apyrase (Cryptosporidium genus,

Cryptosporidiosis); fatty acid and retinol binding protein-1 FAR-1 , tissue inhibitor of

metalloproteinase TIMP (TMP), cysteine proteinase ACEY-1 , cysteine proteinase

ACCP-1 , surface antigen Ac-1 6, secreted protein 2 ASP-2, metalloprotease 1 MTP-1 ,

aspartyl protease inhibitor API-1 , surface-associated antigen SAA-1 , adult-specific

secreted factor Xa serine protease inhibitor anticoagulant AP, cathepsin D-like

aspartic protease ARR-1 (usually Ancylostoma braziliense; multiple other parasites,

Cutaneous larva migrans (CLM)); cathepsin L-like proteases, 53/25-kDa antigen,

8kDa family members, cysticercus protein with a marginal trypsin-like activity

TsAg5, oncosphere protein TSOL1 8, oncosphere protein TSOL45-1 A, lactate

dehydrogenase A LDHA, lactate dehydrogenase B LDHB (Taenia solium,

Cysticercosis); pp65 antigen, membrane protein pp 5, capsid-proximal tegument

protein pp 50, protein M45, DNA polymerase UL54, helicase UL1 05, glycoprotein

gM, glycoprotein g , glcoprotein H, glycoprotein B gB, protein UL83, protein

UL94, protein UL99 (Cytomegalovirus (CMV), Cytomegalovirus infection); capsid

protein C, premembrane protein prM, membrane protein M , envelope protein E

(domain I, domain II, domain II), protein NS1 , protein NS2A, protein NS2B, protein

NS3, protein NS4A, protein 2K, protein NS4B, protein NS5 (Dengue viruses (DEN-1 ,

DEN-2, DEN-3 and DEN-4)-Flaviviruses, Dengue fever); 39 kDa protein

(Dientamoeba fragilis, Dientamoebiasis); diphtheria toxin precursor Tox, diphteria



toxin DT, pilin-specific sortase SrtA, shaft pilin protein SpaA, tip pilin protein SpaC,

minor pilin protein SpaB, surface-associated protein DIP! 281 (Cory nebacteri urn

diphtheriae, Diphtheria); glycoprotein GP, nucleoprotein NP, minor matrix protein

VP24, major matrix protein VP40, transcription activator VP30, polymerase cofactor

VP35, RNA polymerase L (Ebolavirus (EBOV), Ebola hemorrhagic fever); prion

protein (vCJD prion, Variant Creutzfeldt-Jakob disease (vCJD, nvCJD)); UvrABC

system protein B, protein Flpl , protein Flp2, protein Flp3, protein TadA, hemoglobin

receptor HgbA, outer membrane protein TdhA, protein CpsRA, regulator CpxR,

protein SapA, 18 kDa antigen, outer membrane protein NcaA, protein LspA, protein

LspA1 , protein LspA2, protein LspB, outer membrane component DsrA, lectin DltA,

lipoprotein Hip, major outer membrane protein OMP, outer membrane protein

OmpA2 (Haemophilus ducreyi, Chancroid); aspartyl protease 1 Pep1 ,

phospholipase B PLB, alpha-mannosidase 1 AMN1 , glucanosyltransferase GEL1 ,

urease URE, peroxisomal matrix protein Pmp1 , proline-rich antigen Pra, humal T-

cell reative protein TcrP (Coccidioides immitis and Coccidioides posadasii,

Coccidioidomycosis); allergen Tri r 2, heat shock protein 60 Hsp60, fungal actin

Act, antigen Tri r2, antigen Tri r4, antigen Tri t 1, protein IV, glycerol-3-phosphate

dehydrogenase Gpd1 , osmosensor HwSholA, osmosensor HwShol B, histidine

kinase HwHhk7B, allergen Mala s 1, allergen Mala s 11, thioredoxin Trx Mala s 3,

allergen Mala f, allergen Mala s (usually Trichophyton spp, Epidermophyton spp.,

Malassezia spp., Hortaea werneckii, Dermatophytosis); protein EG95, protein EG1 0,

protein EG1 8, protein EgA31 , protein EM 8, antigen EPC1 , antigen B, antigen 5,

protein P29, protein 14-3-3, 8-kDa protein, myophilin, heat shock protein 20

HSP20, glycoprotein GP-89, fatty acid binding protein FAPB (Echinococcus genus,

Echinococcosis); major surface protein 2 MSP2, major surface protein 4 MSP4, MSP

variant SGV1 , MSP variant SGV2, outer membrane protein OMP, outer membrande

protein 9 OMP-1 9, major antigenic protein MAPI , major antigenic protein MAP1 -

2, major antigenic protein MAPI B, major antigenic protein MAPI -3, Erum251 0

coding protein, protein GroEL, protein GroES, 30-kDA major outer membrane

proteins, G E 00-kDa protein, G E 30-kDa protein, G E 60-kDa protein (Ehrlichia



genus, Ehrlichiosis); secreted antigen SagA, sagA-like proteins SalA and SalB,

collagen adhesin Scm, surface proteins Fms1 (EbpA(fm), Fms5 (EbpB(fm), Fms9

(EpbC(fm) and Fmsl O, protein EbpC(fm), 96 kDa immunoprotective glycoprotein G 1

(Enterococcus genus, Enterococcus infection); genome polyprotein, polymerase 3D,

viral capsid protein VP1 , viral capsid protein VP2, viral capsid protein VP3, viral

capsid protein VP4, protease 2A, protease 3C (Enterovirus genus, Enterovirus

infection); outer membrane proteins OM, 60 kDa outer membrane protein, cell

surface antigen OmpA, cell surface antigen OmpB (sca5), 34 kDa outer membrane

protein, 3 1 kDa outer membrane protein, 29.5 kDa outer membrane protein, cell

surface protein SCA4, cell surface protein Adrl (RP827), cell surface protein Adr2

(RP828), cell surface protein SCA1 , Invasion protein invA, cell division protein fts,

secretion proteins sec Ofamily, virulence proteins virB, tlyA, tlyC, parvulin-like

protein Pip, preprotein translocase SecA, 120-kDa surface protein antigen SPA, 138

kD complex antigen, major 100-kD protein (protein I), intracytoplasmic protein D,

protective surface protein antigen SPA (Rickettsia prowazekii, Epidemic typhus);

Epstein-Barr nuclear antigens (EBNA-1 , EBNA-2, EBNA-3A, EBNA-3B, EBNA-3C,

EBNA-leader protein (EBNA-LP)), latent membrane proteins (LMP-1 , LMP-2A, LMP-

2B), early antigen EBV-EA, membrane antigen EBV-MA, viral capsid antigen EBV-

VCA, alkaline nuclease EBV-AN, glycoprotein H, glycoprotein gp350, glycoprotein

gp 0, glycoprotein gp42, glycoprotein gHgL, glycoprotein gB (Epstein-Barr Virus

(EBV), Epstein-Barr Virus Infectious Mononucleosis); cpasid protein VP2, capsid

protein VP1 , major protein NS1 (Parvovirus B 9, Erythema infectiosum (Fifth

disease)); pp65 antigen, glycoprotein 105, major capsid protein, envelope

glycoprotein H, protein U51 (Human herpesvirus 6 (HHV-6) and Human

herpesvirus 7 (HHV-7), Exanthem subitum); thioredoxin-glutathione reductase TGR,

cathepsins L and L2, Kunitz-type protein KTM, leucine aminopeptidase LAP,

cysteine proteinase Fas2, saposin-like protein-2 SAP-2, thioredoxin peroxidases TPx,

Prx-1 , Prx-2, cathepsin I cysteine proteinase CL3, protease cathepsin L CL1 ,

phosphoglycerate kinase PGK, 27-kDa secretory protein, 60 kDa protein

HSP35alpha, glutathione transferase GST, 28.5 kDa tegumental antigen 28.5 kDa



TA, cathepsin B3 protease CatB3, Type I cystatin stefin-1 , cathepsin L5, cathepsin

L and cathepsin B, fatty acid binding protein FABP, leucine aminopeptidases LAP

(Fasciola hepatica and Fasciola gigantica, Fasciolosis); prion protein (FFI prion, Fatal

familial insomnia (FFI)); venom allergen homolog-like protein VAL-1 , abundant

larval transcript ALT-1 , abundant larval transcript ALT-2, thioredoxin peroxidase

TPX, vespid allergen homologue VAH, thiordoxin peroxidase 2 TPX-2, antigenic

protein SXP (peptides N, N 1, N2, and N3), activation associated protein-1 ASP-1 ,

Thioredoxin TRX, transglutaminase BmTGA, glutathione-S-transferases GST, myosin,

vespid allergen homologue VAH, 175 kDa collagenase, glyceraldehyde-3-

phosphate dehydrogenase GAPDH, cuticular collagen Col-4, secreted larval acidic

proteins SLAPs, chitinase CHI-1 , maltose binding protein MBP, glycolytic enzyme

fructose-1 ,6-bisphosphate aldolase Fba, tropomyosin TMY-1 , nematode specific

gene product OvB20, onchocystatin CPI-2, Cox-2 (Filarioidea superfamily,

Filariasis); phospholipase C PLC, heat-labile enterotoxin B, lota toxin component lb,

protein CPE1281 , pyruvate ferredoxin oxidoreductase, elongation factor G EF-G,

perfringolysin O Pfo, glyceraldehyde-3-phosphate dehydrogenase GapC, Fructose-

bisphosphate aldolase Alf2, Clostridium perfringens enterotoxin CPE, alpha toxin AT,

alpha toxoid ATd, epsilon-toxoid ETd, protein HP, large cytotoxin TpeL, endo-beta-

N-acetylglucosaminidase Naglu, phosphoglyceromutase Pgm (Clostridium

perfringens, Food poisoning by Clostridium perfringens); leukotoxin IktA, adhesion

FadA, outer membrane protein RadD, high-molecular weight arginine-binding

protein (Fusobacterium genus, Fusobacterium infection); phospholipase C PLC,

heat-labile enterotoxin B, lota toxin component lb, protein CPE1 281 , pyruvate

ferredoxin oxidoreductase, elongation factor G EF-G, perfringolysin O Pfo,

glyceraldehyde-3-phosphate dehydrogenase GapC, fructose-bisphosphate aldolase

Alf2, Clostridium perfringens enterotoxin CPE, alpha toxin AT, alpha toxoid ATd,

epsilon-toxoid ETd, protein HP, large cytotoxin TpeL, endo-beta-N-

acetylglucosaminidase Naglu, phosphoglyceromutase Pgm (usually Clostridium

perfringens; other Clostridium species, Gas gangrene (Clostridial myonecrosis));

lipase A, lipase B, peroxidase Dec1 (Geotrichum candidum, Geotrichosis); prion



protein (GSS prion, Gerstmann-Straussler-Scheinker syndrome (GSS)); cyst wall

proteins CWP1 , CWP2, CWP3, variant surface protein VSP, VSP1 , VSP2, VSP3,

VSP4, VSP5, VSP6, 56 kDa antigen, pyruvate ferredoxin oxidoreductase PFOR,

alcohol dehydrogenase E ADHE, alpha-giardin, alpha8-giardin, alphal -guiardin,

beta-giardin, cystein proteases, glutathione-S-transferase GST, arginine deiminase

ADI, fructose-l ,6-bisphosphat aldolase FBA, Giardia trophozoite antigens GTA

(GTA1 , GTA2), ornithine carboxyl transferase OCT, striated fiber-asseblin-like

protein SALP, uridine phosphoryl-like protein UPL, alpha-tubulin, beta-tubulin

(Giardia intestinalis, Giardiasis); members of the ABC transporter family (LolC,

OppA, and PotF), putative lipoprotein releasing system transmembrane protein

LolC/E, flagellin FliC, Burkholderia intracellular motility A BimA, bacterial

Elongation factor-Tu EF-Tu, 17 kDa OmpA-like protein, boaA coding protein

(Burkholderia mallei, Glanders); cyclophilin CyP, 24 kDa third-stage larvae protien

GS24, excretion-secretion products ESPs (40, 80, 20 and 208 kDa) (Gnathostoma

spinigerum and Gnathostoma hispidum, Gnathostomiasis); pilin proteins, minor

p iIin-associated subunit pilC, major pilin subunit and variants pilE, pilS, phase

variation protein porA, Porin B PorB, protein TraD, Neisserial outer membrane

antigen H.8, 70kDa antigen, major outer membrane protein PI, outer membrane

proteins PIA and PIB, W antigen, surface protein A NspA, transferrin binding protein

TbpA, transferrin binding protein TbpB , PBP2, mtrR coding protein, ponA coding

protein, membrane permease FbpBC, FbpABC protein system, LbpAB proteins, outer

membrane protein Opa, outer membrane transporter FetA, iron-repressed regulator

MpeR (Neisseria gonorrhoeae, Gonorrhea); outer membrane protein A OmpA, outer

membrane protein C OmpC, outer membrane protein K 7 OmpK1 7 (Klebsiella

granulomatis, Granuloma inguinale (Donovanosis)); fibronectin-binding protein Sfb,

fibronectin/fibrinogen-binding protein FBP54, fibronectin-binding protein FbaA, M

protein type 1 Emm1 , M protein type 6 Emm6, immunoglobulin-binding protein 35

Sib35, Surface protein R28 Spr28, superoxide dismutase SOD, C5a peptidase ScpA,

antigen l/ll Agl/ll, adhesin AspA, G-related alpha2-macroglobulin-binding protein

GRAB, surface fibrillar protein M 5 (Streptococcus pyogenes, Group A streptococcal



infection); C protein β antigen, arginine deiminase proteins, adhesin BibA, 105 kDA

protein BPS, surface antigens c, surface antigens R, surface antigens X, trypsin-

resistant protein R 1 , trypsin-resistant protein R3, trypsin-resistant protein R4, surface

immunogenic protein Sip, surface protein Rib, Leucine-rich repeats protein LrrG,

serine-rich repeat protein Srr-2, C protein alpha-antigen Bca, Beta antigen Bag,

surface antigen Epsilon, alpha-like protein ALP1 , alpha-like protein ALP5 surface

antigen delta, alpha-like protein ALP2, alpha-like protein ALP3, alpha-like protein

ALP4, Cbeta protein Bac (Streptococcus agalactiae, Group B streptococcal

infection); transferrin-binding protein 2 Tbp2, phosphatase P4, outer membrane

protein P6, peptidoglycan-associated lipoprotein Pal, protein D, protein E,

adherence and penetration protein Hap, outer membrane protein 2 6 Omp26, outer

membrane protein P5 (Fimbrin), outer membrane protein D 5, outer membrane

protein OmpP2, 5'-nucleotidase NucA, outer membrane protein P 1 , outer

membrane protein P2, outer membrane lipoprotein Pep, Lipoprotein E, outer

membrane protein P4, fuculokinase FucK, [Cu,Zn]-superoxide dismutase SodC,

protease HtrA, protein 0 45, alpha-galactosylceramide (Haemophilus influenzae,

Haemophilus influenzae infection); polymerase 3D, viral capsid protein VP1 , viral

capsid protein VP2, viral capsid protein VP3, viral capsid protein VP4, protease 2A,

protease 3C (Enteroviruses, mainly Coxsackie A virus and Enterovirus 7 1 (EV71 ),

Hand, foot and mouth disease (HFMD)); RNA polymerase L, protein L, glycoprotein

Gn, glycoprotein Gc, nucleocapsid protein S, envelope glycoprotein G 1,

nucleoprotein NP, protein N, polyprotein M (Sin Nombre virus, Hantavirus,

Hantavirus Pulmonary Syndrome (HPS)); heat shock protein HspA, heat shock

protein HspB, citrate synthase GltA, protein UreB, heat shock protein Hsp60,

neutrophil-activating protein NAP, catalase KatA, vacuolating cytotoxin VacA,

urease alpha UreA, urease beta Ureb, protein Cpnl O, protein groES, heat shock

protein HspI O, protein MopB, cytotoxicity-associated 0 kDa protein CAG, 36 kDa

antigen, beta-lactamase HcpA, Beta-lactamase HcpB (Helicobacter pylori,

Helicobacter pylori infection); integral membrane proteins, aggregation-prone

proteins, O-antigen, toxin-antigens Stx2B, toxin-antigen Stx1 B, adhesion-antigen



fragment Int28, protein EspA, protein EspB, Intimin, protein Tir, protein IntC300,

protein Eae (Escherichia coli 0 157:H7, ΟΊ 11 and O 104:H4, Hemolytic-uremic

syndrome (HUS)); RNA polymerase L, protein L, glycoprotein Gn, glycoprotein Gc,

nucleocapsid protein S, envelope glycoprotein G 1, nucleoprotein NP, protein N,

polyprotein M (Bunyaviridae family, Hemorrhagic fever with renal syndrome

(HFRS)); glycoprotein G, matrix protein M, nucleoprotein N, fusion protein F,

polymerase L, protein W , proteinC, phosphoprotein p, non-structural protein V

(Henipavirus (Hendra virus Nipah virus), Henipavirus infections); polyprotein,

glycoproten Gp2, hepatitis A surface antigen HBAg, protein 2A, virus protein VPl ,

virus protein VP2, virus protein VP3, virus protein VP4, protein P B, protein P2A,

protein P3AB, protein P3D (Hepatitis A Virus, Hepatitis A); hepatitis B surface

antigen HBsAg, Hepatitis B core antigen HbcAg, polymerase, protein Hbx, preS2

middle surface protein, surface protein L, large S protein, virus protein VP1 , virus

protein VP2, virus protein VP3, virus protein VP4 (Hepatitis B Virus (HBV), Hepatitis

B); envelope glycoprotein E 1 gp32 gp35 , envelope glycoprotein E2 NS1 gp68 gp70,

capsid protein C , core protein Core, polyprotein, virus protein VP1 , virus protein

VP2, virus protein VP3, virus protein VP4, antigen G, protein NS3, protein NS5A,

(Hepatitis C Virus, Hepatitis C); virus protein VP1 , virus protein VP2, virus protein

VP3, virus protein VP4, large hepaptitis delta antigen, small hepaptitis delta antigen

(Hepatitis D Virus, Hepatitis D); virus protein VP1 , virus protein VP2, virus protein

VP3, virus protein VP4, capsid protein E2 (Hepatitis E Virus, Hepatitis E);

glycoprotein L UL1 , uracil-DNA glycosylase UL2, protein UL3, protein UL4, DNA

replication protein UL5, portal protein UL6, virion maturation protein UL7, DNA

helicase UL8, replication origin-binding protein UL9, glycoprotein M U L 0, protein

UL1 , alkaline exonuclease U L 2, serine-threonine protein kinase UL1 3, tegument

protein UL1 , terminase UL1 5, tegument protein UL1 6, protein U L 7, capsid

protein VP23 U L 8, major capsid protein VP5 UL1 9, membrane protein UL20,

tegument protein UL21 , Glycoprotein H (UL22), Thymidine Kinase UL23, protein

UL24, protein UL25, capsid protein P40 (UL26, VP24, VP22A), glycoprotein B

(UL27), ICP1 8.5 protein (UL28), major DNA-binding protein ICP8 (UL29), DNA



polymerase UL30, nuclear matrix protein UL31 , envelope glycoprotein UL32,

protein UL33, inner nuclear membrane protein UL34, capsid protein VP26 (UL35),

large tegument protein UL36, capsid assembly protein UL37, V P 9C protein (UL38),

ribonucleotide reductase (Large subunit) UL39, ribonucleotide reductase (Small

subunit) UL40, tegument protein/virion host shutoff VHS protein (UL41 ), DNA

polymerase processivity factor UL42, membrane protein UL43, glycoprotein C

(UL44), membrane protein UL45, tegument proteins V P 1/1 2 (UL46), tegument

protein VP1 3/ 4 (UL47), virion maturation protein VP1 6 (UL48, Alpha-TIF),

envelope protein UL49, dUTP diphosphatase UL50, tegument protein UL51 , DNA

helicase/primase complex protein UL52, glycoprotein K (UL53), transcriptional

regulation protein IE63 (ICP27, UL54), protein UL55, protein UL56, viral replication

protein ICP22 (IE68, US1 ), protein US2, serine/threonine-protein kinase US3,

glycoprotein G (US4), glycoprotein J (US5), glycoprotein D (US6), glycoprotein I

(US7), glycoprotein E (US8), tegument protein US9, capsid/tegument protein US1 0,

Vmw21 protein (US1 1), ICP47 protein (ΙΕ Ί 2, US1 2), major transcriptional activator

ICP4 (ΙΕΊ 75, RSI ), E3 ubiquitin ligase ICPO (IE1 0), latency- related protein 1 LRP1 ,

latency-related protein 2 LRP2, neurovirulence factor RL1 (ICP34.5), latency-

associated transcript LAT (Herpes simplex virus 1 and 2 (HSV-1 and HSV-2), Herpes

simplex); heat shock protein Hsp60, cell surface protein H C, dipeptidyl peptidase

type IV DppIV, M antigen, 70 kDa protein, 7 kDa histone-like protein (Histoplasma

capsulatum, Histoplasmosis); fatty acid and retinol binding protein-1 FAR-1 , tissue

inhibitor of metalloproteinase TIMP (TMP), cysteine proteinase ACEY-1 , cysteine

proteinase ACCP-1 , surface antigen Ac-1 6, secreted protein 2 ASP-2,

metalloprotease 1 MTP-1 , aspartyl protease inhibitor API-1 , surface-associated

antigen SAA-1 , surface-associated antigen SAA-2, adult-specific secreted factor Xa,

serine protease inhibitor anticoagulant AP, cathepsin D-like aspartic protease ARR-

1, glutathione S-transferase GST, aspartic protease APR-1 , acetylcholinesterase

AChE (Ancylostoma duodenale and Necator americanus, Hookworm infection);

protein NS1 , protein NP1 , protein VP1 , protein VP2, protein VP3 (Human bocavirus

(HBoV), Human bocavirus infection); major surface protein 2 MSP2, major surface



protein 4 MSP4, MSP variant SCV1 , MSP variant SGV2, outer membrane protein

OMP, outer membrande protein 19 OMP-1 9, major antigenic protein MAPI , major

antigenic protein MAPI -2, major antigenic protein MAP1 B, major antigenic protein

MAPI -3, Erum251 0 coding protein, protein GroEL, protein GroES, 30-kDA major

outer membrane proteins, G E 00-kDa protein, G E 30-kDa protein, G E 60-kDa

protein (Ehrlichia ewingii, Human ewingii ehrlichiosis); major surface proteins 1-5

(MSP1 a, M SP b, MSP2, MSP3, MSP4, MSP5), type IV secreotion system proteins

VirB2, VirB7, VirB1 , VirD4 (Anaplasma phagocytophilum, Human granulocytic

anaplasmosis (HGA)); protein NS1 , small hydrophobic protein NS2, SH protein,

fusion protein F, glycoprotein G, matrix protein M, matrix protein M2-1 , matrix

protein M2-2, phosphoprotein P, nucleoprotein N, polymerase L (Human

metapneumovirus (hMPV), Human metapneumovirus infection); major surface

protein 2 MSP2, major surface protein 4 MSP4, MSP variant SGV1 , MSP variant

SGV2, outer membrane protein OMP, outer membrande protein 9 OMP-1 9, major

antigenic protein MAPI , major antigenic protein MAPI -2, major antigenic protein

MAP1 B, major antigenic protein MAPI -3, Erum251 0 coding protein, protein GroEL,

protein GroES, 30-kDA major outer membrane proteins, G E 100-kDa protein, G E

130-kDa protein, G E 60-kDa protein (Ehrlichia chaffeensis, Human monocytic

ehrlichiosis); replication protein E , regulatory protein E2, protein E3, protein E4,

protein E5, protein E6, protein E7, protein E8, major capsid protein L 1 , minor capsid

protein L2 (Human papillomavirus (HPV), Human papillomavirus (HPV) infection);

fusion protein F, hemagglutinin-neuramidase HN, glycoprotein G, matrix protein M,

phosphoprotein P, nucleoprotein N, polymerase L (Human parainfluenza viruses

(HPIV), Human parainfluenza virus infection); Hemagglutinin (HA), Neuraminidase

(NA), Nucleoprotein (NP), M 1 protein, M2 protein, NS1 protein, NS2 protein (NEP

protein: nuclear export protein), PA protein, PB1 protein (polymerase basic 1

protein), PB1 -F2 protein and PB2 protein (Orthomyxoviridae family, Influenza virus

(flu)); genome polyprotein, protein E, protein M , capsid protein C (Japanese

encephalitis virus, Japanese encephalitis); RTX toxin, type IV pili, major pilus

subunit PilA, regulatory transcription factors PilS and PilR, protein sigma54, outer



membrane proteins (Kingella kingae, Kingella kingae infection); prion protein (Kuru

prion, Kuru); nucleoprotein N, polymerase L, matrix protein Z, glycoprotein G P

(Lassa virus, Lassa fever); peptidoglycan-associated lipoprotein PAL, 60 kDa

chaperonin Cpn60 (groEL, HspB), type IV pilin PilE, outer membrane protein MIP,

major outer membrane protein MompS, zinc metal loproteinase MSP (Legionella

pneumophila, Legionellosis (Legionnaires' disease, Pontiac fever)); P4 nuclease,

protein WD, ribonucleotide reductase M2, surface membrane glycoprotein Pg46,

cysteine proteinase CP, glucose-regulated protein 78 GRP-78, stage-specific S

antigen-like protein A2, ATPase F 1 , beta-tubulin, heat shock protein 70 Hsp70,

KMP-1 , glycoprotein GP63, protein BT1 , nucleoside hydrolase NH, cell surface

protein B 1 , ribosomal protein P -like protein P 1 , sterol 24-c-methyltransferase SMT,

LACK protein, histone H 1, SPB1 protein, thiol specific antioxidant TSA, protein

antigen STI1 , signal peptidase SP, histone H2B, suface antigen PSA-2, cystein

proteinase b Cpb (Leishmania genus, Leishmaniasis); major membrane protein I,

serine-rich antigen- 45 kDa, 0 kDa caperonin GroES, HSP kDa antigen, amino-

oxononanoate synthase AONS, protein recombinase A RecA, AcetylVpropionyl-

coenzyme A carboxylase alpha, alanine racemase, 60 kDa chaperonin 2, ESAT-6-

like protein EcxB (L-ESAT-6), protein Lsr2, protein ML0276, Heparin-binding

hemagglutinin HBHA, heat-shock protein 65 Hsp65, mycP1 or ML0041 coding

protein , htrA2 or ML01 76 coding protein , htrA4 or ML2659 coding protein, gcp or

ML0379 coding protein, clpC or ML0235 coding protein (Mycobacterium leprae

and Mycobacterium lepromatosis, Leprosy); outer membrane protein LipL32,

membrane protein LIC1 0258, membrane protein LP30, membrane protein

LIC1 2238, Ompa-like protein Lsa66, surface protein LigA, surface protein LigB,

major outer membrane protein OmpL1 , outer membrane protein LipL41 , protein

LigAni, surface protein LcpA, adhesion protein LipL53, outer membrane protein

UpL32, surface protein Lsa63, flagellin FlaB1 , membran lipoprotein LipL21 ,

membrane protein pL40, leptospiral surface adhesin Lsa27, outer membrane protein

OmpL36, outer membrane protein OmpL37, outer membrane protein OmpL47,

outer membrane protein OmpL54, acyltransferase LpxA (Leptospira genus,



Leptospirosis); listeriolysin O precursor Hly (LLO), invasion-associated protein lap

(P60), Listeriolysin regulatory protein PrfA, Zinc metalloproteinase Mpl,

Phosphatidylinositol- specific phospholipase C PLC (PlcA, PlcB), O-acetyltransferase

Oat, ABC-transporter permease Im.G_1 771 , adhesion protein LAP, LAP receptor

Hsp60, adhesin LapB, haemolysin listeriolysin O LLO, protein ActA, Internalin A

InlA, protein InlB (Listeria monocytogenes, Listeriosis); outer surface protein A

OspA, outer surface protein OspB, outer surface protein OspC, decorin binding

protein A DbpA, decorin binding protein B DbpB, flagellar filament 4 kDa core

protein Fla, basic membrane protein A BmpA (Immunodominant antigen P39), outer

surface 22 kDa lipoprotein precursor (antigen IPLA7), variable surface lipoprotein

vlsE (usually Borrelia burgdorferi and other Borrelia species, Lyme disease (Lyme

borreiiosis)); venom allergen homolog-like protein VAL-1 , abundant larval transcript

ALT-1 , abundant larval transcript ALT-2, thioredoxin peroxidase TPX, vespid

allergen homologue VAH, thiordoxin peroxidase 2 TPX-2, antigenic protein SXP

(peptides N, N 1, N2, and N3), activation associated protein-1 ASP-1 , thioredoxin

TRX, transglutaminase BmTGA, glutathione-S-transferases GST, myosin, vespid

allergen homologue VAH, 175 kDa collagenase, glyceraldehyde-3-phosphate

dehydrogenase GAPDH, cuticular collagen Col-4, Secreted Larval Acidic Proteins

SLAPs, chitinase CHI-1 , maltose binding protein MBP, glycolytic enzyme fructose-

,6-bisphosphate aldolase Fba, tropomyosin TMY-1 , nematode specific gene

product OvB20, onchocystatin CPI-2, protein Cox-2 (Wuchereria bancrofti and

Brugia malayi, Lymphatic filariasis (Elephantiasis)); glycoprotein GP, matrix protein

Z, polymerase L, nucleoprotein N (Lymphocytic choriomeningitis virus (LCMV),

Lymphocytic choriomeningitis); thrombospondin-related anonymous protein TRAP,

SSP2 Sporozoite surface protein 2, apical membrane antigen 1 AMA1 , rhoptry

membrane antigen RMA1 , acidic basic repeat antigen ABRA, cell-traversal protein

PF, protein Pvs25, merozoite surface protein 1 MSP-1 , merozoite surface protein 2

MSP-2, ring-infected erythrocyte surface antigen RESALiver stage antigen 3 LSA-3,

protein Eba-1 75, serine repeat antigen 5 SERA-5, circumsporozoite protein CS,

merozoite surface protein 3 MSP3, merozoite surface protein 8 MSP8, enolase PF 0,



hepatocyte erythrocyte protein 7 kDa HEP1 7, erythrocyte membrane protein

EMP1 , protein Kbetamerozoite surface protein 4/5 MSP 4/5, heat shock protein

Hsp90, glutamate-rich protein GLURP, merozoite surface protein 4 MSP-4, protein

STARP, circumsporozoite protein-related antigen precursor CRA (Plasmodium

genus, Malaria); nucleoprotein N, membrane-associated protein VP24, minor

nucleoprotein VP30, polymerase cofactor VP35, polymerase L, matrix protein VP40,

envelope glycoprotein GP (Marburg virus, Marburg hemorrhagic fever (MHF));

protein C, matrix protein M, phosphoprotein P, non-structural protein V,

hemagglutinin glycoprotein H, polymerase L, nucleoprotein N, fusion protein F

(Measles virus, Measles); members of the ABC transporter family (LolC, OppA, and

PotF), putative lipoprotein releasing system transmembrane protein LolC/E, flagellin

FliC, Burkholderia intracellular motility A BimA, bacterial Elongation factor-Tu EF-

Tu, 17 kDa OmpA-like protein, boaA coding protein, boaB coding protein

(Burkholderia pseudomallei, Melioidosis (Whitmore's disease)); pilin proteins, minor

pi Iin-associated subunit pilC, major pilin subunit and variants pilE, pilS, phase

variation protein porA, Porin B PorB, protein TraD, Neisserial outer membrane

antigen H.8, 70kDa antigen, major outer membrane protein PI, outer membrane

proteins PIA and PIB, W antigen, surface protein A NspA, transferrin binding protein

TbpA, transferrin binding protein TbpB , PBP2, mtrR coding protein, ponA coding

protein, membrane permease FbpBC, FbpABC protein system, LbpAB proteins, outer

membrane protein Opa, outer membrane transporter FetA, iron-repressed regulator

MpeR, factor H-binding protein fHbp, adhesin NadA, protein NhbA, repressor FarR

(Neisseria meningitidis, Meningococcal disease); 66 kDa protein, 22 kDa protein

(usually Metagonimus yokagawai, Metagonimiasis); polar tube proteins (34, 75, and

170 kDa in Glugea, 35, 55 and 150kDa in Encephalitozoon), kinesin-related

protein, RNA polymerase I I largest subunit, similar ot integral membrane protein

YIPA, anti-silencing protein 1, heat shock transcription factor HSF, protein kinase,

thymidine kinase, NOP-2 like nucleolar protein (Microsporidia phylum,

Microsporidiosis); CASP8 and FADD-like apoptosis regulator, Glutathione

peroxidase GPX1 , RNA helicase NPH-II NPH2, Poly(A) polymerase catalytic subunit



PAPL, Major envelope protein P43K, early transcription factor 70 kDa subunit

VETFS, early transcription factor 82 kDa subunit VETFL, metal loendopeptidase G 1-

type, nucleoside triphosphatase I ΝΡΗ Ί , replication protein A28-like MC1 34L, RNA

polymease 7 kDa subunit RP07 (Molluscum contagiosum virus (MCV), Molluscum

contagiosum (MQ); matrix protein M, phosphoprotein P/V, small hydrophobic

protein SH, nucleoprotein N, protein V, fusion glycoprotein F, hemagglutinin-

neuraminidase HN, RNA polymerase L (Mumps virus, Mumps); Outer membrane

proteins OM, cell surface antigen OmpA, cell surface antigen OmpB (sca5), cell

surface protein SCA4, cell surface protein SCA1 , intracytoplasmic protein D,

crystalline surface layer protein SLP, protective surface protein antigen SPA

(Rickettsia typhi, Murine typhus (Endemic typhus)); adhesin PI , adhesion P30,

protein p 6, protein P40, cytoskeletal protein HMW1 , cytoskeletal protein HMW2,

cytoskeletal protein HMW3, MPN1 52 coding protein, MPN426 coding protein,

MPN456 coding protein, MPN-500coding protein (Mycoplasma pneumoniae,

Mycoplasma pneumonia); NocA, Iron dependent regulatory protein, VapA, VapD,

VapF, VapG, caseinolytic protease, filament tip-associated 43-kDa protein, protein

P24, protein P61 , 5-kDa protein, 56-kDa protein (usually Nocardia asteroides and

other Nocardia species, Nocardiosis); venom allergen homolog-like protein VAL-1 ,

abundant larval transcript ALT-1 , abundant larval transcript ALT-2, thioredoxin

peroxidase TPX, vespid allergen homologue VAH, thiordoxin peroxidase 2 TPX-2,

antigenic protein SXP (peptides N, N 1, N2, and N3), activation associated protein-1

ASP-1 , Thioredoxin TRX, transglutaminase BmTGA, glutathione-S-transferases GST,

myosin, vespid allergen homologue VAH, 75 kDa collagenase, glyceraldehyde-3-

phosphate dehydrogenase GAPDH, cuticular collagen Col-4, Secreted Larval Acidic

Proteins SLAPs, chitinase CHI-1 , maltose binding protein MBP, glycolytic enzyme

fructose-1 ,6-bisphosphate aldolase Fba, tropomyosin TMY-1 , nematode specific

gene product OvB20, onchocystatin CPI-2, Cox-2 (Onchocerca volvulus,

Onchocerciasis (River blindness)); 43 kDa secreted glycoprotein, glycoprotein gpO,

glycoprotein gp75, antigen Pb27, antigen Pb40, heat shock protein Hsp65, heat

shock protein Hsp70, heat shock protein Hsp90, protein P 10, triosephosphate



isomerase TPI, N-acetyl-glucosamine-binding lectin Paracoccin, 28 kDa protein

Pb28 (Paracoccidioides brasiliensis, Paracoccidioidomycosis (South American

blastomycosis)); 28-kDa cruzipain-like cystein protease Pw28CCP (usually

Paragonimus westermani and other Paragonimus species, Paragonimiasis); outer

membrane protein OmpH, outer membrane protein Omp28, protein PM 539,

protein PM0355, protein PM141 7, repair protein MutL, protein BcbC, prtein

PM0305, formate dehydrogenase-N, protein PM0698, protein PM 422, DNA

gyrase, lipoprotein PIpE, adhesive protein Cp39, heme aquisition system receptor

HasR, 39 kDa capsular protein, iron-regulated OMP IROMP, outer membrane

protein OmpA87, fimbrial protein Ptf, fimbrial subunit protein PtfA, transferrin

binding protein Tbpl, esterase enzyme MesA, Pasteurella multocida toxin PMT,

adhesive protein Cp39 (Pasteurella genus, Pasteurellosis); "filamentous

hemagglutinin FhaB, adenylate cyclase CyaA, pertussis toxin subunit 4 precursor

PtxD, pertactin precursor Prn, toxin subunit 1 PtxA, protein Cpn60, protein brkA,

pertussis toxin subunit 2 precursor PtxB, pertussis toxin subunit 3 precursor PtxC,

pertussis toxin subunit 5 precursor PtxE, pertactin Prn, protein Fim2, protein Fim3; "

(Bordetella pertussis, Pertussis (Whooping cough)); "F1 capsule antigen, virulence-

associated V antigen, secreted effector protein LcrV, V antigen, outer membrane

protease Pla,secreted effector protein YopD, putative secreted protein-tyrosine

phosphatase YopH, needle complex major subunit YscF, protein kinase YopO,

putative autotransporter protein YapF, inner membrane ABC-transporter YbtQ (Irp7),

putative sugar binding protein ΥΡΟ 06 Ί 2, heat shock protein 90 HtpG, putative

sulfatase protein YdeN, outer-membrane lipoprotein carrier protein LolA, secretion

chaperone YerA, putative lipoprotein YPO0420, hemolysin activator protein HpmB,

pesticin/yersiniabactin outer membrane receptor Psn, secreted effector protein YopE,

secreted effector protein YopF, secreted effector protein YopK, outer membrane

protein YopN , outer membrane protein YopM, Coagulase/fibrinolysin precursor Pla

; " (Yersinia pestis, Plague); protein PhpA, surface adhesin PsaA, pneumolysin Ply,

ATP-dependent protease CIp, lipoate-protein ligase LplA, cell wall surface anchored

protein psrP, sortase SrtA, glutamyl-tRNA synthetase GItX, choline binding protein A



CbpA, pneumococcal surface protein A PspA, pneumococcal surface protein C

PspC, 6-phosphogluconate dehydrogenase Gnd, iron-binding protein PiaA, Murein

hydrolase LytB, proteon LytC, protease A l (Streptococcus pneumoniae,

Pneumococcal infection); major surface protein B, kexin-like protease KEX1 , protein

A 2, 55 kDa antigen P55, major surface glycoprotein Msg (Pneumocystis jirovecii,

Pneumocystis pneumonia (PCP)); genome polyprotein, polymerase 3D, viral capsid

protein VP1 , viral capsid protein VP2, viral capsid protein VP3, viral capsid protein

VP4, protease 2A, protease 3C (Poliovirus, Poliomyelitis); protein Nfal , exendin-3,

secretory lipase, cathepsin B-like protease, cysteine protease, cathepsin,

peroxiredoxin, protein Cryl Ac (usually Naegleria fowleri, Primary amoebic

meningoencephalitis (PAM)); agnoprotein, large T antigen, small T antigen, major

capsid protein VP1 , minor capsid protein Vp2 virus, Progressive multifocal

leukoencephalopathy); low calcium response protein E LCrE, chlamydial outer

protein N CopN, serine/threonine-protein kinase PknD, acyl-carrier-protein S-

malonyltransferase FabD, single-stranded DNA-binding protein Ssb, major outer

membrane protein MOMP, outer membrane protein 2 Omp2, polymorphic

membrane protein family (Pmpl , Pmp2, Pmp3, Pmp4, Pmp5, Pmp6, Pmp7, Pmp8,

Pmp9, Pmpl O, Pmp1 , Pmp1 2, Pmpl 3, Pmp14, Pmp1 5, Pm p 6, Pmp1 7, Pmp1 8,

Pmpl 9, Pmp20, Pmp21 ) (Chlamydophila psittaci, Psittacosis); outer membrane

protein P 1 , heat shock protein B HspB, peptide ABC transporter, GTP-binding

protein, protein IcmB, ribonuclease R, phosphatas SixA, protein DsbD, outer

membrane protein TolC, DNA-binding protein PhoB, ATPase DotB, heat shock

protein B HspB, membrane protein Com1 , 28 kDa protein, DNA-3-methyladenine

glycosidase I, pouter membrane protein OmpH, outer membrane protein AdaA,

glycine cleavage system T-protein (Coxiella burnetii, Q fever); nucleoprotein N,

large structural protein L, phophoprotein P, matrix protein M , glycoprotein G

(Rabies virus, Rabies); fusionprotein F, nucleoprotein N, matrix protein M , matrix

protein M2-1 , matrix protein M2-2, phophoprotein P, small hydrophobic protein

SH, major surface glycoprotein G, polymerase L, non-structural protein 1 NS1 , non-

structural protein 2 NS2 (Respiratory syncytial virus (RSV), Respiratory syncytial



virus infection); genome polyprotein, polymerase 3D, viral capsid protein VP1 , viral

capsid protein VP2, viral capsid protein VP3, viral capsid protein VP4, protease 2A,

protease 3C (Rhinovirus, Rhinovirus infection); outer membrane proteins OM, cell

surface antigen OmpA, cell surface antigen OmpB (sca5), cell surface protein SCA4,

cell surface protein SCAT , protein PS 20, intracytoplasmic protein D , protective

surface protein antigen SPA (Rickettsia genus, Rickettsial infection); outer membrane

proteins OM, cell surface antigen OmpA, cell surface antigen OmpB (sca5), cell

surface protein SCA4, cell surface protein SCA1 , intracytoplasmic protein D

(Rickettsia akari, Rickettsialpox); envelope glycoprotein GP, polymerase L,

nucleoprotein N, non-structural protein NSS (Rift Valley fever virus, Rift Valley fever

(RVF)); outer membrane proteins OM, cell surface antigen OmpA, cell surface

antigen OmpB (sca5), cell surface protein SCA4, cell surface protein SCA1 ,

intracytoplasmic protein D (Rickettsia rickettsii, Rocky mountain spotted fever

(RMSF)); "non-structural protein 6 NS6, non-structural protein 2 NS2, intermediate

capsid protein VP6, inner capsid protein VP2, non-structural protein 3 NS3, RNA-

directed RNA polymerase L, protein VP3, non-structural protein 1 NS1 , non

structural protein 5 NS5, outer capsid glycoprotein VP7, non-structural glycoprotein

4 NS4, outer capsid protein VP4; ; " (Rotavirus, Rotavirus infection); polyprotein

P200, glycoprotein ΕΊ , glycoprotein E2, protein NS2, capsid protein C (Rubella

virus, Rubella); chaperonin GroEL (MopA), inositol phosphate phosphatase SopB,

heat shock protein HslU, chaperone protein DnaJ, protein TviB, protein IroN,

flagellin FliC, invasion protein SipC, glycoprotein gp43, outer membrane protein

LamB, outer membrane protein PagC, outer membrane protein TolC, outer

membrane protein NmpC, outer membrane protein FadL, transport protein SadA,

transferase WgaP, effector proteins SifA, SteC, SseL, SseJ and SseF (Salmonella

genus, Salmonellosis); "protein 14 , non-structural protein NS7b, non-structural

protein NS8a, protein 9b, protein 3a, nucleoprotein N, non-structural protein NS3b,

non-structural protein NS6, protein 7a, non-structural protein NS8b, membrane

protein M , envelope small membrane protein EsM, replicase polyprotein a, spike

glycoprotein S, replicase polyprotein ab ; " (SARS coronavirus, SARS (Severe Acute



Respiratory Syndrome)); serin protease, Atypical Sarcoptes Antigen 1 ASA1 ,

glutathione S-transferases GST, cystein protease, serine protease, apolipoprotein

(Sarcoptes scabiei, Scabies); glutathione S-transferases GST, paramyosin,

hemoglbinase SM32, major egg antigen, 14 kDa fatty acid-binding protein Sml 4,

major larval surface antigen P37, 22,6 kDa tegumental antigen, calpain CANP,

triphospate isomerase Tim, surface protein 9B, outer capsid protein VP2, 23 kDa

integral membrane protein Sm23, Cu/Zn-superoxide dismutase, glycoprotein Gp,

myosin (Schistosoma genus, Schistosomiasis (Bilharziosis)); 60 kDa chaperonin, 56

kDa type-specific antigen, pyruvate phosphate dikinase, 4-hydroxybenzoate

octaprenyltransferase (Orientia tsutsugamushi, Scrub typhus); dehydrogenase GuaB,

invasion protein Spa32, invasin IpaA, invasin IpaB, invasin IpaC, invasin IpaD,

invasin IpaH, invasin IpaJ (Shigella genus, Shigellosis (Bacillary dysentery)); protein

P53, virion protein US1 0 homolog, transcriptional regulator IE63, transcriptional

transactivator IE62, protease P33, alpha trans-inducing factor 74 kDa protein,

deoxyuridine 5'-triphosphate nucleotidohydrolase, transcriptional transactivator IE4,

membrane protein UL43 homolog, nuclear phosphoprotein UL3 homolog, nuclear

protein UL4 homolog, replication origin-binding protein, membrane protein 2,

phosphoprotein 32, protein 57,DNA polymerase processivity factor, portal protein

54, DNA primase, tegument protein UL14 homolog, tegument protein UL21

homolog, tegument protein UL55 homolog,tripartite terminase subunit UL33

homolog,tripartite terminase subunit U L 5 homolog, capsid-binding protein 44,

virion-packaging protein 43 (Varicella zoster virus (VZV), Shingles (Herpes zoster));

truncated 3-beta hydroxy-5-ene steroid dehydrogenase homolog, virion membrane

protein A 3, protein A 9, protein A31 , truncated protein A35 homolog, protein

A37.5 homolog, protein A47, protein A49, protein Α5 Ί , semaphorin-like protein

A43, serine proteinase inhibitor 1, serine proteinase inhibitor 2, serine proteinase

inhibitor 3, protein A6, protein B 5, protein C 1, protein C5, protein C6, protein F7,

protein F8, protein F9, protein F , protein F 1 4, protein F 5, protein F 6 (Variola

major o r Variola minor, Smallpox (Variola)); adhesin/glycoprotein gp70, proteases

(Sporothrix schenckii, Sporotrichosis); heme-iron binding protein IsdB, collagen



adhesin Cna, clumping factor A ClfA, protein MecA, fibronectin-binding protein A

FnbA, enterotoxin type A EntA, enterotoxin type B EntB, enterotoxin type C EntCl ,

enterotoxin type C EntC2, enterotoxin type D EntD, enterotoxin type E EntE, Toxic

shock syndrome toxin-1 TSST-1 , Staphylokinase, Penicillin binding protein 2a

PBP2a (MecA), secretory antigen SssA (Staphylococcus genus, Staphylococcal food

poisoning); heme-iron binding protein IsdB, collagen adhesin Cna, clumping factor

A ClfA, protein MecA, fibronectin-binding protein A FnbA, enterotoxin type A EntA,

enterotoxin type B EntB, enterotoxin type C EntCl , enterotoxin type C EntC2,

enterotoxin type D EntD, enterotoxin type E EntE, Toxic shock syndrome toxin-1

TSST-1 , Staphylokinase, Penicillin binding protein 2a PBP2a (MecA), secretory

antigen SssA (Staphylococcus genus e.g. aureus, Staphylococcal infection); antigen

Ss-IR, antigen NIE, strongylastacin, Na+-K+ ATPase Sseat-6, tropomysin SsTmy-1 ,

protein LEC-5, 4 1 kDa aantigen P5, 4 -kDa larval protein, 3 -kDa larval protein,

28-kDa larval protein (Strongyloides stercoralis, Strongyloidiasis);

glycerophosphodiester phosphodiesterase GlpQ (Gpd), outer membrane protein

TmpB, protein Tp92, antigen TpF1 , repeat protein Tpr, repeat protein F TprF, repeat

protein G TprG, repeat protein I Tprl, repeat protein J TprJ, repeat protein K TprK,

treponemal membrane protein A TmpA, lipoprotein, 15 kDa Tpp1 5, 47 kDa

membrane antigen, miniferritin TpF1 , adhesin Tp0751 , lipoprotein TP01 36, protein

TpN1 7, protein TpN47, outer membrane protein TP01 36, outer membrane protein

TP01 55, outer membrane protein TP0326, outer membrane protein TP0483, outer

membrane protein TP0956 (Treponema pallidum, Syphilis); Cathepsin L-like

proteases, 53/25-kDa antigen, 8kDa family members, cysticercus protein with a

marginal trypsin-like activity TsAg5, oncosphere protein TSOL1 8, oncosphere

protein TSOL45-1A, lactate dehydrogenase A LDHA, lactate dehydrogenase B

LDHB (Taenia genus, Taeniasis); tetanus toxin TetX, tetanus toxin C TTC, 140 kDa S

layer protein, flavoprotein beta-subunit CT3, phospholipase (lecithinase),

phosphocarrier protein HPr (Clostridium tetani, Tetanus (Lockjaw)); genome

polyprotein, protein E, protein M , capsid protein C (Tick-borne encephalitis virus

(TBEV), Tick-borne encephalitis); 58-kDa antigen, 68-kDa antigens, Toxocara larvae



excretory-secretory antigen TES, 32-kDa glycoprotein, glycoprotein TES-70,

glycoprotein GP31 , excretory-secretory antigen TcES-57, perienteric fluid antigen

Pe, soluble extract antigens Ex, excretory/secretory larval antigens ES, antigen TES-

120, polyprotein allergen TBA-1 , cathepsin L-like cysteine protease c-cpl-1 , 26-kDa

protein (Toxocara canis or Toxocara cati, Toxocariasis (Ocular Larva Migrans (OLM)

and Visceral Larva Migrans (VLM))); microneme proteins ( MIC1 , MIC2, MIC3,

MIC4, MIC5, MIC6, MIC7, MIC8), rhoptry protein op2, rhoptry proteins (Rop1 ,

Rop2, Rop3, Rop4, Rop5, Rop6, Rop7, Ropl 6, Rjop1 7), protein SR1 ,surface antigen

P22, major antigen p24, major surface antigen p30, dense granule proteins (GRA1 ,

GRA2, GRA3, GRA4, GRA5, GRA6, GRA7, GRA8, GRA9, GRA1 0), 28 kDa antigen,

surface antigen SAG1 , SAG2 related antigen, nucleoside-triphosphatase 1,

nucleoside-triphosphatase 2, protein Stt3, HesB-like domain-containing protein,

rhomboid-like protease 5, toxomepsin 1 (Toxoplasma gondii, Toxoplasmosis); 43

kDa secreted glycoprotein, 53 kDa secreted glycoprotein, paramyosin, antigen

Ts21 , antigen Ts87, antigen p46000, TSL-1 antigens, caveolin-1 CAV-1 , 49 kDa

newborn larva antigen, prosaposin homologue, serine protease, serine proteinase

inhibitor, 45 -kDa glycoprotein Gp45 (Trichinella spiralis, Trichinellosis); Myb-like

transcriptional factors (Myb1 , Myb2, Myb3), adhesion protein AP23, adhesion

protein AP33, adhesin protein AP33-3, adhesins AP51 , adhesin AP65, adhesion

protein AP65-1 , alpha-actinin, kinesin-associated protein, teneurin, 62 kDa

proteinase, subtilisin-like serine protease SUB1 , cysteine proteinase gene 3 CP3,

alpha-enolase Eno1 , cysteine proteinase CP30, heat shock proteins (Hsp70, Hsp60) ,

immunogenic protein P270, (Trichomonas vaginalis, Trichomoniasis); beta-tubulin,

47-kDa protein, secretory leucocyte-like proteinase-1 SLP-1 , 50-kDa protein TT50,

17 kDa antigen, 43/47 kDa protein (Trichuris trichiura, Trichuriasis (Whipworm

infection)); protein ESAT-6 (EsxA), 10 kDa filtrate antigen EsxB, secreted antigen 85-

B FBPB, fibronectin-binding protein A FbpA (Ag85A), serine protease PepA, PPE

family protein PPE1 8, fibronectin-binding protein D FbpD, immunogenic protein

MPT64, secreted protein MPT51 , catalase-peroxidase-peroxynitritase T KATG,

periplasmic phosphate-binding lipoprotein PSTS3 (PBP-3, Phos-1 ), iron-regulated



heparin binding hemagglutinin Hbha, PPE family protein PPE1 , PPE family protein

PPE68, protein Mtb72F, protein Apa, immunogenic protein MPT63, periplasmic

phosphate-binding lipoprotein PSTS1 (PBP-1 ), molecular chaperone DnaK, cell

surface lipoprotein Mpt83, lipoprotein P23, phosphate transport system permease

protein pstA, 4 kDa antigen, fibronectin-binding protein C FbpC1 , Alanine

dehydrogenase TB43, Glutamine synthetase 1, ESX-1 protein, protein CFP1 0,

TB1 0.4 protein, protein MPT83, protein MTB1 2, protein MTB8, Rpf-like proteins,

protein MTB32, protein MTB39, crystallin, heat-shock protein HSP65, protein PST-S

(usually Mycobacterium tuberculosis, Tuberculosis); outer membrane protein FobA,

outer membrane protein FobB, intracellular growth locus glC , intracellular growth

locus lglC2, aminotransferase Wbtl, chaperonin GroEL, 7 kDa major membrane

protein TUL4, lipoprotein LpnA, chitinase family 18 protein, isocitrate

dehydrogenase, Nif3 family protein, type IV pili glycosylation protein, outer

membrane protein tolC, FAD binding family protein, type IV pilin multimeric outer

membrane protein, two component sensor protein KdpD, chaperone protein DnaK,

protein TolQ (Francisella tularensis, Tularemia); "MB antigen, urease, protein GyrA,

protein GyrB, protein ParC, protein ParE, lipid associated membrane proteins LAMP,

thymidine kinase TK, phospholipase PL-A1 , phospholipase PL-A2, phospholipase

PL-C, surface-expressed 96-kDa antigen; " (Ureaplasma urealyticum, Ureaplasma

urealyticum infection); non-structural polyprotein, structural polyprotein, capsid

protein CP, protein El, protein E2, protein E3, protease PI , protease P2, protease P3

(Venezuelan equine encephalitis virus, Venezuelan equine encephalitis);

glycoprotein GP, matrix protein Z, polymerase L, nucleoprotein N (Guanarito virus,

Venezuelan hemorrhagic fever); polyprotein, protein E, protein M , capsid protein C,

protease NS3, protein NS1 , protein NS2A, protein AS2B, brotein NS4A, protein

NS4B, protein NS5 (West Nile virus, West Nile Fever); cpasid protein CP, protein

E 1 , protein E2, protein E3, protease P2 (Western equine encephalitis virus, Western

equine encephalitis); genome polyprotein, protein E, protein M , capsid protein C,

protease NS3, protein NS1 , protein NS2A, protein AS2B, protein NS4A, protein

NS4B, protein NS5 (Yellow fever virus, Yellow fever); putative Yop targeting protein



YobB, effector protein YopD, effector protein YopE, protein YopH, effector protein

YopJ, protein translocation protein YopK, effector protein YopT, protein YpkA,

flagellar biosyntheses protein FlhA, peptidase M48, potassium efflux system KefA,

transcriptional regulatoer RovA, adhesin Ifp, translocator portein LcrV, protein PcrV,

invasin Inv, outer membrane protein OmpF-like porin, adhesin YadA, protein kinase

C, phospholipase CI , protein PsaA, mannosyltransferase-like protein WbyK, protein

YscU, antigen YPMa (Yersinia pseudotuberculosis, Yersinia pseudotuberculosis

infection); effector protein YopB, 60 kDa chaperonin, protein WbcP, tyrosin-protein

phosphatase YopH, protein YopQ, enterotoxin, Galactoside permease, reductaase

NrdE, protein YasN, Invasin Inv, adhesin YadA, outer membrane porin F OmpF,

protein UspA1 , protein EibA, protein Hia, cell surface protein Ail, chaperone SycD,

protein LcrD, protein LcrG, protein LcrV, protein SycE, protein YopE, regulator

protein TyeA, protein YopM, protein YopN, protein YopO, protein YopT, protein

YopD, protease ClpP, protein MyfA, protein FilA, and protein PsaA (Yersinia

enterocolitica, Yersiniosis).

(in brackets is the particular pathogen or the family of pathogens of which the antigen(s)

is/are derived and the infectious disease with which the pathogen is associated)

The coding region of the inventive nucleic acid according to the first aspect of the present

invention may occur as a mono-, di-, or even multicistronic nucleic acid, i.e. a nucleic acid

which carries the coding sequences of one, two or more proteins or peptides. Such coding

sequences in di-, or even multicistronic nucleic acids may be separated by at least one

internal ribosome entry site (IRES) sequence, e.g. as described herein or by signal peptides

which induce the cleavage of the resulting polypeptide which comprises several proteins or

peptides.

According to the first aspect of the present invention, the inventive nucleic acid sequence

comprises a coding region, encoding a peptide or protein which comprises a pathogenic

antigen or a fragment, variant or derivative thereof. Preferably, the encoded pathogenic

antigen is no histone protein. In the context of the present invention such a histone protein

is typically a strongly alkaline protein found in eukaryotic cell nuclei, which package and

order the DNA into structural units called nucleosomes. Histone proteins are the chief



protein components of chromatin, act as spools around which DNA winds, and play a role

in gene regulation. Without histones, the unwound DNA in chromosomes would be very

long (a length to width ratio of more than 10 million to one in human DNA). For example,

each human cell has about 1.8 meters of DNA, but wound on the histones it has about 90

millimeters of chromatin, which, when duplicated and condensed during mitosis, result in

about 120 micrometers of chromosomes. More preferably, in the context of the present

invention such a histone protein is typically defined as a highly conserved protein selected

from one of the following five major classes of histones: H1/H5, H2A, H2B, H3, and H4",

preferably selected from mammalian histone, more preferably from human histones or

histone proteins. Such histones or histone proteins are typically organised into two super

classes defined as core histones, comprising histones H2A, H2B, H3 and H4, and linker

histones, comprising histones H 1 and H5.

In this context, linker histones, preferably excluded from the scope of protection of the

pending invention, preferably mammalian linker histones, more preferably human linker

histones, are typically selected from H1, including H 1F, particularly including H 1F0,

H 1FNT, H 1FOO, H 1FX, and H H1, particularly including HIST1 H1A, HIST1 H 1B,

HIST1 H 1C, HIST1 H 1D, HIST1 H 1E, HIST1 H1T; and

Furthermore, core histones, preferably excluded from the scope of protection of the pending

invention, preferably mammalian core histones, more preferably human core histones, are

typically selected from H2A, including H2AF, particularly including H2AFB1, H2AFB2,

H2AFB3, H2AFJ, H2AFV, H2AFX, H2AFY, H2AFY2, H2AFZ, and H2A1, particularly

including HIST1 H2AA, HIST1 H2AB, HIST1 H2AC, HIST1 H2AD, HIST1 H2AE, HIST1 H2AG,

HIST1 H2AI, HIST1 H2AJ, HIST1 H2AK, HIST1 H2AL, HIST1 H2AM, and H2A2, particularly

including HIST2H2AA3, HIST2H2AC; H2B, including H2BF, particularly including H2BFM,

H2BFO, H2BFS, H2BFWT H2B1, particularly including HIST1 H2BA, HIST1 H2BB,

HIST1 H2BC, HIST1 H2BD, HIST1 H2BE, HIST1 H2BF, HIST1 H2BG, HIST1 H2BH,

HIST1 H2BI, HIST1 H2BJ, HIST1 H2BK, HIST1 H2BL, HIST1 H2BM, HIST1 H2BN,

HIST1 H2BO, and H2B2, particularly including HIST2H2BE; H3, including H3A1,

particularly including HIST1 H3A, HIST1 H3B, HIST1 H3C, HIST1 H3D, HIST1 H3E,

HIST1 H3F, HIST1 H3G, HIST1 H3H, HIST1 H3I, HIST1 H3J, and H3A2, particularly including

HIST2H3C, and H3A3, particularly including HIST3H3; H4, including H41, particularly



including HIST1 H4A, HIST1 H4B, HIST1 H4C, HIST1 H4D, HIST1 H4E, HIST1 H4F,

HIST1 H4G, HIST1 H4H, HIST1 H4I, HIST1 H4J, HIST1 H4K, HIST1 H4L, and H44,

particularly including HIST4H4, and H5.

According to the first aspect of the present invention, the inventive nucleic acid sequence

comprises a coding region, encoding a peptide o r protein which comprises a pathogenic

antigen or a fragment, variant o r derivative thereof. Preferably, the encoded pathogenic

antigen is no reporter protein (e.g. Luciferase, Green Fluorescent Protein (GFP), Enhanced

Green Fluorescent Protein (EGFP), β-Galactosidase) and no marker or selection protein (e.g.

alpha-Globin, Galactokinase and Xanthine:guanine phosphoribosyl transferase (GPT)).

Preferably, the nucleic acid sequence of the invention does not contain a (bacterial) Neo

gene sequence (Neomycin resistance gene).

The inventive nucleic acid as define above, comprises o r codes for a) a coding region,

encoding a peptide or protein which comprises a pathogenic antigen o r a fragment, variant

o r derivative thereof; b) at least one histone stem-loop, and c) a poly(A) sequence or

polyadenylation signal; preferably for increasing the expression of said encoded peptide o r

protein, wherein the encoded peptide or protein is preferably no histone protein, no

reporter protein and/or no marker o r selection protein, as defined above. The elements b) to

c) of the inventive nucleic acid may occur in the inventive nucleic acid in any order, i.e. the

elements a), b) and c) may occur in the order a), b) and c) or a), c) and b) from 5' to 3'

direction in the inventive nucleic acid sequence, wherein further elements as described

herein, may also be contained, such as a 5'-CAP structure, a poly(C) sequence, stabilization

sequences, IRES sequences, etc. Each of the elements a) to c) of the inventive nucleic acid,

particularly a) in di- o r multicistronic constructs and/or each of the elements b) and c), more

preferably element b) may also be repeated at least once, preferably twice o r more in the

inventive nucleic acid. As an example, the inventive nucleic acid may show its sequence

elements a), b) and optionally c) in e.g. the following order:

5' - coding region - histone stem-loop - poly(A) sequence - 3'; o r

5' - coding region - histone stem-loop - polyadenylation signal - 3'; o r

5' - coding region - poly(A) sequence - histone stem-loop - 3'; o r

5' - coding region - polyadenylation signal- histone stem-loop - 3'; o r



5' - coding region - coding region - histone stem-loop - polyadenylation signal - 3'; o r

5' - coding region - histone stem-loop - histone stem-loop - poly(A) sequence - 3'; or

5' - coding region - histone stem-loop - histone stem-loop - polyadenylation signal- 3';etc.

In this context it is particularly preferred that the inventive nucleic acid sequence comprises

or codes for a) a coding region, encoding a peptide or protein which comprises a

pathogenic antigen or fragment, variant or derivative thereof; b) at least one histone stem-

loop, and c) a poly(A) sequence or polyadenylation sequence; preferably for increasing the

expression level of said encoded peptide or protein, wherein the encoded protein is

preferably no histone protein, no reporter protein (e.g. Luciferase, GFP, EGFP, β-

Galactosidase, particularly EGFP) and/or no marker or selection protein (e.g. alpha-Globin,

Galactokinase and Xanthine:Guanine phosphoribosyl transferase (GPT)).

In a further preferred embodiment of the first aspect the inventive nucleic acid sequence as

defined herein may also occur in the form of a modified nucleic acid.

In this context, the inventive nucleic acid sequence as defined herein may be modified to

provide a "stabilized nucleic acid", preferably a stabilized RNA, more preferably an RNA

that is essentially resistant to in vivo degradation (e.g. by an exo- or endo-nuclease). A

stabilized nucleic acid may e.g. be obtained by modification of the G/C content of the

coding region of the inventive nucleic acid sequence, by introduction of nucleotide

analogues (e.g. nucleotides with backbone modifications, sugar modifications or base

modifications) or by introduction of stabilization sequences in the 3'- and/or 5'-

untranslated region of the inventive nucleic acid sequence.

As mentioned above, the inventive nucleic acid sequence 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

inventive nucleic acid sequence 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 inventive nucleic acid sequence 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

inventive nucleic acid sequence. In this context nucleotide analogues or modifications are

preferably selected from nucleotide analogues which are applicable for transcription and/or

translation.

In a particular preferred embodiment of the first aspect of the present invention the herein

defined nucleotide analogues/modifications are selected from base modifications which

additionally increase the expression of the encoded protein and which are preferably

selected from 2-amino-6-chloropurineriboside-5'-triphosphate, 2-aminoadenosine-5'-

triphosphate, 2-thiocytidine-5'-triphosphate, 2-thiouridine-5 '-triphosphate, 4-thiouridine-5'-

triphosphate, 5-aminoallylcytidine-5'-triphosphate, 5-aminoallyluridine-5'-triphosphate, 5-

bromocytidine-5'-triphosphate, 5-bromouridine-5 '-triphosphate, 5-iodocytidine-5'-

triphosphate, 5-iodouridine-5 '-triphosphate, 5-methylcytidine-5'-triphosphate, 5-

methyluridine-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, N1-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.

According to a further embodiment, the inventive nucleic acid sequence as defined herein

can contain a lipid modification. Such a lipid-modified nucleic acid typically comprises a

nucleic acid as defined herein. Such a lipid-modified nucleic acid molecule of the inventive

nucleic acid sequence as defined herein typically further comprises at least one linker

covalently linked with that nucleic acid molecule, and at least one lipid covalently linked

with the respective linker. Alternatively, the lipid-modified nucleic acid molecule comprises

at least one nucleic acid molecule as defined herein and at least one (bifunctional) lipid

covalently linked (without a linker) with that nucleic acid molecule. According to a third

alternative, the lipid-modified nucleic acid molecule comprises a nucleic acid molecule as



defined herein, at least one linker covalently linked with that nucleic acid 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 nucleic acid molecule. In

this context it is particularly preferred that the lipid modification is present at the terminal

ends of a linear inventive nucleic acid sequence.

According to another preferred embodiment of the first aspect of the invention, the

inventive nucleic acid sequence as defined herein, particularly if provided as an (m)RNA,

can therefore be stabilized against degradation by RNases by the addition of a so-called "5'

CAP" structure.

According to a further preferred embodiment of the first aspect of the invention, the

inventive nucleic acid sequence as defined herein can be modified by a sequence of at least

10 cytidines, preferably at least 20 cytidines, more preferably at least 30 cytidines (so-called

"poly(Q sequence"). Particularly, the inventive nucleic acid sequence may contain or code

for a poly(C) sequence of typically about 10 to 200 cytidine nucleotides, preferably about

0 to 00 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. This poly(C)

sequence is preferably located 3' of the coding region comprised in the inventive nucleic

acid according to the first aspect of the present invention.

In a particularly preferred embodiment of the present invention, the G/C content of the

coding region, encoding at least one peptide or protein which comprises a pathogenic

antigen or a fragment, variant or derivative thereof of the inventive nucleic acid sequence as

defined herein, is modified, particularly increased, compared to the G/C content of its

particular wild type coding region, i.e. the unmodified coding region. The encoded amino

acid sequence of the coding region is preferably not modified compared to the coded

amino acid sequence of the particular wild type coding region.

The modification of the G/C-content of the coding region of the inventive nucleic acid

sequence as defined herein is based on the fact that the sequence of any mRNA region to be

translated is important for efficient translation of that mRNA. Thus, the composition and the

sequence of various nucleotides are important. In particular, mRNA sequences having an



increased G (guanosine)/C (cytosine) content are more stable than mRNA sequences having

an increased A (adenosine)/U (uracil) content. According to the invention, the codons of the

coding region are therefore varied compared to its wild type coding region, while retaining

the translated amino acid sequence, such that they include an increased amount of G/C

nucleotides. In respect to the fact that several codons code for one and the same amino acid

(so-called degeneration of the genetic code), the most favourable codons for the stability

can be determined (so-called alternative codon usage).

Depending on the amino acid to be encoded by the coding region of the inventive nucleic

acid sequence as defined herein, there are various possibilities for modification of the

nucleic acid sequence, e.g. the coding region, compared to its wild type coding region. In

the case of amino acids which are encoded by codons which contain exclusively G or C

nucleotides, no modification of the codon is necessary. Thus, the codons for Pro (CCC or

CCG), Arg (CGC or CGG), Ala (GCC or GCG) and Gly (GGC or GGG) require no

modification, since no A or U is present.

In contrast, codons which contain A and/or U nucleotides can be modified by substitution

of other codons which code for the same amino acids but contain no A and/or U . Examples

of these are:

the codons for Pro can be modified from CCU or CCA to CCC or CCG;

the codons for Arg can be modified from CGU or CGA or AGA or AGG to CGC or CGG;

the codons for Ala can be modified from GCU or GCA to GCC or GCG;

the codons for Gly can be modified from GGU or GGA to GGC or GGG.

In other cases, although A or U nucleotides cannot be eliminated from the codons, it is

however possible to decrease the A and U content by using codons which contain a lower

content of A and/or U nucleotides. Examples of these are:

the codons for Phe can be modified from UUU to UUC;

the codons for Leu can be modified from UUA, UUG, CUU or CUA to CUC or CUG;

the codons for Ser can be modified from UCU or UCA or AGU to UCC, UCG or AGC;

the codon for Tyr can be modified from UAU to UAC;



the codon for Cys can be modified from UGU to UGC;

the codon for His can be modified from CAU to CAC;

the codon for Gin can be modified from CAA to CAG;

the codons for lie can be modified from AUU or AUA to AUC;

the codons for Thr can be modified from ACU or ACA to ACC or ACG;

the codon for Asn can be modified from AAU to AAC;

the codon for Lys can be modified from AAA to AAG;

the codons for Val can be modified from GUU or GUA to GUC or GUG;

the codon for Asp can be modified from GAU to GAC;

the codon for Glu can be modified from GAA to GAG;

the stop codon UAA can be modified to UAG or UGA.

In the case of the codons for Met (AUG) and Trp (UGG), on the other hand, there is no

possibility of sequence modification.

The substitutions listed above can be used either individually or in all possible

combinations to increase the G/C content of the coding region of the inventive nucleic acid

sequence as defined herein, compared to its particular wild type coding region (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).

In the above context, codons present in mRNA are shown. Therefore uridine present in an

mRNA may also be present as thymidine in the respective DNA coding for the particular

mRNA.

Preferably, the G/C content of the coding region of the inventive nucleic acid sequence 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.

According to a specific embodiment at least 5%, 0%, 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 100% of the substitutable codons in the coding region encoding at least

one peptide or protein which comprises a pathogenic antigen or a fragment, variant or

derivative thereof are substituted, thereby increasing the G/C content of said coding region.



In this context, it is particularly preferable to increase the C/C content of the coding region

of the inventive nucleic acid sequence as defined herein, to the maximum (i.e. 100% of the

substitutable codons), compared to the wild type coding region.

According to the invention, a further preferred modification of the coding region encoding

at least one peptide or protein which comprises a pathogenic antigen or a fragment, variant

or derivative thereof of the inventive nucleic acid sequence as defined herein, is based on

the finding that the translation efficiency is also determined by a different frequency in the

occurrence of tRNAs in cells. Thus, if so-called "rare codons" are present in the coding

region of the inventive nucleic acid sequence as defined herein, to an increased extent, the

corresponding modified nucleic acid sequence is translated to a significantly poorer degree

than in the case where codons coding for relatively "frequent" tRNAs are present.

In this context the coding region of the inventive nucleic acid sequence 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 relatively frequent in the cell

and carries the same amino acid as the relatively rare tRNA. By this modification, the

coding region of the inventive nucleic acid sequence as defined herein, is modified such

that codons for which frequently occurring tRNAs are available are inserted. In other words,

according to the invention, by this modification all codons of the wild type coding region

which code for a tRNA which is relatively rare in the cell can in each case be exchanged for

a codon which codes for a tRNA which is relatively frequent in the cell and which, in each

case, carries the same amino acid as the relatively 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,

1 (6): 660-666. The codons which use for the particular amino acid the tRNA which occurs

the most frequently, e.g. the Gly codon, which uses the tRNA which occurs the most

frequently in the (human) cell, are particularly preferred.



According to the invention, it is particularly preferable to link the sequential G/C content

which is increased, in particular maximized, in the coding region of the inventive nucleic

acid sequence as defined herein, with the "frequent" codons without modifying the amino

acid sequence of the peptide or protein encoded by the coding region of the nucleic acid

sequence. This preferred embodiment allows provision of a particularly efficiently translated

and stabilized (modified) inventive nucleic acid sequence as defined herein.

According to another preferred embodiment of the first aspect of the invention, the

inventive nucleic acid sequence as defined herein, preferably has additionally at least one

5' and/or 3' stabilizing sequence. These stabilizing sequences in the 5' and/or 3'

untranslated regions have the effect of increasing the half-life of the nucleic acid,

particularly of the mRNA in the cytosol. These stabilizing sequences can have 100%

sequence identity to naturally occurring sequences which occur in viruses, bacteria and

eukaryotes, but can also be partly or completely synthetic. The untranslated sequences

(UTR) of the (alpha-)globin gene, e.g. from Homo sapiens or Xenopus laevis may be

mentioned as an example of stabilizing sequences which can be used in the present

invention for a stabilized nucleic acid. Another example of a stabilizing sequence has the

general formula (C/U)CCAN CCC(U/A)Py UC(C/U)CC (SEQ ID NO: 55), which is contained

in the 3'-UTRs of the very stable RNAs which code for (alpha-)globin, type(l)-collagen, 5-

lipoxygenase or for tyrosine hydroxylase (cf. Holcik eta/., Proc. Natl. Acad. Sci. USA 997,

94: 2410 to 2414). Such stabilizing sequences can of course be used individually or in

combination with one another and also in combination with other stabilizing sequences

known to a person skilled in the art. In this context it is particularly preferred that the 3'

UTR sequence of the alpha globin gene is located 3' of the coding region encoding at least

one peptide or protein which comprises a pathogenic antigen or a fragment, variant or

derivative thereof comprised in the inventive nucleic acid sequence according to the first

aspect of the present invention.

Substitutions, additions or eliminations of bases are preferably carried out with the inventive

nucleic acid sequence as defined herein, using a DNA matrix for preparation of the nucleic

acid sequence by techniques of the well-known site directed mutagenesis or with an

oligonucleotide ligation strategy (see e.g. Maniatis e a/., Molecular Cloning: A Laboratory

Manual, Cold Spring Harbor Laboratory Press, 3rd ed., Cold Spring Harbor, NY, 2001).



Any of the above modifications may be applied to the inventive nucleic acid sequence as

defined herein and further to any nucleic acid as used in the context of the present

invention and may be, if suitable or necessary, be combined with each other in any

combination, provided, these combinations of modifications do not interfere with each

other in the respective nucleic acid. A person skilled in the art will be able to take his

choice accordingly.

Nucleic acid sequences used according to the present invention as defined herein may be

prepared using any method known in the art, including synthetic methods such as e.g. solid

phase synthesis, as well as in vitro methods, such as in vitro transcription reactions or in

vivo reactions, such as in vivo propagation of DNA plasmids in bacteria.

In such a process, for preparation of the inventive nucleic acid sequence as defined herein,

especially if the nucleic acid is in the form of an mRNA, a corresponding DNA molecule

may be transcribed in vitro. This DNA matrix preferably comprises a suitable promoter, e.g.

a T7 or SP6 promoter, for in vitro transcription, which is followed by the desired nucleotide

sequence for the nucleic acid molecule, e.g. mRNA, to be prepared and a termination

signal for in vitro transcription. The DNA molecule, which forms the matrix of the at least

one RNA of interest, may be prepared by fermentative proliferation and subsequent

isolation as part of a plasmid which can be replicated in bacteria. Plasmids which may be

mentioned as suitable for the present invention are e.g. the plasmids pT7Ts (GenBank

accession number U26404; Lai e a/., Development 1995, 12 1 : 2349 to 2360), pGEM ®

series, e.g. pGEM®- 1 (GenBank accession number X65300; from Promega) and pSP64

(GenBank accession number X65327); cf. also Mezei and Storts, Purification of PCR

Products, in: Griffin and Griffin (ed.), PCR Technology: Current Innovation, CRC Press, Boca

Raton, FL, 2001 .

The inventive nucleic acid sequence as defined herein as well as proteins or peptides as

encoded by this nucleic acid sequence may comprise fragments or variants of those

sequences. Such fragments or variants may typically comprise a sequence having a

sequence identity with one of the above mentioned nucleic acids, or with one of the

proteins or peptides or sequences, if encoded by the inventive nucleic acid sequence, of at

least 5%, 0%, 20%, 30%, 40%, 50%, 60%, preferably at least 70%, more preferably at



least 80%, equally more preferably at least 85%, even more preferably at least 90% and

most preferably at least 95% or even 97%, 98% or 99%, to the entire wild type sequence,

either on nucleic acid level or on amino acid level.

"Fragments" of proteins or peptides in the context of the present invention (e.g. as encoded

by the inventive nucleic acid sequence as defined herein) may comprise a sequence of a

protein or peptide as defined herein, which is, with regard to its amino acid sequence (or its

encoded nucleic acid molecule), N-terminally, C-terminally and/or intrasequentially

truncated compared to the amino acid sequence of the original (native) protein (or its

encoded nucleic acid molecule). Such truncation may thus occur either on the amino acid

level or correspondingly on the nucleic acid level. A sequence identity with respect to such

a fragment as defined herein may therefore preferably refer to the entire protein or peptide

as defined herein or to the entire (coding) nucleic acid molecule of such a protein or

peptide. Likewise, "fragments" of nucleic acids in the context of the present invention may

comprise a sequence of a nucleic acid as defined herein, which is, with regard to its nucleic

acid molecule 5'-, 3'- and/or intrasequentially truncated compared to the nucleic acid

molecule of the original (native) nucleic acid molecule. A sequence identity with respect to

such a fragment as defined herein may therefore preferably refer to the entire nucleic acid

as defined herein.

Fragments of proteins or peptides in the context of the present invention (e.g. as encoded by

the inventive nucleic acid sequence as defined herein) may furthermore comprise a

sequence of a protein or peptide as defined herein, which has 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 0 amino acids, e.g. 8, 9, or 10,

(or even 6, 7, 1 , or 12 amino acids), or fragments as processed and presented by MHC

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

15, 6, 17, 8, 19, 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. Fragments of proteins or

peptides as defined herein may comprise at least one epitope of those proteins or peptides.

Furthermore also domains of a protein, like the extracellular domain, the intracellular



domain or the transmembran domain and shortened or truncated versions of a protein may

be understood to comprise a fragment of a protein.

Fragments of proteins or peptides as defined herein (e.g. as encoded by the inventive

nucleic acid sequence as defined herein) may also comprise epitopes of those proteins or

peptides. 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 0 amino acids, e.g. 8, 9, or 10, (or even 1 , or 12

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. 13, 14, 15, 16, 17, 8, 19,

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.

"Variants" of proteins or peptides as defined in the context of the present invention may be

encoded by the inventive nucleic acid sequence as defined herein. Thereby, a protein or

peptide may be generated, having an amino acid sequence which differs from the original

sequence in one or more mutation(s), such as one or more substituted, inserted and/or

deleted amino acid(s). Preferably, these fragments and/or variants have the same biological



function or specific activity compared to the full-length native peptide or protein, e.g. its

specific antigenic property.

"Variants" of proteins or peptides as defined in the context of the present invention (e.g. as

encoded by a nucleic acid as defined herein) may comprise conservative amino acid

substitution(s) compared to their native, i.e. non-mutated physiological, sequence. Those

amino acid sequences as well as their encoding nucleotide sequences in particular fall

under the term variants as defined herein. Substitutions in which amino acids, which

originate from the same class, are exchanged for one another are called conservative

substitutions. In particular, these are amino acids having aliphatic side chains, positively or

negatively charged side chains, aromatic groups in the side chains or amino acids, the side

chains of which can enter into hydrogen bridges, e.g. side chains which have a hydroxyl

function. This means that e.g. an amino acid having a polar side chain is replaced by

another amino acid having a likewise polar side chain, or, for example, an amino acid

characterized by a hydrophobic side chain is substituted by another amino acid having a

likewise hydrophobic side chain (e.g. serine (threonine) by threonine (serine) or leucine

(isoleucine) by isoleucine (leucine)). Insertions and substitutions are possible, in particular,

at those sequence positions which cause no modification to the three-dimensional structure

or do not affect the binding region. Modifications to a three-dimensional structure by

insertion(s) or deletion(s) can easily be determined e.g. using CD spectra (circular dichroism

spectra) (Urry, 985, Absorption, Circular Dichroism and ORD of Polypeptides, in: Modern

Physical Methods in Biochemistry, Neuberger e a/ (ed.), Elsevier, Amsterdam).

Furthermore, variants of proteins or peptides as defined herein, which may be encoded by

the inventive nucleic acid sequence as defined herein, may also comprise those sequences,

wherein nucleotides of the nucleic acid are exchanged according to the degeneration of the

genetic code, without leading to an alteration of the respective amino acid sequence of the

protein or peptide, i.e. the amino acid sequence or at least part thereof may not differ from

the original sequence in one or more mutation(s) within the above meaning.

In order to determine the percentage to which two sequences are identical, e.g. nucleic acid

sequences or amino acid sequences as defined herein, preferably the amino acid sequences

encoded by the inventive nucleic acid sequence as defined herein or the amino acid



sequences themselves, the sequences can be aligned in order to be subsequently compared

to one another. Therefore, e.g. a position of a first sequence may be compared with the

corresponding position of the second sequence. If a position in the first sequence is

occupied by the same component as is the case at a position in the second sequence, the

two sequences are identical at this position. If this is not the case, the sequences differ at

this position. If insertions occur in the second sequence in comparison to the first

sequence, gaps can be inserted into the first sequence to allow a further alignment. If

deletions occur in the second sequence in comparison to the first sequence, gaps can be

inserted into the second sequence to allow a further alignment. The percentage to which

two sequences are identical is then a function of the number of identical positions divided

by the total number of positions including those positions which are only occupied in one

sequence. The percentage to which two sequences are identical can be determined using a

mathematical algorithm. A preferred, but not limiting, example of a mathematical algorithm

which can be used is the algorithm of Karlin et al. ( 1 993), PNAS USA, 90:5873-5877 or

Altschul et al. ( 1 997), Nucleic Acids Res., 25:3389-3402. Such an algorithm is integrated in

the BLAST program. Sequences which are identical to the sequences of the present

invention to a certain extent can be identified by this program.

The inventive nucleic acid sequence as defined herein may encode derivatives of a peptide

or protein. Such a derivative of a peptide or protein is a molecule that is derived from

another molecule, such as said peptide or protein. A "derivative" of a peptide or protein

also encompasses fusions comprising a peptide or protein used in the present invention. For

example, the fusion comprises a label, such as, for example, an epitope, e.g., a FLAG

epitope or a V5 epitope or an HA epitope. For example, the epitope is a FLAG epitope.

Such a tag is useful for, for example, purifying the fusion protein.

In this context, a "variant" of a protein or peptide may have at least 70%, 75%, 80%, 85%,

90%, 95%, 98% or 99% amino acid identity over a stretch of 10, 20, 30, 50, 75 or 100

amino acids of such protein or peptide. Analogously, a "variant" of a nucleic acid sequence

may have at least 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99% nucleotide identity over

a stretch of 10, 20, 30, 50, 75 or 100 nucleotide of such nucleic acid sequence



In a further preferred embodiment of the first aspect of the present invention the inventive

nucleic acid sequence is associated with a vehicle, transfection or complexation agent for

increasing the transfection efficiency and/or the immunostimulatory properties of the

inventive nucleic acid sequence. Particularly preferred agents in this context suitable for

increasing the transfection efficiency are cationic o r polycationic compounds, including

protamine, nucleoline, spermine or spermidine, or other cationic peptides o r 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, 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, o r

histones. Additionally, preferred cationic or polycationic proteins or peptides may be

selected from the following proteins o r peptides having the following total formula:

(Arg),;(Lys)m;(His) ;(Orn) ;(Xaa)x, wherein I + m + n +o + x = 8-1 5, and I, m, n o r o

independently of each other may be any number selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9,

10, 1 , 12, 13, 14 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 cationic peptides in this context are e.g. Arg , Argg, Arg , H3R , R9H ,

H R H3, YSSR SSY, (RKH)4, Y(RKH) R, etc. Further preferred cationic o r polycationic

compounds, which can be used as transfection 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-C14-amidine, DOTIM, SAINT, DC-Choi, 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-6-14: O,O-

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, or

cationic or polycationic polymers, e.g. modified polyaminoacids, such as β-aminoacid-

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 or hydrophobic blocks (e.g

polyethyleneglycole); etc.

In this context it is particularly preferred that the inventive nucleic acid is complexed at

least partially with a cationic or polycationic compound, preferably cationic proteins or

peptides. Partially means that only a part of the inventive nucleic acid is complexed with a

cationic or polycationic compound and that the rest of the inventive nucleic acid is in

uncomplexed form ("free"). Preferably the ratio of complexed nucleic acid to: free nucleic

acid is selected from a range, of about 5:1 (w/w) to about 1:10 (w/w), more preferably from

a range of about 4:1 (w/w) to about 1:8 (w/w), even more preferably from a range of about

3:1 (w/w) to about 1:5 (w/w) or 1:3 (w/w), and most preferably the ratio of complexed

nucleic acid to free nucleic acid is selected from a ratio of about : 1 (w/w).

It is preferred that the nucleic acid sequence of the invention is provided in either naked

form or complexed, e.g. by polycationic compounds of whatever chemical structure,

preferably polycationic (poly)peptides or synthetic polycationic compounds. Preferably, the

nucleic acid sequence is not provided together with a packaging cell.

In a further aspect the invention provides for a composition or kit o r kit of parts comprising

a plurality of inventive nucleic acid sequences as defined herein. These inventive



compositions comprise more than one inventive nucleic acid sequences, preferably

encoding different peptides or proteins which comprise preferably different pathogenic

antigens or fragments, variants or derivatives thereof.

According to a further aspect, the present invention also provides a method for increasing

the expression of an encoded peptide or protein comprising the steps, e.g. a) providing the

inventive nucleic acid sequence as defined herein or the inventive composition comprising

a plurality of inventive nucleic acid sequences as defined herein, b) applying or

administering the inventive nucleic acid sequence as defined herein or the inventive

composition comprising a plurality of inventive nucleic acid sequences as defined herein to

an expression system, e.g. to a cell-free expression system, a cell (e.g. an expression host

cell or a somatic cell), a tissue or an organism. The method may be applied for laboratory,

for research, for diagnostic, for commercial production of peptides or proteins and/or for

therapeutic purposes. In this context, typically after preparing the inventive nucleic acid

sequence as defined herein or of the inventive composition comprising a plurality of

inventive nucleic acid sequences as defined herein, it is typically applied or administered to

a cell-free expression system, a cell (e.g. an expression host cell or a somatic cell), a tissue

or an organism, e.g. in naked or complexed form or as a pharmaceutical composition or

vaccine as described herein, preferably via transfection or by using any of the

administration modes as described herein. The method may be carried out in vitro, in vivo

or ex vivo. The method may furthermore be carried out in the context of the treatment of a

specific disease, particularly in the treatment of infectious diseases, preferably as defined

herein.

In this context in vitro is defined herein as transfection or transduction of the inventive

nucleic acid as defined herein or of the inventive composition comprising a plurality of

inventive nucleic acid sequences as defined herein into cells in culture outside of an

organism; in vivo is defined herein as transfection or transduction of the inventive nucleic

acid or of the inventive composition comprising a plurality of inventive nucleic acid

sequences into cells by application of the inventive nucleic acid or of the inventive

composition to the whole organism or individual and ex vivo is defined herein as

transfection or transduction of the inventive nucleic acid or of the inventive composition

comprising a plurality of inventive nucleic acid sequences into cells outside of an organism



or individual and subsequent application of the transfected cells to the organism or

individual.

Likewise, according to another aspect, the present invention also provides the use of the

inventive nucleic acid sequence as defined herein or of the inventive composition

comprising a plurality of inventive nucleic acid sequences as defined herein, preferably for

diagnostic or therapeutic purposes, for increasing the expression of an encoded peptide or

protein, e.g. by applying or administering the inventive nucleic acid sequence as defined

herein or of the inventive composition comprising a plurality of inventive nucleic acid

sequences as defined herein, e.g. to a cell-free expression system, a cell (e.g. an expression

host cell or a somatic cell), a tissue or an organism. The use may be applied for laboratory,

for research, for diagnostic for commercial production of peptides or proteins and/or for

therapeutic purposes. In this context, typically after preparing the inventive nucleic acid

sequence as defined herein or of the inventive composition comprising a plurality of

inventive nucleic acid sequences as defined herein, it is typically applied or administered to

a cell-free expression system, a cell (e.g. an expression host cell or a somatic cell), a tissue

or an organism, preferably in naked form or complexed form, or as a pharmaceutical

composition or vaccine as described herein, preferably via transfection or by using any of

the administration modes as described herein. The use may be carried out in vitro, in vivo

or ex vivo. The use may furthermore be carried out in the context of the treatment of a

specific disease, particularly in the treatment of infectious diseases, preferably as defined

herein.

In yet another aspect the present invention also relates to an inventive expression system

comprising an inventive nucleic acid sequence or expression vector or plasmid according to

the first aspect of the present invention. In this context the expression system may be a cell-

free expression system (e.g. an in vitro transcription/translation system), a cellular expression

system (e.g. mammalian cells like CHO cells, insect cells, yeast cells, bacterial cells like E

coli) or organisms used for expression of peptides or proteins (e.g. plants or animals like

cows).

Additionally, according to another aspect, the present invention also relates to the use of the

inventive nucleic acid as defined herein or of the inventive composition comprising a



plurality of inventive nucleic acid sequences as defined herein for the preparation of a

pharmaceutical composition for increasing the expression of an encoded peptide or protein,

e.g. for treating a infectious disease, preferably as defined herein, e.g. applying or

administering the inventive nucleic acid as defined herein or of the inventive composition

comprising a plurality of inventive nucleic acid sequences as defined herein to a cell (e.g.

an expression host cell or a somatic cell), a tissue or an organism, preferably in naked form

or complexed form or as a pharmaceutical composition or vaccine as described herein,

more preferably using any of the administration modes as described herein.

Accordingly, in a particular preferred aspect, the present invention also provides a

pharmaceutical composition, comprising an inventive nucleic acid as defined herein or an

inventive composition comprising a plurality of inventive nucleic acid sequences as defined

herein and optionally a pharmaceutically acceptable carrier and/or vehicle.

As a first ingredient, the inventive pharmaceutical composition comprises at least one

inventive nucleic acid as defined herein.

As a second ingredient the inventive pharmaceutical composition may optional comprise at

least one additional pharmaceutically active component. A pharmaceutically active

component in this connection is a compound that has a therapeutic effect to heal,

ameliorate or prevent a particular indication or disease as mentioned herein, preferably

infectious diseases. Such compounds include, without implying any limitation, peptides or

proteins, preferably as defined herein, nucleic acids, preferably as defined herein,

(therapeutically active) low molecular weight organic or inorganic compounds (molecular

weight less than 5000, preferably less than 1000), sugars, antigens or antibodies, preferably

as defined herein, 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.), adjuvants, preferably as defined herein, etc.

Furthermore, the inventive pharmaceutical composition may comprise a pharmaceutically

acceptable carrier and/or vehicle. In the context of the present invention, a

pharmaceutically acceptable carrier typically includes the liquid or non-liquid basis of the



inventive pharmaceutical composition. If the inventive pharmaceutical composition is

provided in liquid form, the carrier will typically be pyrogen-free water; isotonic saline or

buffered (aqueous) solutions, e.g phosphate, citrate etc. buffered solutions. The injection

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 cells due to osmosis or other

concentration effects. Reference media are e.g. liquids occurring in "in vivd' methods,

such as blood, lymph, cytosolic liquids, or other body liquids, or e.g. liquids, which may be

used as reference media in "in vitrd' 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.

However, one or more compatible solid or liquid fillers or diluents or encapsulating

compounds may be used as well for the inventive pharmaceutical composition, which are

suitable for administration to a patient to be treated. The term "compatible" as used here

means that these constituents of the inventive pharmaceutical composition are capable of

being mixed with the inventive nucleic acid 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.

According to a specific embodiment, the inventive pharmaceutical composition may

comprise an adjuvant. In this context, an adjuvant may be understood as any compound,

which is suitable to initiate or increase an immune response of the innate immune system,

i.e. a non-specific immune response. With other words, when administered, the inventive

pharmaceutical composition preferably elicits an innate immune response due to the

adjuvant, optionally contained therein. Preferably, such an adjuvant may be selected from

an adjuvant known to a skilled person and suitable for the present case, i.e. supporting the

induction of an innate immune response in a mammal, e.g. an adjuvant protein as defined

above or an adjuvant as defined in the following.



Particularly preferred as adjuvants suitable for depot and delivery are cationic or

polycationic compounds as defined above for the inventive nucleic acid sequence as

vehicle, transfection or complexation agent.

The inventive pharmaceutical composition can additionally contain one o r more auxiliary

substances in order to increase its immunogenicity or immunostimulatory capacity, if

desired. A synergistic action of the inventive nucleic acid sequence as defined herein and of

an auxiliary substance, which may be optionally contained in the inventive pharmaceutical

composition, is preferably achieved thereby. Depending on the various types of auxiliary

substances, various mechanisms can come into consideration in this respect. For example,

compounds that permit the maturation of dendritic cells (DCs), for example

lipopolysaccharides, TNF-alpha or CD40 ligand, form a first class of suitable auxiliary

substances. In general, it is possible to use as auxiliary substance any agent that influences

the immune system in the manner of a "danger signal" (LPS, GP96, etc.) or cytokines, such

as GM-CFS, which allow an immune response to be enhanced and/or influenced in a

targeted manner. Particularly preferred auxiliary substances are cytokines, such as

monokines, lymphokines, interleukins or chemokines, that further promote the innate

immune response, such as IL-1 , IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12, IL-13,

IL-14, IL-1 5, IL-1 , IL- 7, IL-1 , 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 or TNF-alpha, growth factors, such as hGH.

Further additives which may be included in the inventive pharmaceutical composition are

emulsifiers, such as, for example, Tween ®; wetting agents, such as, for example, sodium

lauryl sulfate; colouring agents; taste-imparting agents, pharmaceutical carriers; tablet-

forming agents; stabilizers; antioxidants; preservatives.

The inventive pharmaceutical composition can also additionally contain any further

compound, which is known to be immunostimulating due to its binding affinity (as ligands)

to human Toll-like receptors TLR1, TLR2, TLR3, TLR4, TLR5, TLR6, TLR7, TLR8, TLR9,

TLR10, or due to its binding affinity (as ligands) to murine Toll-like receptors TLR1, TLR2,

TLR3, TLR4, TLR5, TLR6, TLR7, TLR8, TLR9, TLR1 0, TLR1 , TLR1 2 or TLR1 3.



The inventive pharmaceutical composition may be administered orally, parenterally, by

inhalation spray, topically, rectally, nasally, buccally, vaginally or via an implanted

reservoir. 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.

Preferably, the inventive pharmaceutical composition may be administered by parenteral

injection, more preferably by subcutaneous, intravenous, intramuscular, intra-articular,

intra-synovial, intrasternal, intrathecal, intrahepatic, intralesional, intracranial, transdermal,

intradermal, intrapulmonal, intraperitoneal, intracardial, intraarterial, and sublingual

injection or via infusion techniques. Particularly preferred is intradermal and intramuscular

injection. Sterile injectable forms of the inventive pharmaceutical compositions 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.

The inventive pharmaceutical composition as defined herein may also be administered

orally in any orally acceptable dosage form including, but not limited to, capsules, tablets,

aqueous suspensions or solutions.

The inventive pharmaceutical composition 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 inventive pharmaceutical composition may be formulated in a

suitable ointment, containing the inventive nucleic acid as defined herein suspended or

dissolved in one or more carriers.

The inventive pharmaceutical composition typically comprises a "safe and effective

amount" of the components of the inventive pharmaceutical composition, particularly of the

inventive nucleic acid sequence(s) as defined herein. As used herein, a "safe and effective

amount" means an amount of the inventive nucleic acid sequence(s) as defined herein as



such that is 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" is small enough

to avoid serious side-effects and to permit a sensible relationship between advantage and

risk. The determination of these limits typically lies within the scope of sensible medical

judgment.

The inventive pharmaceutical composition may be used for human and also for veterinary

medical purposes, preferably for human medical purposes, as a pharmaceutical

composition in general or as a vaccine.

According to another particularly preferred aspect, the inventive pharmaceutical

composition (or the inventive nucleic acid sequence as defined herein or the inventive

composition comprising a plurality of inventive nucleic acid sequences as defined herein)

may be provided or used as a vaccine. Typically, such a vaccine is as defined above for

pharmaceutical compositions. Additionally, such a vaccine typically contains the inventive

nucleic acid as defined herein or the inventive composition comprising a plurality of

inventive nucleic acid sequences as defined herein.

The inventive vaccine may also comprise a pharmaceutically acceptable carrier, adjuvant,

and/or vehicle as defined herein for the inventive pharmaceutical composition. In the

specific context of the inventive vaccine, the choice of a pharmaceutically acceptable

carrier is determined in principle by the manner in which the inventive vaccine is

administered. The inventive vaccine can be administered, for example, systemically or

locally. Routes for systemic administration in general include, for example, transdermal,

oral, parenteral routes, including subcutaneous, intravenous, intramuscular, intraarterial,

intradermal and intraperitoneal injections and/or intranasal administration routes. Routes for

local administration in general include, for example, topical administration routes but also

intradermal, transdermal, subcutaneous, or intramuscular injections or intralesional,

intracranial, intrapulmonal, intracardial, and sublingual injections. More preferably,

vaccines may be administered by an intradermal, subcutaneous, or intramuscular route.

Inventive vaccines are therefore preferably formulated in liquid (or sometimes in solid) form.



The inventive vaccine can additionally contain one or more auxiliary substances in order to

increase its immunogenicity or immunostimulatory capacity, if desired. Particularly

preferred are adjuvants as auxiliary substances or additives as defined for the

pharmaceutical composition.

The present invention furthermore provides several applications and uses of the inventive

nucleic acid sequence as defined herein, of the inventive composition comprising a

plurality of inventive nucleic acid sequences as defined herein, of the inventive

pharmaceutical composition, of the inventive vaccine, all comprising the inventive nucleic

acid sequence as defined herein or of kits comprising same.

According to one specific aspect, the present invention is directed to the first medical use of

the inventive nucleic acid sequence as defined herein or of the inventive composition

comprising a plurality of inventive nucleic acid sequences as defined herein as a

medicament, preferably as a vaccine particularly in the treatment of infectious diseases.

According to another aspect, the present invention is directed to the second medical use of

the inventive nucleic acid sequence as defined herein or of the inventive composition

comprising a plurality of inventive nucleic acid sequences as defined herein, for the

treatment of infectious diseases as defined herein, preferably to the use of the inventive

nucleic acid sequence as defined herein, of the inventive composition comprising a

plurality of inventive nucleic acid sequences as defined herein, of a pharmaceutical

composition or vaccine comprising same or of kits comprising same for the preparation of a

medicament for the prophylaxis, treatment and/or amelioration of infectious diseases as

defined herein. Preferably, the pharmaceutical composition or a vaccine is used or to be

administered to a patient in need thereof for this purpose.

Preferably, infectious diseases as mentioned herein are preferably selected from viral,

bacterial, protozoological and prion infectious diseases. Such infectious diseases are

typically selected from the list consisting of Acinetobacter infections, African sleeping

sickness (African trypanosomiasis), AIDS (Acquired immunodeficiency syndrome),

Amoebiasis, Anaplasmosis, Anthrax, Appendicitis, Arcanobacterium haemolyticum

infections, Argentine hemorrhagic fever, Ascariasis, Aspergillosis, Astrovirus infections,



Athlete's foot, Babesiosis, Bacillus cereus infections, Bacterial meningitis, Bacterial

pneumonia, Bacterial vaginosis (BV), Bacteroides infections, Balantidiasis, Baylisascaris

infections, Bilharziosis, BK virus infections, Black piedra, Blastocystis hominis infections,

Blastomycosis, Bolivian hemorrhagic fever, Borrelia infectionss (Borreliosis), Botulism (and

Infant botulism), Bovine tapeworm, Brazilian hemorrhagic fever, Brucellosis, Burkholderia

infections, Buruli ulcer, Calicivirus infections (Norovirus and Sapovirus),

Campylobacteriosis, Candidiasis (Candidosis), Canine tapeworm infections, Cat-scratch

disease, Chagas Disease (American trypanosomiasis), Chancroid, Chickenpox, Chlamydia

infections, Chlamydia trachomatis infections, Chlamydophila pneumoniae infections,

Cholera, Chromoblastomycosis, Climatic bubo, Clonorchiasis, Clostridium difficile

infections, Coccidioidomycosis, Cold, Colorado tick fever (CTF), Common cold (Acute viral

rhinopharyngitis; Acute coryza), Condyloma acuminata, Conjunctivitis, Creutzfeldt-Jakob

disease (CJD), Crimean-Congo hemorrhagic fever (CCHF), Cryptococcosis,

Cryptosporidiosis, Cutaneous larva migrans (CLM), Cutaneous Leishmaniosis,

Cyclosporiasis, Cysticercosis, Cytomegalovirus infections, Dengue fever, Dermatophytosis,

Dientamoebiasis, Diphtheria, Diphyllobothriasis, Donavanosis, Dracunculiasis, Early

summer meningoencephalitis (FSME), Ebola hemorrhagic fever, Echinococcosis,

Ehrlichiosis, Enterobiasis (Pinworm infections), Enterococcus infections, Enterovirus

infections, Epidemic typhus, Epiglottitis, Epstein-Barr Virus Infectious Mononucleosis,

Erythema infectiosum (Fifth disease), Exanthem subitum, Fasciolopsiasis, Fasciolosis, Fatal

familial insomnia (FFI), Fifth disease, Filariasis, Fish poisoning (Ciguatera), Fish tapeworm,

Flu, Food poisoning by Clostridium perfringens, Fox tapeworm, Free-living amebic

infections, Fusobacterium infections, Gas gangrene, Geotrichosis, Gerstmann-Straussler-

Scheinker syndrome (GSS), Giardiasis, Glanders, Gnathostomiasis, Gonorrhea, Granuloma

inguinale (Donovanosis), Group A streptococcal infections, Group B streptococcal

infections, Haemophilus influenzae infections, Hand foot and mouth disease (HFMD),

Hantavirus Pulmonary Syndrome (HPS), Helicobacter pylori infections, Hemolytic-uremic

syndrome (HUS), Hemorrhagic fever with renal syndrome (HFRS), Henipavirus infections,

Hepatitis A, Hepatitis B, Hepatitis C, Hepatitis D, Hepatitis E, Herpes simplex, Herpes

simplex type I, Herpes simplex type II, Herpes zoster, Histoplasmosis, Hollow warts,

Hookworm infections, Human bocavirus infections, Human ewingii ehrlichiosis, Human

granulocytic anaplasmosis (HGA), Human metapneumovirus infections, Human monocytic

ehrlichiosis, Human papillomavirus (HPV) infections, Human parainfluenza virus infections,



Hymenolepiasis, Influenza, Isosporiasis, Japanese encephalitis, Kawasaki disease, Keratitis,

Kingella kingae infections, Kuru, Lambliasis (Giardiasis), Lassa fever, Legionellosis

(Legionnaires' disease, Pontiac fever), Leishmaniasis, Leprosy, Leptospirosis, Lice, Listeriosis,

Lyme borreliosis, Lyme disease, Lymphatic filariasis (Elephantiasis), Lymphocytic

choriomeningitis, Malaria, Marburg hemorrhagic fever (MHF), Marburg virus, Measles,

Melioidosis (Whitmore's disease), Meningitis, Meningococcal disease, Metagonimiasis,

Microsporidiosis, Miniature tapeworm, Miscarriage (prostate inflammation), Molluscum

contagiosum (MC), Mononucleosis, Mumps, Murine typhus (Endemic typhus), Mycetoma,

Mycoplasma hominis, Mycoplasma pneumonia, Myiasis, Nappy/diaper dermatitis, Neonatal

conjunctivitis (Ophthalmia neonatorum), Neonatal sepsis (Chorioamnionitis), Nocardiosis,

Noma, Norwalk virus infections, Onchocerciasis (River blindness), Osteomyelitis, Otitis

media, Paracoccidioidomycosis (South American blastomycosis), Paragonimiasis,

Paratyphus, Pasteurellosis, Pediculosis capitis (Head lice), Pediculosis corporis (Body lice),

Pediculosis pubis (Pubic lice, Crab lice), Pelvic inflammatory disease (PID), Pertussis

(Whooping cough), Pfeiffer's glandular fever, Plague, Pneumococcal infections,

Pneumocystis pneumonia (PCP), Pneumonia, Polio (childhood lameness), Poliomyelitis,

Porcine tapeworm, Prevotella infections, Primary amoebic meningoencephalitis (PAM),

Progressive multifocal leukoencephalopathy, Pseudo-croup, Psittacosis, Q fever, Rabbit

fever, Rabies, Rat-bite fever, Reiter's syndrome, Respiratory syncytial virus infections (RSV),

Rhinosporidiosis, Rhinovirus infections, Rickettsial infections, Rickettsialpox, Rift Valley

fever (RVF), Rocky mountain spotted fever (RMSF), Rotavirus infections, Rubella, Salmonella

paratyphus, Salmonella typhus, Salmonellosis, SARS (Severe Acute Respiratory Syndrome),

Scabies, Scarlet fever, Schistosomiasis (Bilharziosis), Scrub typhus, Sepsis, Shigellosis

(Bacillary dysentery), Shingles, Smallpox (Variola), Soft chancre, Sporotrichosis,

Staphylococcal food poisoning, Staphylococcal infections, Strongyloidiasis, Syphilis,

Taeniasis, Tetanus, Three-day fever, Tick-borne encephalitis, Tinea barbae (Barber's itch),

Tinea capitis (Ringworm of the Scalp), Tinea corporis (Ringworm of the Body), Tinea cruris

(Jock itch), Tinea manuum (Ringworm of the Hand), Tinea nigra, Tinea pedis (Athlete's foot),

Tinea unguium (Onychomycosis), Tinea versicolor (Pityriasis versicolor), Toxocariasis

(Ocular Larva Migrans (OLM) and Visceral Larva Migrans (VLM)), Toxoplasmosis,

Trichinellosis, Trichomoniasis, Trichuriasis (Whipworm infections), Tripper,

Trypanosomiasis (sleeping sickness), Tsutsugamushi disease, Tuberculosis, Tularemia,

Typhus, Typhus fever, Ureaplasma urealyticum infections, Vaginitis (Colpitis), Variant



Creutzfeldt-Jakob disease (vCJD, nvCJD), Venezuelan equine encephalitis, Venezuelan

hemorrhagic fever, Viral pneumonia, Visceral Leishmaniosis, Warts, West Nile Fever,

Western equine encephalitis, White piedra (Tinea blanca), Whooping cough, Yeast fungus

spots, Yellow fever, Yersinia pseudotuberculosis infections, Yersiniosis, and Zygomycosis.

In a further preferred aspect, the inventive nucleic acid sequence as defined herein or the

inventive composition comprising a plurality of inventive nucleic acid sequences as defined

herein may be used for the preparation of a pharmaceutical composition or a vaccine,

particularly for purposes as defined herein.

The inventive pharmaceutical composition or vaccine may furthermore be used for the

treatment of a disease or a disorder, preferably of infectious diseases as defined herein.

According to a final aspect, the present invention also provides kits, particularly kits of parts.

Such kits, particularly kits of parts, typically comprise as components alone or in

combination with further components as defined herein at least one inventive nucleic acid

sequence as defined herein, the inventive pharmaceutical composition or vaccine

comprising the inventive nucleic acid sequence. The at least one inventive nucleic acid

sequence as defined herein, optionally in combination with further components as defined

herein, the inventive pharmaceutical composition and/or the inventive vaccine may occur

in one or different parts of the kit. As an example, e.g. at least one part of the kit may

comprise at least one inventive nucleic acid sequence as defined herein, and at least one

further part of the kit at least one other component as defined herein, e.g. at least one other

part of the kit may comprise at least one pharmaceutical composition or vaccine or a part

thereof, e.g. at least one part of the kit may comprise the inventive nucleic acid sequence as

defined herein, at least one further part of the kit at least one other component as defined

herein, at least one further part of the kit at least one component of the inventive

pharmaceutical composition or vaccine or the inventive pharmaceutical composition or

vaccine as a whole, and at least one further part of the kit e.g. at least one pharmaceutical

carrier or vehicle, etc. In case the kit or kit of parts comprises a plurality of inventive nucleic

acid sequences, one component of the kit can comprise only one, several or all inventive

nucleic acid sequences comprised in the kit. In an alternative embodiment every inventive

nucleic acid sequence may be comprised in a different component of the kit. The kit or kit



of parts may furthermore contain technical instructions with information o n the

administration and dosage of the inventive nucleic acid sequence, the inventive

pharmaceutical composition or the inventive vaccine or of any of its components or parts,

e.g. if the kit is prepared as a kit of parts.

Taken together, the invention provides a nucleic acid sequence comprising or coding for

a) a coding region, encoding at least one peptide or protein;

b) at least one histone stem-loop, and

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

wherein said peptide o r protein comprises a pathogenic antigen or a fragment, variant or

derivative thereof particularly an antigen from a pathogen associated with infectious

disease, preferably associated with an infections disease which is a bacterial infection, a

viral infection, a protozoan infection, a fungal infection or the like. The invention further

provides a composition or kit or kit of parts comprising at least one of such nucleic acid

sequences. Further, the invention provides the use of such a nucleic acid sequence as a

medicament, preferably for treatment of infectious diseases, more preferably in a

pharmaceutical composition for treatment of infectious diseases comprising further an

pharmaceutically acceptable carrier. Further, the invention provides a method for increasing

the expression of an encoded peptide or protein comprising the steps of providing such an

nucleic acid sequence or an composition containing such an nucleic acid sequence and

applying or administering the nucleic acid sequence or the composition to a cell-free

expression system, a cell, a tissue or and organism.

Further preferred, the invention provides a nucleic acid sequence comprising or coding for

a) a coding region, encoding at least one peptide or protein;

b) at least one histone stem-loop, and

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

wherein said peptide o r protein comprises a pathogenic antigen or a fragment, variant or

derivative thereof particularly an antigen from a pathogen associated with infectious

disease, preferably associated with an infections disease which is a bacterial infection, a

viral infection, a protozoan infection, a fungal infection or the like, more preferably wherein

the pathogenic antigen is derivable from 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. The invention further provides a

composition or kit or kit of parts comprising at least one of such nucleic acid sequences.

Further, the invention provides the use of such a nucleic acid sequence as a medicament,

preferably for treatment of infectious diseases, more preferably in a pharmaceutical

composition for treatment of infectious diseases comprising further an pharmaceutically

acceptable carrier. Further, the invention provides a method for increasing the expression of

an encoded peptide or protein comprising the steps of providing such an nucleic acid

sequence or an composition containing such an nucleic acid sequence and applying or

administering the nucleic acid sequence or the composition to a cell-free expression system,

a cell, a tissue or and organism.

Further preferred, the invention provides a nucleic acid sequence comprising or coding for

a) a coding region, encoding at least one peptide or protein;

b) at least one histone stem-loop, and

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

wherein said peptide or protein comprises a pathogenic antigen or a fragment, variant or

derivative thereof particularly an antigen from a pathogen associated with infectious

disease, preferably associated with an infections disease which is a bacterial infection, a

viral infection, a protozoan infection, a fungal infection or the like, more preferably wherein

the pathogenic antigen is derivable from 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, even more preferably the antigen is

selected from HIV p24 antigen, HIV envelope proteins (Gp1 20, Gp41 , Gp1 60), polyprotein

GAG, negative factor protein Nef, trans-activator of transcription Tat if the infectious disease

is HIV, preferably an infection with Human immunodeficiency virus. The invention further

provides a composition or kit or kit of parts comprising at least one of such nucleic acid

sequences. Further, the invention provides the use of such a nucleic acid sequence as a

medicament, preferably for treatment of infectious diseases, more preferably in a

pharmaceutical composition for treatment of infectious diseases comprising further an



pharmaceutically acceptable carrier. Further, the invention provides a method for increasing

the expression of an encoded peptide or protein comprising the steps of providing such an

nucleic acid sequence or an composition containing such an nucleic acid sequence and

applying or administering the nucleic acid sequence or the composition to a cell-free

expression system, a cell, a tissue or and organism.

Further preferred, the invention provides a nucleic acid sequence comprising or coding for

a) a coding region, encoding at least one peptide or protein;

b) at least one histone stem-loop, and

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

wherein said peptide or protein comprises a pathogenic antigen or a fragment, variant or

derivative thereof particularly an antigen from a pathogen associated with infectious

disease, preferably associated with an infections disease which is a bacterial infection, a

viral infection, a protozoan infection, a fungal infection or the like, more preferably wherein

the pathogenic antigen is derivable from 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, even more preferably the antigen is

selected from major outer membrane protein MOMP, probable outer membrane protein

PMPC, outer membrane complex protein B OmcB, heat shock proteins Hsp60 HSP1 0,

protein IncA, proteins from the type III secretion system, ribonucleotide reductase small

chain protein NrdB, plasmid protein Pgp3, chlamydial outer protein N CopN, antigen

CT521 , antigen CT425, antigen CT043, antigen TC0052, antigen TC0189, antigen TC0582,

antigen TC0660, antigen TC0726, antigen TC081 6, antigen TC0828 if the infectious disease

is an infenction with Chlamydia trachomatis. The invention further provides a composition

or kit or kit of parts comprising at least one of such nucleic acid sequences. Further, the

invention provides the use of such a nucleic acid sequence as a medicament, preferably for

treatment of infectious diseases, more preferably in a pharmaceutical composition for

treatment of infectious diseases comprising further an pharmaceutically acceptable carrier.

Further, the invention provides a method for increasing the expression of an encoded

peptide or protein comprising the steps of providing such an nucleic acid sequence or an

composition containing such an nucleic acid sequence and applying or administering the



nucleic acid sequence or the composition to a cell-free expression system, a cell, a tissue or

and organism.

Further preferred, the invention provides a nucleic acid sequence comprising or coding for

a) a coding region, encoding at least one peptide or protein;

b) at least one histone stem-loop, and

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

wherein said peptide or protein comprises a pathogenic antigen or a fragment, variant or

derivative thereof particularly an antigen from a pathogen associated with infectious

disease, preferably associated with an infections disease which is a bacterial infection, a

viral infection, a protozoan infection, a fungal infection or the like, more preferably wherein

the pathogenic antigen is derivable from pathogens selected from Influenza virus,

respiratory syncytial virus ( SV ), 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, even more preferably the antigen is

selected from pp65 antigen, membrane protein pp 5, capsid-proximal tegument protein

pp1 50, protein M45, DNA polymerase UL54, helicase UL1 05, glycoprotein gM,

glycoprotein gN, glcoprotein H, glycoprotein B gB, protein UL83, protein UL94, protein

UL99 if the infectious disease is Cytomegalovirus infection, preferably an infection with

Cytomegalovirus (CMV). The invention further provides a composition or kit or kit of parts

comprising at least one of such nucleic acid sequences. Further, the invention provides the

use of such a nucleic acid sequence as a medicament, preferably for treatment of infectious

diseases, more preferably in a pharmaceutical composition for treatment of infectious

diseases comprising further an pharmaceutically acceptable carrier. Further, the invention

provides a method for increasing the expression of an encoded peptide or protein

comprising the steps of providing such an nucleic acid sequence or an composition

containing such an nucleic acid sequence and applying or administering the nucleic acid

sequence or the composition to a cell-free expression system, a cell, a tissue or and

organism.

Further preferred, the invention provides a nucleic acid sequence comprising or coding for

a) a coding region, encoding at least one peptide or protein;



b) at least one histone stem-loop, and

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

wherein said peptide or protein comprises a pathogenic antigen or a fragment, variant or

derivative thereof particularly an antigen from a pathogen associated with infectious

disease, preferably associated with an infections disease which is a bacterial infection, a

viral infection, a protozoan infection, a fungal infection or the like, more preferably wherein

the pathogenic antigen is derivable from 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, even more preferably the antigen is

selected from capsid protein C, premembrane protein prM, membrane protein M , envelope

protein E (domain I, domain II, domain II), protein NS1 , protein NS2A, protein NS2B,

protein NS3, protein NS4A, protein 2K, protein NS4B, protein NS5 if the infectious disease

is Dengue fever, preferably an infection with Dengue viruses (DEN-1, DEN-2, DEN-3 and

DEN-4)-Flaviviruses. The invention further provides a composition or kit or kit of parts

comprising at least one of such nucleic acid sequences. Further, the invention provides the

use of such a nucleic acid sequence as a medicament, preferably for treatment of infectious

diseases, more preferably in a pharmaceutical composition for treatment of infectious

diseases comprising further an pharmaceutically acceptable carrier. Further, the invention

provides a method for increasing the expression of an encoded peptide or protein

comprising the steps of providing such an nucleic acid sequence or an composition

containing such an nucleic acid sequence and applying or administering the nucleic acid

sequence or the composition to a cell-free expression system, a cell, a tissue or and

organism.

Further preferred, the invention provides a nucleic acid sequence comprising or coding for

a) a coding region, encoding at least one peptide or protein;

b) at least one histone stem-loop, and

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

wherein said peptide or protein comprises a pathogenic antigen or a fragment, variant or

derivative thereof particularly an antigen from a pathogen associated with infectious

disease, preferably associated with an infections disease which is a bacterial infection, a



viral infection, a protozoan infection, a fungal infection or the like, more preferably wherein

the pathogenic antigen is derivable from 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, even more preferably the antigen is

selected from hepatitis B surface antigen HBsAg, Hepatitis B core antigen HbcAg,

polymerase, protein Hbx, preS2 middle surface protein, surface protein L, large S protein,

virus protein VP1, virus protein VP2, virus protein VP3, virus protein VP4 if the infectious

disease is Hepatits B, preferably an infection with Hepatitis B Virus (HBV). The invention

further provides a composition or kit o r kit of parts comprising at least one of such nucleic

acid sequences. Further, the invention provides the use of such a nucleic acid sequence as a

medicament, preferably for treatment of infectious diseases, more preferably in a

pharmaceutical composition for treatment of infectious diseases comprising further an

pharmaceutically acceptable carrier. Further, the invention provides a method for increasing

the expression of an encoded peptide or protein comprising the steps of providing such an

nucleic acid sequence or an composition containing such an nucleic acid sequence and

applying or administering the nucleic acid sequence or the composition to a cell-free

expression system, a cell, a tissue or and organism.

Further preferred, the invention provides a nucleic acid sequence comprising or coding for

a) a coding region, encoding at least one peptide or protein;

b) at least one histone stem-loop, and

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

wherein said peptide or protein comprises a pathogenic antigen or a fragment, variant or

derivative thereof particularly an antigen from a pathogen associated with infectious

disease, preferably associated with an infections disease which is a bacterial infection, a

viral infection, a protozoan infection, a fungal infection or the like, more preferably wherein

the pathogenic antigen is derivable from 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, even more preferably the antigen is



selected from replication protein E , regulatory protein E2, protein E3, protein E4, protein

E5, protein E6, protein E7, protein E8, major capsid protein L1, minor capsid protein L2 if

the infectious disease is Human papillomavirus (HPV) infection, preferably an infection with

Human papillomavirus (HPV). The invention further provides a composition or kit or kit of

parts comprising at least one of such nucleic acid sequences. Further, the invention

provides the use of such a nucleic acid sequence as a medicament, preferably for treatment

of infectious diseases, more preferably in a pharmaceutical composition for treatment of

infectious diseases comprising further an pharmaceutically acceptable carrier. Further, the

invention provides a method for increasing the expression of an encoded peptide or protein

comprising the steps of providing such an nucleic acid sequence o r an composition

containing such an nucleic acid sequence and applying or administering the nucleic acid

sequence or the composition to a cell-free expression system, a cell, a tissue or and

organism.

Further preferred, the invention provides a nucleic acid sequence comprising o r coding for

a) a coding region, encoding at least one peptide o r protein;

b) at least one histone stem-loop, and

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

wherein said peptide or protein comprises a pathogenic antigen o r a fragment, variant or

derivative thereof particularly an antigen from a pathogen associated with infectious

disease, preferably associated with an infections disease which is a bacterial infection, a

viral infection, a protozoan infection, a fungal infection or the like, more preferably wherein

the pathogenic antigen is derivable from 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, even more preferably the antigen is

selected from fusion protein F, hemagglutinin-neuramidase HN, glycoprotein G, matrix

protein M, phosphoprotein P, nucleoprotein N, polymerase L if the infectious disease is

Human parainfluenza virus infection, preferably an infection with Human parainfluenza

viruses (HPIV). The invention further provides a composition or kit o r kit of parts comprising

at least one of such nucleic acid sequences. Further, the invention provides the use of such

a nucleic acid sequence as a medicament, preferably for treatment of infectious diseases,



more preferably in a pharmaceutical composition for treatment of infectious diseases

comprising further an pharmaceutically acceptable carrier. Further, the invention provides a

method for increasing the expression of an encoded peptide or protein comprising the steps

of providing such an nucleic acid sequence or an composition containing such an nucleic

acid sequence and applying or administering the nucleic acid sequence or the composition

to a cell-free expression system, a cell, a tissue or and organism.

Further preferred, the invention provides a nucleic acid sequence comprising or coding for

a) a coding region, encoding at least one peptide or protein;

b) at least one histone stem-loop, and

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

wherein said peptide or protein comprises a pathogenic antigen or a fragment, variant or

derivative thereof particularly an antigen from a pathogen associated with infectious

disease, preferably associated with an infections disease which is a bacterial infection, a

viral infection, a protozoan infection, a fungal infection or the like, more preferably wherein

the pathogenic antigen is derivable from 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, even more preferably the antigen is

selected from Hemagglutinin (HA), Neuraminidase (NA), Nucleoprotein (NP), M 1 protein,

M2 protein, NS1 protein, NS2 protein (NEP protein: nuclear export protein), PA protein,

PB1 protein (polymerase basic 1 protein), PB1 -F2 protein and PB2 protein

(Orthomyxoviridae family, Influenza virus (flu)); nucleoprotein N, large structural protein L,

phophoprotein P, matrix protein M, glycoprotein G if the infectious disease is Rabies,

preferably an infection with Rabies virus; most preferably the antigen is derivable from a

virus of the Orthomyxoviridae, most preferably of an Influenza virus, most preferably from

Hemagglutinin (HA), Neuraminidase (NA), Nucleoprotein (NP), one or both of the

matrixproteins (M1) and (M2), the polymerase proteins (PB1), (PB2), and the proteine NS1

and NS2. The invention further provides a composition or kit or kit of parts comprising at

least one of such nucleic acid sequences. Further, the invention provides the use of such a

nucleic acid sequence as a medicament, preferably for treatment of infectious diseases,

more preferably in a pharmaceutical composition for treatment of infectious diseases



comprising further an pharmaceutically acceptable carrier. Further, the invention provides a

method for increasing the expression of an encoded peptide o r protein comprising the steps

of providing such an nucleic acid sequence or an composition containing such an nucleic

acid sequence and applying or administering the nucleic acid sequence or the composition

to a cell-free expression system, a cell, a tissue or and organism.

Further preferred, the invention provides a nucleic acid sequence comprising o r coding for

a) a coding region, encoding at least one peptide o r protein;

b) at least one histone stem-loop, and

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

wherein said peptide or protein comprises a pathogenic antigen o r a fragment, variant or

derivative thereof particularly an antigen from a pathogen associated with infectious

disease, preferably associated with an infections disease which is a bacterial infection, a

viral infection, a protozoan infection, a fungal infection or the like, more preferably wherein

the pathogenic antigen is derivable from 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, even more preferably the antigen is

selected from fusionprotein F, nucleoprotein N, matrix protein M, matrix protein M2-1,

matrix protein M2-2, phophoprotein P, small hydrophobic protein SH, major surface

glycoprotein G, polymerase L, non-structural protein 1 NS1, non-structural protein 2 NS2 if

the infectious disease is Respiratory syncytial virus infection, preferably an infection with

Respiratory syncytial virus (RSV).

Further preferred, the invention provides a nucleic acid sequence comprising or coding for

a) a coding region, encoding at least one peptide o r protein;

b) at least one histone stem-loop, and

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

wherein said peptide or protein comprises a pathogenic antigen o r a fragment, variant or

derivative thereof particularly an antigen from a pathogen associated with infectious

disease, preferably associated with an infections disease which is a bacterial infection, a

viral infection, a protozoan infection, a fungal infection o r the like, more preferably wherein



the pathogenic antigen is derivable from 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, even more preferably the antigen is

selected from secretory antigen SssA (Staphylococcus genus, Staphylococcal food

poisoning); secretory antigen SssA (Staphylococcus genus e.g. aureus, Staphylococcal

infection); molecular chaperone DnaK, cell surface lipoprotein Mpt83, lipoprotein P23,

phosphate transport system permease protein pstA, 14 kDa antigen, fibronectin-binding

protein C FbpC1, Alanine dehydrogenase TB43, Glutamine synthetase 1, ESX-1 protein,

protein CFP10, TB10.4 protein, protein MPT83, protein MTB1 2, protein MTB8, Rpf-like

proteins, protein MTB32, protein MTB39, crystallin, heat-shock protein HSP65, protein PST-

S if the infectious disease is Tuberculosis, preferably an infection with Mycobacterium

tuberculosis. The invention further provides a composition or kit or kit of parts comprising at

least one of such nucleic acid sequences. Further, the invention provides the use of such a

nucleic acid sequence as a medicament, preferably for treatment of infectious diseases,

more preferably in a pharmaceutical composition for treatment of infectious diseases

comprising further an pharmaceutically acceptable carrier. Further, the invention provides a

method for increasing the expression of an encoded peptide or protein comprising the steps

of providing such an nucleic acid sequence or an composition containing such an nucleic

acid sequence and applying or administering the nucleic acid sequence or the composition

to a cell-free expression system, a cell, a tissue or and organism.

Further preferred, the invention provides a nucleic acid sequence comprising o r coding for

a) a coding region, encoding at least one peptide or protein;

b) at least one histone stem-loop, and

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

wherein said peptide or protein comprises a pathogenic antigen or a fragment, variant or

derivative thereof particularly an antigen from a pathogen associated with infectious

disease, preferably associated with an infections disease which is a bacterial infection, a

viral infection, a protozoan infection, a fungal infection or the like, more preferably wherein

the pathogenic antigen is derivable from 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, even more preferably the antigen is

selected from genome polyprotein, protein E, protein M, capsid protein C, protease NS3,

protein NS1, protein NS2A, protein AS2B, protein NS4A, protein NS4B, protein NS5 if the

infectious disease is Yellow fever, perferably an infection with Yellow fever virus. The

invention further provides a composition or kit or kit of parts comprising at least one of such

nucleic acid sequences. Further, the invention provides the use of such a nucleic acid

sequence as a medicament, preferably for treatment of infectious diseases, more preferably

in a pharmaceutical composition for treatment of infectious diseases comprising further an

pharmaceutically acceptable carrier. Further, the invention provides a method for increasing

the expression of an encoded peptide or protein comprising the steps of providing such an

nucleic acid sequence or an composition containing such an nucleic acid sequence and

applying or administering the nucleic acid sequence or the composition to a cell-free

expression system, a cell, a tissue or and organism.

In the present invention, if not otherwise indicated, different features of alternatives and

embodiments may be combined with each other. Furthermore, the term "comprising" shall

not be construed as meaning "consisting of", if not specifically mentioned. However, in the

context of the present invention, term "comprising" may be substituted with the term

"consisting of", where applicable.



Figures:

The following Figures are intended to illustrate the invention further and shall not be

construed to limit the present invention thereto.

Figure 1: shows the histone stem-loop consensus sequence generated from metazoan

and protozoan stem loop sequences (as reported by Davila Lopez, M., &

Samuelsson, T. (2008), RNA (New York, N.Y.), 14(1 ), 1-10.

doi:1 0.1 261/rna. 782308). 4001 histone stem-loop sequences from metazoa

and protozoa were aligned and the quantity of the occurring nucleotides is

indicated for every position in the stem-loop sequence. The generated

consensus sequence representing all nucleotides present in the sequences

analyzed is given using the single-letter nucleotide code. In addition to the

consensus sequence, sequences are shown representing at least 99%, 95%

and 90% of the nucleotides present in the sequences analyzed.

Figure 2: shows the histone stem-loop consensus sequence generated from protozoan

stem loop sequences (as reported by Davila Lopez, M., & Samuelsson, T.

(2008), RNA (New York, N.Y.), 14(1), 1-10. doi:1 0.1261/rna.782308). 131

histone stem-loop sequences from protozoa were aligned and the quantity of

the occurring nucleotides is indicated for every position in the stem-loop

sequence. The generated consensus sequence representing all nucleotides

present in the sequences analyzed is given using the single-letter nucleotide

code. In addition to the consensus sequence, sequences are shown

representing at least 99%, 95% and 90% of the nucleotides present in the

sequences analyzed.

Figure 3: shows the histone stem-loop consensus sequence generated from metazoan

stem loop sequences (as reported by Davila Lopez, M., & Samuelsson, T.

(2008), RNA (New York, N.Y.), 14(1), 1- 10. doi:10.1261/rna.782308). 3870

histone stem-loop sequences from metazoa were aligned and the quantity of

the occurring nucleotides is indicated for every position in the stem-loop



sequence. The generated consensus sequence representing all nucleotides

present in the sequences analyzed is given using the single-letter nucleotide

code. In addition to the consensus sequence, sequences are shown

representing at least 99%, 95% and 90% of the nucleotides present in the

sequences analyzed.

Figure 4: shows the histone stem-loop consensus sequence generated from vertebrate

stem loop sequences (as reported by Davila Lopez, M., & Samuelsson, T.

(2008), RNA (New York, N.Y.), 14(1), 1-10. doi:10.1261/rna.782308). 333

histone stem-loop sequences from vertebrates were aligned and the quantity

of the occurring nucleotides is indicated for every position in the stem-loop

sequence. The generated consensus sequence representing all nucleotides

present in the sequences analyzed is given using the single-letter nucleotide

code. In addition to the consensus sequence, sequences are shown

representing at least 99%, 95% and 90% of the nucleotides present in the

sequences analyzed.

Figure 5: shows the histone stem-loop consensus sequence generated from human

(Homo sapiens) stem loop sequences (as reported by Davila Lopez, M., &

Samuelsson, T. (2008), RNA (New York, N.Y.), 14(1), 1-10.

doi:1 0 . 261/rna. 782308). 84 histone stem-loop sequences from humans

were aligned and the quantity of the occurring nucleotides is indicated for

every position in the stem-loop sequence. The generated consensus

sequence representing all nucleotides present in the sequences analyzed is

given using the single-letter nucleotide code. In addition to the consensus

sequence, sequences are shown representing at least 99%, 95% and 90% of

the nucleotides present in the sequences analyzed.

Figures 6 to 19: show mRNAs from in vitro transcription.

Given are the designation and the sequence of mRNAs obtained by in vitro

transcription. The following abbreviations are used:

ppLuc (GC): GC-enriched mRNA sequence coding for Photinus
pyralis luciferase



ag: 3' untranslated region (UTR) of the alpha globin gene
A64: poly(A)-sequence with 64 adenylates
A 120: poly(A)-sequence wit 120 adenylates
histoneSL: histone stem-loop
aCPSL: stem loop which has been selected from a library for

its specific binding of the aCP-2KL protein
PolioCL: 5' clover leaf from Polio virus genomic RNA

poly(G) sequence with 30 guanylates
poly(U) sequence with 30 uridylates
unspecific/artificial stem-loop
unspecific sequence of 32 nucleotides

Within the sequences, the following elements are highlighted: coding region

(ORF) (capital letters), ag (bold), histoneSL (underlined), further distinct

sequences tested (italic).

Figure 6: shows the mRNA sequence of ppLuc(CC) - ag (SEQ ID NO: 43).

By linearization of the original vector at the restriction site immediately

following the alpha-globin 3'-UTR (ag), mRNA is obtained lacking a poly(A)

sequence.

Figure 7: shows the mRNA sequence of ppLuc(GC) - ag - A64 (SEP ID NO: 44).

By linearization of the original vector at the restriction site immediately

following the A64 poly(A)-sequence, mRNA is obtained ending with an A64

poly(A) sequence.

Figure 8: shows the mRNA sequence of ppLuc(GC) - ag - histoneSL (SEP ID NO: 45).

The A64 poly(A) sequence was replaced by a histoneSL. The histone stem-

loop sequence used in the examples was obtained from Cakmakci et al.

(2008). Molecular and Cellular Biology, 28(3), 182-1 194.

Figure 9: shows the mRNA sequence of ppLuc(CC) - ag - A64 - histoneSL (SEP ID

NO: 46).

The histoneSL was appended 3' of A64 poly(A).

Figure 10: shows the mRNA sequence of ppLuc(GC) - ag - A 20 (SEP ID NP: 47).

The A64 poly(A) sequence was replaced by an A120 poly(A) sequence.



shows the mRNA sequence of ppLuc(GC) - ag - A64 - ag (SEP D NO: 48).

A second alpha-globin 3'-UTR was appended 3' of A64 poly(A).

shows the mRNA sequence of ppLuc(GC) - ag - A64 - aCPSL (SEP ID NO:

49) .

A stem loop was appended 3' of A64 poly(A). The stem loop has been

selected from a library for its specific binding of the <xCP-2KL protein (Thisted

et al., (2001 ), The Journal of Biological Chemistry, 276(20), 7484-1 7496).

aCP-2KL is an isoform of aCP-2, the most strongly expressed aCP protein

(alpha-globin mRNA poly(C) binding protein) (Makeyev et al, (2000),

Genomics, 67(3), 301 -3 6), a group of RNA binding proteins, which bind to

the alpha-globin 3'-UTR (Chkheidze et al., ( 1 999), Molecular and Cellular

Biology, 9(7), 4572-4581 ).

shows the mRNA sequence of ppLuc(GC) - ag - A64 - PolioCL (SEP ID NP:

50) .

The 5' clover leaf from Polio virus genomic RNA was appended 3' of A64

poly(A).

shows the mRNA sequence of ppLuc(GC) - ag - A64 - G30 (SEP ID NO: 51)

A stretch of 30 guanylates was appended 3' of A64 poly(A).

shows the mRNA sequence of ppLuc(GC) - ag - A64 - U30 (SEP ID NP: 52)

A stretch of 30 uridylates was appended 3' of A64 poly(A).

shows the mRNA sequence of ppLuc(GC) - ag - A64 - SL (SEP ID NP: 53)

A stem loop was appended 3' of A64 poly(A). The upper part of the stem and

the loop were taken from (Babendure et al, (2006), RNA (New York, N.Y.),

12(5), 851 -861). The stem loop consists of a 17 base pair long, CG-rich stem

and a 6 base long loop.

Figure 1 : shows ppLuc(GC) - ag - A64 - N32 (SEP ID NP: 54)



By linearization of the original vector at an alternative restriction site, mRNA

is obtained with 32 additional nucleotides following poly(A).

Figure 8: shows the mRNA sequence of HA (H1 N1/PR8) (GO - ag - A64 -C30 (SEP

ID NO: 55)

Figure 19: shows the mRNA sequence of HA (H1 N1/PR8) (GO - ag - A64 -C30 -

histoneSL (SEP ID NO: 56)

Figure 20: shows that the combination of poly(A) and histoneSL increases protein

expression from mRNA in a synergistic manner.

The effect of poly(A) sequence, histoneSL, and the combination of poly(A)

and histoneSL on luciferase expression from mRNA was examined. Therefore

different mRNAs were electroporated into HeLa cells. Luciferase levels were

measured at 6, 24, and 48 hours after transfection. Little luciferase is

expressed from mRNA having neither poly(A) sequence nor histoneSL. Both

a poly(A) sequence or the histoneSL increase the luciferase level. Strikingly

however, the combination of poly(A) and histoneSL further strongly increases

the luciferase level, manifold above the level observed with either of the

individual elements, thus acting synergistically. Data are graphed as mean

RLU ± SD (relative light units ± standard deviation) for triplicate

transfections. Specific RLU are summarized in Example .2.

Figure 2 : shows that the combination of poly(A) and histoneSL increases protein

expression from mRNA irrespective of their order.

The effect of poly(A) sequence, histoneSL, the combination of poly(A) and

histoneSL, and their order on luciferase expression from mRNA was

examined. Therefore different mRNAs were lipofected into HeLa cells.

Luciferase levels were measured at 6, 24, and 48 hours after the start of

transfection. Both an A64 poly(A) sequence or the histoneSL give rise to

comparable luciferase levels. Increasing the length of the poly(A) sequence

from A64 to A120 or to A300 increases the luciferase level moderately. In

contrast, the combination of poly(A) and histoneSL increases the luciferase



level much further than lengthening of the poly(A) sequence. The

combination of poly(A) and histoneSL acts synergistically as it increases the

luciferase level manifold above the level observed with either of the

individual elements. The synergistic effect of the combination of poly(A) and

histoneSL is seen irrespective of the order of poly(A) and histoneSL and

irrespective of the length of poly(A) with A64-histoneSL or histoneSL-A250

mRNA. Data are graphed as mean RLU ± SD for triplicate transfections.

Specific RLU are summarized in Example 1 .3.

Figure 22: shows that the rise in protein expression by the combination of poly(A) and

histoneSL is specific.

The effect of combining poly(A) and histoneSL or poly(A) and alternative

sequences on luciferase expression from mRNA was examined. Therefore

different mRNAs were electroporated into HeLa cells. Luciferase levels were

measured at 6, 24, and 48 hours after transfection. Both a poly(A) sequence

or the histoneSL give rise to comparable luciferase levels. The combination

of poly(A) and histoneSL strongly increases the luciferase level, manifold

above the level observed with either of the individual elements, thus acting

synergistically. In contrast, combining poly(A) with any of the other

sequences is without effect on the luciferase level compared to mRNA

containing only a poly(A) sequence. Thus, the combination of poly(A) and

histoneSL acts specifically and synergistically. Data are graphed as mean

RLU ± SD for triplicate transfections. Specific RLU are summarized in

Example 1.4.

Figure 23: shows that the combination of poly(A) and histoneSL increases protein

expression from mRNA in a synergistic manner in vivo.

The effect of poly(A) sequence, histoneSL, and the combination of poly(A)

and histoneSL on luciferase expression from mRNA in vivo was examined.

Therefore different mRNAs were injected intradermally into mice. Mice were

sacrificed 16 hours after injection and Luciferase levels at the injection sites

were measured. Luciferase is expressed from mRNA having either a

histoneSL or a poly(A) sequence. Strikingly however, the combination of



poly(A) and histoneSL strongly increases the luciferase level, manifold above

the level observed with either of the individual elements, thus acting

synergistically. Data are graphed as mean RLU ± SEM (relative light units ±

standard error of mean). Specific RLU are summarized in Example .5 .

Figure 24: shows that the combination of poly(A) and histoneSL increases the level of

antibodies elicited by vaccination with mRNA.

The effect of poly(A) sequence and the combination of poly(A) and histoneSL

on the induction of anti HA antibodies elicited by vaccination with mRNA

was examined. Therefore Balb/c mice were vaccinated intradermally with

different mRNAs. The level of HA-specific antibodies in vaccinated and

control mice was analyzed by ELISA with serial dilutions of sera. Anti HA

IgGI is induced by mRNA having only a poly(A) sequence. Strikingly

however, the combination of poly(A) and histoneSL strongly increases the

anti HA gG level, above the level observed with only a poly(A) sequence.



Examples:

The following Examples are intended to illustrate the invention further and shall not be

construed to limit the present invention thereto.

. Generation of histone-stem-loop consensus sequences

Prior to the experiments, histone stem-loop consensus sequences were determined

on the basis of metazoan and protozoan histone stem-loop sequences. Sequences

were taken from the supplement provided by Lopez et al. (Davila Lopez, M., &

Samuelsson, T. (2008), RNA (New York, N.Y.), 14(1 ), 1-10.

doi:1 0.1 261/rna. 782308), who identified a large number of natural histone stem-

loop sequences by searching genomic sequences and expressed sequence tags. First,

all sequences from metazoa and protozoa (4001 sequences), or all sequences from

protozoa ( 1 3 1 sequences) or alternatively from metazoa (3870 sequences), or from

vertebrates ( 333 sequences) or from humans (84 sequences) were grouped and

aligned. Then, the quantity of the occurring nucleotides was determined for every

position. Based on the tables thus obtained, consensus sequences for the 5 different

groups of sequences were generated representing all nucleotides present in the

sequences analyzed. In addition, more restrictive consensus sequences were also

obtained, increasingly emphasizing conserved nucleotides

2 . Preparation of DNA-templates

A vector for in vitro transcription was constructed containing a T7 promoter

followed by a GC-enriched sequence coding for Photinus pyralis luciferase

(ppLuc(GQ), the center part of the 3' untranslated region (UTR) of alpha-globin (ag),

and a poly(A) sequence. The poly(A) sequence was immediately followed by a

restriction site used for linearization of the vector before in vitro transcription in

order to obtain mRNA ending in an A64 poly(A) sequence. mRNA obtained from

this vector accordingly by in vitro transcription is designated as „ppLuc(GC) - ag -

A64".

Linearization of this vector at alternative restriction sites before in vitro transcription

allowed to obtain mRNA either extended by additional nucleotides 3' of A64 or



lacking A64. In addition, the original vector was modified to include alternative

sequences. In summary, the following mRNAs were obtained from these vectors by

in vitro transcription (mRNA sequences are given in Figures 6 to 7):

ppLuc(GC) - ag (SEQ ID NO: 43)
ppLuc(GC) - g A64 (SEQ ID NO: 44)
ppLuc(GC) - ag - histoneSL (SEQ ID NO: 45)
ppLuc(GC) - ag - A64 - histoneSL (SEQ ID NO: 46)
ppLuc(GC) - ag - A120 (SEQ ID NO: 47)
ppLuc(GC) - ag - A64 - ag (SEQ ID NO: 48)
ppLuc(GC) - ag - A64 - aCPSL (SEQ ID NO: 49)
ppLuc(GC) - ag - A64 - PolioCL (SEQ ID NO: 50)
ppLuc(GC) - ag - A64 - G30 (SEQ ID NO: 51)
ppLuc(GC) - ag - A64 - U30 (SEQ ID NO: 52)
ppLuc(GC) - ag - A64 - SL (SEQ ID NO: 53)
ppLuc(GC) - ag - A64 - N32 (SEQ ID NO: 54)

Furthermore DNA plasmid sequences coding for the pathogenic antigen HA

(H1 N1/PR8) was prepared accordingly as described above.

In summary, the following mRNAs were obtained from these vectors by in vitro

transcription (mRNA sequences are given in Figures 8 to 19):

HA (H1 N1/PR8) (GC) - ag - A64 -C30 (SEQ ID NO: 55)

HA (H N1/PR8) (GC) - ag - A64 -C30 - histoneSL (SEQ ID NO: 56)

In vitro transcription

The DNA-template according to Example 2 was linearized and transcribed in vitro

using T7-Polymerase. The DNA-template was then digested by DNase-treatment. All

mRNA-transcripts contained a 5'-CAP structure obtained by adding an excess of N7-

Methyl-Guanosine-5'-Triphosphate-5'-Guanosine to the transcription reaction.

mRNA thus obtained was purified and resuspended in water.

Enzymatic adenylation of mRNA

Two mRNAs were enzymatically adenylated:

ppLuc(GC) - ag - A64 and ppLuc(GC) - ag - histoneSL.

To this end, RNA was incubated with E coli Poly(A)-polymerase and ATP (Poly(A)

Polymerase Tailing Kit, Epicentre, Madison, USA) following the manufacturer's



instructions. mRNA with extended poly(A) sequence was purified and resuspended

in water. The length of the poly(A) sequence was determined via agarose gel

electrophoresis. Starting mRNAs were extended by approximately 250 adenylates,

the mRNAs obtained are designated as

ppLuc(GC) - ag - A300 and ppLuc(GC) - ag - histoneSL - A250, respectively.

Luciferase expression by mRNA electroporation

HeLa cells were trypsinized and washed in opti-MEM. 1x 10s cells in 200 µ Ι of opti-

MEM each were electroporated with 0.5 g of ppLuc-encoding mRNA. As a control,

mRNA not coding for ppLuc was electroporated separately. Electroporated cells

were seeded in 24-well plates in 1 ml of RPMI 1640 medium. 6, 24, or 48 hours

after transfection, medium was aspirated and cells were lysed in 200 µ Ι of lysis

buffer (25 mM Tris, pH 7.5 (HCI), 2 mM EDTA, 10% glycerol, 1% Triton X-1 00, 2

mM DTT, 1 mM PMSF). Lysates were stored at -20°C until ppLuc activity was

measured.

Luciferase expression by mRNA lipofection

HeLa cells were seeded in 96 well plates at a density of 2x1 04 cells per well. The

following day, cells were washed in opti-MEM and then transfected with 0.25 g of

Lipofectin-complexed ppLuc-encoding mRNA in 50 Ι of opti-MEM. As a control,

mRNA not coding for ppLuc was lipofected separately. In some wells, opti-MEM

was aspirated and cells were lysed in 200 pi of lysis buffer 6 hours after the start of

transfection. In the remaining wells, opti-MEM was exchanged for RPMI 1640

medium at that time. In these wells, medium was aspirated and cells were lysed in

200 µ of lysis buffer 24 or 48 hours after the start of transfection. Lysates were

stored at -20°C until ppLuc activity was measured.

Luciferase measurement

ppLuc activity was measured as relative light units (RLU) in a BioTek SynergyHT

plate reader at 5 seconds measuring time using 50 µ Ι of lysate and 200 µ Ι of luciferin

buffer (25 mM Glycylglycin, pH 7.8 (NaOH), 15 mM MgS0 , 2 mM ATP, 75 µΜ



luciferin). Specific RLU were calculated by subtracting RLU of the control RNA from

total RLU.

Luciferase expression by intradermal mRNA injection (Luciferase expression in vi v

Mice were anaesthetized with a mixture of Rompun and Ketavet. Each ppLuc-

encoding mRNA was injected intradermally (0.5 g of mRNA in 50 µ Ι per injection).

As a control, mRNA not coding for ppLuc was injected separately. 6 hours after

injection, mice were sacrificed and tissue collected. Tissue samples were flash

frozen in liquid nitrogen and lysed in a tissue lyser (Qiagen) in 800 Ι of lysis buffer

(25 mM Tris, pH 7.5 (HCI), 2 mM EDTA, 10% glycerol, 1% Triton X-1 00, 2 mM

DTT, 1 mM PMSF). Subsequently samples were centrifuged at 3500 rpm at 4°C for

0 minutes. Lysates were stored at -80°C until ppLuc activity was measured (see 7.

luciferase measurement).

Detection of an antigen-specific B-cell immune response (antibodies)

BALB/c mice (8 mice per group) were vaccinated twice within 7 days intradermally

with the vaccine comprising 10 g mRNA coding for HA (Hemagglutinin of

A/Puerto Rico/8/34, according to SEQ ID NO. 55 and 56). For negative control,

mice were treated with buffer.

Detection of an antigen specific immune response was carried out by detecting HA

protein specific antibodies. Therefore, blood samples were taken from vaccinated

mice four weeks after the last vaccination and sera were prepared. MaxiSorp ® plates

(Nalgene Nunc International) were coated with HA protein (Charles River

Laboratories). After blocking with 1xPBS containing 0.05% Tween-20 and 1% BSA

the plates were incubated with diluted mouse serum ( 1 :50). Subsequently a biotin-

coupled secondary antibody (Anti-mouse-lgG Dianova, cat. # 1 15035003) was

added. After washing, the plate was incubated with Horseradish peroxidase-

streptavidin and subsequently the conversion of the ABTS substrate (2,2'-azino-

bis(3-ethyl-benzthiazoline-6-sulfonic acid) was measured. Results of this experiment

are shown in Figure 24.



Detection of an antigen-specific cellular immune response (T cell immune response)

bv ELISPOT:

C57BL 6 mice are vaccinated intradermally with HA encoding mRNA

(Hemagglutinin of A/Puerto Rico/8/34, according to SEQ ID NO. 55 and 56).

complexed with protamine (2 times in 7 days). Control mice are treated with buffer.

1 week after the last vaccination mice are sacrificed, the spleens are removed and

the splenocytes are isolated. The splenocytes are restimulated for 7 days in the

presence of peptides from the above antigen (peptide library) or coincubated with

dendritic cells generated from bone marrow cells of native syngeneic mice, which

are electroporated with mRNA coding for the antigen. To determine an antigen-

specific cellular immune response INFgamma secretion was measured after re-

stimulation. For detection of INFgamma a coat multiscreen plate (Millipore) is

incubated overnight with coating buffer 0.1 M carbonate-bicarbonate buffer pH 9.6,

10.59 g l Na2CO3, 8.4g/l NaHCO3) comprising antibody against INFy (BD

Pharmingen, Heidelberg, Germany). Stimulators and effector cells are incubated

together in the plate in the ratio of 1:20 for 24h. The plate is washed with 1xPBS and

incubated with a biotin-coupled secondary antibody. After washing with

1xPBS/0.05% Tween-20 the substrate (5-Bromo-4-Cloro-3-lndolyl Phosphate/Nitro

Blue Tetrazolium Liquid Substrate System from Sigma Aldrich, Taufkirchen,

Germany) is added to the plate and the conversion of the substrate could be

detected visually.

RESULTS

Histone stem-loop sequences:

In order to characterize histone stem-loop sequences, sequences from metazoa and

protozoa (4001 sequences), or from protozoa ( 3 1 sequences) or alternatively from

metazoa (3870 sequences), or from vertebrates ( 333 sequences) or from humans

(84 sequences) were grouped and aligned. Then, the quantity of the occurring

nucleotides was determined for every position. Based on the tables thus obtained,

consensus sequences for the 5 different groups of sequences were generated

representing all nucleotides present in the sequences analyzed. Within the

consensus sequence of metazoa and protozoa combined, 3 nucleotides are

conserved, a T/U in the loop and a G and a C in the stem, forming a base pair.



Structurally, typically a 6 base-pair stem and a loop of 4 nucleotides is formed.

However, deviating structures are common: Of 84 human histone stem-loops, two

contain a stem of only 5 nucleotides comprising 4 base-pairs and one mismatch.

Another human histone stem-loop contains a stem of only 5 base-pairs. Four more

human histone stem-loops contain a 6 nucleotide long stem, but include one

mismatch at three different positions, respectively. Furthermore, four human histone

stem-loops contain one wobble base-pair at two different positions, respectively.

Concerning the loop, a length of 4 nucleotides seems not to be strictly required, as a

loop of 5 nucleotides has been identified in D. discoideum.

In addition to the consensus sequences representing all nucleotides present in the

sequences analyzed, more restrictive consensus sequences were also obtained,

increasingly emphasizing conserved nucleotides. In summary, the following

sequences were obtained:

(Cons): represents all nucleotides present
(99%): represents at least 99% of all nucleotides present
(95%): represents at least 95% of all nucleotides present
(90%): represents at least 90% of all nucleotides present

The results of the analysis of histone stem-loop sequences are summarized in the

following Tables 1 to 5 (see also Fig. 1 to 5):

Table 1: Metazoan and protozoan histone stem-loop consensus sequence: (based on
an alignment of 4001 metazoan and protozoan histone stem-loop sequences) (see

< < < < < < • • • • > > > > > >

A 2224 1586 3075 2872 1284 84 0 13 12 9 1 4 7 59 0 675 3818 95 1596 523 0 14 3727 6 1 771 2012 2499

T 72 188 47 205 19 6 0 569 1620 199 3947 3830 3704 4001 82 1 2 1 S 11 0 179 8 64 557 201 690

#c 557 221 1 875 918 2675 270 0 3394 2342 3783 5 1 119 227 0 3140 7 50 3 1 16 4001 3543 54 3870 2636 744 674

G 25 16 4 6 23 3541 4001 25 27 10 2 5 11 0 4 1 5 3735 2359 3451 0 265 112 4 37 43 138

Cons N N* N N N N c N N N N N N T N N N N N C N N N N * N * N *

99% H ' H * H H V V c Y Y Y Y H H T H V V R C B V H H N * N *

95% M * H * M H M S G Y Y Y T T Y T M A R R R C S M C H * H H *

90% M * M * M M M s C Y Y c T T T T M A C R R c S A C H * M * H *



Table 2: Protozoan histone stem-loop consensus sequence: (based on an alignment

Table 3: Metazoan histone stem-loop consensus sequence: (based on an alignment
of 3870 (including 1333 vertebrate sequences) metazoan histone stem-loop

Table 4 : Vertebrate histone stem-loop consensus sequence: (based on an alignment

< < < < < < • • • • > > > > > >

A 661 146 131 5 1323 920 8 0 1 0 0 0 1 4 0 441 1333 0 1199 2 1 0 1 1126 26 8 1 380 960

* T 63 121 2 2 6 2 0 39 121 7 2 1331 1329 20 7 1333 30 0 1 0 1 0 2 1 22 9 1 9 1 12

c 601 1062 16 6 403 1 0 1293 116 1331 2 0 121 0 862 0 2 0 0 1333 1328 128 1284 1143 834 361

G 8 4 0 2 4 1322 33 0 0 0 0 3 1 0 0 0 1330 134 131 1 0 2 78 1 18 28 0

Cons N * * H N N N G H Y Y Y D N T H A B R D c N N N N * N * H *

99% H * H * M A M G G Y Y C T T Y T H A G R R C C V H N* N * M *

95% H H * A A M G G c Y C T T Y T M A G R G c C V C H * H « M

90% M * M * A A M G G c T c T T T T M A G R G c c M c Y M * M *



Table 5: Homo sapiens histone stem-loop consensus sequence: (based

Wherein the used abbreviations were defined as followed:

The combination of poly(A) and histoneSL increases protein expression from mRNA

in a synergistic manner.

To investigate the effect of the combination of poly(A) and histoneSL on protein

expression from mRNA, mRNAs with different sequences 3' of the alpha-globin 3'-

UTR were synthesized: mRNAs either ended just 3' of the 3'-UTR, thus lacking both

poly(A) sequence and histoneSL, or contained either an A64 poly(A) sequence or a

histoneSL instead, or both A64 poly(A) and histoneSL 3' of the 3'-UTR. Luciferase-

encoding mRNAs or control mRNA were electroporated into HeLa cells. Luciferase



levels were measured at 6, 24, and 48 hours after transfection (see following Table 6

and Figure 20).

Table 6:

Little luciferase was expressed from mRNA having neither poly(A) sequence nor

histoneSL. Both a poly(A) sequence or the histoneSL increased the luciferase level to

a similar extent. Either mRNA gave rise to a luciferase level much higher than did

mRNA lacking both poly(A) and histoneSL. Strikingly however, the combination of

poly(A) and histoneSL further strongly increased the luciferase level, manifold above

the level observed with either of the individual elements. The magnitude of the rise

in luciferase level due to combining poly(A) and histoneSL in the same mRNA

demonstrates that they are acting synergistically.

The synergy between poly(A) and histoneSL was quantified by dividing the signal

from poly(A)-histoneSL mRNA (+/+) by the sum of the signals from histoneSL mRNA

(-/+) plus poly(A) mRNA (+/-) (see following Table 7).

Table 7:

The factor thus calculated specifies how much higher the luciferase level from

mRNA combining poly(A) and histoneSL is than would be expected if the effects of

poly(A) and histoneSL were purely additive. The luciferase level from mRNA

combining poly(A) and histoneSL was up to 6.6 times higher than if their effects



were purely additive. This result confirms that the combination of poly(A) and

histoneSL effects a markedly synergistic increase in protein expression.

The combination of poly(A) and histoneSL increases protein expression from mRNA

irrespective of their order.

The effect of the combination of poly(A) and histoneSL might depend on the length

of the poly(A) sequence and the order of poly(A) and histoneSL. Thus, mRNAs with

increasing poly(A) sequence length and mRNA with poly(A) and histoneSL in

reversed order were synthesized: Two mRNAs contained 3' of the 3'-UTR either an

A120 or an A300 poly(A) sequence. One further mRNA contained 3' of the 3'-UTR

first a histoneSL followed by an A250 poly(A) sequence. Luciferase-encoding

mRNAs or control mRNA were lipofected into HeLa cells. Luciferase levels were

measured at 6, 24, and 48 hours after the start of transfection (see following Table 8

and Figure 21).

Table 8:

Both an A64 poly(A) sequence or the histoneSL gave rise to comparable luciferase

levels. In agreement with the previous experiment did the combination of A64 and

histoneSL strongly increase the luciferase level, manifold above the level observed

with either of the individual elements. The magnitude of the rise in luciferase level

due to combining poly(A) and histoneSL in the same mRNA demonstrates that they

are acting synergistically. The synergy between A64 and histoneSL was quantified as

before based on the luciferase levels of A64-histoneSL, A64, and histoneSL mRNA

(see following Table 9). The luciferase level from mRNA combining A64 and

histoneSL was up to 6 1 .7 times higher than if the effects of poly(A) and histoneSL

were purely additive.



Table 9:

In contrast, increasing the length of the poly(A) sequence from A64 to A120 or to

A300 increased the luciferase level only moderately (see Table 8 and Figure 9).

mRNA with the longest poly(A) sequence, A300, was also compared to mRNA in

which a poly(A) sequence of similar length was combined with the histoneSL,

histoneSL-A250. In addition to having a long poly(A) sequence, the order of

histoneSL and poly(A) is reversed in this mRNA relative to A64-histoneSL mRNA.

The combination of A250 and histoneSL strongly increased the luciferase level,

manifold above the level observed with either histoneSL or A300. Again, the synergy

between A250 and histoneSL was quantified as before comparing RLU from

histoneSL-A250 mRNA to RLU from A300 mRNA plus histoneSL mRNA (see

following Table 10). The luciferase level from mRNA combining A250 and

histoneSL was up to 17.0 times higher than if the effects of poly(A) and histoneSL

were purely additive.

Table 10:

In summary, a highly synergistic effect of the combination of histoneSL and poly(A)

on protein expression from mRNA has been demonstrated for substantially different

lengths of poly(A) and irrespective of the order of poly(A) and histoneSL.



The rise in protein expression by the combination of poly(A) and histoneSL is

specific

To investigate whether the effect of the combination of poly(A) and histoneSL on

protein expression from mRNA is specific, mRNAs with alternative sequences in

combination with poly(A) were synthesized: These mRNAs contained 3' of A64 one

of seven distinct sequences, respectively. Luciferase-encoding mRNAs or control

mRNA were electroporated into HeLa cells. Luciferase levels were measured at 6,

24, and 48 hours after transfection (see following Table 1 and Figure 22).

Table 1:

Both a poly(A) sequence o r the histoneSL gave rise to comparable luciferase levels.

Again, the combination of poly(A) and histoneSL strongly increased the luciferase

level, manifold above the level observed with either of the individual elements, thus

acting synergistically. In contrast, combining poly(A) with any of the alternative

sequences was without effect on the luciferase level compared to mRNA containing

only a poly(A) sequence. Thus, the combination of poly(A) and histoneSL increases

protein expression from mRNA in a synergistic manner, and this effect is specific.

The combination of poly(A) and histoneSL increases protein expression from mRNA

in a synergistic manner in vivo.

To investigate the effect of the combination of poly(A) and histoneSL on protein

expression from mRNA in vivo, Luciferase-encoding mRNAs with different



sequences 3' of the alpha-globin 3'-UTR or control mRNA were injected

intradermally into mice: mRNAs contained either an A64 poly(A) sequence or a

histoneSL instead, or both A64 poly(A) and histoneSL 3' of the 3'-UTR. Luciferase

levels were measured at 16 hours after injection (see following Table 2 and Figure

23).

Table 12:

Luciferase was expressed from mRNA having either a histoneSL or a poly(A)

sequence. Strikingly however, the combination of poly(A) and histoneSL further

strongly increased the luciferase level, manifold above the level observed with either

of the individual elements. The magnitude of the rise in luciferase level due to

combining poly(A) and histoneSL in the same mRNA demonstrates that they are

acting synergistically.

The synergy between poly(A) and histoneSL was quantified by dividing the signal

from poly(A)-histoneSL mRNA (+/+) by the sum of the signals from histoneSL mRNA

(-/+) plus poly(A) mRNA (+/-) (see following Table 3).

Table 13:

The factor thus calculated specifies how much higher the luciferase level from

mRNA combining poly(A) and histoneSL is than would be expected if the effects of

poly(A) and histoneSL were purely additive. The luciferase level from mRNA

combining poly(A) and histoneSL was 8 times higher than if their effects were purely



additive. This result confirms that the combination of poly(A) and histoneSL effects a

markedly synergistic increase in protein expression in vivo.

The combination of poly(A) and histoneSL increases the level of antibodies elicited

by vaccination with mRNA.

To investigate the effect of the combination of poly(A) and histoneSL on the

induction of antibodies elicited by vaccination with mRNA, Balb/c mice were

vaccinated intradermally with, HA-encoding mRNAs with different sequences 3' of

the mutated alpha-globin 3'-UTR. mRNAs contained either an A64 poly(A) sequence

or both A64 poly(A) and histoneSL 3' of the 3'-UTR. The level of HA-specific

antibodies in vaccinated and control mice was analyzed by ELISA with serial

dilutions of sera (see Figure 24).

Anti HA gG was induced by mRNA having only a poly(A) sequence. Strikingly

however, the combination of poly(A) and histoneSL strongly increased the anti HA

IgGI level, above the level observed with only a poly(A) sequence.



Claims

Nucleic acid sequence comprising or coding for

a) a coding region, encoding at least one peptide or protein;

b) at least one histone stem-loop, and

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

wherein said peptide or protein comprises a pathogenic antigen or a fragment,

variant o r derivative thereof particularly an antigen from a pathogen associated with

infectious disease.

The nucleic acid sequence according to claim 1, wherein the infectious disease is a

bacterial infection, a viral infection, a protozoan infection, a fungal infection or the

like.

The nucleic acid sequence according to claim 1 or claim 2, wherein the pathogenic

antigen is derivable from a pathogen selected from the list of: 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 1 and O104: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 EVirus, Herpes simplex

virus 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 or 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 o r 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.

The nucleic acid sequence according to any of claims 1 to 3, wherein the

pathogenic antigen is derivable from 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.

5 . The nucleic acid sequence according to any of claims 1 to 4, wherein the

pathogenic antigen is selected from

· HIV p24 antigen, HIV envelope proteins (Gp120, Gp41, Gp1 60),

polyprotein GAG, negative factor protein Nef, trans-activator of transcription

Tat if the infectious disease is HIV, preferably an infection with Human

immunodeficiency virus,

• major outer membrane protein MOMP, probable outer membrane protein

PMPC, outer membrane complex protein B OmcB, heat shock proteins

Hsp60 HSP1 0, protein IncA, proteins from the type III secretion system,

ribonucleotide reductase small chain protein NrdB, plasmid protein Pgp3,

chlamydial outer protein N CopN, antigen CT521, antigen CT425, antigen

CT043, antigen TC0052, antigen TC0 89, antigen TC0582, antigen TC0660,

antigen TC0726, antigen TC081 6, antigen TC0828 if the infectious disease is

an infenction with Chlamydia trachomatis,

• pp65 antigen, membrane protein pp1 5, capsid-proximal tegument protein

pp1 50, protein M45, DNA polymerase UL54, helicase UL1 05, glycoprotein

gM, glycoprotein gN, glcoprotein H, glycoprotein B gB, protein UL83,

protein UL94, protein UL99 if the infectious disease is Cytomegalovirus

infection, preferably an infection with Cytomegalovirus (CMV);



capsid protein C, premembrane protein prM, membrane protein M,

envelope protein E (domain I, domain II, domain II), protein NS1, protein

NS2A, protein NS2B, protein NS3, protein NS4A, protein 2K, protein NS4B,

protein NS5 if the infectious disease is Dengue fever, preferably an infection

with Dengue viruses (DEN-1, DEN-2, DEN-3 and DEN-4)-Flaviviruses;

hepatitis B surface antigen HBsAg, Hepatitis B core antigen HbcAg,

polymerase, protein Hbx, preS2 middle surface protein, surface protein L,

large S protein, virus protein VP1, virus protein VP2, virus protein VP3, virus

protein VP4 if the infectious disease is Hepatits B, preferably an infection

with Hepatitis B Virus (HBV);

replication protein E1 , regulatory protein E2, protein E3, protein E4, protein

E5, protein E6, protein E7, protein E8, major capsid protein L1, minor capsid

protein L2 if the infectious disease is Human papillomavirus (HPV) infection,

preferably an infection with Human papillomavirus (HPV);

fusion protein F, hemagglutinin-neuramidase HN, glycoprotein G, matrix

protein M, phosphoprotein P, nucleoprotein N, polymerase L if the

infectious disease is Human parainfluenza virus infection, preferably an

infection with Human parainfluenza viruses (HPIV);

Hemagglutinin (HA), Neuraminidase (NA), Nucleoprotein (NP), M 1 protein,

M 2 protein, NS1 protein, NS2 protein (NEP protein: nuclear export protein),

PA protein, PB1 protein (polymerase basic 1 protein), PB1-F2 protein and

PB2 protein (Orthomyxoviridae family, Influenza virus (flu)); nucleoprotein

N, large structural protein L, phophoprotein P, matrix protein M,

glycoprotein G if the infectious disease is Rabies, preferably an infection

with Rabies virus;

fusionprotein F, nucleoprotein N, matrix protein M, matrix protein M2-1,

matrix protein M2-2, phophoprotein P, small hydrophobic protein SH, major

surface glycoprotein G, polymerase L, non-structural protein 1 NSl, non¬

structural protein 2 NS2 if the infectious disease is Respiratory syncytial virus

infection, preferably an infection with Respiratory syncytial virus (RSV);

secretory antigen SssA (Staphylococcus genus, Staphylococcal food

poisoning); secretory antigen SssA (Staphylococcus genus e.g. aureus,

Staphylococcal infection); molecular chaperone DnaK, cell surface



lipoprotein Mpt83, lipoprotein P23, phosphate transport system permease

protein pstA, 4 Da antigen, fibronectin-binding protein C FbpCI, Alanine

dehydrogenase TB43, G Iutamine synthetase 1, ESX-1 protein, protein CFP10,

TB10.4 protein, protein MPT83, protein MTB12, protein MTB8, Rpf-like

proteins, protein MTB32, protein MTB39, crystallin, heat-shock protein

HSP65, protein PST-S if the infectious disease is Tuberculosis, preferably an

infection with Mycobacterium tuberculosis;

• genome polyprotein, protein E, protein M , capsid protein C, protease NS3,

protein NS1, protein NS2A, protein AS2B, protein NS4A, protein NS4B,

protein NS5 if the infectious disease is Yellow fever, perferably an infection

with Yellow fever virus.

Nucleic acid sequence according to any of claims 1 to 5, wherein the nucleic acid is

an RNA, preferably an mRNA.

Nucleic acid sequence according to any of claims 1 to 6, wherein the at least one

histone stem-loop is selected from following formulae (I) or (II):

formula (I) (stem-loop sequence without stem bordering elements):

steml loop stem2

la (II) (stem-loop sequence with stem bordering elements)

steml steml loop stem2 stem2

bordering element bordering element

wherein:



stem 1 or stem2 bordering elements 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,

G and C, or a nucleotide analogue

thereof;

steml 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 pr a nucleotide

analogue thereof;

wherein N3. 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 [
-

(UT) . is located between elements stemi 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 5 .2 s reverse complementary or partially reverse

complementary with element stemi , and is a consecutive

sequence between of 5 to 7 nucleotides;

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;

wherein N 2 is a consecutive sequence of 0 to 2,

preferably of 0 to , 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; 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 nucleotide

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, or

forming a partially reverse complementary sequence, wherein an incomplete base

pairing may occur between steml and stem2.

8 . Nucleic acid sequence according to claim 7, wherein the at least one histone stem-

loop is selected from at least one of following formulae (la) or (Ma):

' Y '
steml loop stem2

formula (la) (stem-loop sequence without stem bordering elements)

N2 5 N2

steml steml loop stem2 stem2

bordering element bordering element

formula (I la) (stem-loop sequence with stem bordering elements)

9. Nucleic acid sequence according to any of claims 1 to 8, wherein the poly(A)

sequence comprises a sequence of about 25 to about 400 adenosine nucleotides,

preferably a sequence of about 50 to about 400 adenosine nucleotides, more

preferably a sequence of about 50 to about 300 adenosine nucleotides, even more

preferably a sequence of about 50 to about 250 adenosine nucleotides, most

preferably a sequence of about 60 to about 250 adenosine nucleotides.

10. Nucleic acid sequence according to any of claims 1 to 9, wherein the

polyadenylation signal comprises the consensus sequence NN(U/T)ANA, preferably

AA(U/T)AAA or A(U )(U )AAA.



11. Nucleic acid sequence according to any of claims 1 to 10, wherein the nucleic acid

sequence is a modified nucleic acid, in particular a stabilized nucleic acid.

12. Nucleic acid sequence according to claim , wherein the G/C content of the

coding region encoding at least one peptide or protein of said modified nucleic acid

is increased compared with the G/C content of the coding region of the wild-type

nucleic acid, the coded amino acid sequence of said modified nucleic acid

preferably not being modified compared with the coded amino acid sequence of the

wild-type nucleic acid.

3. A composition or kit or kit of parts comprising a plurality of nucleic acid sequences

each according to any of claims 1 to 12.

14. Nucleic acid sequence as defined according to any of claims 1 to 12 or composition

or kit or kit of parts as defined according to claim 3 for use as a medicament.

15. Nucleic acid sequence as defined according to any of claims 1 to 12 or composition

or kit or kit of parts as defined according to claim 13 for use in the treatment of

infectious diseases.

16. Pharmaceutical composition comprising a nucleic acid sequence as defined

according to any of claims 1 to 12 or a composition as defined according to claim

3 and optionally a pharmaceutically acceptable carrier.

7. Use of a nucleic acid sequence as defined according to any of claims 1 to 12 or a

composition or kit or kit of parts as defined according to claim 13 for increasing the

expression of said encoded peptide or protein.

18. Use of a nucleic acid sequence as defined according to any of claims 1 to 12 or

composition or kit or kit of parts as defined according to claim 13 for increasing the

expression of said encoded peptide or protein in the treatment of infectious diseases.



19. A method for increasing the expression of an encoded peptide or protein comprising

the steps:

a) providing the nucleic acid sequence as defined according to any of claims 1

to 2 or the composition as defined according to claim 13,

b) applying or administering the nucleic acid sequence or the composition to a

cell-free expression system, a cell, a tissue or an organism.
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