
1  WO 2006/015789 / PCT/EP2005/008423 Method for modulating gene expression
by altering the CpG  content  Description The present invention relates to
modified polynucleotides  that are derived from naturally occurring and
synthetic  genes or other coding sequences, and that have a reduced  or
increased number of CpG dinucleotides in the coding  region compared to the
original sequence. These polynucleotides may be used in order to
investigate,  increase or reduce the gene expression and, in a special
case, to improve the production of biomolecules, the  efficiency of DNA
vaccines or gene therapy constructs, as  well as the quality of transgenic
animals or plants.  Background of the invention The provision of
biomolecules in the form of peptides,  proteins or RNA molecules is an
important component in  the biotechnology and pharmaceutical sector.
Proteins  and RNAs produced by recombinant technology or expressed  in vivo
are used to investigate basic mechanisms and  relationships, as well as in
the production of  biotechnology reagents, in the production of transgenic
animals or plants, or for medical applications in the  development of
treatments and vaccines. Depending on the  application, the level of
expression of corresponding  molecules should be able to be regulated. In
most cases increases above the standard production  levels are desired. Each
expression system or vector 2  construct has limitations, which determine
the actual  production output. The present invention relates to  methods and
applications that are able to modulate the  level of expression of arbitrary
genes in eukaryotic  cells. In particular the method is suitable for  



modulating arbitrary genes so that the achievable gene  expression is above
the level that can be achieved with  hitherto known methods for increasing
the expression.  Prior art CpG dinucleotides occupy an important position in
the  genome of eukaryotes. They are not randomly distributed  like other
dinucleotides, but instead are under- represented over wide stretches of the
genome. In  addition CpG dinucleotides in these regions are generally
methylated. An exception to this are regions that have a very much  higher
density of CpG dinucleotides, and which on account  of these properties are
termed CpG islands. A  characteristic property of these CpG islands and a
further difference with respect to the CpG dinucleotides  is the fact that
the CpG dinucleotides in the islands are  as a rule not present in
methylated form. The under-representation of CpG dinucleotides is  explained
by a chemical modification of the corresponding  nucleotides. In the genome
of vertebrates about 60-90% of  the cytosines in CpG dinucleotides are
present in methylated form and these methylated cytosines are often
modified by deamination to thymines (Shen et al., 1994). 3  As a result of
this process the frequency of cytosines  and guanosines is below the
expected statistical  distribution, and is about 40%, and the proportion of
CpG  dinucleotides is even only about 20% of the frequency to  be expected
(Bird, 1980; Sved et al., 1990; Takai et  al., 2002). CpG islands form an
exception to this unusual  distribution of CpG dinucleotides (Antequera et
al.,  1993). CpG islands are mostly located in the vicinity of  promoters,
and may extend into the transcribed region or  even lie within exons. 



They are characterised by an approximately ten-times  higher CpG frequency
(ca. 60-70% C+G content) compared to  average gene regions, and are
characterised especially by  the fact that as a rule they contain
non-methylated CpGs  (Wise et al., 1999). About 60% of all human genes,
especially all housekeeping genes and approximately half  of tissue-specific
genes are associated with CpG islands  (Antequera et al., 1993; Larsen et
al., 1992). CpG  islands have been described and defined inter alia in the
publications by Gardiner-Garden M. & Frommer M (1997) J.  Mol. Bio.. 196,
261-282 and Takai D. & Jones P.A. (2002)  PNAS 99, 3740-3745. Since various
definitions exist in  the prior art, for the purposes of the present
invention  a CpG island is defined as follows: a CpG island  comprises a
sequence of at least 500 successive base  pairs with a CpG content of at
least 55% and a quotient  of (actual CpG / expected CpG) of at least 0.65,
and it  is associated with a promoter (overlapped wholely or  partly by a
promoter). 4  This unequal distribution and modification of CpG
dinucleotides, i) under-represented and methylated on the  one hand, and ii)
concentrated and unmethylated in  islands on the other hand, has an
important control  function in the regulation of the gene expression
(illustrated diagrammatically in Fig. 1). CpG dinucleotides are involved in
the regulation of the  gene expression in early developmental stages, in
connection with cell differentiation, genetic imprinting  and other
procedures. A large number of studies has  shown that in eukaryotes, the
methylation of S'CpG3'  dinucleotides (mCpG) has a repressing effect on the
gene  expression in vertebrates and flowering plants (Hsieh,  1994; Kudo,
1998; Jones et al., 1998; Deng at al.,  2001; Hisano et al., 2003 Li at al.,
2004) (Fig. 1A).  



Also, in tumour research there are numerous data that  prove that, i) the
switching off of the expression of  certain genes, often suppressor genes,
is caused by a  hypermethylation of CpGs (Li et al., 2004; Kang et al.,
2004; Ivanova et al., 2004; Wu et al., 2003), but also  that, ii) the
uncontrolled expression of other genes is  associated with a hypomethylation
(Akiyama et al., 2003;  Yoshida et all, 2003). The process of gene switching
off by methylation is  explained by a cascade of events which finally lead
to a  change of the chromatin structure, which creates a  transcription-weak
state. The methylation of 5'-CpG-3'  dinucleotides within genes generates a
potential binding  site for protein complexes (primarily from the family of
MeCP (methyl-CpG-binding proteins) and MBD (methyl-CpG 5  binding domain
protein) proteins), which bind methylated  DNA sequences and at the same
time associate with histone  deacetylases (MBD-HDAC) and transcriptional
redressor  proteins (Jones et al., 1998; Nan et al., 1998; Hendrich et al.,
1998). These complexes involve as a  rule a restructuring of the chromatin,
which leads to a  switching off of the transcription activity (Wade et al.,
1999). The methylation in promoter regions may also lead  directly to a
switching off of the gene expression, by  preventing the binding of
essential transcription factors  due to the introduced methyl groups (Deng
et al., 2001).  The above described deregulation of the expression in
tumour cells is generally connected with an alteration of  the methylaticn
state in the above described CpG islands.  In normal cells actively
expressed genes are mostly  associated with CpG islands, which are not, or
are only  slightly, methylated (Fig. 1B). The methylation of the  CpG
dinucleotides in these islands lead to a switching  off of the expression of
these genes (often tumour  



suppressor genes or cell cycle regulator genes) (Fig.  1C), and as a result
leads to an uncontrolled  multiplication of these cells. Conversely, genes
that  are inactive due to a methylation of the CpG  dinucleotides in CpG
islands are activated by a  demethylation. The aforedescribed demethylation
in CpG islands leads,  through an alteration of the chromatin structure, to
a  transcription-active state analogous to gene switching  off in the case
of a methylation. In addition to  structural alterations there may also be
an activation of  the expression due to activator proteins. The human CpG 6
binding protein (hCGBP) is such a cellular activator  protein. HCGBP binds
specifically to non-methylated CpG  dinucleotides in the region of
promoters, where as a  transactivator it leads to an increase in
transcription  (Voo et al., 2000). Hitherto the knowledge that a methylation
of the CpG  sequences within a gene regulates the transcription  downwards
has been used to prevent the expression of a  gene that is either
over-expressed, or whose expression  is undesired, by methylation (Choi et
al., 2004; Yao et  al., 2003) (cf. Fig. 1A). A further application of this
knowledge is the targeted  elimination of such CpG dinucleotides in order to
improve  gene expression (Chevalier-Mariette et al., 2003). Due  to an
elimination a methylation and, associated  therewith, a change of the
chromatin structure to a  transcription-inactive state, is likewise
prevented (Fig.  1D). In this publication there is investigated the
expression of a transgene with various CpG dinucleotide  contents in
operative coupling with a promoter that is  located within a CpG island, in
germ line cells and the  embryos of transgenic mice formed therefrom. In
this  



special case a transcriptional switching off of a  reporter gene was
prevented by the elimination of CpG  dinucleotides (Fig. 1D transgene
without CpG), as is  otherwise to be expected by a de novo methylation of
existing CpG dinucleotides during embryo development  (Fig. 1D, transgene
CpG high). A more detailed  investigation of the mechanism in the
publication by  Chevalier-Mariette showed that the prevention of the gene
expression is connected with a methylation of the 7  intragenic CpG
dinucleotides, as well as and especially  with a subsequently occurring
methylation of the  promoter-associated CpG islands (Fig. 1D, transgene CpG
high). For a reporter gene that did not have these  intragenic CpG
dinucleotides and that was not efficiently  expressed, it was shown that the
CpG island was not  methylated (Fig. 1D, transgene without CpG). The authors
therefore concluded that, for a lasting in vivo  expression, the CpG
dinucleotide content must be reduced  in the immediate vicinity of the
promoter and of the CpG  island. An increase in gene expression may
similarly be achieved  by the integration of complete CpG islands 5' of a
promoter in corresponding vector constructs (WO 02081677)  (cf. Fig. 1B). In
the identification of hCGBP, CpG  dinucleotides were likewise integrated
into the  corresponding promoter region of a reporter gene and an  increase
in reporter activity was found. In these  transient cell culture tests
however the hCGBP was  likewise over-expressed and was therefore present in
non- physiological raised concentrations (Voo, et al., 2000).  It is already
known that the C/G content has an influence  on the mRNA stability. Thus,
for example, Duan and  Antezana (2003) show that the expression of three
different variants of a human gene in CHO cells  



consequently leads to differences in the mRNA  concentration. In the first
variant the human gene  sequence had been altered so that the number of C/G
dinucleotides was maximised. In a second variant on the  other hand, the
number of T/A dinucleotides had been  maximised. The differences in the
steady-state level, 8  i.e. in the amount of mRNA, could be attributed
experimentally to differences in the breakdown of the  mRNA. On account of a
stabilisation of the secondary  structure with a raised C/G content,
corresponding mRNAs  were less strongly broken down than wild type, and
correspondingly T/A-rich mRNAs were broken down to a much  higher degree
than wild type. An analysis was not  carried out at the protein level, and
also no increase in  protein production due to an increase of the CpG
dinucleotides was to be expected, since a stabilisation  of the secondary
structure of the mRNA negatively  influences the translation. Deml et al.
disclose a sequence of the HIV-I Gag gene for  codon-optimised expression in
mammalian cells. A  specific increase of CpG dinucleotides is not disclosed.
The object of the invention was to provide a method for  the targeted
modulation of the gene expression that at  least partly avoids the
disadvantages of the prior art.  This object is achieved by a method for the
targeted  modulation of the gene expression, comprising the  following
steps: i. Provision of a target nucleic acid sequence to be  expressed, ii.
Modification of the target nucleic acid sequence,  in which the number of
CpG dinucleotides present in  the target nucleic acid sequence is raised
using  the degeneracy of the genetic code to increase the  gene expression,
or is lowered to reduce the gene  



expression, 9  iii. Cloning of the thereby modified target nucleic acid
sequence with a modified number of the CpG  dinucleotides in a suitable
expression vector in  operative coupling with a suitable transcription
control sequence, iv. Expression of the modified target nucleic acid
sequence in a suitable expression system. It was extremely surprisingly
found that, when using the  method of the present invention, exactly the
opposite  effect can be achieved than would have been expected  according to
a knowledge of the prior art. This means  that, with the method of the
present invention, by  raising the number of CpG dinucleotides in a target
nucleic acid sequence the expression of this target  nucleic acid sequence
can be raised, whereas by reducing  the number of CpG dinucleotides in the
target nucleic  acid sequence its expression is prevented. The increase  in
the number of CpG dinucleotides in the reading frame  should, according to
the invention, not be equated to the  introduction of a CpG island. The
increase of the CpG  dinucleotides in the reading frame differs by
definition  from a CpG island, due to i) a possible lower base number
(<500) and ii) the absence of an overlapping with the  promoter region. The
expression system may on the one hand be a cell, or  on the other hand a
cell-free system or in vitro system.  A prokaryotic or eukaryotic expression
system may be  used, though a eukaryotic expression system is preferably
employed. Suitable expression systems include e.g.  bacterial cells, insect
cells, e.g. Baculovirus  expression systems, SF9 cells, Drosophila-Schneider
10  cells, plant cells, yeasts, e.g. Saccharomyces  



Cerevisiae, Pichia angusta, Pichia pastoris and the like;  as well as also
algae, e.g. Chlamydomonas. Examples of  possible plant expression systems
include Arabidopsis  thaliana, Zea mays (corn), Nicotiana tobacco (tobacco),
Oryza sativa (rice), Hordeum vulgare (barley), Glicine  max (soya), Brassica
sp. (cabbage) and the like.  Preferably vertebrate cells are used, in
particular  mammalian cells, especially human cells, in particular  somatic
cells and no germ line cells. Particularly  preferably the expression system
is a system or a cell  with a low level of methylation, i.e. substantially
no de  novo methylation takes place. On the other hand it is  also possible
to use this method for the production of  transgenic non-human organisms, in
particular plants and  animals. The present invention thus relates in
particular to a  method for the targeted alteration of the level of
expression of a transcript and/or for the targeted  alteration of protein
production, in particular in  eukaryotic cells. The method is characterised
by  modifications of the reading frame of a DNA sequence to  be transcribed.
The modifications relate to a variation of the proportion  of CpG
dinucleotides, which correlate with a change of  the level of expression.
The technology of artificial gene synthesis enables any  arbitrary
nucleotide sequence chosen from these  possibilities to be synthesised. By
varying motifs  within the coding region of a gene which correlate with 11
the level of expression, the protein production can with  this technology be
modulated in a targeted manner by the  choice of the corresponding
nucleotide sequence. Within  the scope of the present invention CpG
dinucleotides were  identified as such a motif having a direct influence on



the level of expression. It was surprisingly found that, in contrast to the
generally accepted opinion, the introduction of CpG  dinucleotides in the
way and manner according to the  invention leads to an increase of the gene
expression  instead of to a reduction of the expression. Conversely,  the
elimination of CpGs leads to a reduction of the gene  expression. The term
"gene expression" within the context of the  present invention includes both
transcription as well as  translation, and in particular this term is
understood to  include protein production. These changes at the nucleic acid
level are introduced  within the scope of the present invention preferably
by  the production of an artificial gene by de novo gene  synthesis, in
which the amino acid sequence for which the  corresponding gene codes
preferably remains unchanged. De novo gene synthesis methods are known to
the person  skilled in the art in this field. The alteration of the  CpG
content is preferably carried out by silent mutations  or by mutations that
do not destroy the activity of the  gene product. The modified target
nucleic acid sequences  may, as stated in the example, be produced for
example  from long oligonucleotides by a stepwise PCR or, in the 12  case of
conventional gene synthesis, may be ordered from  specialist suppliers (e.g.
Geneart GmbH, Qiagen AG).  Surprisingly, the expression of the corresponding
gene  can be negatively influenced (smaller number of CpG) or  positively
influenced (increased number of CpG) by  suitably choosing the number of CpG
dinucleotides, and  may even exceed the expression rates that can be
achieved  with a codon-optimised gene. The expression may  unexpectedly even
be raised if the increase in the number  of CpG dinucleotides takes place at
the expense of the  



RNA and codon optimisation. Preferably no CpG islands  are introduced in the
modification of the target nucleic  acid sequence, and preferably the
modified target nucleic  acid sequence is not associated with CpG islands.
By way  of delimitation as regards the defined CpG islands, whose  influence
on the expression operates according to the  all-or-none principle, in the
present invention a  correlation is found between the level of expression
and  the number of CpG dinucleotides. For the expression of genes these
modifications are  preferably introduced so that the coded amino acid
sequence is not altered. In the ideal case only the  nucleic acid sequence
of a corresponding gene should  influence its level of expression. Since the
genetic  code is degenerate, there is the possibility, for a  specific amino
acid sequence, of choosing a plurality of  corresponding nucleic acid
sequences. By way of delimitation as regards the hitherto described
methods, 1) the region coding for the transcript should  be modified,
whereby this method can be used 13  independently of vectors and other gene
technology  conditions, and 2) for an increase in the level of  expression
the number of CpG dinucleotides should be  raised. The additionally
introduced CpGs are in this  connection not methylated. Preferably the
number of CpG dinucleotides compared to  the sequence of the target nucleic
acid sequence to be  expressed is increased or reduced, depending on the
desired level of expression, by at least 2, preferably at  least 3, more
preferably at least 5, still more  preferably at least 8, yet more
preferably at least 10,  even more preferably by at least 15, and up to 20
or  more, especially by 30-50 or even up to 100 or more,  depending on the
length of the target nucleic acid  



sequence to be expressed. Preferably the number of CpG dinucleotides
compared to  the sequence of the target nucleic acid to be expressed  is
raised by at least 10%, preferably at least 20%, more  preferably at least
50%, particularly preferably at least  100%, and especially at least 200%,
or by a factor of 5  or 10. If CpGs are eliminated, it is preferred to
eliminate all  CpGs that can be eliminated within the scope of the  genetic
code. However, fewer CpGs can also be  eliminated, for example 10%, 50% or
75%, in which case  the elimination again depends on the desired level of
expression. 14  Within the scope of the present invention it has
surprisingly been found that increasing or reducing the  number of CpG
dinucleotides permits a stepwise modulation  of the gene expression. A dose
effect was surprisingly  observed. This means that the level of gene
expression  can be adjusted by the addition or elimination of more or  fewer
CpG dinucleotides. As already mentioned, it is possible and preferred to
make use of the degeneracy of the genetic code so that  preferably the
maximum number of CpG dinucleotides is  introduced or eliminated without
having to alter the  amino acid sequence of the target nucleic acid sequence
to be expressed. The maximum number of CpG dinucleotides  to be introduced
is preferably limited by the variation  possibilities of the degenerated
codon of a predetermined  amino acid sequence. On the other hand, if desired
the number of CpG  dinucleotides may be increased still further, even if the
corresponding amino acid sequence is thereby altered. In  this case care
should be taken to ensure that the  function of the peptide or protein is
not interfered  



with. The CpG dinucleotides may, depending on the type of  degeneracy of the
genetic code, be removed or added  within a codon or also overlapping a
codon. In addition to the change in the number of CpG  dinucleotides in the
target nucleic acid to be expressed,  the latter may be changed further at
the nucleic acid 15  level depending on the desired degree of gene
expression.  If for example an increase in gene expression is aimed  for,
then the number of CpG dinucleotides is preferably  raised in such a way
that, due to the introduction of  further CpG dinucleotides, no
disadvantageous effects  occur, such as for example more strongly expressed
secondary structures of the mRNA, which could have a  disadvantageous effect
on the translation, or further  motifs that could negatively influence the
expression,  e.g. RNA instability motifs, splice-activating motifs,
endonuclease recognition sites, and the like. On the  other hand it is of
course also possible, if the number  of CpG dinucleotides is decreased in
order to reduce the  gene expression, to eliminate the CpG dinucleotides
specifically at those sites which, after alteration of  the nucleic acid
sequence, lead to specifically these  motifs. Again, it is of course also
possible and also preferred,  in addition to increasing or reducing the
number of CpG  dinucleotides, moreover to carry out a nucleic acid
optimisation, so that either the gene expression is  promoted or inhibited,
or is reduced. Such optimisations are accordingly the insertion or  removal
of motifs that can influence the gene expression,  for example secondary
structure-stabilising sequences,  regions with raised self-homology, regions
with raised  homology with respect to the natural gene, RNA  



instability motifs, splice-activating motifs,  polyadenylation motifs,
adenine-rich sequence steps,  endonuclease recognition sites and the like.
Yet a  further possible way of optimisation consists in 16  optimising in
each case the codon choice for the desired  expression system. This means
that, within the scope of the present  invention, the expression may also be
raised or reduced  if, in addition to the insertion of CpG dinucleotides,
the codon choice is optimised or made worse. Expression- optimised
constructs according to the invention can be  produced for example by
choosing the codon distribution  to be the same as in the expression system
that is used.  Preferably the eukaryotic expression system is a  mammalian
system, preferably a human system. Preferably  therefore the codon
optimisation is matched to the codon  choice of human genes. Preferably in
this connection, a  codon choice is used that is most frequently or next to
most frequently employed in mammalian cells (Ausubel et  al., 1994), in
order to ensure a general stabilisation of  the RNA and an optimal codon
choice. Still more  preferably, the nucleic acid sequence is modified for an
optimal expression by using the gene optimiser technology  (DE 102 60 605.9
or PCT/EP03/14850). In contrast to the codon optimisation, "poor" codons
seldom used by the expression system may however also be  employed in order
to increase the number of CpG  dinucleotides. In the method according to the
invention a heterologous  target nucleic acid sequence may also be used. The
expression "heterologous target nucleic acid sequence"  refers to the origin
of the target nucleic acid sequence  and to the origin of the expression
system. Preferably  therefore the target nucleic acid sequence and the 



17  expression system are heterologous to one another, i.e.  they are
derived either from different species and/or the  codon choice of the
wild-type target nucleic acid  sequence is a different sequence to that of
the  expression system. The term "heterologous" within the  context of the
invention thus also includes differences  with respect to the codon choice.
The codon choice  denotes the preferred codon usage for a respective
species, within the scope of the degeneracy of the  genetic code. As
expression vector there may be used any suitable  expression vector. Such a
vector is preferably suitable  for expression in eukaryotic cells. The
modified target  nucleic acid sequence to be expressed is cloned into the
vector so that it is in operative coupling with a  suitable transcription
control sequence and possibly  further regulator elements. A suitable
promoter, which  may either be constitutive or inducible, may be such a
transcription control sequence. Constitutively active promoters are
preferably selected  from, but not restricted to, CMV (Cytomegalovirus)
promoter and Simian Virus 40 (SV40). Inducible promoters  include, but
however are not restricted to, tetracyclin- dependent promoters. The person
skilled in the art is  capable without any difficulty of selecting further
suitable promoters depending on the application, e.g.  also promoters of
cellular origin. In this connection, in principle any inducible promoter
system that is known in the prior art is suitable. For  example, a natural
or artificial inducible promoter may 18  be used, for example a promoter
inducible by tetracyclin  (Tet on / Tet off system). Furthermore, an
inducible  viral promoter may however also be used. 



Preferably the inducible promoter can be induced by a  transactive factor. A
viral inducible promoter which can  be induced by a viral transactive factor
may be derived  from an arbitrary virus. Sequences of retroviruses, HCV
(Hepatitis C virus), HBV (Hepatitis B virus), HSV (Herpes  Simplex virus),
EBV (Epstein-Barr virus), SV 40 (Simian  virus 40), AAV (Adeno-associated
virus), Adenovirus,  Papilloma viruses or Ebola virus are preferably used
for  this purpose. The transactive factors used in this  connection are
accordingly selected for example from the  following viral factors, but are
not restricted to these:  NSSA (HCV), HB X (HBV), VP16/ICP4 (EBV), EBNA1/Rta
(EBV),  ART (HHV8), Large T-Antigen (SV40), Rep78/68 (AAV), E1A
(Adenovirus), E2 (Papilloma virus) and VP30 (Ebola  virus). As inducible
promoter that can be induced by a viral  transactive factor, there is
preferably used a retroviral  LTR promoter or a functional partial sequence
thereof.  Preferably therefore the transactive factor is a  retroviral Tat
or Tax protein. The LTR promoter may be  selected from the LTRs of HIV-1,
HIV-2, SIV, HTLV and  other related retroviruses that have LTR promoters. In
particular lentiviral promoters are preferred, especially  those of HIV.
Preferably the transcription control sequences, i.e. for  example promoters
and/or enhancers, etc., used within the 19  scope of the present invention
are not associated with  CpG islands. It is also possible, in addition to
increasing the number  of CpG dinucleotides in the target nucleic acid to be
expressed, to reduce the number of CpG dinucleotides in  the remaining
sequences or parts thereof present on the  vector. In this connection the
CpG dinucleotides in  these remaining vector sequences or parts thereof may
be  



completely eliminated. Preferably this is again carried  out while retaining
the amino acid sequence by utilising  the degeneracy of the genetic code.
Also, only a partial  elimination of the CpG dinucleotides in these
sequences  may take place, for example of at least 5%, preferably at  least
10%, more preferably at least 15%, particularly  preferably at least 25%,
more particularly preferably  50%, and most particularly preferably 75% or
more.  Preferably all CpGs are removed insofar as this is  possible. Thus,
depending on the application (silencing or  increasing the expression) the
number of CpG  dinucleotides may be varied independently of the chosen
codon optimisation. In most cases a complete elimination of CpGs from the
reading frame is possible. The coded amino acid sequence  is upwardly
limiting, i.e. as regards increasing the  number of CpGs. The target nucleic
acid sequence may code for an RNA,  derivatives or mimetics thereof, a
peptide or 20  polypeptide, a modified peptide or polypeptide, a protein  or
a modified protein. The target nucleic acid sequence may also be a chimera
and/or assembled sequence of different wild-type  sequences, and for example
it may code for a fusion  protein or mosaic-like constructed polygene
constructs.  The target nucleic acid sequence may also code for a  synthetic
sequence. In this connection it is also  possible to model the nucleic acid
sequence  synthetically, for example with the aid of a computer  model. The
target nucleic acid sequence to be expressed may  preferably be a sequence
for a gene for an arbitrary  protein, for example a recombinant protein, an
artificial  



polypeptide, a fusion protein and the like. Diagnostic  and/or therapeutic
peptides, polypeptides and proteins  are preferred. The peptide/protein may
for example be  used for i) the production of therapeutic products, such  as
e.g. human enzymes (e.g. asparaginase, adenosine  deaminase, insulin, tPA,
clotting factors, vitamin K  epoxide reductase), hormones (e.g.
erythropoietin,  follicle-stimulating hormone, oestrogens) and other
proteins of human origin (e.g. bone morphogenic proteins,  antithrombin),
ii) viral, bacterial proteins or proteins  derived from parasites, which may
be used as vaccines  (derived from HIV, HBV, HCV, influenza, borrelia,
haemophilus, meningococcus, anthrax, botulin toxin,  diphtheria toxin,
tetanus toxin, plasmodium, etc.) or  iii) proteins that may be used for the
production of  diagnostic test systems (e.g. blood group antigens, HLA
proteins). 21  As a further possibility, a gene may be chosen that  produces
messenger substances (cytokines/chemokines),  e.g. G-CSF, GM-CSF,
interleukins, interferons, PDGF, TNF,  RANTES or MIPla or domains, fragments
or variants  thereof, which are capable of actuating the natural  defence
mechanisms of adjacent cells or, in combination  with suitable antigens, of
amplifying a specific immune  response. A further possible use is in the
production of proteins,  such as for example enzymes (polymerases,
proteases,  etc.) for biotechnology applications. The target nucleic acid to
be expressed may also be a  regulator gene, which after its expression in a
cell as a  molecular switch molecule switches the expression of  other genes
on or off. As such a regulator gene there  may for example be used a
component of a signal  transduction pathway or a transcription factor. The
term  



"expression" includes in this connection the  transcription of the target
nucleic acids and possibly  the translation of the RNA obtained by
transcription.  Finally, the target nucleic acid to be expressed may be a
functional RNA (e.g. ribozyme, decoy or siRNA), which may  preferably be
used for therapeutic or enzymatic purposes.  The present invention
furthermore relates to a modified  nucleic acid with a region capable of
transcription,  which is derived from a wild-type sequence, wherein the
region capable of transcription is modified so that the 22  number of CpG
dinucleotides is increased compared to the  wild-type sequence, by using the
degeneracy of the  genetic code. The modified nucleic acid may be expressed
in an expression system as described above, and the  region capable of
transcription is modified so that it is  codon-optimised in relation to the
used expression  system, and so that the number of CpG dinucleotides
compared to the codon-optimised sequence derived from the  wild-type
sequence is raised, using the degeneracy of the  genetic code. A wild-type
sequence within the meaning of the present  invention is a naturally
occurring nucleic acid sequence.  As already mentioned above, it is however
also possible  for the target nucleic acid sequence to code for an
assembled gene sequence, which may be assembled from  different wild-type
sequences. In such a case the wild- type sequence refers to the sequence
that has not yet  been modified within the meaning of the present invention
(increase or reduction of the number of CpG  dinucleotides). The number of
CpG dinucleotides in the nucleic acid  according to the invention may, as
mentioned above, be  increased by several CpG dinucleotides. Preferably the
number is raised to the maximum number that is possible  



within the scope of the degeneracy of the genetic code.  The present
invention also provides an expression vector,  which includes an
aforementioned modified nucleic acid  according to the invention in
operative coupling with 23  suitable transcription control sequences. The
vector is  preferably used to increase the expression in eukaryotic  cells
of an arbitrary DNA sequence. The vector is  preferably derived from known
vectors. In the sequence  regions of the vector that are different from the
modified nucleic acid sequence according to the  invention, the number of
CpG dinucleotides is preferably  reduced. Preferably the number of CpG
dinucleotides in  these remaining vector sequences or parts thereof is
reduced by at least 5%, preferably at least 10%, more  preferably at least
15%, still more preferably at least  25%, in particular at least 50%, and
most particularly  preferably at least 75% or more. The reduction of CpGs is
preferably achieved by  artificial gene synthesis of the individual vector
modules (antibiotic resistance gene, selection marker,  multiple cloning
site, etc.) as described above. The  individual modules are assembled with
corresponding DNA  fragments of essential, non-alterable modules
(replication origin, polyadenylation site, viral  promoter, etc.) using
singular restriction sites, to form  a functional vector. The vector may be
of viral (e.g.  derived from adenoviruses, retroviruses, Herpes viruses,
alpha viruses, etc.) or bacterial origin, or naked DNA  (expression
plasmids). The modular construction of the vector moreover permits a  rapid
and easily effected alteration as regards the  individual modules. The
number of modules may be varied  and adapted corresponding to the
application. 24  



For a stable integration in cells, elements such as  eukaryotic selection
markers (e.g resistance genes to  hygromycin, zeocin, etc.; selection
reporters such as  GFP, LNGFR, etc.; or recombination sequences for a
directed recombination) may be used, in which the  corresponding gene
sequences can, as far as possible,  also be reduced as regards the content
of CpGs. For  applications in gene therapy sequences can be introduced  that
counteract immunostimulating motifs (e.g. immuno- repressive CpG motifs).
Accordingly, for applications in  immunisations, such as for example in
vaccinations or for  the production of antibodies, sequences may be
integrated  that contain immunostimulating factors (e.g.  immunostimulating
CpG motifs). A preferred vector for use in the present invention is  the
vector illustrated in SEQ ID NO. 27. The present invention also provides
eukaryotic cells,  more preferably mammalian cells, most particularly
preferably human cells, that contain a target nucleic  acid or a vector
(preferably in the form of a DNA  construct) as described above, in which
the nucleic acid  or the vector is present in a form capable of
transcription. The cells are preferably somatic cells  or, more preferably,
those cells that basically do not  carry out any de novo methylation. The
DNA construct may for example be present episomally  or integrated stably
into the chromosome. In this  connection one or more copies may be present
in the cell.  To introduce the said DNA constructs, gene ferries of  viral
(e.g. adenoviruses, retroviruses, Herpes viruses, 25  alpha viruses, etc.)
or bacterial origin or naked DNA  (expression plasmids) may be used. The
present invention moreover provides an expression  system comprising: 



a) a modified nucleic acid sequence with a region  capable of transcription,
which is derived from a  wild-type sequence, wherein the modified nucleic
acid  sequence has an increased or reduced number of CpG  dinucleotides
compared to the wild-type sequence, in  operative coupling with a
transcription control  sequence, and b) an expression environment selected
from a cell and a  cell-free expression environment wherein a) can be
expressed, in which the expression system in the case  of expression of a
modified nucleic acid sequence  with an increased number of CpG
dinucleotides  exhibits an increased expression, and in the case of
expression of a modified nucleic acid sequence with a  reduced number of CpG
dinucleotides exhibits a  reduced expression. The present invention can thus
be used so as to increase  or reduce the expression of a target nucleic acid
sequence. If the expression is raised, then preferably an  increase of the
expression of at least 5%, more  preferably at least 10%, still more
preferably at least  20%, even more preferably at least 30%, especially at
least 50% and most especially at least 100-400% or more,  should be
achieved. Depending on the length of the  target nucleic acid sequence to be
expressed and the  number of CpG dinucleotides that can be introduced, an
increase in the expression by a factor of 2, 3, 5 or even 26  10 to 20, or
possibly up to 100 to 200, may also be  achieved. If a reduction of the
expression is desired, then  preferably a reduction of the expression, in
other words  for example a reduction of the transcript amount of at  least
10%, preferably at least 20%, more preferably at  least 30%, still more
preferably at least 50% and  



especially at least 75%, should be carried out.  Preferably the expression
should approach the limit of  detection. As already explained above in
detail, the level of  transcription depends on the number of CpG
dinucleotides  in the gene. This means that in the case of longer genes  or
in genes with more possibilities of introducing CpG  dinucleotides, a higher
level of expression should be  achieved. Conversely, it should be possible
with the aid  of the present invention to reduce the expression
significantly by the targeted elimination of as far as  possible all CpG
dinucleotides, and depending on the  application even to the limit of
detection. The present invention additionally provides medicaments  and
diagnostic agents based on the modified nucleic acids  and/or vectors
according to the invention. The modified  nucleic acids and vectors may be
used in diagnostic,  therapeutic and/or gene therapy applications, in
particular also for the production of vaccines. In particular the method
according to the invention and  the expression systems, nucleic acid
sequences, vectors 27  and cells according to the invention may be used for
the  production of DNA vaccines. As an alternative to  conventional dead
vaccines and living vaccines, the  development of vaccines that are based on
"naked" plasmid  DNA is becoming increasingly important. The advantage of
DNA vaccines lies in an uptake of the DNA in cells,  combined with the
authentic production (including  modification) of antigens and an efficient
activation of  a cellular and humoral immune response. In this  connection
the level of the induced immune response  correlates with the amount of
antigen produced and thus  with the expression output of the DNA constructs.
If the  expression of an arbitrary antigen can be increased by  



the accumulation of CpG dinucleotides in the coding  sequence, then as a
result the activation of the immune  system and thus the protective effect
is improved. 28  Description of the diagrams Fig. 1: Regulation of the gene
expression by methylation (prior  art). A: Methylation of CpG dinucleotides
leads to the  switching off of the gene expression. B: CpG islands protect
against a methylation and the  switching off associated therewith. C:
Secondary hypomethylation of the CpG islands leads  to a gene switching off.
D: Secondary hypomethylation may be prevented by  reducing the CpG
dinucleotides in the reading frame.  Fig. 2: GFP expression analysis in
stably transfected cells.  A and B: Long-time flow cytometry analysis of
stably  transfected Flp-In 293T and CHO cells. The Y axis gives  the
GFP-conditioned fluorescence intensity (MFI "mean  fluorescence intensity")
and the X axis gives the  measurement times in weeks after transfection. A:
FACS analysis of huGFP and LCpG-GFP recombinant 293T  cells. B: FACS
analysis of huGFP and OCpG-GFP recombinant CHO  cells. C: Flourescence
microscopy image of stable cell lines.  Fig. 3: GFP protein detection in
stably transfected cells.  Expression analysis of the GFP reading frame.
Recombinant Flp-In CHO cells that have integrated the  huGFP or the LCpG-GFP
gene stably into the cell genome  were lysed, and the expression of the
genes was detected 29  



by conventional immunoblot analyses. Plots of the huGHF,  ACpG-GFP and mock
samples are given. Monoclonal cell  lines were established from both
polyclonal cell cultures  (poly.) (mono. 14 and 7 for ACpG-GFP and mono. 10
and 9  for huGFP). Mock cells correspond to an unchanged  initial cell
population. Fig. 4: Quantitative determination of specific transcripts of
stable cells. Real-time PCR analysis of specific  hygromycin-resistance gene
and gfp RNAs from cytoplasmic  RNA preparations. The real-time PCR
evaluation of the LC  analyses are shown for CHO cells
(hygromycin-resistance A  and gfp B) as well as for 293T cells (hygromycin-
resistance C and gfp D). The number of PCR cycles (X  axis) and the
fluorescence intensity (Y axis) are shown.  The specific kinetics are shown
for huGFP products and  ACpG-GFP products, as well as for the primer dimers.
Fig. 5: MIPlalpha expression analysis after transient  transfection.
Representative ELISA analysis of the cell  lysates and supernatants of
transfected H1299 cells.  H1299 cells were transfected with in each case 15
jig of  wild-type and optimised murine MIPlalpha constructs. The  respective
protein concentration was quantified by  conventional ELISA tests in the
cell supernatant and in  the cell lysate with the aid of corresponding
standard  curves. The shaded bars represent the mean value of the  total
protein concentration for in each case two  independent batches, while the
empty bars correspond to  the standard deviation. The number of CpG
dinucleotides  in the open reading frame is plotted on the X axis and  the
total protein concentration in pg/ml is plotted on 30  the Y axis. Wt
corresponds to the expression construct  of the respective wild-type gene. 



Fig. 6: MIPlalpha and GM-CSF expression analysis after transient
transfection. Representative ELISA analysis of the  supernatants of
transfected H1299 cells. H1299 cells  were transfected with in each case 15
pg of wild-type and  optimised human MIPlalpha (A) and GM-CSF (B)
constructs.  The respective protein concentration in the supernatant  of the
cell culture 48 hours after transfection was  quantified by conventional
ELISA tests with the aid of  corresponding standard curves. The shaded bars
represent  the mean value for in each case two independent batches,  while
the empty bars correspond to the standard  deviation. The number of CpG
dinucleotides in the open  reading frame is plotted on the X axis and the
protein  concentration in the supernatant in pg/ml is plotted on  the Y
axis. Wt corresponds to the expression construct  of the respective
wild-type gene. Fig. 7: Diagrammatic illustration of the used expression
plasmids. A: Plasmid map of the P-smallsyn plasmid. B: Plasmid map of the
PC-ref. module and origin of the  sequences (wild-type "Wt" in black, and
synthetic in  grey) are shown. 31  Fig. 8: HIV-1 p24 detection after
transient transfection.  Expression analysis of the P-smallsyn and Pc-ref
vectors.  H1299 cells were transfected with the specified  constructs and
the protein production was detected by  conventional immunoblot analyses.
Analysis of the cell  lysates of HIV-1 p24 transfected H1299 cells.
Molecular  weights (precision plus protein standard, Bio-Rad) as  well as
the plot of the R/p24, s/p24 and mock-transfected  samples are shown. Mock
transfection corresponds to a  



transfection with the original pcDNA3.1 plasmid. Fig. 9: HIV-1 p24
expression analysis of various expression  constructs. H1299 cells were
transfected with in each  case 15 pg R/p24, R/24ACpG, s/p24 and s/p24ACpG
constructs, as well as with pcDNA3.1 (mock control) in  independent double
batches. The respective p24 protein  concentration in the cell lysate was
quantified by  conventional immunoblot analyses (A) and by ELISA tests  (B)
with the aid of corresponding standard curves. The  shaded bars represent
the mean value of the p24  concentration (in pg/ml) in the cell lysate for
in each  case 2 independent batches. Examples  Example 1 Production of GFP
reporter genes with different CpG  content Two variants of green
fluorescence protein (GFP) genes,  which differ in the number of CpG
dinucleotides, were  produced. The huGFP gene had 60 CpGs, the ACpG-GFP gene
32  had no CpGs. The CpG-depleted gene ACpG-GFP was  constructed
artificially. In the design of the 4CpG-GFP  care was taken to ensure that
no rare codons or  negatively acting cis-active elements such as splicing
sites or poly(A) signal sites were introduced. The codon  adaptation index
(CAI), which is a measure of the quality  of the codon choice, was altered
only slightly by the  deletion of the CpGs (CaI(huGFP) = 0.95; CAI(ACpG-GFP)
_  0.94). The coding amino acid sequence of the GFP was in  this connection
not altered. Further interfaces were  inserted for the sub-cloning. The
nucleotide and amino  acid sequences are given in SEQ ID NO. 1/2. The
sequence was produced as a fully synthetic gene  (Geneart GmbH), cloned into
the expression vector  



pcDNA/SFRT (Invitrogen) using the interfaces HindIll and  Bam HI, and placed
under the transcription control of the  cytomegalovirus (CMV) early
promoter/enhancer ("pc LCpG-GFP"). For the production of a similar
expression plasmid,  though unchanged in its CpG distribution, the coding
region of the humanised GFP gene (huGFP) was amplified by  means of a
polymerase chain reaction (PCR) using the  oligonucleotides huGFP-1 and
huGFP-2 from a commercially  obtainable vector, and likewise cloned into the
expression vector pcDNA/SFRT ("pc-huGFP", SEQ ID NO. 3/4)  using the
interfaces HindIII and Bain HI. Production of stable cell lines with the GFP
gene  variants The Flp-In system of Invitrogen was used for a rapid
establishment and selection of stable, recombinant cells. 33  A further,
major advantage of this system is a directed  integration of a copy of the
transgene into a defined  locus of the target cell. This technology thus
provides  the best conditions for the quantitative comparison of  the
expression of an arbitrary transgene, since  physiological and genetic
factors of the target cell are  largely identical. In order to achieve an
additional  certainty, two different mammalian cells were selected  for
these comparative analyses. The cell lilnes Fip-In  CHO and Fip-In 293T were
obtained from Invitrogen and  cultured at 37C and 5% CO2. The cell lines.
were cultured  in Dulbecco's modified eagle medium high glucose (DMEM)
(293T) and HAMs F12 (CHO) with L-glutamine, 10%  inactivated fetal bovine
serum, penicillin (100 U/ml) and  streptomycin (100 pg/ml). The cells were
sub-cultured in  a ratio of 1:10 after confluence was achieved. The
establishment of stably transfected cells was carried  out according to the
manufacturer's instructions. 2.5 x  



105 cells were seeded out in 6-well culture dishes and  transfected 24 hours
later by calcium phosphate co- precipitation (Graham and Eb, 1973) with 1.5
pg transfer  plasmid and 13.5 pg pOG44. Cells were selected up to a  ratio
of >90% GFP positive cells with 100 pg/ml  hygromycin for 293T and 500 pg/ml
for CHO cells. The  number of GFP positive cells was determined for all cell
lines by means of conventional flow cytometry analysis.  Determination of
the GFP expression The expression of the reporter constructs was determined
over a period of 16 months by regular measurement of the  GFP-mediated green
autofluorescence in a flow cytometer  (Becton-Dickinson). The data of the
mean fluorescence  intensities are summarised in Fig. 2A (293T cells) and 23
34  (CHO cells). The huGFP expression was found to e  relatively constant in
both cell lines over the whole  measurement period, with a mean fluorescence
intensity of  800 (293T) and 700 (CHO). The ACpG-GFP reporter  construct,
with a reduced number of CpGs, likewise  exhibited a constant fluorescence
intensity over the  whole measurement period. The mean fluorescence
intensity was however reduced by a factor of 10-20 (293T)  and 6-9 (CHO)
compared to the huGFP. The reduction of  the GFP-mediated fluorescence could
also be detected by  fluorescence microscopy (Fig. 2C). Since various causes
may be involved in a decrease of the  GFP-mediated fluorescence (instability
of the protein,  reduced nuclear export of RNA, lower transcription rate,
etc.) additional western blot analyses and quantitative  real-time PCRs were
carried out. For the protein detection by immunoblot, the stable
transfected CHO cells were washed twice with ice-cold PBS  (10 MM Na2HP4,
1.8 mM KH2PO41 137 mM NaCl, 2.7 mM KC1),  scraped off in ice-cold PBS,
centrifuged for 10 minutes  



at 300g, and lysed for 30 minutes in lysis buffer on ice  (50 mM Tris-HC1,
pH 8.0, 0.5% Triton X-100 (w/v)).  Insoluble constituents of the cell lysate
were  centrifuged for 30 minutes at 10000 g and 4C. The total  amount of
protein in the supernatant was determined by  the Bio-Rad protein assay
(Bio-Rad, Munich) according to  the manufacturer's instructions. An equal
volume of two- fold sample buffer (Laemmli, 1970) was added to the  samples,
and heated for 5 minutes at 95C. 40 ug of  total protein from cell lysates
were separated through a  12.5% SDS/polyacrylamide gel (Laemmlie, 1970),
electrotransferred to a nitrocellulose membrane and 35  detected with a
monoclonal GFP-specific antibody (BD- Bioscience) and a secondary, HRP
(horseradish peroxidase)  coupled antibody, and identified by means of
chromogenic  staining. Protein detection by western blot confirmed  the data
from the FACS measurement. For both gene  variants the full-length GFP
protein was detected in  stably transfected CHO cells; no differences could
be  detected in the processing or proteolytic degradation  (Fig. 3). In
order to clarify the transcription activity, a  quantitative real-time PCR
(Light Cycler, Roche) was  carried out for the stably transfected CHO cells.
Cytoplasmic RNA was prepared from the cells (RNeasy,  Quiagen) and treated
with DNase (500 U Rnase-free  DNase/20 pg RNA). 1 ug of the DNase-treated
RNA was used  as a matrix for a reverse transcription (Random Primed,
p(dN)6, 1st strand C-DNA synthesis kit for RT-PCR, Roche)  followed by PCR
(RT-oligol and RT-oligo2). The resulting  PCR product was diluted and used
for a light cycler (LC)  analysis (SYBR, Roche). As internal control, the
RNA  amount of the hygromycin-resistance gene similarly  integrated into the
cell genome was measured. The  



results are summarised in Fig. 4. The RNA amounts of the
hygromycin-resistance showed no difference in all the  measured constructs
(Fig. 4A for CHO cells and 4C for  293T cells). The results of the GFP RNA
however  correlated very well with the results of the protein  expression
(GFP fluorescence intensity). For the CpG- deleted construct, after
quantification of the light  cycler data an approximately seven times
smaller  cytoplasmic RNA amount was detected in CHO cells (Fig.  4B) and an
approximately thirty times smaller RNA amount  was detected in 293T cells
(Fig. 4D), compared to the 36  initial construct. Example 2 Production of
murine Miplalpha genes with different CpG  contents In this example the
nucleic acid sequence of the murine  MiPlalpha gene was altered so as to
form a series of  constructs with different numbers of CpG dinucleotides,
but without altering the coding amino acid sequence. For  this purpose the
amino acid sequence of the murine  MIPlalpha gene product was translated
back into synthetic  MIPlalpha-coding reading frames, using the codon choice
of human cells. In a first series of constructs the  accidentally formed CpG
dinucleotides were removed  stepwise from the sequence, without however
introducing  rare codons that would be expected to adversely affect  the
expression. In addition a CpG dinucleotide-optimised  Miplalpha gene
construct was produced, which contained  twice as many CpG dinucleotides as
the codon-optimised  construct. In this case a deterioration of the codon
choice was intentionally taken into account, in order to  introduce as many
CpG dinucleotides as possible.  According to the prior art it would be
expected that this  gene construct would have a lower expression than the  



codon-optimised gene construct on account of its poorer  codon choice. These
gene variants were constructed as fully synthetic  reading frames, using
long oligonucleotides and a  stepwise PCR, and cloned into an expression
vector. The  produced Mlplalpha vector variants differed completely as
regards the level of expression of murine MIPlalpha. For  the person skilled
in the art it could not be foreseen  that the variants with the lowest CpGs
would be expressed 37  worst, and an increase in the CpGs would be
accompanied  by an increase of the MiPlalpha expression in mammalian  cells.
In particular it could not be foreseen by the  person skilled in the art
that the construct with the  maximum possible number of CpG dinucleotides,
which  however were introduced at the expense of a deterioration  of the
codon choice, exhibited a significantly stronger  expression than the
codon-optimised gene. Variants of the murine Miplalpha gene that differ in
the  number of CpG dinucleotides were synthetically  constructed as
described in Example 1 and sub-cloned into  the expression vector pcDNA3.1
using the interfaces  HindIII and Notl. The artificially produced genes were
in each case matched as regards their codon choice to the  mammalian system.
When removing the CpG dinucleotides no  rare mammalian codons were used,
whereas when inserting  CpG dinucleotides above the number of dinucleotides
that  are achieved with a normal codon adaptation, rare codons  were
intentionally also employed. The constructs that are codon optimised but
provided with  different numbers of GpG dinucleotides, have throughout a
CAI value of more than 0.9 and differ only slightly. The  CAT values of the
wild-type gene, as well as of the CpG  dinucleotide optimised gene (42 CpGs)
have on the other  hand very low CAI values (below 0.8). According to the  



prior art a comparable expression of the codon-optimised  genes would
therefore be expected, though a significantly  lower expression of the
wild-type gene and of the CpG  dinucleotide optimised gene. The
identification of the  constructs, the number of CpGs as well as the CAI
values  are given in Table 1. The nucleotide and amino acid  sequences are
given in SEQ ID NO. 5/6 to SEQ ID NO. 38  13/14. The analogous expression
construct (wild-type  reference construct) corresponding to the wild-type
sequence was unchanged as regards its CpG distribution.  The coding region
was amplified by means of a polymerase  chain reaction (PCR) using the
oligonucleotides mamip-1  and mamip-2 from a cDNA clone (obtained from RZPD)
and  likewise cloned into the expression vector pcDNA3.1 using  the
interfaces Hindlll and Notl ("pc-mamip-wt", SEQ ID  NO. 15, GenBank
Accession Number AA071899). Checking the Miplalpha Expression In order to
quantify the chemokine expression, human  H1299 cells were transfected with
the respective  expression constructs and the amount of protein in the
cells and in the cell culture supernatant was measured by  means of
commercial ELISA test kits. 1.5 x 105 human lung carcinoma cells (H1299)
were seeded  out in 6-well cell culture dishes and transfected 24  hours
later by calcium phosphate precipitation with 15 pg  of the corresponding
expression plasmid. The cells and  cell culture supernatant were harvested
48 hours after  the transfection. The transfected cells were lysed as
described in Example 1 and the total amount of protein of  the cell lysate
was determined with the Bio-Rad protein  assay. Insoluble cell constituents
were removed from the  cell culture supernatant by centrifugation at 10000 g
for  15 minutes at 4C. From 1-5 pg total protein from cell lysates as well
as  



from diluted cell culture supernatants, the expression of  MiPlalpha was
checked in each case in a commercially  obtainable ELISA assay (R & D
Systems) according to the  manufacturer's instructions. The total amount of
39  detectable MiPlalpha correlated with the number of CpGs  in the reading
frame, in a comparable manner to the data  of the GFP expression constructs
and p24 expression  constructs. The data are summarised in Table 1. The
number of constructs permitted for the first time a  detailed evaluation of
the connection of the level of  expression with the number of CpGs within
the coding  region. A representative result of an evaluation by means of
cytokine ELISA is shown in Fig. 5. The shaded bars  correspond to the mean
value of two independent  transfection batches, while the empty bars
represent the  respective standard deviations. The relative protein amounts
of two independent transient  transfection experiments (in double batches)
referred to  the wild-type construct are listed in Table 1. These  results
demonstrate a marked reduction of the protein  expression with the decrease
in CpG dinucleotides and a  marked increase compared to the wild-type gene
and to the  codon-optimised genes, correlating with the additional
introduction of such motifs and despite a deterioration  of the codon
matching. 40  Table 1: Expression comparison of murine MIPlalpha genes
Construct SEQ ID Expression* St. Dev.** CpG No. CAI***  NO. pc-maMIP wt 15
100% 4% 8 0.76  pc-maMIP 0 5 2% 9% 0 0.92  pc-maMIP 2 7 8% 27% 2 0.93
pc-maMIP 4 9 7% 33% 4 0.93  



pc-maMIP 13 11 146% 5% 13 0.97  pc-maMIP 42 13 246% 4% 42 0.72  * Percentage
mean value of the amount of protein from  2 tests (in double batches) in
relation to the total  amount of protein of the wild-type construct (maMIP
wt)  ** Standard deviation *** Codon adaptation index  Example 3 Production
of human and murine cytokine genes with  different CpG contents In order to
be able to further confirm the hitherto  obtained results and
interpretations, variants of the  human MIPlalpha gene, of the human GM-CSF
gene, of the  human IL-15 gene and of the murine GM-CSF gene, which  differ
in the number of CpG dinucleotides from the wild- type gene, were
artificially constructed similarly to  Example 2 and sub-cloned into the
expression vector  pcDNA3.1 using the interfaces Hindlll and NotI. The
identification of the constructs, number of CpGs as well  as the CAI values
are given in Table 2. The nucleotide  and amino acid sequences of the
wild-type sequences (wt)  and of the sequences with an altered number of CpG
dinucleotides are given in SEQ ID NO. 17/18 to SEQ ID NO. 41  23/24 and SEQ
ID NO. 48/49 to SEQ ID NO. 54/55. The  expression constructs were amplified
by means of a  polymerase chain reaction (PCR) using the  oligonucleotides
humip-1 and humip-2, hugm-l and hugm-2,  huil-1 and huil-2, magm-1 and
magm-2 from corresponding  cDNA clones (obtained from RZPD) and were cloned
into the  expression vector pcDNA3.1, likewise using the interfaces  Hindlll
and NotI ("pc-huMiP-wt", GenBank Accession Number  NM 021006, "pc-huGM-wt",
GenBank Accession Number M11220,  "pc-huIL-wt", GenBank Accession Number
BC018149, "pc- muGM-wt", GenBank Accession Number NM 049969 with a  



deviation). Checking the cytokine expression In order to quantify the
cytokine expression human cells  were transfected with the respective
expression  constructs and the amount of protein in the cell culture
supernatant was measured by means of commercial ELISA  test kits. As
described in Example 2, H1299 cells were transfected  transiently with 15 pg
of the corresponding expression  plasmid. The cell culture supernatant was
harvested for  48 hours after the transfection. Insoluble cell constituents
were removed from the cell culture  supernatant by centrifugation. From
dilute cell culture supernatants the expression of  human MlPlalpha , human
GM-CSF and IL-15 and murine GM- CSF was checked in each case in a
commercially obtainable  ELISA assay (R & D Systems for MlPlalpha; BD
Pharmingen  for GM-CSF and IL-15). In a comparable way to the data  of the
aforementioned expression constructs, the total  amount of detectable
cytokines in the culture supernatant 42  correlated with the number of CpGs
in the reading frame.  The data are summarised in Table 2. A representative
result of an evaluation by means of cytokine ELISA is  shown in Fig. 6. The
shaded bars correspond to the mean  value of two independent transfection
batches, while the  empty bars represent the respective standard deviation.
The relative amounts of protein in each case from a  transient transfection
experiment (in double batches)  referred to the wild-type construct are
listed in Table  2. Similarly to the results from Example 2, these  results
too confirm a marked increase in protein  production, correlating with the
additional introduction  of such motifs, compared with the wild-type genes.
Table 2: Expression comparison of human  



cytokine/chemokine genes Construct SEQ ID Expression* CpG No. CAI**  NO.
pc-huMiP wt 21 100% 8 0.76  pc-huMiP 43 17 393% 43 0.72  pc-huGM wt 23 100%
10 0.82  pc-huGM 63 19 327% 63 0.70  pc-hulL wt 56 100% 3 0.65  pc-hull 21
52 313% 21 0.98  pc-muGM wt 58 100% 11 0.75  pc-muGM 62 54 410% 62 0.75 *
Percentage mean value of the amount of protein from  in each case one
experiment, in double batches, in  relation to the total amount of protein
of the  corresponding wild-type construct (denoted wt). ** Codon adaptation
index 43  Example 4 Production of a plasmid with a reduced number of CpG
dinucleotides to increase the expression The nucleic acid sequence of the
plasmid pcDNAS  (Invitrogen) was used as a basis for the production of a
modularly constructed plasmid in which the number of CpG  dinucleotides had
been reduced as far as possible. The  DNA sequence which codes for the
ampicillin resistance  gene (bla) was synthetically produced as described in
Example 1, and sub-cloned using the restriction  interfaces ClaI and Bg1II.
The number of CpGs was in  this connection reduced from 72 to 2. Likewise,
the  multiple cloning site was redesigned, synthetically  constructed, and
sub-cloned using the restriction  interfaces Sacl and Pmel, whereby the
number of CpGs was  reduced from 11 to 1. The CMV promoter (31 CpGs), the
BGH polyadenylation site (3 CPGs) and the pUC replication  origin (45 CpGs)
were integrated unchanged into the  



plasmid. The hygromycin-resistance cassette was deleted.  The CMV promoter
was cloned by PCR amplification with the  oligonucleotides CMV-1 and CMV-2,
which in addition added  a ClaI and a Sacl restriction interface 3' and 5'.
In a  similar way pUC on -1 was amplified with the  oligonucleotides on -1
(contains XmaI interface) and ori- 2 (contains Bg1II interface), and the BGH
polyadenylation  site was amplified with the oligonucleotides pa-1 (Pmel)
and pa-2 (XmaI) by PCR, and sub-cloned using the  corresponding restriction
enzymes. The plasmid pcDNAS  was used as a template in all PCR reactions.
The  structure of this plasmid is shown diagrammatically in  Fig. 7A
("P-smallsyn"), and the complete sequence is  given in SEQ ID NO. 25. 44  In
order to investigate the influence of the number of  CpGs in the vector on
the level of expression of a  transcript, the reference vector was modified
so that it  could be used as control. By PCR amplification using the
oligonucleotides ref-del-1 and ref-del-2, which in each  case introduced a
NsiI restriction interface at the 5'  end, cleavage with Nsil and ligation,
the hygromycin- resistance cassette was removed from the plasmid pcDNAS
(see diagram 6B, "Pc-ref"). The p24 capsid protein derived from HIV-1 was
used as  test transcript. The coding region of p24 already  previously
optimised for expression in human cells (Graf  et al., 2000) was amplified
by means of PCR using the  oligonucleotides p24-1 and p24-2 from an HIV-1
syngag  construct (Graf et al., 2000) and cloned into the two  comparison
vectors using the interface Hindlll and Bam HI  ("R/p24" and "s/p24").
Checking the HIV-1 p24 expression in different vector  backgrounds In order
to check the influence of the CpG number in the  



vector from the expression of the transcript, the  constructs R/p24 and
s/p24 were transiently transfected  into human cells and the expression of
p24 was analysed.  As described in Example 2, H1299 cells were transfected
transiently with 15 pg of the corresponding expression  plasmid. Cells were
harvested 48 hours after the  transfection. The transfected cells were lysed
as  described in Example 1 and the total amount of protein in  the
supernatant was determined with the Bio-Rad protein  assay. 45  50 pg of
total protein from cell lysates were tested as  described in Example 1 in a
western blot analysis with a  monoclonal p24-specific antibody, 13-5 (Wolf
et al.,  1990) (Fig. 8). In two independent transfection batches  a markedly
higher p24 expression was detected after  transfection of the smallsyn
construct (s/p24).  Production of HIV p24 genes with different CpG contents
Two variants of the capsid protein gene p24 derived from  HIV-1, which
differ in the number of CpG dinucleotides,  were produced. The syn p24 gene
had 38 CpGs, whereas the  p24ACpG gene had no CpGs. The CpG-depleted gene
p24ACpG  was artificially constructed as described in Example 1  and cloned
into the expression vector P-smallsyn  (described in Example 4)
("s/p24ACpG") and into the  reference vector Pc-ref ("R/p24ACpG") using the
interfaces Hindlll and Bam HI. The nucleotide and amino  acid sequences of
p24ACpG are given in SEQ ID NO. 26/27.  The plasmids R/p24 and s/p24, which
are described in  Example 4, were used as reference constructs. Checking the
HIV-1 p24 expression In order to check the influence of the CpG number in
the  vector and in the insert (transcript), the constructs  R/p24,
R/p24ACpG, s/p24 and s/p24ACpG were tranfected  transiently into human cells
and the expression of p24  



was analysed. As described in Example 2, H1299 cells were transiently
transfected with 15 ug of the corresponding expression  plasmid. Cells were
harvested 48 hours after the transfection. The transfected cells were lysed
as  described in Example 1 and the total amount of protein in  the lysate
was determined with the Bio-Rad protein assay. 46  50 pg of total protein
from cell lysates were checked as  described in Example 1 in a western blot
analysis with a  monoclonal p24-specific antibody 13-5 for the expression
of p24 (Fig. 9A). As was already shown in Example 4, the  use of the
CpG-deleted vector P-smallsyn in the identical  transgene led to a visible
increase in p24 production  (comparison R/p24 and s/p24). Comparably to the
data of  the GFP and cytokine/chemokine expression constructs, the  amount
of detectable p24 in the cell lysate, using the  identical vector
background, correlated with the number  of CpGs in the reading frame
(comparison R/24 and R/- p24ACpG as well as s/p24 and s/p24ACpG). The data
were  confirmed in a p24-specific ELISA test (Fig. 9B). The  construct with
38 CpGs (p24) had a ca. 2.5 times (Pc-ref)  or ca. 25% (P/smallsyn) larger
amount of p24 than the  construct without CpGs (p24 DcpG). The results are
illustrated in Fig. 9. The correlation of the protein production with the
number  of CpG dinucleotides could be demonstrated in the  Examples
mentioned here. The selected genes are derived  from such different
organisms as a jellyfish, a human  pathogenic virus, and mammals. It is
therefore obvious  to regard this mechanism as generally valid. The
examples demonstrate furthermore that this correlation in  vitro is valid
both in the case of a transient  transfection as well as in stable
recombinant cells. The  method described here, namely to alter in a targeted



manner the gene expression in eukaryotes by targeted  modulation of the CpG
dinucleotides, both in the coding  region as well as in the vector
background, may  consequently be used for the production of biomolecules
for biotechnological, diagnostic or medical applications. 47  Description of
the sequences 1. Oligonucleotides 48  SEQ Idencation ',Sequencer-3'  ID NO.
28 huGFP-1 CAATAAGCTTGCCACCATGGTGAGCAAGGGCGA  G 29 huGFP-2
AGTAGGATCCTATTACTTGTACAGCTCGT  30 RT-oligol CCCTGAAGTTCATCTGCACC 31
RT-oligo2 GATCTTGAAGTTCACCTTGATG 32 mamip-1
CAGGTACCAAGCTTATGAAGGTCTCCACCACTGC  CAGAGCTCGAGTCATGAAGACTAGGCATTCAGTT  33
mamip-2 CCAGGTCAG  34 hugm-1 CAGGTACCAAGCTTATGTGGCTGCAGAGCCTGC
CAGAGCTCGAGTCATGAAGACTACTCCTGGACTG  35 hugm-2 GCTCCCAGC 36 humip-1
CAGTACCAAGC7TATGCAGGTCTCCACTGCTGC  CAGAGCTCGAGTCATGAAGACTAGGCACTCAGCT  37
humip-2 CCAGGTCACTG ACTAGGTACCATCTAAGCTTATGCCCATCGTGCA  38 p24-1 GAACATCCA
TCAAGAGCTCGACTGGATCCTATTACAGCACCCT  39 p24-2 GGCCTTGTGGC
CAAAGGTACCGTTAATCGATGTTGACATTGATTAT  40 CMV-1 TGACTA  



41 CMV-2 GAATGAGCTCTGCTTATATAGACC 42 on-1 GTCACCCGGGTAGTGAATTCATGTGAGCAAAAGG
C GATCTTTTCTACGGGAGATCTGTCAATCGATAGC  43 on-2 T
GTTAGAGCTCCAGTGTTTAAACCTGTGCCTTCTA  44 pa-1 GTTGCCAG
CAAACCTACCGATACCCGGGCCATAGAGCCCAC  45 pa-2 CGCATC
TCAGATGCATCCGTACGTTAACATGTGAGCAAAA  46 ref-del-1 GGCCAGCA  47 ref-del-2
AGTCATGCATCCATAGAGCCCACCGCATCCCCA  48 huil-1
CAGGTACCAAGCTTATGAGAATTTCGAAACCAC CAGAGCTCGAGTCATGAAGACTAAGAAGTGTTGA  49
hull-2 TGAACATTTGG 49  -CAGGTACCAAGCTTATGGCCCACGAGAGAAAGG  50 magm-1 IC
CAGAGCTCGAGTCATGAAGACTATTTTTGGCCTG  51 magm 2 GTTTTTTGC 35 2.
Polypeptide-coding sequences and vector sequences  SEQ ID NO. 1 + 2: ACpG
-GFP (nucleic acid + polypeptide)
ATGGTGTCCAAGGGGGAGGAGCTGTTCACAGGGGTGGTGCCCATCCT
GGTGGAGCTGGATGGGGATGTGAATGGCCACAAGTTCTCTGTGTCTGG  40
GGAGGGGGAGGGGGATGCCACCTATGGCAAGCTCACCCTGAAGTTCA
TCTGCACCACAGGCAAGCTGCCAGTGCCCTGGCCCACCCTGGTGACCA
CCTTCACCTATGGGGTGCAGTGCTTCAGCAGATACCCAGACCACATGA
AGCAGCATGACTICTTCAAGTCTGCCATGCCTGAGGGCTATGTGCAGG
AGAGGACCATCTTCTTCAAGGATGATGGCAACTACAAGACCAGGGCTG 45
AGGTGAAGTTTGAGGGGGATACCCTGGTGAACAGGATTGAGCTGAAGG
GCATTGACTTTAAGGAGGATGGCAATATCCTGGGCCACAAGCTGGAGT  



ACAACTACAACAGCCACAATGTGTACATCATGGCAGACAAGCAGAAGA
ATGGCATCAAGGTGAACTTCAAGATCAGGCACAACATTGAGGATGGCT
CTGTGCAGCTGGCAGACCACTACCAGCAGAACACCCCCATTGGAGATG so
GCCCTGTCCTGCTGCCAGACAACCACTACCTGAGCACCCAGTCTGCCC
TGAGCAAGGACCCCAATGAGAAGAGGGACCACATGGTGCTGCTGGAG
TTTGTGACAGCTGCTGGCATCACCCTGGGCATGGATGAGCTGTACAAG  TGA 55 ;SEQ ID NO. 3 + 4:
huGFP (nucleic acid + polypeptide)
ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCT
GGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCG
GCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTC
ATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACC so
ACCTTCACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATG
AAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAG
GAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCC
GAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAA 50
GGGCATCGACTTCAAGGAGGACGGCAACATCCTGGGGCACAAGCTGG
AGTACAACTACAACAGCCACAACGTCTATATCATGGCCGACAAGCAGA
AGAACGGCATCAAGGTGAACTTCAAGATCCGCCACAACATCGAGGACG
GCAGCGTGCAGCTCGCC3ACCACTACCAGCAGAACACCCCCATCGGC
GACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTC
CGCCCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCT
GGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGT  ACAAGTAA 10 SEQ ID NO.5 +
6: murine MIPlalpha-0& cEG(nucleic acid + polypeptide)
ATGAAGGTGAGCACAACAGCTCTGGCTGTGCTGCTGTGTACCATGACC
CTGTGCAACCAGGTGTTCTCTGCCCCTTATGGAGCAGATACCCCTACA ,s
GCCTGCTGTTTCAGCTACAGCAGGAAGATCCCCAGGCAGTTCATTGTG
GACTACTTTGAGACCAGCAGCCTGTGTTCTCAGCCTGGGGTGATCTTTC
TGACCAAGAGGAACAGGCAGATCTGTGCAGACAGCAAGGAGACATGG
GTGCAGGAGTACATCACAGACCTGGAOCTGAATGCCTAG SEQ ID NO.7 + 8: murine MIPlalpha-2
cpG(nucleic acid + polypeptide)
ATGAAGGTGAGCACAACAGCTCTGGCCGTGCTGCTGTGTACCATGACC  



CTGTGCAACCAGGTGTTCTCTGCCCCTTATGGAGCAGATACCCCTACA
GCCTGCTGTTTCAGCTACAGCAGGAAGATCCCCAGGCAGTTCATCGTG 25
GACTACTTTGAGACCAGCAGCCTGTGTTCTCAGCCTGGGGTGATCTTTC
TGACCAAGAGGAACAGGCAGATCTGTGCAGACAGCAAGGAGACATGG
GTGCAGGAGTACATCACAGACCTGGAGCTGAATGCCTAG so SEQ ID NO.9 + 16: murine
MIPlalpha-4cpGi (nucleic acid + potypeptide)
ATGAAGGTGAGCACAACAGCTCTGGCCGTGCTGCTGTGTACCATGACC
CTGTGCAACCAGGTGTTCTCTGCCCCTTACGGAGCAGATACCCCTACA
GCCTGCTGTTTCAGCTACAGCAGGAAGATCCCCAGGCAGTTCATCGTG 51
GACTACTTTGAGACCAGCAGCCTGTGTTCTCAGCCTGGGGTGATCTITC
TGACCAAGAGGAACCGCCAGATCTGTGCAGACAGGAAGGAGACATGG
GTGCAGGAGTACATCACAGACCTGGAGCTGAATGCCTAG  SEQ ID NO. 11 + 12: murins
MlPlalpha-I3cpG (nucleic acid + polypeptide)
ATGAAGGTGAGCACCACAGCTCTGGCTGTGCTGCTGTGCACCATGACC
CTGTGCAACCAGGTGTTCAGCGCTCCTTACGGCGCCGATACCCCTACA
GCCTGCTGCTTCAGCTACAGCAGGAAGATCCCCAGGCAGTTCATCGTG 10
GACTACTTCGAGACCAGCAGCCTGTGTTCTCAGCCCGGCGTGATCTTC
CTGACCAAGCGGAACAGACAGATCTGCGCCGACAGCAAGGAGACATG
GGTGCAGGAGTACATCACCGACCTGGAGCTGAACGCCTAG 15 SEQ ID NO. 13 + 14: murine
MIPIalpha-42-CPG (nucleic acid + polypeptide)
ATGAAGGTGTCGACGACCGCGCTCGCCGTGCTGCTGTGCACGATGAC
GCTGTGCAACCAGGTGTTCAGCGCCCCGTACGGCGCCGACACGCCGA
CCGCGTGCTGCTTCTCGTACTCGCGGAAGATCCCGCGGCAGTTCATCG
TCGACTACTTCGAAACGTCGTCGCTGTGCTCGCAGCCCGGCGTGATCT zo
TCCTCACGAAGCGGAACCGGCAGATCTGCGCCGACTCGAAGGAAACG
TGGGTGCAGGAGTACATCACCGACCTCGAACTGAACGCGTAG  SEQ ID NO.15 + 16: murine MIP1
alpha wild-type (7 CG) (nucleic acid +  polypeptide) zs
ATGAAGGTCTCCACCACTGCCCTTGCTGTTCTTCTCTGTACCATGACAC
TCTGCAACCAAGTCTTCTCAGCGCCATATGGAGCTGACACCCCGACTG
CCTGCTGCTTCTCCTACAGCCGGAAGATTCCACGCCAATTGATCGTTGA
CTATTTTGAAACCAGCAGCCTTTGCTCCCAGCCAGGTGTCATTTTCCTG
ACTAAGAGAAACCGGCAGATCTGCGCTGACTCCAAAGAGACCTGGGTC  30
CAAGAATACATCACTGACCTGGAACTGAATGCCTAG 



SEQ ID NO. 17 + 1 B: human MIPI alpha.43cEG (nucleic acid + polypeptide) 52
AT GCAAGTGTCGACCGCCGCTCTCGCCGTGCTGCTGTGCACGATGGC
GCTGTGCAACCAAGTGCTGAGCGCGCCTCTCGCCGCCGACACGCCGA
CCGCGTGCTGCTTCTCGTACACGTCGCGGCAGATCCCGCAGAACTTCA
TCGCCGACTACTTCGAGACGTCGTCGCAGTGCTCGAAGCCGAGCGTGA
TCTTCCTGACGAAGCGCGGACGGCAAGTGTGCGCCGACCCGAGCGAG
GAGTGGGTGCAGAAGTACGTGAGCGACCTCGAACTGAGCGCGTAG  SEQ ID NO. 19 + 20: human
GM-CSF-B3CpG (nucleic acid + polypeptide)  10
ATGTGGCTGCAGTCGCTGCTGCTGCTCGGAACCGTCGCGTGTTCGATC
AGCGCGCCTGCGCGGTCGCCGTCGCCGTCGACGCAGCCGTGGGAGC
ACGTGAACGCGATCCAGGAGGCGCGACGGCTGCTGAACCTGTCGCGC
GATACAGCCGCCGAGATGAACGAGACCGTCGAGGTGATCAGCGAGAT ~s
GTTCGACCTGCAGGAGCCGACGTGCCTGCAGACGCGGCTCGAACTGT
ATAAGCAGGGCCTCCGCGGCTCGCTCACGAAGCTGAAGGGCCCGCTC
ACGATGATGGCGTCGCACTACAAGCAGCACTGCCCGCCGACGCCCGA
AACGTCGTGCGCGACGCAGATCATCACGTTCGAGTCGTTCAAGGAGAA
CCTGAAGGACTTCCTGCTCGTGATCCCGTTCGATTGCTGGGAGCCCGT  20 GCAGGAGTAG SEQ iD NO.
21 + 22: human MiPlalpha wild-type (8CpG) (nucleic acid +  polypeptide)
ATGCAGGTCTCCACTGCTGCCCTTGCCGTCCTCCTCTGCACCATGGCT  25
CTCTGCAACCAGGTCCTCTCTGCACCACTTGCTGCTGACACGCCGACC
GCCTGCTGCTTCAGCTACACCTCCCGACAGATTCCACAGAATTTCATAG
CTGACTACTTTGAGACGAGCAGCCAGTGCTCCAAGCCCAGTGTCATCT
TCCTAACCAAGAGAGGCCGGCAGGTCTGTGCTGACCCCAGTGAGGAG
TGGGTCCAGAAATACGTCAGTGACCTGGAGCTGAGTGCCTAG 30 SEQ ID NO. 23 + 24: human
GM-CSF wild-type (IOCpG) (nucleic acid +  poypeptide)
ATGTGGCTGCAGAGCCTGCTGCTCTTGGGCACTGTGGCCTGCAGCATC 53
TCTGCACCCGCCCGCTCGCCCAGCCCCAGCACGCAGCCCTGGGAGCA
TGTGAATGCCATCCAGGAGGCCCGGCGTCTCCTGAACCTGAGTAGAGA  



CACTGCTGCTGAGATGAATGAAACAGTAGAAGTCATCTCAGAAATGTTT
GACCTCCAGGAGCCGACCTGCCTACAGACCCGCCTGGAGCTGTACAA $
GCAGGGCCTGCGGGGCAGCCTCACCAAGCTCAAGGGCCCCTTGACCA
TGATGGCCAGCCACTACAAGCAGCACTGCCCTCCAACCCCGGAAACTT
CCTGTGCAACCCAGATTATCACCTTTGAAAGTTTCAAAGAGAACCTGAA
GGACTTTCTGCTTGTCATCCCCTTTGACTGCTGGGAGCCAGTCCAGGA  GTAG 10 SEQ ID NO. 25:
P-smallsyn (nucleic acid sequence of the plasmid)
ATCGATGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACG
GGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTA
CGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTG 15
ACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCC
ATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGT
ACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGAC
GGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGAC
TTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGT 20
GATGCGGIIIIGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTC
ACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTT
TGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCC
CATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAA
GCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTTATCTA zs
AATTAATACGACTCACTATAGGGAGACCCAAGCTGTTAAGCTTGGTAGA
TATCAGGGATCCACTCAGCTGATCAGCCTCCAGTTTAAACCTGTGCCTT
CTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGAC
CCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATT
GCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTG 30
GGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGC
TGGGGATGCGGTGGGCTCTATGGCCCGGGTAGTGAATTCATGTGAGCA
AAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGC
GTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACG 54
CTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGC
GTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCC-
GCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCT  



TTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGC s
TCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTG
CGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGA
CTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAG
GTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTAGGG
CTACACTAGAAGGACAGTAT7TGGTATCTG000TCTGCTGAAGCCAGTT +o
ACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACC
GCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGA
AAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGAGATCTGT
CTGACTCTCAGTGGAACCAAAACTCATGTTAAGGGATTTTGGTCATGAG
ATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTT is
TTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGGTTAACT
TACCAATGCTTAATCAATGAGGCACCAATCTCTGCAATCTGCCTATTTCT
CTCATCCATGGTTGCCTGACTGCCTGTGGTGTAGATAACTACAATCCTG
GAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCTCTAGACCCT
CTCTCACCTGCTCCAGATTTATCTGCAATGAACCAGCCAGCTGGAAGG zo
GCAGACCTCAGAAGTGGTCCTGCAACTTTATCTGCCTCCATCCAGTCTA
TTAATTGTTGTCTGGAAGCTAGAGTAAGCAGTTCACCAGTTAATAGTTT
CCTCAAGGTTGTTGCCATTGCTACAGGCATGGTGGTGTCCCTCTCATCA
TTTGGTATGGCTTCATTCAGCTCTGGTTCCCATCTATCAAGCCTAGTTA
CATGATCACCCATGTTGTGCAAAAAAGCAGTCAACTCCTTTGGTCCTCC zs
AATGGTTGTCAAAAGTAAGTTGGCAGCAGTGTTATCACTCATGGTTATG
GCAGCACTGCATAATTCTCTTACTGTCATGCCATCTGTAAGATGCTTTTC
TGTGACTGGACTGTACTCAACCAAGTCATTCTGAGAATAGTGTATTCTT
CTACCCAGTTGCTCTTGCCCAGCATCAATTCTGGATAATACTGCACCAC
ATAGCAGAACTTTAAAGGTGCTCATCATTGGAAATCTTTCTTCTGGTCTA ao
AAACTCTCAAGGATCTTACCAGAGTTGAGATCCAGTTCAATGTAACCCA
CTCTTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGGGTTTCT
GGGTGAGCAAAAACAGGAAGGCAAAAGGCAGCAAAAAAGGGAATAAG
GGCAACTCTGAAATGTTGAATACTCATAGTACTACTCTTCCTTTTTCAAT 55
ATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTT
GAATGTATTTAGAAAAATAAACAAATAGGGGTATGCATTCAGCTCACAT
TTCCCTGAAAAGTGCCACCTGAAATTGACTGATAGGGAGTTCTCCCAAT
CCCCTATGGTGCACTCTGAGTACAATGTGCTCTGATGCCTCATAGTTAA  



GCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCACTGAGTAGTGGG
CTAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCTACAATTGCAT
GAAGAATCTGCTTAGGGTTAGGCCTTTTGCACTGCTTGGAGATGTACTG  GCCAGATATACTA SEQ ID NO.
26 + 27: p24OCpG (nucleic acid + polypeptide)
ATGGTGCACCAGGCCATCAGCCCCAGGACCCTGAATGCCTGGGTGAA
GGTGGTGGAGGAGAAGGCCTTCAGCCCTGAGGTGATCCCCATGTTCTC
TGCCCTGTCTGAGGGGGCCACCCCCCAGGACCTGAACACCATGCTGAA
CACAGTGGGGGGCCACCAGGCTGCCATGCAGATGCTGAAGGAAACCA is
TCAATGAGGAGGCTGCTGAGTGGGACAGAGTGCACCCTGTGCATGCTG
GCCCCATTGCCCCTGGCCAGATGAGGGAGCCCAGGGGCTCTGACATT
GCTGGCACCACCTCCACCCTGCAGGAGCAGATTGGCTGGATGACCAAC
AACCCCCCCATCCCTGTGGGGGAGATCTACAAGAGATGGATCATCCTG
GGCCTGAACAAGATTGTGAGGATGTACAGCCCCACCTCCATCCTGGAC 20
ATCAGGCAGGGCCCCAAGGAGCCCTTCAGGGACTATGTGGACAGGTT
CTACAAGACCCTGAGGGCTGAGCAGGCCAGCCAGGAGGTGAAGAACT
GGATGACAGAGACCCTGCTGGTGCAGAATGCCAACCCTGACTGCAAGA
CCATCCTGAAGGCCCTGGGCCCAGCTGCCACCCTGGAGGAGATGATG
ACAGCCTGCCAGGGGGTGGGAGGCCCTGGCCACAAGGCCAGGGTGCT  25 GTAA SEQ ID NO. 52 + 53:
human IL-15-21CpG  ATGCGGATCAGCAAGCCCCACCTGAGGAGCATCAGCATCCAGTGCTAC
CTGTGCCTGCTGCTGAACAGCCACTTCCTGACAGAGGCCGGCATCCAC 30
GTGTTTATCCTGGGCTGCTTCTCTGCCGGCCTGCCTAAGACAGAGGCC
AACTGGGTGAACGTGATCAGCGACCTGAAGAAGATCGAGGACCTGATC
CAGAGCATGCACATCGACGCCACCCTGTACACAGAGAGCGACGTGCAC
CCTAGCTGTAAGGTGACCGCCATGAAGTGCTTCCTGCTGGAGCTGCAG 56
GTGATCAGCCTGGAGAGCGGCGATGCCAGCATCCACGACACCGTGGA
GAACCTGATCATCCTGGCCAACAACAGCCTGAGCAGCAACGGCAATGT
GACCGAGAGCGGCTGCAAGGAGTGTGAGGAGCTGGAGGAGAAGAACA
TCAAGGAGTTCCTGCAGAGCTTCGTGCACATCGTGCAGATGTTCATCAA  5 CACCAGCTAG SEQ ID NO.
64 + 55: murine GM-CSF-62CpG
ATGTGGCTGCAGAACCTGCTGTTCCTCGGCATCGTCGTGTACTCGCTG  



AGCGCGCCGACGCGCTCGCCGATCACCGTGACGCGGCCGTGGAAGCA so
CGTCGAGGCGATCAAGGAGGCGCTGAACCTGCTCGACGACATGCCCG
TGACGCTGAACGAGGAGGTCGAGGTCGTGTCGAACGAGTTCTCGTTCA
AGAAGCTGACGTGCGTGCAGACGCGGCTGAAGATCTTCGAGCAGGGC
CTGCGCGGCAACTTCACGAAGCTGAAGGGCGCGCTGAACATGACCGC
GTCGTACTACCAGACGTACTGCCCGCCGACGCCCGAGACCGATTGCGA s5
GACGCAGGTGACGACGTACGCCGACTTCATCGACTCGCTGAAGACGTT
CCTGACCGACATCCCGTTCGAGTGCAAGAAGCCCGGCCAGAAGTAG  SEQ ID NO.56 + 57: human
IL-15 wild-type (3CpG)  ATGAGAATTTCGAAACCACATTTGAGAAGTATTTCCATCCAGTGCTACTT
20 GTGTTTACTTCTAAACAGTCATTTTCTAACTGAAGCTGGCATTCATGTCT
TCATTTTGGGCTGTTTCAGTGCAGGGCTTCCTAAAACAGAAGCCAACTG
GGTGAATGTAATAAGTGATTTGWA4AATTGAAGATCTTATTCAATCTA
TGCATATTGATGCTACTTTATATACGGAAAGTGATGTTCACCCCAGTTG
CAAAGTAACAGCAATGAAGTGCTTTCTCTTGGAGTTACAAGTTATTTCA 25
CTTGAGTCCGGAGATGCAAGTATTCATGATACAGTAGAAAATCTGATCA
TCCTAGCAAACAACAGTTTGTCTTCTAATGGGAATGTAACAGAATCTGG
ATGCAAAGAATGTGAGGAACTGGAGGAAAAAAATATTAAAGMiiiito
CAGAGTTTTGTACATATTGTCCAAATGTTCATCAACACTTCTTAG 30 SEQ ID NO.56 + 59: murine
GM-CSF wild-type (11 CpG) .
ATGTGGCTGCAGAATTTACTTTTCCTGGGCATTGTGGTCTACAGCCTCT
CAGCACCCACCCGCTCACCCATCACTGTCACCCGGCCTTGGAAGCATG
TAGAGGCCATCAAAGAAGCCCTGAACCTCCTGGATGACATGCCTGTCA 0 U 14- U F- U 15 ~ U U Q Q
~ ~ U a F U  U Q 4  U~ U  V U U }a- aU' U UU' FC7- }U- (~~ U 4 IU- Q H U'
FQ- Q  
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Method for the targeted modulation of the gene  expression, comprising the
steps: (i) Provision of a target nucleic acid sequence to  be expressed,
(ii) Modification of the target nucleic acid  sequence, in which the number
of CpG  dinucleotides present in the target nucleic  acid sequence is raised
using the degeneracy  of the genetic code to increase the gene  expression,
or is lowered to reduce the gene  expression, (iii) Cloning of the thereby
modified target nucleic  acid sequence with a modified number of the  CpG
dinucleotides in a suitable expression  vector in operative coupling with a
suitable  transcription control sequence, ' (iv) Expression of the modified
target nucleic acid  sequence in a suitable expression system. 2. Method
according to claim 1, in which in step (ii)  the modification of the target
nucleic acid sequence  is carried out so that, in addition to increasing or
reducing the number of CpG dinucleotides, one or  more additional
modifications is/are carried out at  the nucleic acid level. 3. Method
according to claim 2, in which the additional  modifications at the nucleic
acid level are selected  



from the group consisting of: alteration of the 63  codon choice, insertion
or elimination of sequences  stabilising the RNA secondary structure,
regions  with increased self-homology, regions with increased  homology to
the natural gene, RNA-instability  motifs, splice-activating motifs,
polyadenylation  motifs, adenine-rich motifs, endonucleose  recognition
sites. 4. Method according to one of the preceding claims, in  which the
modification of the target nucleic acid  sequence by increasing or reducing
the number of CpG  dinucleotides is carried out having regard to a  codon
choice optimised for the expression system. 5. Method according to one of
the preceding claims, in  which the modification of the number of CpG
dinucleotides is carried out having regard to a  codon choice optimised for
mammals. 6. Method according to one of claims 1 to 5, in which  the gene
expression is raised. 7. Method according to one of claims 1 to 5, in which
the gene expression is reduced. 8. Method according to one of the preceding
claims, in  which the target nucleic acid sequence to be  expressed is
heterologous to the expression system. 9. Method according to one of the
preceding claims, in  which a eukaryotic or prokaryotic expression system
is used as the expression system. 64  10. Method according to one of the
preceding claims, in which as expression system a cell is used selected
from the group consisting of prokaryotic cells and  eukaryotic cells
selected from the group consisting  of bacteria, yeast, single cells,
parasitic cells,  plant cells, insect cells, mammalian cells, human  



cells and somatic cells, or a cell-free expression  environment. 11. Method
according to one of the preceding claims, in  which the target nucleic acid
to be expressed is of  eukaryotic, prokaryotic, viral or synthetic origin.
12. Method according to one of the preceding claims, in  which a low
methylation system is used as expression  system. 13. Method according to
one of the preceding claims, in  which the modified target nucleic acid
sequence and  the transcription control sequence are not associated with CpG
islands. 14. Method according to one of the preceding claims, in  which the
number of CpG dinucleotides is increased  or reduced by at least two. 15.
Method according to one of the preceding claims, in  which the number of CpG
dinucleotides is increased  or reduced by at least 10%, preferably at least
50%,  more preferably at least 100%. 16. Method according to one of the
preceding claims, in  which all CpG dinucleotides are removed using the
degeneracy of the genetic code. 65  17. Method according to one of the
preceding claims, in which the target nucleic acid sequence codes for an
RNA, derivatives or mimetics thereof, a peptide or  polypeptide, a modified
peptide or polypeptide, a  protein or a modified protein. 18. Method
according to claim 17, in which the target  nucleic acid sequence codes for
a therapeutic and/or  diagnostic protein. 19. Method according to claim 1B,
in which the target  nucleic acid sequence codes for a protein selected
from human, parasitic, viral or bacterial proteins,  enzymes, hormones,
vaccines, messenger substances  



and regulator proteins. 20. Method according to claim 18 or 19, in which the
target nucleic acid sequence codes for a protein selected  from
asparigenase, adenosine deaminase, insulin, tPA,  clotting factors, vitamin
L epoxide reductase,  erythropoietin, follicle-stimulating hormone,
oestrogens,  bone morphogenic proteins, antithrombin, HIV-, HBV-, HCV
influenza-, borrelia-, haemophilus-, meningococcus-,  anthrax-derived
proteins, botulinus toxin, diphtheria  toxin, tetanus toxin, plasmodium
proteins, blood group  antigens, HLA proteins, cytokines, chemokines, G-CSF,
GM- CSF, interleukins, Interferons, PDGF, TNF, RANTES, MiPla  and
transcription factors. 21. Method according to claim 17, in which the target
nucleic acid sequence codes for a functional RNA. 66  22. Method according
to claim 21, in which the target  nucleic acid sequence is an siRNA, a
ribozyme, an  antisense-RNA or a decoy. 23. Modified nucleic acid with a
region capable of  transcription that can be expressed in an expression
system, and which is derived from a wild-type sequence,  in which the region
capable of transcription is modified  so that it is codon-optimised in
relation to the employed  expression system, and so that the number of CpG
dinucleotides is increased compared to the codon- optimised sequence derived
from the wild-type sequence,  by using the degeneracy of the genetic code.
24. Nucleic acid according to claim 23, in which the  number of CpG
dinucleotides is increased compared to the  wild-type sequence by at least
10%, preferably at least  25%, more preferably at least 50%, particularly
preferably at least 100%, more particularly preferably at  least 200%,
especially by a factor of 5 and most  especially by a factor of 10 or more. 



25. Nucleic acid according to one of the preceding  claims 23 or 24, in
which the nucleic acid is not  associated with a CpG island. 26. Nucleic
acid according to one of claims 23 to 25,  comprising a sequence selected
from: SEQ ID NOs. 1, 5, 7,  9, 11, 13, 17, 19, 26, 52 and 54. 27. Vector
comprising a nucleic acid according to one of  claims 23 to 26 in operative
coupling with a suitable  transcription control sequence. 67  28. Vector
according to claim 27, in which the  transcription control sequence
comprises a promoter. 29. Vector according to claim 28, in which the
promoter  is a constitutively active promoter. 30. Vector according to claim
29, in which the  constitutively active promoter is selected from
(cytomegalovirus) CMV promoter and Simian virus 40 (SV40)  promoter. 31.
Vector according to claim 28, in which the promoter  is an inducible
promoter. 32. Vector according to claim 31, in which the inducible  promoter
is a tetracyclin-dependent promoter. 33. Vector according to one of claims
27 to 32, in which  the promoter is not associated with a CpG island. 34.
Vector according to one of claims 27 to 33, in which  the sequences or parts
thereof present on the vector and  different from the nucleic acid according
to one of  claims 23 to 26, have a reduced number of CpG  dinucleotides. 35.
Vector according to one of claims 27 to 34, in which  the sequences or parts
thereof different from the nucleic  acid according to one of claims 23 to 26
have a number of  CpG dinucleotides reduced by about 25%, preferably 500,
more preferably 75% and most particularly preferably by  1000. 



68  36. Vector according to one of claims 27 to 35, with the  nucleic acid
sequence shown in SEQ ID NO. 25. 37. Cell containing a nucleic acid or a
vector according  to one of claims 23 to 36. 38. Expression system
comprising: (a) a modified nucleic acid sequence with a region  capable of
transcription, derived from a wild-type  sequence, in which the modified
nucleic acid sequence has  been modified so that it is codon-optimised in
relation  to the employed expression system, and has an increased  or
reduced number of CpG dinucleotides compared to the  codon-optimised
sequence, in operative coupling with a  transcription control sequence, (b)
an expression environment selected from a cell  and a cell-free expression
environment, wherein (a) can  be expressed, in which the expression system
on  expression of a modified nucleic acid sequence with an  increased number
of CpG dinucleotides exhibits an  increased expression, and on expression of
a modified  nucleic acid sequence with a reduced number of CpG
dinucleotides exhibits a reduced expression. 39. Medicament comprising as
active constituent a  nucleic acid and/or a vector and/or a cell and/or an
expression system according to one of claims 23 to 38.  40. Use of a nucleic
acid and/or a vector and/or a cell  and/or an expression system according to
one of claims 23  to 38 for the production of a medicament for a diagnostic
and/or therapeutic treatment. 69  41. Use according to claim 40 for a gene
therapy  treatment. 42. Use of a nucleic acid, a vector and/or a cell and/or
an expression system according to one of claims 23 to 3B  for the production
of vaccines. 



1130  SEQUENCE PROTOCOL  <110> Geneart GmbH <120> Method for modulating the
gene expression by  altering the CpG content <130> 33252-DH  <140> <141>
<160> 59 <170> Patent In Ver. 2.1  <210> 1 <211> 720  <212> DNA <213>
Artificial sequence  <220> <223> Description of the artificial sequence:
depleted  delta green fluorescent protein (GFP) Gene <220>  <221> CDS <222>
(1)..(720)  <400> 1 atg gtg tcc aag gqg gag gag ctg ttc aca ggg gtg gtg ccc
atc ctg 4B  Net Val Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro Ile Lau
1 5 10 15  gtg.gag ctg gat ggg gat gtg an ggc cac aag ttc tct gtg tct ggg 96
Val Glu Leu Asp Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly 20 25 30
gag ggg gag gag gat gcc acc tat ggc aag etc acc ctg aag ttc atc 144  Gin Gly
Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe Ile 35 40 45  tgc acc
aca ggc aag ctg cca gtg ccc tgg ccc acc ctg gtg acc ace 192  Cys Thr Thr Gly
Lys Lei) Pro Val Pro Trp Pro Thr Leu Val Thr Thr 50 55 60 ttc acc tat ggg
gtg cag tgc ttc agc aga tac cca gac cac atg aag 240  Phe Thr Tyr Gly Val Gln
Cys Phe Ser Arg Tyr Pro Asp His Met Lys 



65 70 75 a0  cag cat gac ttc ttc aag tct gcc atg cct gag ggc tat gtg cag gag
288  Gln His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val Gln Gin 85 90
95  agg acc ate ttc ttc aag gat gat ggc aac tac nag ace agg get gag 336  Arg
Thr Ile Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Gin 100 105 110  gtg
nag ttt gag ggg gat acc ctg gtg aac agg att gag ctg aag ggc 384  Val Lys Phe
Glu Gly Asp Thr Leu Val Asn Arg Ile Glu Lau Lys Gly 115 120 125  att gac ttt
any gag gat ggc ant atc ctg ggc one aag ctg gag tac 432 2130  Ile Asp Phe
Lys Glu Asp Gly Asn Ile LeurGly His Lys Lau Glu Tyr 130 135 14D aac tac aac
age cac aat gtg tac atc atg gca gac aag cag aag aat 480  Asn Tyr Mn Ser His
Mn Val Tyr Ile Met Ala Asp Lys Gln Lys Asa 145 i5.0 155 160  ggc atc aag gtq
aac ttc aag etc agg cac aac att gag gat ggc tct 528  Gly Ile Lys Val Asa Phe
Lys Ile Arq His Mn Ile Glu Asp Sly Ser 165 170 175  gtg cag ctg gca gac cac
tac cag cag aac acc ccc att gga gat ggc 576  Val Gin Leu Ala Asp His Tyr Gin
Gln Mn Tbr Pro Ile Gly Asp Sly 180 185 190  cct gtc ctg ctg eca gac aac cac
tac ctg age acc cag tct gcc ctg 624  Pro Val Lev Leu Pro Asp Asn His Tyr Leu
Ser Thr Gin Ser Ala Leu 195 200 205  agc aag gac ccc aat gag aag egg gac cac
atg gtg ctg ctg'gag ttt 672  Ser Lys Asp Pro Mn Glu Lys A.rg Asp His Met Val
Leu Leu Glu The 210 215 220 gtg ace get get ggc etc acc ctg ggc atg gat gag
ctg tac aag tga 720  Val Thr Ala Ala Sly Ile Thr Lea Sly Net Asp Glu Leu Tyr
Lys 225 230 235 240  <210> 2 <211> 239  <212> PRT 



<213> Artificial sequence <223> Description of the artificial sequence:
depleted  delta green fluorescent protein (GFP) Gene <400> 2 Met Val Ser Lys
Sly Gin Gin Leu The Thr Sly Val Val Pro Ile Leu  1 5 10 15  Val Glu Leu Asp
Gly Asp Val Asn Gly His Lys the Ser Val Ser Gly 20 25 30  Glu Gly Glu Gly
Asp Ala Thr Tyr Sly Lys Leu Thr Leu Lys the Ile  35 40 45 Cys Thr Thr Gly
Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr  50 55 60  Phe Thr Tyr Sly
Val Gln Cys Phe Ser Arg Tyr Pro Asp His Met Lys  65 70 75 BO  Gln His Asp
the the Lys Ser Ala Met ?ro Glu Gly Tyr Val Gln Glu 85 90 95  Prg Thr Ile
The the Lys Asp Asp Sly Mn Tyr Lys Thr Arg Ala Glu  100 105 110 Val Lys Phe
Glu Gly Asp Thr Leu Val Asn Arg Ile Glu Leu Lys Gly  115 120 125  Ile Asp
Phe Lys Gin Asp Gly Asn Ile Leu Gly His Lys Len Glu Tyr 130 135 140 3(30
Asn Tyr Asn Sex His Asn Val Tyr Ile Met Ala Asp Lys Gln Lys Asn  145 150 155
160  Gly Ile Lys Val Asn Phe Lys Ile Arg His Asn Ile Glu Asp Gly Ser 165 170
175  Val Gin Leu Ala Asp His Tyr Gln Gln Asn Thx Pro Its Gly Asp Gly  180
185 190 Pro Val Leu Leu Pro Asp Asn His Tyr Lou Ser Thr Gin Ser Ala Leu  195
200 205  5er Lys Asp Pro Asn Glu Lys Arg Asp His Met Val Leu Leu Glu Phe 210
215 220  Val Thr Ala Ala Gly Ile Thr Leu Gly Net Asp Glu Leu Tyr Lys  225
230 235  



<210> 3 <211> 720  <212> DNA <213> Artificial sequence  <220> <223>
Description of the artificial sequence: depleted  delta green fluorescent
protein (huGFP) Gene  <220> <221> CDS <222> (1)..(720)  <400> 3 atg gtg ago
aag ggc gag gag ctg ttc acc ggg gtg gtg ccc atc ctg 48  Met Val Ser Lys Gly
G1u Glu Leu The Thr Gly Val Val Pro Ile Lau 1 5 10 15  gtc gag ctg gac ggc
gac gta aac ggc cac sag ttc ago gtg tcc ggc 96  Val Glu Leu Asp Gly Asp Val
han Gly His Lys Phe Set Val Ser Gly 20 25 30  gag ggc gag ggc gat gcc acc
tac ggc sag ctg acc ctg aag ttc etc 144  Glu Gly Glu Gly Asp Ala Thr Tyr Gly
Lys Leu Thr Leu Lys Phe Ile 35 40 45  tgc acc acc ggc aag ctg ccc gtg ccc
tgg ccc ace ctc gtg acc acc 192  Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro
Thr Leu Val Thr Thr 50 55 60 ttc ace tae ggc gtg cag tgc ttc ago cgc tac ccc
gac cac atg aag 240  Phe Thr Tyr Gly Val Gln Cys The Ser Arg Tyr Pro Asp His
Met Lys 65 70 75 80  cag cac gee tte tte aag toe gee atq coo gaa ggc tac gtc
cag gag 2S8  Gln His Asp Phe The Lys Ser Ala Met Pro Glu Gly Tyr Val Gln Glu
85 90 95  cgc ace atc ttc ttc aag gac gac ggc aac tac aag acc cgc gcc gag
336  Arg Thr Ile Phe PheLys Asp Asp Gly Ass Tyr Lys Thr Arg Ala Glu 100 105
110  gtg aag ttc gag ggc gac acc ctg gtg aac cgcatc gag ctg aag ggc 384 4130
Val Lys Phe Glu Gly Asp Thr Lau Val Asn Arg lie Glu Lau Lys Gly 



115 120 125  ate gac ttc aag gag qac ggc aac ate ctg ggg cac sag ctg gag tac
432  Ile Asp Phe Lys Glu Asp Gly Asn Ile Lau Gly His Lys. Lau Glu Tyr 130
135 140 aac tac aac age cac aac gtc tat etc atg gee gac aag cag aag aac 480
Asn Tyr Asn Ser His Asn Val Tyr Ile Met Ala Asp Lys Gin Lys Asn 145 150 155
160  ggc ate aag gtg aac ttc aag etc cgc cac aac ate gag gac ggc age 528
Gly Ile Lys Val Asn Phe Lys Ile Arg His Asn Ile Gin Asp Gly Ser 165 170 175
gtg cag ctc gee gac cac tac cag cag aac ace ccc ate ggc gac ggc 576  Val Gln
Lau Ala Asp His Tyr Gln Gln Asn Thr Pro Ile Gly Asp Gly 180 185 '190  ccc
gtg ctg ctg ccc gac aac cac tac ctg age ace cag tcc gcc ctg 624  Pro Val Leu
Leu Pro Asp Asn His Tyr Lau Ser Thr Gin Ser Ala Lau 195 200 205  agc asa gac
ccc aac gag aag cgc gat cac atg gtc ctg ctg gag ttc 672  Ser Lys Asp Pro Asn
Glu Lys Arg Asp His Met Val Leu Lau Glu Phe 210 215 220 gtg ace gcc gcc ggg
etc act ctc gge atg gac gag ctg tac sag taa 720  Val Thr Ala Ala Gly Ile Thr
Lau Gly Met Asp Glu Lau Tyr Lys 225 230 235 240  <210> 4 <211> 239  <212>
PRT <213> Artificial sequence <223> Description of the artificial sequence:
depleted  delta green fluorescent protein (huGFP) Gene  <400> 4 Met Val Ser
Lys Gly Glu Gin Lau Phe Thr Gly Val Val Pro Ile Lau  1 5 10 15  Val Glu Lau
Asp Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly 20 25 30  Glu Gly Glu
Gly Asp Ala Thr Tyr Gly Lys Lau Thr Lau Lys Phe Ile  35 40 45 



Cys Thr Thr Gly Lys Lau Pro Val Pro Trp Pro Thr Lau Val Thr Thr  50 55 60
Phe Thr Tyr Gly Val Gln Cys Phe Ser Arg Tyr Pro Asp His Met Lys  65 70 75 80
Gln His Asp Phe the Lys Ser Ala Met Pro Glu Gly Tyr Val Gln Gin 85 90 95
Arg Thr Ile Phe the Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu  100 105 110
Val Lys Phe Glu Gly Asp Thr Lau Val Asn Arg Ile Glu Lau Lys Gly  115 120 125
5130  Ile Asp The Lys Glu Asp Gly Asn Ile Leu Gly His Lys Lea Glu Tyr 130
135 140  Asn Tyr Asn Ser His An Val Tyr Ile Met Ala Asp Lys Gin Lys Asn  145
1S0 155 160  Gly Ile Lys Val Asn Phe Lys Ile Arg His Asn Ile Glu Asp Gly Ser
165 170 175  Val Gin Lea Ala Asp His Tyr Gln Gln Asn Thr Pro Ile Gly Asp Gly
180 185 190 Pro Val Lea Lau Pro Asp Asn His Tyr Lea Ser Thr Gin Ser Ala Lau
195 200 205  Ser Lys Asp Pro Asn Glu Lys Arg Asp His Met Val Leu Lau Glu Phe
210 215 220  Val Thr Ala Ala Sly Ile Thr Lau Gly Met Asp Glu Lau Tyr Lys
225 230 235  <210> 5 <211> 279  <212> DNA <213> Artificial sequence  <220>
<223> Description of the artificial sequence: marine  M?Plalpha:-OcpG
(marine MIPlalpha gene with 0 CpG  dinucleotides) <220>  <221> CDS 



<222> (1)..(279)  <400> 5 atg aag gtg age aca aca get ctq get gtg ctg ctg
tgt acc atg ace 48  Met Lys Val Ser Thr Thr Ala Lau Ala Val ten Lau Cys Thr
Met Thr 1 5 10 15  ctg tgc aac cag gtg no tct gee cct tat gga gca gat ace
cct aca 96  Lau Cys Asn Gln Val Phe Ser Ala Pro Tyr Gly Ala Asp Thr Pro Thr
20 25 30  gee tgc tgt ttc age tae age agg aag etc ccc agg cag ttc att gtg
144  Ala Cys Cys Phe Ser Tyr Ser Arg Lys Ile Pro Arg Gln Phe Ile Val 35 40
45  gac tac ttt gag ace age age ctg tgt tct cag cct ggg gtg ate ttt 192  Asp
Tyr Phe Glu Thr Ser Ser Leu Cys Ser Gln Pro Gly Val Ile Phe 50 55 60 ctg ace
aag agg aac agg rag ate tg-t gca gac age aag gag aca tgg 240  Lea Thr Lys
Arg Asn Arg Gin Ile Cys Ala Asp Sex Lys Glu Thr Trp 65 70 75 80  gtg cag gag
tac atc aca gac ctg gag ctg eat gcc tag 279  Val Gln Glu Tyr Ile Thr Asp Lau
Glu Lea Asn Ala 85 90 6130  c2i0> 6 <211> 92  <212> PRT <213> Artificial
sequence <223> Description of the artificial sequence: murine
MCPlalpha-OCpG (murine 141Plalpha gene with 0 CpG  dinucleotides) <400> 6
Met Lys Val Ser Thr Thr Ala Lau Ala Val Leu Lau Cys Thr Met Thr  1 5 10 is
Lau Cys Asn Gln Val Phe Ser Ala Pro Tyr Gly Ala Asp Thr Pro Thr 20 25 30
Ala Cys Cys Phe Ser Tyr Ser Arg Lys Ile Pro Arg Gin the Ile Val  35 40 45 



Asp Tyr Phe Glu Thr Sex Ser Len Cys Ser Gln Pro Gly Val Ile Phe  50 55 60
Leu Thr Lys Arg Asn Arg Gln Ile Cys Ala Asp Ser Lys Gin Thr Trp  65 70 75 BO
Val Gln Glu Tyr Ile Thr Asp Lau Glu Lau Asn Ala 85 90  <210> 7 <211> 279
<212> DNA <213> Artificial sequence  <220> <223> Description of the
artificial sequence: murine  MIPlalpha-2CpG (murine MIPlalpha gene with 2
CpG  dinucleotides) <220>  <221> CDS c22Z> (1)..(279)  c400> 7 atg aag gtg
ago aca'aca gat ctg gcc g-tg ctg ctg tgt acc atg.acc 48  Met Lys Val Ser Thr
Thr Ala Lau Ala Val Leu Lau Cys Thr Met Thr 1 5 10 15  ctg tgc aac cag gtg
ttc tat gcc cot tat gga gca gat acc act aca 96  Lau Cys Asn Gln Val Phe Ser
Ala Pro Tyr Gly Ala Asp Thr Pro Thr 2D 25 30  gcc tgc tgt ttc agc tac ago
agg sag atc ccc agg cag ttc etc gtg 144  Ala Cys Cys Phe Set Tyr Ser Arg Lys
Ile Pro Arg Gin Phe Ile Val 35 4D 45  gac tac ttt gag acc agc ago ctg tgt
tot cag cot ggg gtg etc ttt 192  Asp Tyr The Glu Thr Der Ser Lau Cys Ser Gin
Pro Gly Val Ile The 50 55 60 ctg acc aag agg aac agg cag etc tgt yea gac agc
aag gag aca tgg 240  Lau Thr Lys Arg Psn Arg Gln Ile Cys Ala Asp Ser Lys Glu
Thr Trp 7130  55 70 75 80  gtg cag gag tac atc aca gac ctg gag ctg aat gcc
tag 279  



Val Gln Glu Tyr Ile Thr Asp Leu Glu Lau Asn Ala BS 90  <210> B <211> 92
<212> PAT <213> Artificial sequence <223> Description of the artificial
sequence: murine  MTPlalpha-2CpG (murine NaPlalpha gene with 2 CpG
dinucleotides) <400> B Met Lys Val Ser Thr Thr Ala Leu Ala Val Lou Leu Cys
Thr Met Thr  1 5 10 15  Lau Cys Asn Gin Val Phe Ser Ala Pro Tyr Gly Ala Asp
Thr Pro Thr 20 25 30  Ala Cys Cys Pha Ser Tyr Ser Arg Lys Ile Pro Arg Gln
Phe Ile Val  35 40 45 Asp Tyr Phe Glu Thr 5er Ser Leu Cys Ser Gln Pro Gly
Val Ile Phe  50 55 60  Leu Thr Lys Arg Asn Arg Gin Ile Cys Ala Asp Ser Lys
Glu Thr Trp  65 70 75 BO  Val Gln Gin Tyr Ile Thr Asp Leu Glu Leu Asn Ala 85
90  <210> 9 <211> 279  <212> DNA <213> Artificial, sequence  <220> <223>
Description of the artificial sequence: murine  HIP alpha-4CpG (murine
MIPlalpha gene with 4 CpG  dinucleotides <220>  <221> CDS <222> (1)..(279)
<400> 9 atg aag gtg ago aca aca get ctg gcc gtg ctg ctg tgt acc atg acc 48  



Met Lys Val Ser Thr Thr Ala Len Ala Val Leu Leu Cys Thr Met Thr 1 5 10 15
ctg tgc aac cag gtg ttc tat gcc act tac gga gca gat acc cot aca 96  Leu Cys
Asn Gln Val Phe Ser Ala Pro Tyr Gly Ala Asp Thr Pro Thr 20 25 30  got tgc
tgt ttc ago tac ago agg aag atc ccc agg cag ttc atc gtg 144  Ala Cys Cys Phe
Ser Tyr Ser Arg Lys Ile Pro Arg Gin Phe Ile Val 35 40 45 8/30  gac tac ttt
gag acc agc agc ctg tgt tct cag cct ggg gtg ate ttt 19Z  Asp Tyr The Glu Ths
Ser Ser Lea Cys Ser Gln Pro Gly Val Ile Phe 50 55 50 ctg ace aag agg aac cgc
cag ate tgt gca gac agc aag gag aca tgg 240  Lau Thr Lys Arg Asn Arg Gin Ile
Cys Ala Asp Ser Lys Glu Thr Trp 65 70 75 80  gtg cag gag tac ate aca gac ctg
gag ctg aat gcc tag 279  Val Gln Glu Tyr Ile Thr Asp Len Glu Len Asn Ala 85
90  <210> 10 <211> 92  <212> PRT <213> Artificial sequence <223> Description
of the artificial sequence: murine  CP1alpha-4CpG (murine MIPlalpha gene
with 4 CpG  dinucleotides) <400> 10 Met Lys Val Ser Thr Thx Ala Lea Ala Val
Len Lau Cys Thr Met Thr  1 5 10 15  Len Cys Asn Gln Val Phe Ser Ala Pro Tyr
Gly Ala Asp Thr Pro Thr 20 25 30  Ala Cys Cys Phe Sex Tyr Ser Azg Lys Ile
Pro Arg Gln Phe Ile Val  35 40 45 Asp Tyr Phe Glu Thr Ser Sex Leu Cys Ser
Gln Pro Gly Val Ile Phe  50 55 60  Lea Thr Lys Arg Asn Arg Gln lle Cys Ala
Asp Ser Lys Glu Thr Trp  



65 70 75 80  Val Gin Glu Tyr Ile Thr Asp Len Glu Len Asn Ala 85 90  <210> 11
<211> 279  <212> DNA <213> Artificial sequence  <220> <223> Description of
the artificial sequence: murine  MIPlalpha-13CpG (murine MSPlalpha gene with
13  CpG dinucleotides) <220>  <221> COS <222> (1)..(279)  <400> 11 atg aag
gtg age ace aca get ctg get gtg ctg ctg tge ace atg ace 48  Met Lys Val Ser
Thr Thr Ala Leu Ala Val Len Lea Cys Thr Met Thr 1 5 1D i5  ctg tgc aac eag
gtg tte age get eet tae ggc gce gat ace cat aca 96  Len Cys Asn Gln Val Phe
Sex Ala Pro Tyr Gly Fla Asp Thr Pro Thr 9/30  2D 25 30 gcc tgc tgc ttc age
tac agc agg aag atc ccc agg cag ttc ate gta 144  Ala Cys Cys Phe Ser Tyr Ser
Arg Lys Ile Pro Arg Gin Phe Ile Val 35 40 45  gac tac ttc gag ace age age
ctg tgt tct cag ccc ggc atg ate ttc 192  Asp Tyr Phe Glu Thr Ser Ser Leu Cys
Ser Gln Pro Gly Val Ile Phe 50 55 60 ctg acc aag egg aac aga cag atc tgc gec
gac age aag gag aca tgg 240  Leu Thr Lys Arg Asn Arg Gin Ile Cys Ala Asp Ser
Lys Glu Thr Trp 65 70 75 80  gtg cag gag tac ate ace gac ctg gag ctg sac gcc
tag 279  Val Gln G112 Tyr Ile Thr Asp Leu Glu Lau Asn Ala 85 90  <210> 12 



<211>-92  <212> PR? <213> Artificial sequence <223> Description of the
artificial sequence: murine  MIPlalpha-13CpG (murine MIPlalpha gene with 13
CpG dinucleotides) <400> 12 Met Lys Val Ser Thr Thr Ala Leu Ala Val Leu Leu
Cys Thr Met Th:  1 5 10 i5  Lev Cys Asn Gin Val Phe Ser Ala Pro Tyr Gly Ala
Asp Thr Pro Thr 20 25 30  Ala Cys Cys Phe Ser Tyr Ser Psg Lys Ile Pro Arg
Gln Phe Ile Val  35 40 45 Asp Tyr Phe Glu Thr gar Ser Lau Cys Ser Gln Pro
Gly Val Ile Phe  50 55 60  Lau Thr Lys Arg Asn Arg Gln Ile Cys Ala Asp Ser
Lys Glu Thr Trp  65 70 75 80  Val Gln Glu Tyr Ile Thr Asp Leu Gin Lau Asn
Ala 85 90  c210> 13 c211> 279  <212> DNA <213> Artificial sequence  <220>
<223> Description of the artificial sequence: murine  MIPlalpha-42CpG
(murine MlPlalpha gene with 42  CpG dinucleotides) <220>  <221> CDS <222>
11).-(279)  c400> 13 10/30  atq aag gtg tcg aeg acc gcg etc get gtg ctg ctg
tgc acg atg acg 49  Met Lys Val Ser Thr Thr Ala Lou Ala Val Lau Lau Cys Thr
Met Thr 1 5 10 15  ctg tqc aac cag gtg ttc ago gcc cog too ggc gcc gac acg
ccg acc 96  



Lau Cys Asn Gln Val Phe Ser Ala Pro Tyr Gly Ala Asp Thr Pro Thr 20 25 30
gog tyc tgc ttc tog tac tcg cgg aag etc ccg cgg cag ttc atc gtc 144  Ala Cys
Cys The Ser Tyr Set Arg Lys lie Pro Arg Gln The Ile Val 35 40 45  gac tac
ttc gas acg tcg tcg ctg tgc tog cag ccc ggc gtg atc ttc 192  Asp Tyr Phe Glu
Thr Ser Ser Lau Cys Sex Gin Pro Gly Val Ile the 50 55 60 ctc acg aag cgg aac
cgg cag etc tgc gee gac tog aag gaa acg tag 240  Lau Thr Lys Arg Asn Arg Gln
Ile Cys Ala Asp Ser Lys Glu Thr Trp 65 70 75 80  gtg cag gag tac atc acc gas
ctc gaa ctg aac gcg tag 279  Val Gln Glu Tyr Ile Thr Asp Lau Glu Lau Asn Ala
85 90  <210> 14 <211> 92  <212> PRT <213> Artificial sequence <223>
Description of the artificial sequence_ murine  MIPlalpha-42CpG (murine
MIPlalpha gene with 42  CpG dinucleotides) <400> 14 Met Lys Val Ser Thr Thr
Ala Lou Ala Val Lau Lou Cys Thr Met Thr  1 5 10 15  Lau Cys Asn Gln Val Phe
Sex Ala Pro Tyr Gly Ala Asp Thz Pro Thr 20 25 30  Ala Cys Cys The Sex Tyr
Ser Arg Lys Ile Pro Arg Gin Phe Ile Val  35 40 95 Asp Tyr The Glu Thr Ser
Set Lau Cys Ser Gin Pro Gly Val Ile Phe  50 55 60  Lau Thr Lys Arg Asn Arg
Gln Ile Cys Ala Asp Set Lys Glu Thr Trp  65 70 75 80  Val Gln Glu Tyr Ile
Thr Asp Lau Glu Lau Asn Ala 85 90  <210> 15 



<211> 279  <212> DNA  <213> Murine  <220> <223> Murine MIPlalpha wild-type
with 7 CpG dinucleotides  <220> ----------- 11/30 <221> CDS <222> (1)..(279)
<400> 15 atg aag gtc tee acc act gcc ctt get gtt ctt etc tgt ace atg ace 48
Met Lys Val Ser Thr Thr Ala Lou Ala Val Lou Lou Cys Thr Met Thr 1 5 10 15
etc tgc aac caa gtc ttc tea gcg_tea tat gga get gac acc ccg act 96  Lev Cys
Asn Gln Val Phe Set Ala Pro Tyr Gly Ala Asp Thr Pro Thr 20 25 30  gee tge
tgc ttc tee tae age cgg aag att eta egc caa ttc ate gtt 144  Ala Cys Cys Phe
Set Tyr Ser Arg Lys Ile Pro Arg Gln the Ile Val 35 40 45  gac tat ttt gaa
acc age age ctt tgc tee cag cca ggt gtc att ttc 192  Asp Tyr The Glu Thr Ser
Sex Len Cys Ser Gln Pro Gly Val Ile Phe 50 55 - 60 ctg act aag aga aac egg
cog ate tgc get gac tee aaa gag acc tgg 240  Lau Thr Lys Arg Asn Arg Gln Ile
Cys Ala Asp Ser Lys Glu Thr Trp 65 70 75 80  gte caa gaa tae ate act gac ctg
gaa ctg aat gcc tag 279  Val Gin Glu Tyr Ile Thr Asp Lau Gin Lou Asn Ala 85
90  <210> 16 <211> 92  <212> PRT  <213> Murine <223> Murine MIPialpha
wild-type with 7 CpG dinucleotides  <400> 16 



Met Lys Val Ser Thr Thr Ala Lou Ala Val Lau Len Cys Thr Met Thr  1 5 10 15
Lou Cys Asn Gln Val Phe Ser Ala Pro Tyr Gly Ala Asp Thr Pro Thr 20 25 30
Ala Cys Cys Phe Ser Tyr Ser Arg Lys Ile Pro Arg Gln Phe Ile Val  35 40 45
Asp Tyr Phe Glu Thr Set Set Lev Cys Sex Gin Pro Gly Val Ile Phe  50 55 60
Lou Thr Lys Arg Asn Arg Gln Ile Cys Ala Asp Set Lys Glu Thr Trp 65 70 75 80
Val Gln Glu Tyr Ile Thr Asp Lev Glu Lev Asn Ala 85 90  <210> 17 <211> 282
<212> DNA <213> Artificial sequence  <220> <223> Description of artificial
sequence: human 12130  MIPlalpha-43CpG (human MIPlalpha gene with 43 CpG)
<220> <221> COS <222> (1)..(282)  <400> 17 atg caa gtg tog acc gcc get etc
gcc gig ctg ctg tgc acq atg gcg 48  Met Gln Val Ser Thr Ala Ala Lau Ala Val
Lau Lau Cys Thr Met Ala 1 5 10 15  ctg tgc aac caa gtg ctg ago gcg cot ctc
gcc gcc gac acg cog ace 96  Lau Cys Asn Gin Val Lau Ser Ala Pro Lau Ala Ala
Asp Thr Pro Thr 20 25 30  gcg tgc tgc ttc tog tac acg tog cgg cag ate cog
cag aac ttc etc 144  Ala Cys Cys Phe Ser Tyr Thr Ser Arg, Gin Ile Pro Gin
Asn Phe Ile 35 40 45  gcc gac tac ttc gag acg tog, tog cag tgc tcg aag ccg
age gig ate 192  Ala Asp Tyr the Glu Thr Sir Ser Gin Cys Ser Lys Pro Ser Val
Ile 



50 55 60 ttc ctg acg aag cgc gga cgg caa gtg tgc gcc gac ccg agc gag gag 240
Phe Lau Thr Lys Arg Gly Arg Gin Val Cys Ala Asp Pro Ser Glu Glu 65 10 75 80
tgg gtg cag aag tac gtg age gac ctc gas ctg agc gcg tag 282  Trp Val Gin Lys
Tyr Val Ser Asp Leu Glu Lau Sex Ala 85 90  <210> 18 <211> 93  <212> PRT
<213> Artificial sequence <223> Description of artificial sequence: human
MIPlalpha-43cpg (human MIPlalpha gene with 43 CpG)  <400> 18 Met Gin Val Ser
Thr Ala Ala Leu Ala Val Leu Len Cys Thr Met Ala  1 5 10 15  Lau Cys Asn Gin
Val Lau Ser Ala Pro Leu Ala Ala Asp Thr Pro Thr 20 25 30  Ala Cys Cys the
Ser Tyr Thr Ser Arg Gin Ile Pro in Asn the Ile  35 40 45 Ala Asp Tyr the Glu
Thr Ser Ser Gin Cys-Ser Lys Pro Ser Val Ile  50 55 60  Phe Lau Thr Lys Arg
Gly Arg Gin Val Cys Ala Asp Pro Ser Glu Glu  65 70 75 8D  Trp Val Gin Lys
Tyr Val Ser Asp Lau Glu Lau Ser Ala 85 90  <210> 19 <211> 435  <212> DNA
13/30  <213> Artificial sequence <220>  <223> Description of artificial
sequence: synthetic gene  <220> <223> human GM-CSF-63CpG  



<220> <221> CDS <222> (1)..(435)  <400> 19 atg tgg ctg cag tcg ctg ctg ctg
ctc gga acc gtc gcg tgt tog atc 48  Met Tip Leo Gin Set Lau Leu Lau Lea Gly
Thr Val Ala Cys Ser Ile 1 5 10 15  ago gcg cct gcg cgg tcg cog tcg cog
tog.acg cag cog tgg gag cac 96  Ser Ala Pro Ala Arg Set Pro Set Pro Set Thr
Gin Pro Trp Glu His 20 25 30  gtg aac gcg atc cag gag gcg cgs cgg ctg ctg
aac ctg tcg cgc gat 144  Val Asn Ala Ile Gin Glu Ala Arg Arg Leu Lea Asn Lau
Ser Arg Asp 35 40 45  aca gcc gcc gag atg aac gag acc gtc gag gtg atc agc
gag atg ttc 192  Thr Ala Ala Glu Met Asn Glu Thr Val Glu Val Ile Sex Glu Met
Phe 50 55 60 gac ctg cag gag cog acg tgc ctg cag acg cgg ctc gas ctg tat aag
240  Asp Leu Gin Glu Pro Thr Cys Lau Gin Thr Arg Leu Glu Lau Tyr Lys 65 70
75 80  cag ggc ctc cqc ggc tcg ctc acg aag ctg aag ggc ccg ctc acg atg 288
Gin Gly Lau Arg Gly Ser Lau Thr Lys Leo Lys Gly Pro Lau Thr Met 85 90 95
atg gcg tcg cac tac aag cag cac tgc ccg ccg acg ccc gaa acg tcg 336  Met Ala
Set His Tyr Lys Gin His Cys Pro Pro Thr Pro Glu Thr Ser 100 105 110  tgc gcg
acg cag etc atc acg ttc gag tcg ttc aag gag aac ctg aag 384  Cys Ala Thr Gin
Ile Ile Thr The Gin Set the Lys Glu Asn Leo Lys 115 120 125  gac ttc ctg ctc
gtg atc ccg ttc gat tgc tgg gag ccc gtg cag gag 432  Asp the Lea Lau Val Ile
Pro The Asp Cys Trp Glu Pro Val Gin Glu 130 135 140 tag 435  145 <210> 20
<211> 144  



<212> PRT <213> Artificial sequence  <223> human GM-CSF-63CpG  <400> 20 Met
Trp Lau Gln Sex Lau Lau Lau Lau Gly Thr Val Ala Cys Set Ile 14130 - 1 5 10
15 Ser Ala Pro Ala Arg Ser Pro Ser Pro Ser Thr Gin Pro Trp Glu His  20 25 30
Val Asn Ala 119 Gin Glu Ala Arg Arg Lau Leu Asn Leu 5er Arg Asp 35 40 45
Thr Ala Ala Glu Net Asn Glu Thr Val Glu Val Ile sex Glu Met Phe  50 55 60
Asp Leu Gin Glu Pro Thr Cys Lau Gin Thr Arg Lau Glu Lau Tyr Lys  65 70 75 80
Gin Gly Leu Arg Gly Ser Leu Thr Lys Lau Lys Gly Pro Leu Thr Net 85 90 95
Met Ala Ser His Tyr Lys Gin His Cys Pro Pro Thr Pro Glu Thr Her  100 105 110
Cys Ala Thr Gin Ile Ile Thr Phe Glu Ser Phe Lys Glu Asn Leu Lys  115 12D 125
Asp Phe Lau Lau Val Ile Pro Phe Asp Cys Trp Glu Pro Val Gin Glu 130 135 140
<210> 21 <211> 282  <212> DNA  <213> human  <220> <223> human MIPlalpha gene
wild-type (8CpG)  <220> <221> CDs <222> (1)(282)  <400> 21 atg tag gtc tee
act get gee at get gte etc etc tgc ace atg get 48  Met Gin Val Ser Thr Ala
Ala Leu Ala Val Lau Leu Cys Thr Met Ala 



1 5 10 15  etc tge aac tag gte etc tot gca tea ctt got get gac aeg ccg ace
96  Lau Cys Asn Gin Val Lau Ser Ala Pro Leu Ala Ala Asp Thr Pro Thr 20 25 30
goo tgc tgc ttc age tac acc tcc cgs cag att cca tag sat ttc ate 144  Ala Cys
Cys Phe Ser Tyr Thr Ser Arg Gin Ile Pro Gin Asn Phe Ile 35 40 45  get gac
tee ttt gag acg agc agc cag tgc tee aag ccc agt gtc ate 192  Ala Asp Tyr Phe
Glu Thr 5er Ser Gin Cys Sex Lys Pro Her Val Ile 50 55 60 ttc eta acc aag age
ggc egg cag gtc tgt get gac ccc agt gag gag 240  Phe Lau Thr Lys Arg Gly Arg
Gin Val Cys Ala Asp Pro Ser Glu Glu 65 70 75 s0  tgg gte cag aaa tac gtc agt
gat ctg gag ctg agt gcc tag 282  Trp Val Gin Lys Tyr Val 5er Asp Lau Gin Lau
Ser Ala 15130  85 90  <210> 22 <211> 93  <212> PRT  <213> human <223> human
MIPlalpha gene wild-type (BCpG)  <400> 22 Met Gln Val Ser Thr Ala Ala Leu
Ala Val Lau Leu Cys Thr Net Ala  1 5 10 15  Lau Cys Mn Gln Val Lau Sex Ala
Pro Leu Ala Ala Asp Thr Pro Thr 20 25 30  Ala Cys Cys The Ser Tyr Thr Ser
Arg Gin Ile Pro Gin Asn Phe Ile  35 40 45 Ala Asp Tyr Phe Glu Thr Ser Ser
Gln Cys Ser Lys Pro Ser Val Ile  50 55 60  ?he Leu Thr Lys Arg Gly Arq Gin
Val Cys Ala Asp Pro Ser Glu Glu  65 70 75 80  Trp Val Gln Lys Tyr Val Ser
Asp Lau Glu Lau Ser Ala 85 90  



<210> Z3 <211> 435  <212> DNA  <213> human  <220> <223> human GM-CSF gene
wild-type (1OCpG)  <220> <221> CDS <222> (1)..(435)  <400> 23 atg tgg ctg
cag age ctg ctg ctc ttg ggc act gtg gcc tgc age ate 48  Met Trp Len Gln Ser
Lau Leu Lau Leu Gly Thr Val Ala Cys Ser Ile 1 5 10 15  tct gca ccc gcc cgc
tcq ccc age ccc age acg cag ccc tgg gag cat 96  Ser Ala Pro Ala Arg Ser Pro
Ser Pro Ser Thr Gin Pro Trp Glu His 20 25 30  gtg aat gcc ate cag gag gcc
egg cgt ctc ctg aac ctg agt aga gac 144  Val Asn Ala Ile Gln Glu Ala Arg Arg
Lau Leu Asn Leu Ser Arq Asp 35 40 45  act get get gag atg aat gas aca gta
gaa gte ate tca gaa atg ttt 192  Thr Ala Ala Glu Met Asn Glu Thr Val Glu Val
Ile Ser Glu Met The 50 55 60 gac ctc cog gag ccg ace tgc cta cog ace cgc ctg
gag ctg tac aag 240  Asp Leu Gln Glu Pro Thr Cys Leu Gin Thr Arg Leu Glu Leu
Tyr Lys 65 70 75 80 - cag ggc ctg egg ggc age etc ace aag etc aag gqc ccc
ttg ace atg 288 Gln Gly Len, Arg Gly Ser Leu Thr Lys Lau Lys Gly Pro Leu Thr
Met  85 90 95  atg gcc agc cac tac aag cag cac tgc act cca ace ccg gaa act
tcc 336  Met Ala Ser His Tyr Lys Gln His Cys Pro Pro Thr Pro Glu Thr Ser 100
105 110  tgt gca ace cag att ate acc ttt gaa agt ttc aaa gag aac ctg aag 384
Cys Ala Thr Gin Ile Ile Thr The Glu Sex Phe Lys Glu Asn Leu Lys 115 120 125
gac ttt ctg ett gtc ate ccc ttt gae tgc tgg gag cca gte cag gag 432  



Asp Phe Leu Leu Val Ile Pro the Asp Cys Trp Glu Pro Val Gln Glu 130 135 140
tag 435  145 <210> 24  <211> 144  <212> PRT  <213> human <223> human GM-CSF
gene wild-type (1OCpG)  <400> 24 Met Trp Leu Gln Ser Leu Leu Lau Leu Gly Thr
Val Ala Cys Ser Ile  1 5 10 15  Ser Ala Pro Ala Arq Ser Pro Ser Pro Ser Thr
Gla Pro Trp Glu His 20 25 30  Val Asn Ala Ile Gin Glu Ala Arq Arg Leu Leu
Asn Leu Ser Arg Asp  35 40 45 Thr Ala Ala Glu Met Asn Glu Thr Val Glu Val
Ile 5er Gin Met Phe  50 55 60  Asp Leu Gin Gin Pro Thr Cys Lau Gln Thr Arg
Leu Glu Leu Tyr Lys 65 70 75 80  Gln Gly Leu Arg Gly Ser Leu Thr Lys Leu Lys
Gly Pro Leu Thr Met  85 90 95 Met Ala 5er His Tyr Lys Gln His Cys Pro Pro
Thr Pro Glu Thr 5er  100 105 110  Cys Ala Thr Gin Ile Ile Thr Phe Gin Ser
Phe Lys Glu Asn Leu Lys 115 120 125  Asp Phe Lau Lau Val Ile Pro The Asp Cys
Trp Glu Pro Val Gln Glu  130 135 140  <210> 25 <211> 3034  <212> DNA <213>
Artificial sequence  <220> 17/30  <223> :Description of artificial sequence:
p smallsyn  



vector <400> 25 atcgatgttg acattgatta ttgactagtt attaatagta atgaattaag
gggtcattag 60  ttcatagccc atctatgggg ttccgcgtta cataacttac ggtaaatggc
ccgcctggct 120  gaccgcccaa cgacccccgc ccattgacgt caataatgac gtatgttccc
atagtaacgc 180  caatagggac tttecattga cgtcaatggg tggagtattt acggtaaact
gcccacttgg 240  cagtacatca agtgtatcat atgcctaata cgccccctat tgacgtcaat
gacggtaaat 300  ggccegcctg gcattatgce cagtacatga cettatggga etttcctact
tggcagtaca 360  tctacgtatt agtcatcgct attagcaggg tgatgcggtt ttggcagtac
atcaatgggc 420  gtggatagcg gtttgactca cggggatttc caagtctcca ccccattgac
gtcaatggga 480  gtttgttttg gcaccaaaat caacgggact ttccaaaatg tcgtaacaac
tccgccccat 540  tgacgcaaat gggcggtagg cgtgtacggt gggaggtcta tataagcaga
gctctctggc 600  taactagaga acccactgct tactggctta tctaaattaa tacgactcac
tatagggaga 660  cccaagctgt taagcttggt agatatcagg gatccactca gctgatcagc
ctccagttta 720  aacctgtgcc ttctagttgc cagccatctg ttgtttgccc ctcccccgtg
ccttccttga 780  ccctggaagg tgccadtccc actgtccttt cctaataaaa tgaggaaatt
gcatcgcatt 840  gtctgagtag gtgtcattct attctggggg gtggggtggg gaaggacagc
aagggggagg 900  attgggaaga caatagcaigg-catgctgggg atgcggtggg ctctatggcc
cgggtagtga 960  attcatgtga gcaaaaggcc agcacaaggc caggaaecgt aaaaaggccg
cgttgctggc 1020  .gtttttccat aggctccgcc cccctgacga gcatcacaaa aatcgacgct
caagtcagag 1080  gtggcgaaac ccgacaggac tataaagata ccaggcgttt ccccctggaa
gctccctcgt 1140  gcgctctcct gttccgaccc tgccgcttac cggatacctg tccgcctttc
tcccttcggg 1200  aagcgtggcg ctttctcata gctcacgctg taggtatctc agttcggtgt
aggtcgttcg 1260  ctccaagctg ggctgtgtgc acgaaccccc cgttcagccc gaccgctgcg
ccttatccgg 1320  taactatcgt cttgagtcca acccggtaag acacgactta tcgccactgg
cagcagccac 1380  tggtaacagq attagcagag cgaggtatgt aggcggtgct acagagttct
tgaagtggtg 1440  gcctaactac ggctacacta gaaggacagt atttggtatc tgcgctctgc
tgaagccagt 1500  taccttcgga aaaagagttg gtagctcttg atccggcaaa caaaccaccg
ctggtagcgg 1560  tggttttttt gtttgcaagc agcagattac gcgcagaaaa aaaggatctc
aagaagatcc 1620  tttgatcttt tctacgggag atctgtctga ctetcagtgg aaccaaaact
catgttaagg 1680  gattttggtc atgagattat caaaaaggat cttcacctag atccttttaa
attaaaaatg 1740  aagttttaaa tcaatctaaa gtatatatga gtaaacttgg tctgacaggt
taacttacca 1800  atgcttaatc aatgaggcac caatctctgc aatctgccta tttctctcat
ccatggttgc 1860  ctgactgcct gtggtgtaga taactacaat cctggagggc ttaccatctg
gccccagtgc 1920  tgcaatgata cetctagacc ctctctcacc tgctccagat ttatctgcaa
tgaaccagcc 1980  



agctggaagg gcagacctca gaagtggtcc tgcaacttta tctgccccca tccagtctat 2040
taattgttgt ctggaagcta gagtaagcag ttcaccagtt aatagtttcc tcaaqgttgt 2100
tgecattgct acaggcatgg tggtgtccct ctcatcattt ggtatggctt cattcagctc 2160
tggtttccct ctatcaagcc tagttacatg atcacccatg ttgtgcaaaa aagcagtcaa 2220
ctcctttggt cgtcaaatgg ttgtcaaaag taagttggca gcagtgttat cactcatggt 2280
tatggaagca ctgcataatt etcttactgt catgccatct gtaagatgct tttctgtgac 2340
tggactgtac tcaaccaagt cattctgaga atagtgtatt cttctaccca gttgctcttg 2400
cccagcatca attctggata atactgcacc acatagcaga actttaaagg tgetcatcat 2460
tggaaatctt tcttctggtc taaaactctc aaggatctta ccagagttga gatccagttc 2520
aatgtaaccc actcttgcac ccaactgatc ttcageatct tttactttca ccagggtttc 2580
tgggtgagca aaaacaggaa ggcaaatggc agcaaaaaaq ggaataaggg caactctgaa 2640
atgttgaata ctcatagtac tactcttcct tttteaatat tattgaagca tttatcaggg 2700
ttattgtctc atgagcggat acatatttga atgtatttag aaaaataaac aaataggggt 2760
atgcattcag ctcacatttc cctgaaaagt gccacttgaa attgactgat agggagttct 2820
cccaatcccc tatggtgcac tctcagtaca atctgctctq atgcctcata gttaagccag 2880
tatctgctcc ctccttgtgt gttggaggtc actgagtagt gggctagcaa aatttaagct 2940
acaacaaggc aaggcttgac ctacaattgc atgaagaatc tgcttagggt taggcctttt 3000
gcactgcttg gagatgtact ggccagatat acta 3034  <210> 26 <211> 669  <212> DNA
<213> Artificial sequence  <220> lsl30  <223> Description of the artificial
sequence: p24 delta CpG gene (HIV-1 plasmid p24 (capsid protein) gene  with
depleted CpG dinuclectides) <220>  <221> CDS <222> (1)..(696)  <400> 26 atg
gtg cac cag gcc ate age coo agg ace ctg aat gcc tgg gtg aaq 48  Met Val His
Gin Ala Ile Her Pro Arg Thr Leu Asn Ala Trp Val Lys 1 5 10 15  gtg gtg gag
gag aag gcc ttc age cot gag gtg ate ccc atg ttc tot 96  



Val Val Glu Glu Lys Ala Phe Ser Pro Glu Val Ile Pro Met Phe Ser 20 25 30
gcc ctg tot gag ggg gcc ace ccc cag gac ctg aac ace atg ctg aac 144  Ala Leu
5er Glu Gly Ala Thr Pro Gin Asp Lea Asn Thr Met Leu Asn 35 40 45  aca g-tg
ggg ggc cac cag get gcc atg cag atg ctg aag gaa ace ate 192  Thr Val Gly Gly
His Gln Ala Ala Met Gin Met Leu Lys Glu Thr Ile 50 55 60 eat gag gag get got
gag tgg gac aga gtg cac act gtg cat get ggc 240  Asn Glu Glu Ala Ala Glu Trp
Asp Arg Val His Pro Val His Ala Gly 65 70 15 80  ccc att gcc cct ggc cag atq
agg gag ccc agg ggc tct gac att got 288  Pro Ile Ala Pro Gly Gln Met Arg Glu
Pro Arg Gly Her Asp Ile Ala - 85 90 95 ggc ace acc tee acc ctg cag gag cag
att ggc tgg atg ace aac aac 336  Gly Thr Thr Ser Thr Leu Gin Glu Gln Ile Gly
Trp Met Thr Asn Asn 100 105 110  ccc ccc ate cot gtq ggg gag ate tac aag age
tgg ate ate ctg ggc 384  Pro Pro Ile Pro Val Gly Glu Ile Tyr Lys Arg Trp Ile
Ile Lea Gly 115 120 125  ctg aac aag att gtg agg atg tac age ccc arc tee etc
ctg gac ate 432  Lea Asn Lys Ile Val Arg Met Tyr Her Pro Thr Ser Ile Leu Asp
Ile 130 135 140 agg cag ggc ccc aag gag ccc ttc agg gac tat gtg gac agg ttc
tee 480  Arg Gin Gly Pro Lys Gin Pro Phe Arg Asp Tyr Val Asp Arg Phe Tyr 145
150 155 160  aag ace etg agg get gag cag gcc ago cag gag gtg aag aac tgg atg
528  Lys Thr Lea Arg Ala Glu Gin Ala Ser Gln Glu Val Lys Asn Trp Met 165 170
175  aca gag acc ctg ctg gtg cag eat gcc aac cot gac tgc aag ace ate 576
Thr Glu Thr Leu Leu Val Gln Asn Ala Asn Pro Asp Cys Lys Thr Ile 180 185 190
ctg aag gee ctg ggc cca get gcc acc ctg gag gag atg atg aca gcc 624  Leu Lys
Ala Lou Gly Pro Ala Ala Thr Leu Glu Glu Met Met Thr Ala 195 200 205  



tgc cag ggg gtg gga ggc cot ggc cac aag gcc agg gtg ctg tea 669  Cys Gin Gly
Val Gly Gly Pro Gly His Lys Ala Arg Val Len 19/30  210 215 220  <210> 27
<211> 222  <212> PAT <213> Artificial sequence <223> Description of the
artificial sequence: p24 delta  CpG gene (HIV-1 plasmid p24 (capsid protein)
gene  with depleted CpG dinucleotides) <400> 27 Met Val His Gln Ala Ile Ser
Pro Arg Thr Leu Asn Ala Trp Val Lys  1 5 10 i5  Val Val Glu Glu Lys Ala Phe
Ser Pro Glu Val Ile Pro Met the Ser 20 25 30  Ala Leu Ser Glu Gly Ala Thr
Pro Gln Asp Leu Asn Thr Met Leu Asn  35 40 45 Thr Val Gly Gly His Gln Ala
Ala Met Gin Met Lau Lys Glu Thr Ile  50 55 60  Aso Glu Glu Ala Ala Glu Trp
Asp Arg Val His Pro Val His Ala Gly  65- 70 75 80  Pro Ile Ala Pro Gly Gln
Met Arg Glu Pro Arg Gly Ser Asp Ile Ala 85 90 95  Gly Thr Thr Ser Thr Lau
Gin Glu Gln Ile Gly Trp Met Thr Asn Asa  100 105 110 Pro Pro Ile Pro Val Gly
Glu Ile Tyr Lys Arg Trp Ile Ile Leu Gly  115 120 125  Leu Asn Lys Ile Val
Arg Met Tyr 5er Pro Thr Bar Ile Lau Asp Ile 130 135 140  Arg Gln Gly Pro Lys
Glu Pro Phe Arg Asp Tyr Val Asp Arg Phe Tyr  145 150 155 160  Lys Thr Lau
Arg Ala Glu Gln Ala Ser Gln Glu Val Lys Asn Trp Net 165 170 175  Thr Glu Thr
Lau Lau Val Gin Asn Ala Asn Pro Asp Cys Lys Thr Ile  



180 185 190 Leu Lys Ala Leu Gly Pro Ala Ala Thr Lau Glu Glu Met Met Thr Ala
195 200 205  Cys Gln Gly Val Gly Gly Pro Gly His Lys Ala Arg Val Leu 210 215
220  <210> 28 <211> 34  <212> DNA <213> Artificial sequence  <220> <223>
Description of the artificial sequence: Primer 20!30  huGFP-1 c400> 28
caataagctt gccaccatgg tgagcaaggg cgag 34  <210> 29 <211> 29  <212> DNA <213>
Artificial sequence  <220> <223> Description of the artificial sequence:
Primer  huGPF-2 <400> 29 agtaggatcc tattacttgt acagctcgt 29  { <210> 30
<211> 20  <212> DNA <213> Artificial sequence  <220> <223> Description of
the artificial sequence: Primer  RT-oligol <400> 30 ccctgaagtt catctgcacc 20
<210> 31 



<211> 22  <212> DNA <213> Artificial sequence  <220> <223> Description of
the artificial sequence: Primer oligo2  <400> 31 gatcttgaaq ttcaccttga tg 22
<210> 32 <211> 34  <212> DNA <213> Artificial sequence  <220> <223>
Description of the artificial sequence: Primer  mamip-l <400> 32 caggtaccaa
gcttatgaag gtctccacca ctgc 34  <210> 33 <211> 43  <212> DNA <213> Artificial
sequence  <220> 21130 ---------- <223> Description of the artificial
sequence: Primer mamip-2  <400> 33 cagagctcga gtcatgaaga ctaggcattc
agttccaggt cag 43  <210> 34 <211> 33  <212> DNA <213> Artificial sequence
<220> <223> Description of the artificial sequence: Primer hugm-1  <400> 34
caggtaccaa gcttatgtgg ctgcagagcc tgc 33  <210> 35 



<211> 43  <212> DNA <213> Artificial sequence  <220> <223> Description of
the artificial sequence: Primer hugm-2  <400> 35 cagagctcga gtcatgaaga
ctactcctgg actggctccc ago 43  <210> 36 <211> 33  <212> DNA <213> Artificial
sequence  <220> <223> Description of the artificial sequence: Primer
humip-1 <400> 36 cagtaccaag cttatgcagg tctccactgc tgc 33  <210> 37 <211> 45
<212> DNA <213> Artificial sequence  <220> <223> Description of the
artificial sequence: Primer  humip-2 <400> 37 cagagctcga gtcatgaaga
ctaggcactc agctccaggt cactg 45  <210> 38 <211> 43  <212> DNA <213>
Artificial sequence  <220> 22130  <223> Description of the artificial
sequence: Primer p24-1  <400> 38 actaggtacc atctaagctt atgcccatcg tgcagaacat
cca 43  <210> 39 



<211> 45  <212> DNA <213> Artificial sequence  <220> <223> Description of
the artificial sequence: Primer p24-2  <400> 39 tcaagagctc gactggatcc
tattacagca ccctggcctt gtggc 45  { <210> 40 <211> 41  <212> DNA <213>
Artificial sequence  <220> <223> Description of the artificial sequence:
Primer CMV-1  <400> 40 caaaggtacc gttaatcgat gttgacattg attattgact a 41
<210> 41 <211> 24  <212> DNA <213> Artificial sequence  <220> <223>
Description of the artificial sequence: Primer CMV-2  <400> 41 gaatgagctc
tgcttatata gacc 24  <210> 42 <211> 35  <212> DNA <213> Artificial sequence
<220> <223> Description of the artificial sequence: Primer on-1  <400> 42
gtcacccggg tagtgaattc atgtgagcaa aaggc 35  <210> 43 <211> 35  <212> DNA
<213> Artificial sequence  



<220> <223> Description of the artificial sequence: Primer on-2  <400> 43
23/30  gatcttttct acgggagatc tgtcaatcga tagct 35  <210> 44 <211> 42  <212>
DNA <213> Artificial sequence  <220> <223> Description of the artificial
sequence: Primer pa-1  <400> 44 gttagagctc cagtgtttaa acctgtgcct tctagttgcc
ag 42  <210> 45 <211> 39  <212> DNA <213> Artificial sequence  <22D> <223>
Description of the artificial sequence: Primer pa-2  <400> 45 caaacctacc
gatacccggg ccatagagcc caccgcatc 39  <210> 46 <211> 42  <212> DNA <Z13>
Artificial sequence  <220> <223> Description of the artificial sequence:
Primer  ref-del-1 <400> 46 tcagatgcat ccgtacgtta acatgtgagc aaaaggccag ca 42
<210> 47 <211> 33  <212> DNA <213> Artificial sequence  <220> 



<223> Description of the artificial sequence: Primer  ref-del-2 <400> 47
agtcatgcat ccatagagcc caccgcatcc cca 33  <210> 48 <211> 33  <212> DNA <213>
Artificial sequence  <220> <223> Description of the artificial sequence:
Primer 5'-3  <220> <223> huil-1 24130  <400> 48 caggtaccaa gcttatgaga
atttcgaaat cac 33  <210> 49 <211> 45  <212> DNA <213> Artificial sequence
<220> <223> Description of the artificial sequence: Primer 5'-3  <220> <223>
huil-2  <400> 49 cagagctcga gtcatgaaga ctaagaagtg ttgatgaaca tttgg 45  <210>
50 <211> 34  <212> DNA <213> Artificial sequence  <220> <223> Description of
the artificial sequence: Primer 5'-3  <220> <223> magm-1  <400> 50
caggtaccaa gcttatggcc cacgagagaa aggc 34  



<210> 51 <211> 43  <212> DNA <213> Artificial sequence  <220> <223>
Description of the artificial sequence: Primer 5'-3  <220> <223> magm-2
<400> 51 cagagctcga gtcatgaaga ctatttttgg cctggttttt tgc 43  <210> 52 <211>
489  <212> DNA <213> Artificial sequence  <220> <223> Description of the
artificial sequence: synthetic  gene <220>  <223> human IL-15-21CpG  <220>
25/30  <221> CDS <222> (1)..t489)  <400> 52 atq egg ate age aag ccc cac ctg
agg age ate age ate cag tgc tac 48  Met Arg Ile Ser Lys Pro His Leu Arg Ser
Ile Set Ile Gin Cys Tyr 1 5 10 15  ctg tgc ctg ctg ctg ate age etc ttc ctg
aca gag gee ggc ate cac 96  Lau Cys Lau Lou Leu Asn Ser His Phe Leu Thr Gin
Ala Gly Ile His 20 25 30  gtg ttt ate ctg ggc tgc ttc tet gee qge ctg oct
sag aca gag gcc 144  Val Phe Ile Lau Gly Cys Phe Bar Ala Gly Leu Pro Lys Thr
Gin Ala 35 40 45  aac tgg gtg aac gtg ate age gac ctg aag aag ate gag gac
ctg ate 192  Asn Trp Val Asn Val Ile Ser Asp Lau Lys Lys Ile Glu Asp Lau Ile



50 55 60 cag age atg cac ate gac gcc ace etg tac aca gag age gac gtg cac 240
Gin Ser Met His Ile Asp Ala Thr Lau Tyr Thr Gin Ser Asp Val His 65 70 75 80
cct age tgt aag gtg ace gcc atg aag tgc ttc ctg utg gag ctg cag 288  Pro Ser
Cys Lys Val Thr Ala Met Lys Cys Phe Lau Lau Glu Leu Gin 85 90 95  gtg ate
age ctg gag age ggc gat gee age etc cac gac ace gtg gag 336  Val Ile Ser Lou
Glu Ser Gly Asp Ala Ser Ile His Asp Thr Val Glu 100 105 110  aac ctg ate ate
ctg gcc aac aac age ctg age age aac ggc set gtg 384  Asn Lau Its Ile Lau Ala
Asn Asn Ser Lau Ser Ser Asn Gly Asn Val 115 120 125  acc gag age ggc tgc aag
gag tgt gag gag ctg gag gag aag aac ate 432  Thr Glu Ser Gly Cys Lys Glu Cys
Glu Glu Lau Gin Glu Lys Asn Ile 130 135 140 sag gag ttc ctg cag age tte gtg
cac ate gtg cag atg ttc ate aac 480  Lys Glu The Lou Gin Ser the Val His Ile
Val Gin Met Phe Ile Asn 145 150 155 160  ace age tag 489  The Ser c210> 53
<211> 162  <212> PRT <213> Artificial sequence  <223> human IL-15-21CpG
<400> 53 Met Arg Ile Ser Lys Pro His Leo Aig Ser Ile Ser Ile Gin Cys Tyr  1
5 10 15  Lau Cys Lou Lau Lau Asn Ser His the Lou Thr Glu Ala Gly Ile His 20
25 30  Val Phe Ile Lau Gly Cys the Ser Ala Gly Lau Pro Lys Thr Glu Ala  35
40 45 26130  Asn Trp Val Asn Val Ile Ser Asp Lau Lys Lys Ile Glu Asp Lau Ile



50 55 60  Gln Ser Met His Ile Asp Ala Thr Lau Tyr Thr Glu Ser Asp Val His
65 70 75 80  Pro Ser Cys Lys Val Thr Ala Met Lys Cys Phe Leu Lau Glu Lau Gln
85 90 95  Val Ile Ser Leu Glu Ser Gly Asp Ala Ser Ile His Asp Thr Val Glu
100 105 110 Asn Leu Ile Ile Lou Ala Asn Asn Ser Lau Ser Ser Asn Gly Asn Val
115 120 125  Thr Glu Ser Gly Cys Lys Glu Cys Glu Glu Lau Glu Glu Lys Asn Ile
130 135 140  Lys Glu The Leu Gln Ser Phe Val His Ile Val Gln Met Phe Ile Asn
145 150 155 160  Thr Ser <210> 54  <211> 426  <212> DNA <213> Artificial
sequence  <220> <223> Description of artificial sequence: synthetic  gene
<220>  <223> murine GM-CSF-62CpG  <220> <221> CDS <222> (1).,(426)  <400> 54
atg tgg ctg cag aac ctg ctg ttc ctc ggc atc gtc gtg tac tog ctg 48  Met Trp
Lou Gln Asn Lau Leu the Leu Gly Ile Val Val Tyr Ser Leu 1 5 10 15  ago gcg
cog acg ego tcg cog ate acc gtg acg cgg cog tgg aag cac 96  Set Ala Pro Thr
Arg Ser Pro Ile Thr Val Thr Arg Pro Trp Lys His 20 25 30  gtc gag gcg ate
aag gag gcg ctg aac ctg etc gac gac atg ccc gtg 144  Val Glu Ala Ile Lys Glu
Ala Lau Asn Lau Lau Asp Asp Met Pro Val 



35 40 45  acq ctg aac gag gag gtc gag gtc gtq tog aac gag ttc tog ttc aag
192  Thr Lau Asn Glu Glu Val Glu Val Val Ser Asn Glu Phe Ser Phe Lys 50 55
60 aag ctg acg tgc gtg cag acg egg ctg aag ate ttc gag cag ggc ctg 240  Lys
Lau Thr Cys Val Gln Thr Arg Lau Lys Ile Phe Gin Gln Gly Lou 65 70 75 80
27/30  cgc ggc aac ttc acg aag ctq aag ggc gag ctq aac atg acc gag tcg 288
Arg Gly Asn Phe Thr Lys Lau Lys Gly Ala Lea Asn Met Thr Ala Ser 85 90 95
tac tac cag Beg tae tgc ccg ccq acg ccc gag acc gat tgc gag acg 336  Tyr Tyr
Gin Thr Tyr Cys Pro Pro Thr Pro Glu Thr Asp Cys Gin Thr 100 105 110  cag qtg
acg sag tac gcc gee ttc ate gac tag ctg aag acq ttc ctg 384  Gin Val Thr Thr
Tyr Ala Asp Phe Ile Asp Ser Leu Lys Thr Phe Leu 115 120 125  ace gac ate ccg
ttc gag tgc aag aag ccc ggc tag Bag tag 426  Thr Asp Ile Pro The Glu Cys Lys
Lys Pro Gly Gin Lys 130 135 140  <210> 55 <211> 141  <212> PRT <213>
Artificial sequence  <223> murine GM-CSF-62CpG  <400>. 55 Met Trp Lea Gin
Asn Leu Lau Phe Lea Gly Ile Val Val Tyr Set Leu  1 5 10 15  Set Ala Pro Thr
Arq Ser Pro Ile Thr Val Thr Arg Pro Trp Lys his 20 25 30  Val Glu Ala Ile
Lys Glu Ala Lea Asn Lau Leu Asp Asp Met Pro Val  35 40 45 Thr Lou Mn Glu Glu
Val Glu Val Val Set Mn Glu Phe Set Phe Lys  50 55 60  Lys Lau Thr Cys Val
Gin Thr Arg Lau Lys Ile Phe Glu Gin Gly Leu  



65 70 75 80  Arg Gly Asn Phe Thr Lys Lea Lys Gly Ala Lea Asn Met Thr Ala Set
85 90 95  Tyr Tyr Gin Thr Tyr Cys Pro Pro Thr Pro Glu Thr Asp Cys Glu Thr
100 105 110 Gin Val Thr Thr Tyr Ala Asp the Ile Asp Ser Lau Lys Thr Phe Lea
115 120 125  Thr Asp Ile Pro Phe Glu Cys Lys Lys Pro Gly Gin Lys 130 135 140
<210> 56 <211> 489  <212> DNA  <213> human  <220> <223> human IL-15
wild-type (3CpG)  <220> <221> CDS 28130  <222> (1)..(489) <400> 56 atg aga
att tcg aaa cca cat ttg aga agt att tcc atc cag tgc tac 48  Met Arg Ile Ser
Lys Pro His Lau Arg Ser Ile Ser Ile Gln Cys Tyr 1 5 10 15  ttg tgt tta ctt
cta no agt cat ttt cta act gaa get ggc att cat 96  Lau Cys Lau Lou Lau Asn
Ser His Phe Lou Thr Glu Ala Gly Ile His 20 25 30  gtc ttc att ttg ggc tgt
ttc agt gca ggg ctt cct aaa aca gaa gcc 144  Val the Ile Lou Gly Cys the Ser
Ala Gly Leu Pro Lys Thr Glu Ala 35 40 45  aac tgg gtg aat gta ata agt gat
ttg aaa aaa att gaa gat ctt att 192  Asn Trp Val Asn Val Ile Ser Aso Lau Lys
Lys Ile Glu Asp Lau Ile 50 55 60 caa tat atg cat att gat get act tta tat acg
gaa agt gat gtt cac 240  Gln Ser Met His Ile Asp Ala Thr Lau Tyr Thr Glu Ser
Asp Val His 65 70 75 80  



ccc agt tgc an gta aca gca atg sag tgc ttt ctc ttg gag tta caa 288  Pro Ser
Cys Lys Val Thr Ala Met Lys Cys Phe Lau Lau Glu Lau Gln 85 90 95  gtt att
tca ctt gag tcc gga gat gca agt att cat gat aca gta gaa 336  Val Ile Ser Lau
Glu Ser Gly Asp Ala Ser Ile His Asp Thr Val Glu 100 105 110  sat ctg atc atc
cta gee aac aac agt ttg tct tot aat ggg sat gta 384  Asn Lau Ile Ile Lau Ala
Asn Asn Ser Lau Ser Ser Asn Gly Asn Val 115 120 125  aca gaa tct gga tgc aaa
gaa tgt gag gaa ctg gag gaa aaa sat att 432  Thr Glu Ser Gly Cys Lys Glu Cys
Glu Glu Lau Glu Glu Lys Asn Ile 130 135 140 aaa gaa ttt ttg cag agt ttt gta
cat art qtc caa atg ttc etc no 480  Lys Glu Phe Lau in Ser the Val His Ile
Val Gln Met the Ile Mn 145 150 155 160  act tct tag 489  Thr Ser <210> 57
<211> 162  <212> PRT  <213> human <223> human IL-15 wild-type (3CpG)  <400>
57 Met Arg Ile Ser Lys Pro His Lau Arg Ser Ile Ser Ile Gln Cys Tyr  1 5 10
15  Lau Cys Lau Lea Lau Asn Ser His Phe Leu Thr Glu Ala Gly Ile His 20 25 30
Val the Ile Lau Gly Cys the Ser Ala Gly Lea Pro Lys Thr Glu Ala  35 40 45
Z9130  Asn Trp Val Asn Val Ile Ser Asp Leu Lys Lys Ile Glu Asp Lau Ile 50 55
60  Gln Ser Met His Ile Asp Ala Thr Leu Tyr Thr Glu Ser Asp Val His  65 70
75 80  Pro Ser Cys Lys Val Thr Ala Met Lys Cys Phe Lou Lau Glu Lau Gln 



85 90 95  Val Ile Ser Lau Glu Ser Gly Asp Ala Ser Ile His Asp Thr Val Glu
100 105 110 Asn Lau Ile Ile Lau Ala Asn Asn Ser Lau Ser Ser Asn Gly Asn Val
115 120 125  Thr Gin Ser Gly Cys Lys Glu Cys Glu Glu Leu Glu Gin Lys Asn Ile
130 135 140  Lys Glu the Lau Gln Ser the Val His Ile Val Gln Met the Ile Asn
145 ISO 155 160  Thr Ser <210> 58  <211> 426  <212> DNA  <213> murine  <220>
<223> murine GM-CSF wild-type (ilCpG)  <220> <221> CDS <222> (11..(426)
<400> 59 atg tgg ctg cag oat tta ctt ttc ctg ggc att gtg gtc tac age ctc 48
Met Trp Lau Gln Asn Lau Lau the Lau Gly Ile Val Val Tyr Ser Lau 1 5 10 15
tca gca ccc ace cgc tca ccc ate act gtc ace egg cct tgg aag cat 96  Ser Ala
Pro Thr Arg Ser Pro Ile Thr Val Thr Arg Pro Trp Lys His 20 25 30  gta gag
gcc ate aaa gaa gee ctg aac ctc ctg gat gac atg cot gtc 144  Val Glu Ala Ile
Lys Glu Ala Lou Asn Lau Lau Asp Asp Met Pro Val 35 40 45  aca ttg aat gaa
gag gta gaa gtc gtc tct aac gag ttc toe ttc aag 192  Thr Lau Asn Glu Glu Val
Glu Val Val Ser Asn Gin The Ser The Lys 50 55 60 aag eta aca tqt gtg cag ace
cgc ctg aag ata ttc gag cag ggt cta 240  Lys Lau Thr Cys Val Gin Thr Arg Lou
Lys Ile Phe Glu Gin Gly Lau 65 70 75 00  



egg gge aat ttc ace aaa ctc aag ggc gcc ttg aac atg aca gcc age 288  Arg Gly
Asn Phe Thr Lys Lau Lys Gly Ala Lau Asn Met Thr Ala Ser 85 90 95  tac tee
cag aca tac tgc ccc cca act ccg gas acg gac tgt gaa aca 336 30130  Tyr Tyr
Gin Thr Tyr Cys Pro Pro Thr Pro Glu Thr Asp Cys Glu Thr 100 105 110  caa gtt
acc acc tat gcg gat ttc ata gac age ctt aaa ace ttt ctg 384  Gln Val Thr Thr
Tyr Ala Asp Phe Ile Asp Ser Leu Lys Thr The Lau 115 120 125  act gat atc ccc
ttt gaa tgc aaa an cca ggc caa aaa tag 426  Thr Asp Ile Pro The Glu Cys Lys
Lys Pro Gly Gin Lys 130 135 140  <210> 59 <211> 141  <212> PRT  <213> murin
<223> murines GM-CST-wildtyp !11 CpG)  <400> 59 Met Trp Leu Gln Asn Leu Leu
Phe Lou Gly Ile Val Val Tyr Ser Leu  1 5 10 15  Ser Ala Pro Thr Arg Ser Pro
Ile Thr Val Thr Arg Pro Trp Lys His 20 25 30  Val Glu Ala Ile Lys Glu Ala
Lev Asn Len Leu Asp Asp Met Pro Val  35 40 45 Thr Leu Asn Glu Glu Val Glu
Val Val Ser Asn Glu Phe Ser Phe Lys  50 55 60  Lys Leu Thr Cys Val Gln Thr
Arg Leu Lys Ile Phe Glu Gln Gly Leu  65 70 75 80  Arg Gly Asn Phe Thr Lys
Leu Lys Gly Ala Leu Asn Met Thr Ala Ser 85 90 95  Tyr Tyr Gln_Thr Tyr Cys
Pro Pro Thr Pro Glu Thr Asp Cys Glu Thr  100 105 110 Gln Val Thr Thr Tyr Ala
Asp The Ile Asp Ser Leu Lys Thx Phe Len  115 120 125  



Thr Asp Ile Pro the Gin Cys Lys Lys Pro Gly Gln Lys 130 135 140 






