1 WD 2006/ 015789 / PCT/ EP2005/ 008423 Kkt hod f or nodul ati ng gene expression
by altering the CoG content Description The present invention relates to
nodi fi ed pol ynucl eotides that are derived fromnaturally occurring and
synt het i ¢ Wogenes 005785t HePCTYBEHIIp/SefA¥Snces, and that have a reduced or

i ncreased nunber of CpG dinucleotides in the coding region conpared to the
ori gi nal sequence. These Eolynucleotides may be used_in qQrder to

i nvesti gat ¥ethpR - FRRSMOARIAEANG IPRE SERECSSBIORs EYoR 14RE 100 ths ] a)

case, to inprove the production of BPa&fmsléEcul es, the efficiency of DNA
vacci nes or gene therapy constructs, as well as the quality of transgenic
animal s or plants. Background of _the invention The provision of

bi onol ecul es in the form of pepti §8§ST i ns or RNA nol ecules is an

i nportant conponent in the biotechnol ogy and pharmaceutical sector.

Pr ot ei d RNAs duced. b i napt technol d in vi
re used tHS HERTsbht TSR SO ROt RAA LS e R HoCE ELaR BROAPETEREIRER  as i n
the producthon ofc bipieshnplodynseagents, obhutkenpr addckiyaRneak ikr ansgenic

animals or plants, or for nedical applications in the devel opnent of
t r eat ment sgemels vax cobesr Cepindi agauanche., appl kbati bayet he reduskedof

expression_of. correspondin nolecul.es.shoul d _be abl.e be requl ated. In
nost caseso¥n%?%ﬁ%%%ggb%ggg?ﬁeottgﬁéaéﬁ“ﬁ?ﬁﬁﬁ&fﬁSﬁ lfeggﬁscgfégaésired: Each
expressi onr sy sbLMShip ¥ LEH Ot 02t hE0BSE FHEE1ha8glikAtkat | @AsseWhi ch determ ne
the actual production output. The present invention relates to nethods and

qpplicatioplehamlemEidb$emaE hedubateinherdeevéb ofivespigssicon of arbitrary

genes in eukaryotic _cells. IQ garticular the.nethog i s_suitabl e for
incréase or reduce thé& gené eXpression and, 1n 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 bicmolecules 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



nodul ating arbitrary genes so that theZachi evabl e gene expression is above
the Il evel that can be achieved with hitherto known nethods for increasing
the expression. Prior art CpG dinucl eotides occupy an inportant position in

the genomgoftaukarnyod esmifeyi e, netidandond smihstenduiedual i ke ot her
di nucl eotides, but instead are under- represented over w de stretches of the
genone. | pretiition QG nudiesvtprsenth et feyi ohbate® General ly

nmet hyl ated. ,An exception t.0. this ar i ons t y ch higher
density ofm%(f n‘-ﬂﬁ e%%lale%a}aaonndsa vﬁ? Jc‘ﬁg%%gaac%%%nEgaT}éfd‘?%%g(ge %ﬂ%perti es are

ternmed CpGdwdansis.edbr SO RELEF | St Lt P4 Opeddrye Ofid heseaSpérisl ands and a
further difference with respect to the CpG dinucleotides is the fact that
the CpG digricl®ot i HeP 3t idiel 3k | Hirlgnekleod gks aspiteb ot fpEesent in

met hyl ated form. .The under-represent at i on of G din | d s explained
by a cheni'ta ln%tdllrf? ¢H ]D%raC) EPt een%éoréréestg%an%i%e %%J%f%é |':L1Iées§g?%‘l t he genone

of vertebratese aboih H69- AW Ofthd hee eyt oshaescam KPGehiwebeokidrs are
present in nmethylated formand these nethyl ated cytosines are often

modi fi ed Byl tdesirt mafiom tleetgds nesr (Shercasing . thaoogpregsiag. 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, 19RFigxerret al., 1990; Takai et al., 2002). CpGislands form an
exception to this unusual distribution of CpG dinucl eotides (Antequera et
al., 1993). CpGislands are nostly located in the vicinity of pronoters,
and may extend into the transcribed region or even |lie within exons.

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., 199%94).



They are characterised by an approximaely ten-times higher CpG frequency
(ca. 60-70% C+G content) conpared to average gene regions, and are
characterised especially by the fact that as a rule they contain

non- met hyl gt ed £p&H1+ (N¥Sehet ploced990he APOYLKEY 8F alkobunea genes,

especially all housekeepi ng genes and approxi mately half of tissue-specific
genes are assogiznedimegshicpiclabde expacegdehabistlicalloo3; Larsen et

al ., 1992).. G, islands_hgve_been degcri bed apd defined. inter calja in the
Ui | cat 1 SAL By A tPRer 2tr Banchr & Y bimer v {3087 EG C DI ©TarBs. 106,
261-282 angi J@kedoDidds J08esvEnAon(200Bdut PPAS 89, tBE48r34d2ncH nee various

definitions exist in the prior art, for the purposes of the present

i nvention ba €pcsedndBisddel Phed aSvedl pbwsl.a CB&0is| Andaicedprises a
sequence of ,at é @gi 500 successive base pairs with a CpG content of at

| east 5596%ﬁd’a @ fent of (actual CpG/ expected CpG of at |east 0.65,
and it 1is associated with a pronoter (overlapped wholely or partly by a
pronoter). 4 This unequal distribution and nodification of CpG

di nucl eoti des, .i)_under-represented, and pethylated on_the one hand, and ii)
poncentratgﬁaahﬁiﬁﬂﬁétEQfgtga ?ﬁcePEfaﬂdgng%%ﬁeuBPﬁ89Hhand, has an

| mpor t ant QQQEi@buti@ﬁCbEOUFGndihﬁgl@@ﬁﬁébbOmAﬁtehhérgeQQ @Xpression ,
(illustrated diagrammatically in Fig. 1). CpG di nucl eoti des are involved in

the regul al PBA) of CPRelsgandserpressbbhYi hoeakky davéheprémialitat &fes, in

connection_with Il dif.ferentiatign, _genetic._inprintin and ot her
proceduresprgpnggg’n%n eﬁang§?E |e%nﬁgs%kgh5ﬁﬁ £ gﬁbF% gﬁﬁéPéofes, t he

ﬁethylatiogv@ﬁ SiepiBthidi aueheoti des (mMCpG 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; H sano et al., 2003 Li at al.,
2004) (Fig. 1A).

They are characterised by an approximately ten-times

higher CpG freguency (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). BAbout 60% of all human genes,
especially all housekeeping genes and approximately half
of tissue-specific genes are associated with CpG islands
(Anteguera 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.. 186, 261-282 and Takai D. & Jones P.A. (2002)
ENAS 99, 3740-3745. Since various definitions exist in
the pricr 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 promcter (overlapped wholely or

partly by a promoter).



Al'so, in tunour research there are numdrous data that prove that, i) the
swtching off of the expression of certain genes, often suppressor genes,
is caused by a hypernethylation of CpGs (Li et al., 2004; Kang et al.,

2004; | vangygs atinédual 2904 r VBuetonl and2@881ribytishser tpet, ii) the
uncontrol | ed expreSsion of other genes is associated with a hyponethyl ation

(Aki yama ediralcle@0iddes, Yoshundertrapreseobsy. andenpebréssedf ogeibesw t ching
off by methylation is ,explained by a cascade of event ich finally |ead
to a chaﬁﬁ%ﬁgWa?%e_%%?ohgiiﬁog??BgFﬁFE, #H cH?@?ggygg%Sgh%Panscription-meak
state. The; feihys abh obh&f oBhe EPkaBa, HhBusheohpdesantt AbAtgenes generates a
potential binding site for protein conplexes (primarily fromthe famly of

MeCP (et hiinGpiZhi hali blge prevel atjoandf MBe( gerAyExppessiobi ndi ng domai n
protein) profeins whi ¢ch_bi nd th t ed NA sequences and at the sane
tine associﬁigu%f%%t%?s bﬁ%ra@@ggé? hggeén(gg@:H%gC) and transcri ptional
redressor proteins (Jones et al., 1998; Nan et al., 1998; Hendrich et al.,
1998). These conplexes involve as a rule a restructuring of the chromatin,

whi ch | ead o,a switching off of the transcription,activit de et al.,
1999) . The et ATACTBREFHERr GRSt CPYPRgFBne iy ar Sg - eaaOha P ekt ly to a

swi t ching ?éﬁeoéxﬁfgsgﬁﬁﬁ @ﬁpé§§§yoaevayOﬁmégtgmtsﬁggbee Bhndi ng of
essential transcription factors due to the introduced nethyl groups (Deng

et al., 200d)nectThenapbte desér ibédedentgatarnongehethe érpressiog in

s i 1] d.wi th | ion of _ th hyl at i
State in (M cBEUE: GBORFFBER ChG FslARHS, FoTRohoPraP CLARFE BEGively

expressed gehRs BhetNDAt E¥kaR§606kRt EHeWnERhGRGLE Shasds 57 whigah are not, or
are only slightly, nethylated (Fig. 1B). The nethylation of the CpG
di nucl eot i desurhephédesi $MaREs headat searsweiodi a§Leetf opf thige 96XEr essi on of

these genegy 9éggEoEugHu5ertebrates and flowering plants (Hsieh,

1994; Kudo, 1998; Jones et al., 1998; Deng et al.,
2001; Hisano et al., 2003 Li et 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, 1is caused by a
hypermethylation of CpGs (Li et al., 2004; Kang et al.,
2004; 1Ivanova 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 al., 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



suppressor genes or cell cycle regulatér genes) (Fig. 1C, and as a result
| eads to an uncontrolled nmultiplication of these cells. Conversely, genes
that are inactive due to a nethylation of the CpG dinucleotides in CpG

i slands ang agtiyaisth DY Srodeiel hyietd ons) Then aERredeschibegd) deagt hyl ation

in CpGislands |l'eads, through an alteration of the chromatin structure, to
a transcriN® ismweatdee stdtEt dree ospus tingeadsssuidatdi ngthofifsteanehe case
of a nethy|lation.. In additio structural alterations,there may al so be
an activatiaaray L aTRs oA SSAD Rl TR bTORR bUERRESSARE hunan. PG 6
bi ndi ng protgidy {NCERG)ed Sepush, 2 £ebs ul agagckivator 1969t ei n. HOGBP binds
specifically to non-nethyl ated G dinucleotides in the region of

pr onot er s, Hantteriectaseta alrank%%8]) vatDhes¢ temdsekesabnvatveasse an
transcription (Voo et al.,,2000). Htherto the know edge thaf a nethyl ation
of the Cpéi%§é&héﬁ%§%r%§?%¥ﬁn%.%%n%h?eﬁ%?%?@%l?hew??ﬁ%sg??%?i%ﬂ 2downwar ds
has been used 410 pf @VePlof henexpresstPipPioR ageneithaiwhgeebhen,,

over - expressed, or” whose expression 1is undesired, by nethylation (Choi et
al ., 2004;19%z) et T .me20PBIticet . ifi gromgjerArégiohermappeisat ieadof this
know edge (s the targeted ,elimnation of such G dinucleotides in order to
i nprove _égﬁfé%&ﬁe i%nSY{%%QéTge?tgh?feF?% 8¢"al S¥P2BD3} " puBY to an

el i m nati on-&dyet 1wy at hOn 8 ngsseckt akedt i ket ewhtBri 3t §hanggcebrkhe
chromatin structure"to a transcription-inactive state, is |ikew se
prevent ed i gro Wi} . innhrotucegubbibali gnother éPesgi atesti gakedlt he
expression of a transgene with various CpG dinucleotide contents in
operative coupling with a pronoter that is located within a CpGisland, in

germline cells and the enbryos of transgenic mce formed therefrom In
this The above described deregulation of the expression in

tumour cells 1s generally connected with an alteration of
the methylation 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. 1In addition to
structural alterations there may alsc be an activation of

the expression due to activator proteins. The human CpG-



speci al case a transcriptional switchifg off of a reporter gene was
prevented by the elimnation of CpG dinucleotides (Fig. 1D transgene
wi thout CpG, as is otherwise to be expected by a de novo nethyl ati on of

exi sting QHgdgﬂ&uﬂfggé%gs(ﬁbgg@p £4708 YO devel pPIERE 2£FE 9ardP. transgene

CpG high). A nore‘detailed investigation of the nechanismin the
publ i cat i grdyeirCheV{IGER -rd et speshbiveall 1 hato t hen pmevenl abadofptihe gene

expression,is connected with a nethylation of the 7 Jintragenic CpG
dinucleoti%&ﬂﬁc%ﬁékkéﬁségla é@%%%%%l? pEWT?F%F%Ub@%ﬁﬁ%ngﬁyaoccurring

met hyl ati onpfsdcdhe vroroterrassoci ated G istands {FhsciPortbansgene oG
hi gh). For a reporter gene that did not have these intragenic CpG

di nucl eot i theso aatd 4 hat 2A&E0not efficiently expressed, it was shown that the
CpG island was not nethylated (Fig. 1D, transgene without CpG. The authors
therefore concluded that, for a lasting in vivo expression, the CpG

di nucl eoti de content nust be reduced in the immediate vicinity of the
pronot er ahitldritheci@pGniowl edge Wnat nareeastkylatyenecéxphes§pbn nmay

iml | b hi d by the int ti f | et G i sl ds 5 f
oront er | TETG T EEHGRkE PP VBT ChRGt I AEES WD DSOBIBITSCIOBN . Fig. 1B)  In

the identifiedbdols HadXE P&y dbnysteoht desevergrbikewhseri gt egrated
into the corresponding pronoter region of a reporter gene and an increase

in reportegenetivit yiseslfloemndovén-ekpsessedansienhogel bxpukssient est s

h the h P l.i kew - d f t
o physi OF g CoT Ly S 6ot COCORER Bt POLCvhos Cat ar 203000725 FL i< ol rcady

known that,the £z coptentghgas aninfluence on the mRNA stability. Thus,
for exanpl e, Duan and Antezana (2003) show that the expression of three
different variants of a human gene in CHO cells

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
transcfiption—inactive state, 1s 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



consequently leads to differences in the nmRNA concentration. In the first
vari ant the human gene sequence had been altered so that the nunber of TG
di nucl eoti des was maxi m sed. In a second variant on the other hand, the

nunmber of . ' t des, ha i g .5dh [ in the
st eady- st a]ye&%/%ﬁ?é gc%d; fjcgfnl n t eecgerrst)'trjnralz%(é oﬁéﬁ%\ﬁg %%%I %Iggéegg%{ff??’but ed
experi mentaltdly 4 cubddeuanckes sdctilwe by enkidopaofoh hef tRBA. On account of a

stabilisation of the secondary structure with a raised C G content,

cor r espondi FRIMHINAS S 3562 TR CRE rohik 5 Dr bketh dbin ERAASHPTE ¢HPBe, and
corresponqygggx ;#%gyéﬂkéﬁg¥¥% Endrokep doynLp Rapuchnbigher degree

than wild alysi's was not carried out at the protein level, and
al so no i nottesseenic Jr®tceimeloducds onamcdet hat awmas nocoeaséfdbéiehel pG
di nucl eoti des was to be exgected, si nce a stabilifation of the secondary

struct ur e BPETHSIRNA hetfat i Py HRt U eSPt heStRAAsTaPi BAt Deml et al .
discl ose g AaaiEncs Ofpide 1BV { LRdgehe, | Qfou € og0a; oPLIALSedcRYRLesst on 1N

manmal i an . A specific 1ncr CpG di nucl eoti des is not disclosed.
The obj ecttigdrdfrerd nveant 1 wdedvaishdo, pfovi delastenbodnf o vot he tar get ed

nodul ati on of the gene expression that at |east partly avoids the
di sadvant SRJERTJTSIPe prierCRF 1 AInYE0bhiRcEORECRENTBTEALBY TEIHEEROd for the

targeted {AUALIQNLOTs L0 BONR EXPLESEAONL GRBBLESLAY bRCenLobbaw ng

steps: i ovision of a target nuclelc acid sequence to be expressed, ii.
Modi ficatibsnlaidt he target nucleic acid sequence, in which the nunber of
CpG di nucl eotides 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

An increase 1in 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 sc that the number of C/G
dinucleotides was maximised. 1In a second variant on the
other hand, the number of T/A dinucleotides had been

maximised. The differences in the steady-state level,



expression, 9 iii. Coning of the theBeby nodified target nucleic acid
sequence with a nodified nunber of the CpG dinucleotides in a suitable
expression vector in operative coupling with a suitable transcription

control seguence, tWe ExXpuReSbenmeRAfheonpdi héedrtaipatenucl eic acid
sequence in a suitable expression system It was extrenely surprisingly

found t hatexpieimestablyheo deffhedenteshenprbeehrefkdenni of, thractly the
opposite dE£%§Ct an_be ac ie¥ed t@g@. ulg.have bgﬁn exgected according to
a know ed “th np??%?u% t Ot Thi € ansse ﬁ%?,oaj €t & 889ﬁ58 of the
present i nyenidORre byithabstagstAecnanbent 8ht Pp&odiradpbaat hdemriRsa tar get
nucl ei ¢ acid sequence the expression of this target nucleic acid sequence

can be raidere WheseatropgtegdocPhgn daennthbder woldCh@prei needeoti des in the
target nucleic acig.se?ue??g_igg exgﬁgssiog ig Bgevegted.tTh% inc&ease in
t he nunberc%¥r?iﬁfﬁ higréo e |R f'he ?egﬁlﬁg frame “sKBulrd, #alcs ding to
the inventhpghe POle§LEqURERCWE 04t Bopel Nt AAJHELT 9B 6f wasCaGti sl and. The

i ncrease of the CoG dinucleotides in the reading frane differs by
definitioncatrbadacChGtsthadprateinoleyed, pasdi bleol oreinbise sguiber

(<500) and ii% t he abgen e of .an ﬁverlagging wi th t@g Brﬁnnter regi on. The
expr essi onP5Y5E bt RRYIBHEERB GHE And"ba S E&PF, °6r “06n“PRe ot her hand a
cell-free gystemetidBsVikhE0t8YbbeBkpeAtBHOK A YOEI B8 Gk aBHRAKYOLLE eXxpression
system may be used, though a eukaryotic expression systemis preferably
enpl oyed. Shi thdl ecexprasyi shrvgsusascifnthadeR¥Agnegbsdvedival cel l's, insect

cells, e.qg. cul ovir xpression_systens, SF9 cells, Drosophil a-Schnei der
10 ceIIs,l%Egﬁ?ngg?lgﬁeygﬁgpgiag?a?'Saccharonyces

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,



Cerevi siae, Pichia angusta, Pichia pastoris and the like; as well as also
al gae, e.g. Chlanydononas. Exanples of possible plant expression systens
i ncl ude Arabidopsis t hal i ana, Zea mays (corn), N cotiana tobacco (tobacco),

Oyza satlv (ri i Cl o] Brassi ca
sp. (cabbaga]) dﬁ%rh A_& CEF%% er%ﬁé %%??%%?géef%%ﬁ%@%ir(%ﬁiségld
particul ar nann§éq@§n@@IWSthe@pﬁmﬂﬁﬁigdhmmmbeﬁeéfsthércmmfticular sonatic

cells and no germline cells. Partlcularli preferably the expression system
is a system or AEMFleqiiten tov | Bvkiabie neXPyEatioh, VECEO siBst ant i al | y

no de novo "Etﬁ%%§%%$f¥%e fﬁ?%ﬁﬁﬁergp th ug{QgIeh@PQnééﬂﬁﬁanghso possi bl e

to use this net i on of ransgeni ¢ non- organi sms, in
particul ar plantsomheb] agédiésce,The present invention thus relates in
particular to a mnethod for the targeted alteration of the |evel of
expressionief a txgnessiphn efdiiee fodifhedt eagetednualébcascdd of protein
production, in particular in eukaryotic cells, The nethod is characterised
by nodificationse@teRR Feadi Fgltihe DFPEEPRRCBeHYEHRB-t0 be transcri bed.
The nodifications relate to a variation of the proportion of CpG

di nucl eoti des, which correlate with a change of the |evel of expression.

The technology of artificial gene synthesis enables any arbitrary

nucl eot i del set@enedtEpBIEH FFéﬁf%ﬁégélypgggpﬁlFh?FesWP%anSéQHtEE§|sed By

varying kL LRca Nt el Eocatkng,l eatonnof 2,000 whichosgctelale with 11

the | evel expression, rotern duction i's technol ogy be
nodul at ed ¢pfactacgetied aahmevebythhﬁ wehmdcﬁaoé bbencexpespeddi ng

nucl eoti de sequence. Wthin the scope of the present invention CpG

di nucl eot i ¥ESCHAEBY FﬁeﬁtFFPEéeﬁgesaéhtﬁenﬁFFPthVan Sh@Fr B8BNSENf | uence on

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 1) a possible lower base number
(<500} and ii) the absence of an overlapping with the

promoter region.

The expressicn 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



the |l evel of expression. It was surpriig®ingly found that, in contrast to the
general ly accepted opinion, the introduction of CoG dinucleotides in the
way and manner according to the invention |leads to an increase of the gene

expression_.nstead r ctjon of t [ Conversely, the
elimnati c():r?lolfs’q? aqqueact(fgut%d ?L\r%e#usg’t ieo'rg’og%cﬁ%p{;lgn é)écgsxpr ession. The term
"gene expressvarsiaM t iikiihe aonteed, ofidhie mpresents iavenihon ike) udes both
transcription as well as translation, and in particular this termis

under st ood® o' hdudd 55 tldat productGRMYIRERN @handes2®R 1 ¢hePhucl ei ¢ acid

| evel are _intr.qduc ity cQ LY ion preferably
by the prpc? usc%ﬁo%n%gfan\gn arP{Lleth}i%ozT esntgé%%/mﬁje&#]%g%r%%#\%g énﬂesi s, In
whi ch t he tyd INairac & <L gusne e( dorn whiNitdtiean orslespond{ hgb gens) codes
preferably remai ns unchanged. De novo gene synthesis nethods are known to
the perso®ryAd |9&d Va tHeart Hardeim Yikyate TheesleekatfbicHtethe OpG

content | e |y j.ed o b i td.00S, by mutations that
do not deﬁaﬁ)}%y{f#@a’ct%r%éyl% %t%fe y%%éllé&%@r)o%%@ﬁ%el%%i fied target
nucl ei ¢ agirk SOIENEeR ri@yrates cdHledia ided exampbert beupsoduced for

example fromlong oligonucl eotides by a stepw se PCRor, in the 12 case of
convent i oﬁ%m@@n@%ﬁﬂﬁé’m ESHREE el rivgrar ¢ebhs, shecParts¢ulabpliers (e. g.

Ge t ' G i Si j h di
gene. can BEHSHALTVRS 17 Mbmatt (AT | TN bR o P kY posi Cively

i nf | uencedxd fersised g r of s {PH6G) s Pyt es ul & abl yyshaasoénda tdel hunber of CpG
di nucl eotides, and may even exceed the expression rates that can be

achi eved Wittt & Eodok bt M Jerfyekrt iqme bxpr e3dhotrmbyallnerpedeed y even
be raised I')CEV%B r}?%%ﬂ?fﬁ?f&'&ﬁ@§ gumer - gf S dipuel o jdes fakes place at

t he expense 0
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

i 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



RNA and codon optim sation. Preferablylho CpGislands are introduced in the
nodi fi cation of the target nucleic acid sequence, and preferably the
nodi fied target nucleic acid sequence is not associated with CpG i sl ands.

By vay  ofc fel{dd ALLON A5, LE0RMS {he deblosd CPGubstagdScauhgsey Tnfluence

on the expre55|on oper according 't or-none principle, in the
present i rateind itscknoTogy ebatmodulstéguid betaegatédiembruek bl ekpression
and the nunmber of CpG dinucleotides. For_the, expression of ﬁgnes t hese

modi fi cat i BHEL @8 ©f pFa® FABF§SPARFHARGCRUCLEOThAE PREUEBAE alihb Bci d
Sequence'ﬁ%é"iféﬁeq5fdth%g%%%gehge?tvgﬂ§foﬁn&?GtQFnB?EQEQHQeQChgréequence

of a correspon g gene s inflTuence 1ts Teve expression. Since the
genetic ciflent Sf Dedener sheh & heotifshahéngossdbréctyinfoneacespeci fic am no
acid sequence of choosing a plurality of corresponding nucleic acid
sequences. By %@&e%foﬁe?¥ﬂ¥?%§F8ﬁ as regards the hitherto described

nmet hods, 1) the region coding for the transcript should be nodified,

whereby this nethod can be used 13 independently of vectors and ot her gene
technol ogy_ conditions, and_2) for an increase in the |evel of expression

t he nunberI%fW%im?%ﬁﬁﬁ%?eBG}HegogﬂguFHaBe 1PRafSBHT2¥hetQdEFEi onal |y
|t roduced, CpGe. 2t A8cLblSa SOTASEH 08nA0LnTEhNLRS B BT BLerabl y the

nunber eotrdes cohpare e sequence of target nucleic
acid seque@nmuebebeldexpmesshd wayil andemsredeor aredudedg depéehei ng on t he

desired | evel of expresglon ﬁ% at | east 2 Eeferabl at least 3, nore
pr ef er abl y1RYSRERQR £52€E; Fp rén05?eﬁeraﬁ|§ gt 9FBSs XQFe§éﬂoﬁore

prefer abl ylﬁétégaw%flgo aeyeaueeﬁsn%@f eaebbxgws@&oheasto %:@ Ip to 20
or nore, especlal - or even up to 0 or nore, epen g on the
| engt h of the ehlmenanmoheof @de 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



sequence to be expressed. Preferably tIh®e nunber of CpG dinucl eoti des
conpared to the sequence of the target nucleic acid to be expressed 1is
rai sed by at | east 10@6 preferably at |east 20% nore preferably at |east

0% partl il ardy Sreletapy. ot §§S§¥né9$g§s?nﬂagSBstéaéreatffsast 200%

or by a fac or 0 i mnate IS preferred to
elimnate sqféum@t tmgbpma@r@e €l g m batedrw chbn, t DeagenprGPt the genetic
code. However, fewer CpGs can al so be elininated, for exanple 10% 50% or
75% in which case the elimnation again depends on the desired |evel of
expression. 14 Wthin the scope of the present invention it has

sur pri si nggyrheesi ieupnd thatekxpreeasongodrthedocrngspbadingnmpeneof CpG

di nucl eoti des permts a stepw se nDduIatlon of the gene expre55|on A dose

ef f ect mesc%ﬂnﬁﬁ|%ﬁ?@ﬁ§”e%%se?@eHQHQ%¢s #RahLeFharmPRE PEVEPCH OFene
expressi on, f€}$@i?diH i@gﬁg¥dthfn@PQ%EéS”nQﬁbgk'BE”?%Gan f nore or fewer

CpG drnucleot y nentione I'sS possib preferred to
make use ofuitwblegehesatygotheéhpugbaet of Cpdedsputhabtipgeeferally the
maxi mum nunber of CpG dinucl eotides is introduced or eljmnated w thout

havi ng to1%§YG@V?%eeX%%?ﬂot%%rﬂxgéﬁﬁehEQ BrteRethakgedinbel 8FrB15¥ed sequence
to be expr I|n1$ %Hgébgﬁﬂlggab én@f C?ﬁ%dégpfgggabge§> to be introduced

is prefera variation possi Ftres of the degener at ed
codon of aumefﬂe¢eedipeéveanb90r3¢sddseﬁueheelnEBehbe ohhehehandpeirf desired
t he nunber of G, . dinucleotides may be increased still further even if the
cor r espond? hg B ﬁbn%EfﬁogeaﬁenEékF§ PhaFebjtafher 88PEPSe Phi $hEase care

shoul d be §@kes0cEa5H" pt At skBEon UNELLEBrab1LNRCPERE! 9818hR Ot eI N s

not interfered
are introduced in the modification of the target nucleic

acid seguence, 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. 1In the ideal case only the
nucleic acid seguence of a corresponding gene should
influence its level of expression. Since the genetic
code 1s degenerate, there is the possibility, for a
specific amino acid sequence, of choosing a plurality of

corresponding nucleic acid seguences.

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



wi th. The CpG di nucl eoti des may, dependBng on the type of degeneracy of the
genetic code, be renoved or added wthin a codon or also overlapping a
codon. In addition to the change in the nunber of CpG dinucleotides in the
target nuc{ﬁa 4&nt 9y bEre¥RELSEEdangt BERLRt LER MY RRLERBYIEd further at
the nucleic %ﬁlgn ?gv dependlnanon t he dgsﬁfed 8eg$eeagf gene
expreSS|onconditi@msexanplé aﬁornaneasereasgeme erpr éssgednoifs aimed for,

then the nunber of CpG dlnucleotl es i.s preferabl raj such a way
that, due ?%P¥%%S?ﬂ?rBH%cPPBHerO fGP?hQE zﬁ athteresd PHEQ gﬁ

d'Sadva”taﬂ&PHédEff?Hé5adﬁ9€9éna§§&hlﬁﬁr58ﬁc§& g@b@ gREe i3t kaRgl y expressed

secondary structures of I ch coul |sadvantageous ef f ect
on the transhatcobononotumehbylanetifs that could negatively influence the
expression, e.g. RNAinstability notifs, splice-activating notifs,

endonucl ease recognition sites, and the like. On the other hand it is of
course al so possible, if the nunber of CpG dinucleotides is decreased in
order to rkdeferthéy gbaenempeessifofipGt diehichepatidesheo@p&reéidnticl eot i des
speC|f|caII%aat t hose S|%es which, after alteratioon of the nucleic acid

sequence, dSEguspeti P cﬁpﬁytﬁﬁggﬁ NRGLELS. 2Rgdi ReIPENCE &P B6urse al so
possi bl e a@Q%?éégearﬁée&ﬁEQeasba addi-b QR 1O H@ﬁ%ﬁ@%b@goﬂrth%duc'ng the

nunber of Cp di nucleoti d mor eover to carry out a nucleic acid
optim sati dasisedt haveéi bhieexpltesgena, elogr essileasits 2, pperfeedbdry iarthi bi t ed,

or is reduced. Such o tlnlsgtiogi are gccordlngl¥ Ehe insertion or renova
of notifs tRaPtcan MRFPUBRELSER defé efFPésSiofr11ifoMO&Ranpl e secondary

structure- %Eé?ékhﬁh@gaEGQEEB%e§ y%%gh%Q% r%%e&%b% atehkzhemalogy, regions
with raise hormol ogy with respéct to the natura ne, RNA

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.



instability notifs, splice-activating Wtifs, polyadenylation notifs,
adeni ne-ri ch sequence steps, endonucl ease recognition sites and the |iKke.
Yet a further possible way of optim sation consists in 16 optimsing in

each case i e, o4O chioh,ce Eoretbe,desihedinXpt essi 90 gystem This neans
that, within the scope of the present invention, the expression may al so be

rai sed or sedecksingly heemdidbvndnthatthecraserngoarofed®pGidgntbeeoti des,

t he codon chaice i i msed, or de worse, Expression- optimsed

const ruct SN HRGE P hd A THESTHVBhETEn EaRTDES Pr OUGBBA-F o CRRARDFE by
choosing the ©odofeth séxpbrbs 0 t onbgokBesga8BL afakNstibgrexpPres§i on system
that is used. Preferably the eukaryotic expression systemis a mamuali an

system préfseapdy. a Tubamssyss ebhaPrther abvgl ohegefier expheseodon

optim sation is matched t he codon, choice of .humap.genes. Preferably in
this connect?de %éj%%ﬁ%%q%ﬁofgﬁ ?gghgéantﬂﬁteﬁ§mﬁ8§£lgPeageﬁ?F§ 8F next to
nost frequegfly €9®! Qysd-18-fpgumlian cells (Ausubel et al., 1994), in
order to ensure a general stabilisation of the RNA and an optiml codon

choice. Still nore preferably, the nucleic acid sequence is nodified for an
opti mal expression by using the gene optimser technology (DE 102 60 605.9

or PCT/ EPOBL 148503 dy | Re§ODbha8! 10 tBepe8d9p18phhAl pakiEeRregpegr” codons
sel dom used by the ‘expressi on system may however also be enployed in order

to i ncreaswakheunanbérthé tpeeneraayl edt tesgenatinecadehsd &bedrding to the
invention a hgtero#ogo%s tar e% nucl ei ¢ gchd S quenzeogaé al so be used. The
expr essi onPtf tEPB 595 5 TargBr™nlicieft 4¢i P§e§aBH8_e ref&rs®to the origin
of the targgtrfuctelcCoactdi fedteagewiandutonkiengr ki R1ekrt Rgeexpression
system Preferably therefore the target nucleic acid sequence and the

amino acid sequence of the target nucleic acid segquence

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. 1In
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



17 expression systemare heterol ogouss®o one another, i.e. they are
derived either fromdifferent species and/or the codon choice of the
wi |l d-type target nucleic acid sequence is a different sequence to that of

the expr Wely : t &éﬂﬂ@'&%@f%e" M thin, t cont ext of the
i nvention %ﬁ}t?g a oﬁgcq%ggjs Lﬁf% erences t respé(;%:t téc}%tjﬂe codon choi ce.
The codon Ichdicae extdtengieesart hienqureef s ried godoreysegesiar bs raspedt i ve
species, within the scope of the degeneracy of the genetic code. As

expr essi ot Yectdren ee_rﬁﬁg)o% %&Pg%rfsl‘&f?]tea%ﬁ]eé]e%xﬁ e%%?g%r lé:tjifor. Such a
vector 'Sr%riege%ail}ly@ﬂté%g] {104+ EXPIESS Hhd N SUKSEYOL i GnCEEl s. The
nodi fi ed target nué?elc acl d sequence to be expressed is cloned into the
vect or so fihetthdr GG idinperatt e coupd idigsadtdnttagsens adf Bettanscri ption
control sequence and possﬁécl?orlyl;eexfurther regul ator. el ements. A suitable

pronot er, SHFTH P 1% %@?ﬂs@irﬁ‘iﬁ? y%t’t“ﬁn‘?]n%ly%’%ﬁf%s,s%‘ay be such a
transcri pté%rem&?e%oé?rom £ o £0NSL 1 TMIA Vely: Actiye grioppless are

preferably ut not restricted to, CW (Cytonegal ovi rus)
pronot er ahitk&Hivaranmdgbéows «Of4SVAR) . tHadircatd bapiompter sfurnicénde, but

however are not restricted to, tefracyclipn- dependent pronoters. The person
skilled i Mt airthals CRUARENH %ﬁéhQWW fc I?yeg?r%%?é%?ing further

sui t abl e t i i i, O Al not ers of
R 1P ﬁﬁzﬁnfiﬁ?%@wﬂtp%é@fféppé@fféé St Byl ind! ROL PEQ

cel lular origin. is connection, in principle any i e’ pronot er
syst em t haandsnikabeswse nredwgmt i oon asites, sand afthe. LFoe. exmanphe, a natural

"nduci bl o BPTRUR ot ni* (Tot SO T2 TESRNFOSy T o ~Ful KRORBREL an
i nduci bl e owiggd RO &5 IBYs hoveyesr @l $04ben USBFer 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 1s 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 seguences,
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 seguence steps,
endonuclease recognition sites and the like. Yet a

further possible way of optimisation consists in



Preferably the inducible pronmoter can b& induced by a transactive factor. A
viral inducible pronoter which can be induced by a viral transactive factor
may be derived froman arbitrary virus. Sequences of retroviruses, HCV

my be derived froman arbitrary virus. Sequence ruses, MoV -
B ( Epst PRE b1 47 1 1) o2 S G0°F STRP a4 $RO305 RV AaBRD EERoc af o

virus), AdepoydgsSen Saptéhonma viruses or Ebola virus are preferably used
for this purpose. The transactive factors used in this connection are
accordingly selected for exanple fromthe following viral factors, but are
not restricted to these: NSSA (HCV), HB X (HBV), VP16/1CP4 (EBV), EBNAl/Rta

(EBV), ARTh{$H¥8inslenge, TniohigethéSY46pe REPTBEOBrEddNY, ELA
(Adenovirus), E2 (Papilloma virus) and VP30 (Ebola virus). As inducible
pronot er thavecbiobe FheuesBreysiaoni pay alpansacrpiecflaeroredikede is

f bly, d iLral . ' I i al
Cher cor b o1 60 a8 E REPcPBr ETENSNeFRREAR: Db cOPRoRar S Rt SPEEY ovi ral Tal

or Tax protgéncodbe ERRipeONB! 8ptIRYsba osehgatedobsem t RepkEBsioh-H V-1
H'V-2, SIV, HILV and other related retroviruses that have LTR pronoters. In
particul aropeimisedaropebrvrepsaarerpiefietpetihcesp8ensiry cehobe of HI V.

Preferably the transcription,contr sequences, .i..e. f.or __exanple pronoters
andl or entBhearscdofer BieliEr Pl fheRSMHE €68 5ku8r FREtpAELERET hventi on
are not asggchat eHeWshfle &BGihstBadsxpkbksksoal s¢spessikbke, iisnuaddi.tion to

i ncreasing the nunber of G dinucleotides in the target nucleic acid to be
expressed, PrefesanéE the AUKBEYOSLCCREPEPAGEPBOBYAEST AS Bhe renai ni ng

codUenccs, SheRaLLan U5EEEh, PRERIFRART: epaloE, anbl' PSRRI OD ",
be 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., 18%4), 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 60 805.9 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 seguence”
refers to the origin of the target nucleic acid segquence
and to the origin of the expression system. Preferably

therefore the target nucleic acid sequence and the



conpletely elimnated. Preferably thisiys again carried out while retaining
the am no acid sequence by utilising the degeneracy of the genetic code.

Al so, only a partial elimnation of the CpG di nucl eotides in these
sequences e plac for e e.,of at least 5% eferably at |east

k | |
10% nore %$E¥%$§b?9 3 Sggﬁs?r?Ségggﬁ?ngﬁPﬁrkg OB?eF%PQ%F§’aE'Féast 25%

more partigybarhyepPaeterall ¥ith0% rang AREEcpanti egkatiby BRElErakhy 75% or
nore. Preferably all CpGs are renoved insofar as this is possible. Thus,

dependi ng ondohechpptecafi bhe(wildntyng dergehcneaseng eRedexpression) the
nunber of G dinucleotid?§ naé be varied ind%ﬁe@de?tl of the chosen
codon opt i gﬁf?ﬁﬁ.anangé BhERE 3688ﬁBF8t50gl A-nati & of CpGs fromthe
reading frapprbsspessihbeemThersededranm netacbdogeadengerhis upwardly

e

limting, 1i. as regards increasing the nunber of CpGs. The target nucleic

aci d sequemafﬁay ebdeheoinuanRMNAD tHusi vaspveéscondaisneifésreneessof, a
peptide or_ 2 ol ypeptide,.a nodifie epti de,or | ypepti.de, a protein or
a nDdifiedwbggtg?ﬁggqﬁekPaFagtFﬂ§8PeF§O§EEd sgaﬁeﬁggoﬁaﬁggﬁgg be a chinera
and/ or assgghbedsseguepeeretrdisf benent uwehe- typea segpeneese and for exanple
it may code for a fusion protein or nosaic-like constructed pol ygene

const ruct sspeThest avgehinuthei scapedofeiendegragracyoododi@sf or a synthetic
sequence. In_this connection it is also possible to nodel the nucleic acid
sequence 39VhE éFiESEFy, for exanple with the aid of a computer nodel. The
target nucleic acid sequence to be expressed may preferably be a sequence

for a gene for an arbitrary protein, for exanple a reconbi nant protein, an

él'rtifi(:iallﬂls 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



pol ypeptide, a fusion protein and the 1g8ke. Diagnostic and/or therapeutic
pepti des, polypeptides and proteins are preferred. The peptide/protein may
for exanple be wused for i) the production of therapeutic products, such as

€ g. hunman enzyues f?agexgﬁﬁféag'ﬁééﬁot Hahgﬁbﬁgegg‘géﬁﬁac88§9hi”1 tPA,

clotting factors epoxi de re ase

eryt hropoi etén, onprTe@I@fstsyytemyng Eﬁfﬂh@ﬁmo@estaﬁgenamcabdeother
proteins of human origin (e.g. bone nnrphogenlc proteins, antithronbin),

i) viral ,Vbaat ePFRNOHRHt BRHSNOVEPPbt 8L RS DBeFF®8d from parasites, which may
be used as vaccines (derived fromH YV, HBV, HCV, influenza, borrelia,
haenophi | us, neni ngococcus, anthrax botulin toxin, diphtheria toxin,
tetanus toxin, plasnodium etc, é iii) proteins.that may be used for the
productlon96¢fe€§%bﬁo§@?c19€§Fl 9§tEﬁ€mP eé CBRobBE @P@HﬁegnPﬁgéns HLA

Protei ns) - ¢ Znsdse ayLUsLEE DOSEI DL Y 3.09Re L TBY G BDORRE ek, produces

nmessenger ances (cytoki nes/ chénoki nes),

i nterl eukips, ihaheefievpna, vPPeE, t ThrsacRAMEESaotoll Rbg be demaiwves, fragments
or variants thereof, which are capable of actuating the natural _defence
mechani smefbPMagfaeBRi LERFYSVAFUSI n eBABPREEFOAT %PgﬁogﬁFFéﬁﬁe dhti gens, of

anpl i 1119 (A.5BeckiLoct fIne) T A8PONAELaR: LUL! o ASSE DligyUSAcLacn the

producti on of “protel ns suc anp € enzynes ynmerase

pr ot eases, Simpte) ﬁmrubopteehnmEpgyeappBamatwmmas)Thsvtaogaslmuehelc acid to
be expressed may al so_be a_regulator gene, which after its expression in a
cell as a VibRéctPar §ﬁYtéﬁdﬁBPeéﬁPQC§ﬂF?éh§§rPﬁé'e%6P€§§96HSof ot her genes

on or of f. pAs; $ych.a,tequlat ot gensathere. may Lot example e use

conponent a signal “fransduction paf may or transcription ?actor The
term 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:
NSS5A (HCV), HB X (HBV), VP16/ICP4 (EBV), EBNAl/Rta (EBV),
ART (HHV8), Large T-Antigen (SV40), Rep78/68 (AAV), ElA
(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 promcters. 1In
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



"expression” includes in this connectildth the transcription of the target
nucl ei ¢ acids and possibly the translation of the RNA obtained by
transcription. Finally, the target nucleic acid to be expressed nay be a

functionale BN, (£ Oend | DOZYIR: (RFOY: O0n SIRNMALo L WL SO MBYoq PLELRY ably be

used for t%erapeutlc or enzymati c purposes. The present 1nvention
furthernorepG elstasdédo a nodified nucleic acid with a region capabl e of
transcription, which is derived froma wld-type sequence, wherein the
regi on capable of transcription is nodified so that the 22 nunber of CpG

di nucl eotides is increased conpared to the wld-type sequence, by using the
degener acyltofis helsgepess tbtodein Tadipddh i ed hucteisingi theayubbeexpr essed

in an expression stem as, descri bed above, and the regi.on capabl e of
transcri pt% rFP% %%%??f%ﬂt% S hR T3 S IeeHonYs ??ﬂi%%ggiﬂorggapion to the
used expr PO s Sy stem réid-soct batfiber nuFbess ofii tp& dhpugkgot hdes

conpared to the codon-opti msed sequence derived fromthe wld-type
sequence ithe arsealinisg ngethendegenerpeyt of théeeofepeeésentode. thew | d-t ype
sequence within the_meaning of the present invyention js a naturally

occurring_YﬁEﬁ%ﬁc ath dtREgueniesct _naﬁp%aEQG hEronBataBs%elit i s however
al so poss'@ﬁ@sefPéméfﬁiﬁ@r9?%%890é§@ﬁeﬁ8é9 SPAYSPES tR-Fode f9L B8R

assenbl ed gene sequence, may be assenbled from different wld-type
sequences.compbechla ehsmeinheedi | dPrefprakbyuehte isfegsihocaheisdquence

t hat has not yet,_ been npdifie ithin the. neaning of the present invention
o mas o Sht VEe ERe Tt e habbrife | Se el Erhien et brceb 3R ehaumrer of

CpG di nucl et i de§ehdribe HHCLEBLECgaGEH: cac6Qedi NE1LQ, t BRI NYepLi-en MRy, as
menti oned above, "be increased by several CpG di nucl eot i des. Preferably the
nunber i s ehimedatponhef malkéntpGndiheclébbides posthbbe 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 seguence
is upwardly limiting, i.e. as regards increasing the

number of CpGs.

The target nucleic acid seguence may code for an RNA,

derivatives or mimetics thereof, a peptide or



wi thin the scope of the degeneracy of 2the genetic code. The present
i nvention al so provides an expression vector, which includes an
af orenenti oned nodi fied nucleic acid according to the invention in

operative | i | th ¥ ol s. The
vect or isp%%s&‘ég]%b#g usé%}?lgﬂ%\cg% sgelt }9 e@?%ﬁﬂltlén euilgryo%%g cells
of an ar bidd & \wdaNX isefjuensesiThe vector is preferabl y derived from known
vectors. In the sequence regions of the vector that are different fromthe
nodi fied nucleic acid sequence according to the invention, the nunber of
CpG di nucl eotides is preferably reduced. Preferably the nunber of CpG

di nucl eot iTdas Hargdthese: Yeimiad i) el atcs atpe nElso Olbe partisimdéeseof is
reduced by at |east 5% preferably at _least 10% npr preferably at | east
15% stil PN ASIERARY SRIPYHSR O%S@%ff%F%%FtW%%ﬁaFy%? | east 50% and
nost parti r r Y, si+ 1% O r The tion of CpGs is
preferabl§&ﬂ%ﬁ%g%%%P‘§%§a$$%f?€§m ﬁ%e%% sy%t%e%?sﬁ% %h£u$%g§V|dual vect or
nodul es (gathdiot i er resssi @ntekegenes,; stseleodd opo hpgdee , comst tupte. cl oni ng
site, etcae as descri bed above. The individual podul es are assenbled with

corr espond} Wﬁ@ge?rQ&ﬁ%ﬁﬁ% RFLASIHITRFC Ton-al terapfe ABAuRes
(repli catl é@@@nylfﬁ'ﬂ%?#&mé&{%n promptegf. etc.) using
si ngul ar r|c |on srtes orm-a Functional vector. The vector may be

of viral (;ﬁogsmli@rtwedodébnﬁa@lem@aléiBescld eteguénoses, Herpes viruses,
al pha viruses, etc.).or bacterial origin, or naked DNA (expression
pl asni ds). Sﬂﬂﬁ@?ﬁﬁﬁﬁ%&yco%%¥r%%%?@%ﬁ Wl¥%et@%c%b? HbroveFPRERRits a rapid
and easily, fcted alteration as regards the individual nodules. The
nunber of nndu es may be varied and adapted corresponding to the
appl i cation.
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 1) 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), 1ii) wviral, 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).



For a stable integration in cells, eléfents such as eukaryotic selection
mar kers (e.g resistance genes to hygronycin, zeocin, etc.; selection
reporters such as GFP, LNGFR, etc.; or reconbination sequences for a
directed reconbi nati on) may be used, in which the correspondi ng gene
sequences can, as far as possible, also be reduced as regards the content

of CpGs. R 5 aRpldiat i%i&ﬂﬁf,;i‘%&?&ﬁ@ﬂ‘&%‘c&%§@t@ Peat ntroduced that

counteract | nmunostimul-ati ng no (e g. inmuno- repressive CpG notifs).
Accor di nglproduare ap s catdeonssubst ameemi say t oksneslcheraskimesexanpl e in
vacci nations or_for the production of antibodies

sequences_nma ?e
i nt egr at e - -t mt &M 'Sﬁmnjd%?er%?%]ﬂ%@ fﬁ%’i%?gef%l?@': P?ﬁﬁynﬁg f mul ati ng
G ot | fS&ANﬁsprecgJ e Vet nd Of s ys§%égmé§@s Pseseotibhvention is the

vector illustrat in SEQID NO 27. T resent 1 nvention also provides
eukaryoti ccleetdasf,, winrch pred erad lyl ereofred ctmatehd stheaosatpeali cul arly
preferably human cells, that i nucleic acjid or, a vector

contain a targe ,
(pr ef er abl YPIFFIH G THIR BIMH CDEP)\IA?SI:%‘F]%IP? u?:%{%lsoﬁesjc?i BEEPIBBYEOT n whi ch
t he nucl eig:acid,; { I Sy Pr i o] I f
transcri pt"i(leotsl}.F %le%bell%faﬂé;ﬁeé%?séﬁ‘ e?gbﬁﬁg%%ﬁg %eléﬁgésggg?? ?r%u?%n%r ef erably,
t hose cel Ieddm@misdasically do not carry out any de novo nethylation. The
DNA construct may for exanple be present episonally or integrated stably
into the chronmosone. In this connection one or nore copies nay be present
in the cell. To introduce the said DNA constructs, gene ferries of wviral
(e.g. aderdviumtses; petsivie uses,idleipeshei pusdsct26n afphacteinses, etc.)

or bacterial origipn or naked DNA (expression plasnids) may be used. The
o eant | 1 10 FRok CORARS b vt BB (B pYBSLPORS Y CPERE Y8RP | o no:

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, deccy 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



a) a nodified nucleic acid sequence wizh a region capable of transcription,
which is derived froma wld-type sequence, wherein the nodified nucleic
acid sequence has an increased or reduced nunber of CpG dinucl eotides

conpar ed tﬁhﬁﬁ%&“@%Cﬁédp81§88P§8€fdeé”'s°P§£Pé£¥8dPQHﬁééPQd“%Bhtﬁe
transcription contro sequence, and b} an expressi on environnent sel ected
froma celikdd ppe cedduéniee, expresshonteavieganenscwhef ethea) can be
expressed, in which the expression systemin the case of expression of a
nodi fied rERP:EC 2P seqliep cBOH +4d aRUT Rt eadedd nlAvere ofXRpes sed

di nucl eot | fles,, eXRbLL9; 0 LPEEERSEY SXDLPESLANAHADY, | Inbhengase of

expression of a ied nucterc acrd sequence w reduced nunber of CpG
di nucl eot i tlegi exhidpdisla of edugrscexpt essi O8. mddef pedseat thaventi as can t hus
be used so as to increase  or reduce the expression of a target nucleic acid
sequence. $9demecRikirEsefoRn| setalsed, teheheprardr 8BPYSaR1 O ncr ease of the

expr essi on I t.H% r p b I % :SsLi!l | nore
preferablyS %tgébs%ﬁ82%§6%gggng%%rég%gé?eégbﬁéGa?ﬁﬁ%g%gdgbéégespeciaIIy at

| east 50% amipaibss €spekeéatbyontopedsnt s400s4608noe derevedshouvmdthe

achi eved. Deﬁgnding on the length of the target nucleic acid sequence to be
expressed BhHATREPS nSRBEEN6F CHC ALAREr cBFLBEstRRategaRCBRCYnPEo8NEed, an

i ncrease | . £X sion by a factor of 2, 3, 5 or even 26 10 to 20, or
possi bly uge%%€i§08%§é2oo, may al so be achieved. If a reduction of the
expression is desired, then preferably a reduction of the expression, in
other words for exanple a reduction of the transcript anpbunt of at | east

109 f 2 - % st |
SO Pip] ShoplYaltybEaskaRlibe MR EnRhOLREARnThg bEATheIPtbBRY! I MOV

invention is a naturally occurring nucleic acid sequence.

As already mentioned above, it is however also possible
for the target nucleic acid segquence to code for an
assembled gene segquence, which may be assembled from
different wild-type seguences. 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



especially at least 75% should be cara3ed out. Preferably the expression
shoul d approach the Iimt of detection. As already explained above in
detail, the level of transcription depends on the nunber of CpG

di nucl eotides _.in the gene. .This means that in the c of |onger _genes or
'n'genes iTTEHIS POUSTHI 1T T EE OF TR0t ORETHE Cp0  MURUCTEROT LS. a hi gher
level of ext@sSiOny shosd d deinaedd ey ethe Conyesselyn ih shrubdobecpossible
with the aid of the present invention to reduce the expression

si gni fi camel Hyok hen t ikl eir el P regd@sned - asTharvastopossible all CpG

di nucl eoti des, and, dependi n n_t appl i 1 ONn eyen he Limt of
detecticNLpﬁ?&FEé%g r§g¥ﬁv%%t$% adH?fidW%4$§r%?ov¥ GEB%E%?ggﬁ%ﬁ?S and
di agnost i cragems dasege ofedther ek | 26k nact & EeR€i d8omapdéor vectors

according to the invention. The nodified nucleic acids and vectors may be

used in direehbEi¢d nueheiapreid csomirnre gepee¥her@pyCaphti cations, in

particul ar, al so for the productio f.vacci articular_t nmet hod
Decor di ng 10 ThE o ehie? GIOBHE The e caa BhosydeBnes RbeRereoau q

sequences, r¥@etORS 2Fre POLLISEY | Shace@flsk Rdof ochbedinventbendesyihe used for
the production of DNA vaccines. As an alternative to conventional dead

vacci nes afplge$¢ vi¢a VRt nesstehesedestopnehtPaottyatbrnesft hat are based on

"naked" pl i d ' ' i L0l y_ i . The ad f
DA vace! bR HTe8 PR & HETaRe B TRE BRAOTR bl FoecECbRBr nBow ih the

aut henti c progegsbon 4+ ncéash ngss ogh {1 catben) ppéranskbyonstandaan ef ficient
activation of a cellular_and huporal imune response. In this_connection
t'he | evel #%%thénipdbeeauiamune Feapbnaes, cordenasbsparthcoharaifount of

antigen prod u Lth-.f he expression output of the DNA constructs.
If the ex%?%ggg%ﬁfgfggnf%?%$t?%fygﬁﬁﬁ$ﬁgh can be increased by

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 mcodules are assembled with corresponding DNA
fragments of essential, non-alterable modules
(replicaticn 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.



t he accunul ati on of CpG di nucl eotides 4 the coding sequence, then as a
result the activation of the inmune system and thus the protective effect
is inmproved. 28 Description of the diagrans Fig. 1: Regul ation of the gene

i on_by methyl ati ior art)., A, Methylation of.CpG dinucleotid
Cends to FeY SurtinihtortBhreine tantetkr el RN LR, SB5E BS) ands protect
agai nst a ﬁg%%%%?%i@nsé@chBSn fukkeblngool! assoctahed hgeavith C

Secondary ylation of the CpGislan eads to a“gene switching off.
D: Secondanyghyppoethykavcdn, maycbe pseventednbyeppetacsngucheapG

di nucl eot i [ he reading frane. Lg. 2. GEP expression analysis in
stably tra%gﬁecﬂgéFgelﬁg?"A aﬁdrépoﬁgﬁgéFFﬁB FFS%FB?FSUEPFyaanaIySiS of
stably transfeetgd ELBmbAng93dnandaGHocakks, ThewXiaxi sngives the
G-P-condi tioned fluorescence intensity (M-l "mean fluorescence intensity")
and the X axisegpordinbegeneasanvapnest caps B8 Weekesapresiblensfection. A

FACS | ysi huGEP d LCpG G-P i t,.293T |1 B: FACS
analyg?g g? %BO B ﬁﬁgu g G&F egéﬁgﬁggﬁgann : tc@%lgP%%f Eﬁgﬁrescence

”iCr05COPYab?EQQagioﬁéthegEﬁE|thEEﬁﬁy sEflendesCeBnphat ehn rdefieeld on in
stably transfected cells. "Expression analysis of the G-P reading frane.
Reconbi nanth&tpebnnCeifactl Lsmthatthavéaitinggmatedst He . ghuGRPuwP-t he LCpG GFP

gene stably Latg.the BELl 888915, WRLeusath And the exeression 4, the
immunisations, such as for example in vaccinations or for
the production of antibodies, segquences 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,



by conventional inmunobl ot anal yses. Rts of the huGHF, ACpG GFP and nock

sanpl es are given.

Monocl onal cell | i nes were established from both

pol yclonal cell cultures (poly.) (mono. 14 and 7 for ACpG GFP and nono. 10
and 9 for)hyGR) - Mck cald s cor nespand 40 & dichangeded niid al cel |

popul ation. "Fig. 4:

Quantitative determ nation of specific transcripts of

st abl e cel{expriResi-dri rpel ROR dalysy oofusgeci fic  hygronyci n-resi stance gene
and gfp RNAs fromcytoplasm c RNA preparations. The real-tinme PCR

eval uation of the LC analyses are shown for CHO cells
(hygronmycin-resistance A and gfp B) as well as for 293T cells (hygronycin-
resi stancdhe anok s D)nveiel oumhere ofe PGR avyides X exxisysaeml t he
fluorescence intensity (Y axis) are shown. The specific kinetics are shown

for huGFP SHYRREtL

SIPG GFP products, as well as for the priner diners.
js after transi.ent transfection.

Fig. 5 MPIal had(é?,re si on anal S $

Repr esent &' vé& B9 IYEF <= of %/q‘lle TR AN ES dhd S8 nat ant s of
transfected HI29% 06l Isr +HIZAO 08k | on Wanigs & ansfect sgbav £ forh s each case 15
jigof wld-type and optim sed nmurine MPl|al pha constructs. The respective

prot ei n concentirlat-trpavese quemt e f i wikbyin corw emd bhid BluSeiesacsid@n t he

cell supernatant and i t
standard cur vESIUSFHE rs}haa%

e with.the.aid of co

h 111 di
P bH ST TR beRht THS TaN VAT Lo b CRhe  t ot al

protein concen{ifld b Qed e ARSI £EQSEL T¥R dNHEPE ndebadches, iphile the
enpty bars correspond to the standard deviation. The nunber of CpG

di nucl eot i des cperatheveperupkiud ngl fi amet fanptotpetonncemerdd axi s and the
total protein concentration in pg/m is plotted on 30 the Y axis. W
corresponds t CIHERGr 88t on construct of the respective wil d-type gene.

b) an expression environment selected from a cell and a

cell-free expression environment wherein a) can be

expressed, 1in 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

seguence.

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
least 50%
should be

more preferably at least 30%, especially at
and most especially at least 100-400% or more,

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



Fig. 6: MPIalpha and GW CSF expressi opmsganal ysis after transient
transfection. Representative ELISA analysis of the supernatants of
transfected H1299 cells. H1299 cells were transfected with in each case 15

pg of wld:-type d optimsed huma al ph A) _and C§F (B)
constructg%é'gﬁe?$958ﬁcP?§§le%t%Pngggagén%gagp h ?ﬁytﬁgggu 8rnatant of the
cell cultugenh48sbgurs after transfection was quantified by conventional

ELI SA tests with the aid of corresponding standard curves. The shaded bars

represent the nmean value for in each case two i ndependent batches, while
the enpty bars correspond to the standard deviation. The nunmber of CpG

di nucl eot i gesai pehet 0pRNoT T €REi 8gpFeapeohsipl aekedean thenX axis and the
protein concentration in the supernatant in pg/m is plotted on the Y

axis. W cpreEepands aorefecbkphressi BReconBrEEELOnof iRhethegpretdve

w | d-type gene._ Fi 7. Diagr tic Lllustration_of th S ression
plasniég. ?rF?é%ﬂﬁ%en%prgag?ﬁggg-gﬁakbgyﬁkﬁ %%%%88 gﬁoﬁpgsﬁgdgﬁgp of the
PC-ref. noduberandsprpgkefebblheatrsegHencess( Wnbdet ppereVhbliynakl ack, and

synthetic in grey) are shown. 31 Fig. 8 H V-1 p24 detection after
transi ent teaasfaedioatilExppeesproafanabyyi stofleahe POSmandsyn and Pc-ref

vectors. H1299,cell s e transfected w,th_ the ecified constructs and
t he protei%SB?SﬁﬁghVoﬁ%ﬁggaaétZgFédsﬁﬁuwgoﬁgeﬁ?Fgﬁgﬁ Pﬁﬁﬂnoblot anal yses.

Anal ysi s OPréb@rQBﬂ% thysakpse8kibhVshop24 tppnskest edeH1289tcelfl s.
Mol ecul ar  weights (precision plus protein standard, Bio-Rad) as well as

the pl ot oflet@etRPp24, s/p24 and nock-transfected sanples are shown. Mck
transfection corresponds to a

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 inventicon 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



transfection with the original pcDNA3.Z7plasmd. Fig. 9: H V-1 p24
expression anal ysis of various expression constructs. H1299 cells were
transfected mﬁth in each case 15 pg R/p24 R/24ACpG, s/ p24 and s/ p24ACpG

constructs ck,_control) d nt doubl e
ot ches. TR Tebpkt SO e e LOREBhE AL Fok PR PREICEPE [9%at e was
quanti fi ed, Ryquornyent £ ondd +AFENed: Ot ABaLySLStéMatndebYoELI SA tests (B)
with the aid of correspondi ng standard curves. The shaded bars represent

t he nmean vcacbmheemﬁiQIt@l p2ead coneeine at 2 0w %iﬁi@@/mfycineshetbell | ysate for

in each i ndependent batche anpl. Lod ction of GFP
;Fporter ?%% %ET?P &ziéiiﬁﬁl%fﬁssg%%tiig ?gﬁegg??gg?§%8ag g@é gge

uor escenten P Hled do 1RERESsin Cimgbrt&htl N THE BHYBREta
dlnucleotlﬂég were produced. The hng ggggpgaa&go Cstﬂ&the ACpG GFP gene
32 had nadP G%aCQImﬁimI;@%p4@t@@ @@ ¢($ igoAstitact ed
artificiall 9n of t h are was%%gken to ensure that

no rare co W%l%ﬁ %%gﬁs#v%l %??%bCCPEOQE?F§8He| e *88ch as splicing

sites or pRbY{Acst ona @ftgﬁtﬂgé@sl@ﬁaogﬁceﬂflEménﬁogeﬂlvada@habfon i ndex
(CAl'), which is a neasure of the quality of the codon choice, was altered

onIy sllghalvebyulmé a@@lbum@habf1mm@n€pcsqunsehuc£p)thle 95; CAl (ACpG GFP)
n_this connection

0.94). The codln d uence ,of th

ot alt b el TRSTTHEY ThEorFaEbeoherte TRegreHaSFBr e hESSRARE PN, ng. The
nucl eot i decaffle Bt 89 wathdtSEOLRPEEE 8FCaftVeani PrSEQ:-ER MRy thids The
sequence was produced as a fully synthetic gene (Geneart GrbH), cloned into
t he expressibh Yeetexpression 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.



pcDNA/ SFRT (I nvitrogen) using the inte28aces Hindlll and BamH, and pl aced
under the transcription control of the cytonegalovirus (CW) early
pronot er/ enhancer ("pc LCpG GFP"). For the production of a simlar

expressi ol &S{phion tHOUGHe UASHGRGRE I N its CpG distribution, the coding
regi on of the humani sed GFP gene” (huGFP) was anplified by neans of a

pol ynerase chain reaction (PCR) using the oligonucleotides huG-P-1 and
huGFP-2 froma commercially obtainable vector, and |ikew se cloned into the
expressichH%ct%r pcDNA/ SFRT ("pc-huGFP", SEQ ID NO 3/4) using the

interfacesRigﬁwgéioﬁnngeﬁg 5$neP@Qﬁf@&é98n0£y8ﬁ@9hglgehbnlugﬁiométh the GFP

gene variants The Flp-In syStemof Invitrogen was used for a rapid
establ i shnent) and sel ection of stable, reconbinant cells. 33 A further,

maj or advant age of, this. syst i .directed. integration _of a copy of the
transgene #nto %?H%??%EHOXI8§E§p§fgﬁﬂﬁcﬁﬁ?ﬁégeéeﬁﬁgd?h%g fgﬁhnology t hus
provides {herbestgCopdi bEopsef QEnthexpgyantibative conparison of the
expression of an arbitrary transgene, since physiological and genetic
factors ofBthe €pEgeslartls mretethrgghynsdeat meahylehiondendt shachi eve an

additional certaint t wo ditfgrgn% manma kan cells were selected for
t hese conp%Y%E?@én%néf§s%§?°?ﬁ@ 88l FRRFPHES Fi p-1n CHO and Fip-1n 293T were

obtai ned feom | gyibhQg8D ﬁpsomgehgyaggoato§7€handp§@agﬁand§h@egagl lines.
were cultured 1n Dulbetco”s nodified eagle nedi um high glucose (DVEM

(293T) andtélAabgéne CHOrhmnghobfgl utam ne, 10% inactivated fetal bovine
serum, pemLe 1L (L00 W ) cang SLESBLOLG (100, palal) The col s vere
est abl i shnpgh,ef ngt ehLychransheet edrgabls iwagnhearbhadngoyt-agecording to the
manuf acturer's inStructions. 2.5 X

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 ACpG-GFP recombinant 293T

cells.

B: FACS analysis of huGFP and ACpG-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 ACpG-GFP gene stably into the cell genome’

were 1lysed, and the expression of the genes was detected



105 cells were seeded out in 6-well cw@%ure dishes and transfected 24 hours
| ater by cal ci um phosphate co- precipitation (G ahamand Eb, 1973) with 1.5
pg transfer plasmd and 13.5 pg pO44. Cells were selected up to a ratio

of >9096<}§gs iéﬂ n% Slmmﬁﬂoéﬁgtpgﬁgiys@ygrOﬁYStQ §er+RQ3duang, 500 pg/ m

for er of G-P positive cells was determ ned fof all cel
| i nes by nﬂan34DFPcnmﬂem@cbnaamplem/ayEOgEVem aMahgsisnal Deegin nati on of

the GFP expression The e essigon_of the re str s_det erm ned
over a per %EF%ﬁW%E?rﬁﬁﬁ%£ b@h?ggEFﬁ? 985%u$%%¥ﬁio%? ﬂ%ff PEﬁBa?ﬁted green
aut of | uor egg e)'nm@n£|0Macaﬁgn¢t§er &@S@L@ﬁptbﬁﬁlﬁéﬁa) 1@hgndaba of the
mean fl uorescenc Intensities are summarised in Fig. 2A (293T cells) and 23
34 (CHO cBiisquth hun§@kexplbssconraa§omduhd &n enchehgedvely constant in
both cell llnes over ghe mh nmeasurenent period, with a nean fl uorescence
intensity tFltBob ¢2b3THORR a?b@n(C}K) The ACpG GFP reporter construct,
with a reduced nunber of CpGs, |ikew se exhibited a constant quorescence
intensity over the whole nmeasurenent period. The mean fl uorescence
intensity Meg. hdwever reduced by a factor of 10-20 (293T) and 6-9 (CHO

conpared to the, hu e reduction of the di ated fluorescence coul d
algg be de@%%?%ﬂt%Elv?I%éF%EEéﬂé lﬁ?c?6358ﬁ§l§§FggE 3BF I &PhEeVari ous causes

may be invel yeflei Be ) decrrage- eimgh@cRGEHanghgte@ Ebuereseence (instability
of the protein, reduced nuclear export of | ower transcription rate,

etc.) add|hy@namymesfeealbtancangbyseanangfguaﬁﬂstﬁtpmecyteaﬂasmne PCRs were
carried out. For the rote| et ect o nobl. o the stable
PansT ocs ctErBrRErTaChERE: WIBRcopubant PIF CBalBr ki pRcotl TReMNa2HPA,
1.8 mM KH2P34.,, 434 g@%h@ﬁ%wn2f5r”@h5cééllSSQ59B§QmQEEnLEeb§§t§9E@ RBS,

centrifuged for 10 m nutes
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 pg 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



at 300g, and lysed for 30 minutes in I38is buffer on ice (50 nM Tris-HCL,
pH 8.0, 0.5% Triton X-100 (wv)). Insoluble constituents of the cell l|ysate
were centrifuged for 30 mnutes at 10000 g and 4C. The total anount of
protei n in.the, super natignt cdese dedidi e hy e dbes B oo Redopsotebn assay
(Bio-Rad, Minich) according to ‘the manufacturer's instructions. An equal

vol ume of ¢fwkthd atebmaatplee buf f@rt peameyené, 1970) was added to the sanples,

and heated for 5 mnutes at 95C. 40 ug of total protein fromcell |ysates
were separated through a 12.5% SDS/ pol yacryl am de gel (Laenmie, 1970),

el ectrotr erged to a nitrocel |l ul ose nenbrane and 35 detected with a
nonocl onal P-specific anti body (BD Bioscience) and a secondary, HRP

(hor ser adi TP eimha darsd)GMcoip| exbras $ bodyanahysi sleaf t € etirdys heahs of
chronogenic__staining. Protein detectio stern blot_confirmed the data
rom the. FRERHESet Bhent SR S T EneEL LS| B L T He TEI TEF ength GEP
protein was,detest &k d nor st abh yrddanshertied (O sel lgio00 diffgrences could
be detected in the processing or proteolytic degradation (Fig. 3). In

order to cveréfyyrahefectedoriphion exth viaye 85 wuadfivaldveypeadndi ne PCR
Li ght cler, Roch was ried o for .t bly transfected CHO cells.
éy;gplagﬁi%p?$@3ﬁ%%e%?%%%f%ﬁg$?%§??h§&%e§¢§ @@méégyfg)cﬁ?%ﬁ%ﬁ$C§ﬁd treat ed
W th DNaserf 800 &b Reases f st INaSEA 20N PHa RN - i H8e Ofupben DNase-treat ed

RNA was used as a matrix for a reverse transcription (Random Pri med,
p(dN) 6, 1sofsthandell DNALbyre hé8ikokis fbteRTtPORsIRothe) wésl | oned by PCR

(RT-oligol _and - 0l1.002). The resulti PCR pr odu s diluted and used
for a | ghioeyei bot L Camaryst €t SvBR Shoche) - ALER ot BFnat dcOht rol . the
RNA  anounto ofe sHon Y9G 0S¥ £hda F@SESEPESE OBRE ShAELATbYrsi PESPEERE into the
cell genonme was neasured. The

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.



results are summarised in Fig. 4. The RNA anounts of the

hygr omyci n-resi stance showed no difference in all the neasured constructs
(Fig. 4A for CHO cells and 4C for 293T cells). The results of the GFP RNA
however %prrel ted very well with the results of the protein expression
(GFP f1 uorestente intensity). For the CpG deleted construct, after

quantificajiwm gf24 hgetd@hion CYEt &F €abAsaBnaPRFOXERBEEE¥nSEVen times
smal ler cytoplasm c RNA anmount was detected in CHO cells (Fig. 4B) and an

approxi matEtpress oy anakgs s f ethRNA-amdLhsynwagddBceteédvent29s8T cel | s
(Fig. 4D, ared. to the 36 __inpitjal construct. Exapple 2 Production of
murine M ﬁf@?gﬁapﬁg%%swﬁf?htﬁ???g?%%?dCﬁt?ﬁc%ﬁ?eﬁch%gE?ﬁis exanpl e the

nucl ei ¢ ackghSeasensea0f the PHstaen %&5@@&@b@ng@a§ wasecatbargy so as to
forma series of constructs wth different nunbers of CpG di nucl eoti des,

but wit houtomvertiagal hemoodbhyohnindlveed. sefueheisFof thhAi sepdrpose the

' id f ' M. Pl t t | at ed
back i nto SURTRETIGE N PIel pRAL CORPRGE FCaarnG 77 aneE  Lhsi nfCLREVS8Ron chol ce
of human cgbightén(prétisiosepies procenst sUeh8athe B@@CRQQEt§E|y formed CpG
di nucl eoti des" were renoved stepwi se fromthe sequence, w thout however

introducingellaze thdopsothaf wWoel B/bedexpépiédand mdesrschysieteet the
expression. _In additionha CpCaginFC#eotigesﬁgtinised M Ialgha gene

const ruct MAEPHFIAREEI PR ch Yohtal heBS TEGF R aSO R PERESdFRusl eot i des as
the codon-ppihytsediofONStRUEhe bRighhs1CcBEENAZdEt B1RBRKAKIL ON of the codon
choice was intentionally taken into account, in order to introduce as nany

CpG di nucl eoti des as possible. According to the prior art it would be
expect ed tpg& tQLs gene construct would have a | ower expression than the

HIV-1 p24 expression analysis of various expression
constructs. H1Z299 cells were transfected with in each
case 15 pg R/p24, R/24ACpG, s/p24 and s/p24ACpG
constructs, as well as with pcDNA3.l1 (mock control) in
independent double batches. The respective p24 protein
concentration in the cell lysate was gquantified 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



codon-opti m sed gene construct on accosht of its poorer codon choice. These
gene variants were constructed as fully synthetic reading franes, using
| ong ol igonucl eotides and a stepwi se PCR, and cloned into an expression

T duced M pjal | L f et el
Sgarce (e BB PR PRSP BECOUR BeBRLEPECAEOTE SO0 %0 1 o

in the artcohseputtedoirberioteseen rhathéhdeyaghaststiet hNChBeGFowest CpGs
woul d be expressed 37 worst, and an increase in the CpGs woul d be
acconpani eg2rdywan Fakeeake BRsuRe MPLaPpha2eRpfFedsrdncfn manmalian cells.

hat t he CHRETFHEY Ui FRCTRE Chint ey BoStrBr A= RuRBer Bf CRCCAIAdcl cot | des.

whi ch  howevesswer epbDyy(RJUusednal thecexpenseintraddetari orati evdoaf the
codon choice, exhibited a significantlﬁustronger expression than the
codon- opt i aflaebagepe. ivderantBlof YhéCRuiEna NepPurphatgéhe aHatidvifer in

the nunber:-o au Lde het i ca st.ru d as

descri bed #% %&%ﬁ%ggbﬁ ghggéhb-g?gﬁégt§%E§ 8@%2 %%%ﬁggg?oﬁyvgégor pcDNA3. 1
usi ng the detetiasesf thadtpEsandahlohliGFPhe=ant bici ahLyappedaeed genes were
in each case matched as regards their codon choice to the mammalian system
When renovPnd4i he EPE aPALEFedMiaesafdd paREcRaAMAL BRecE88nYaRkel® used,

whereas whep; LNSERRLAQI P01 guckeall deg abaue Lhecpyahet gk, di nucl eoti des
that are achreved wth a normal codon a aptation, rare codons were
intentionaflhyeatsa €opl epedsubheleanst ucrhet hatlaveidedandopiifnbsed but
provided with different nunbers of GG dinucl eotides, have throughout a
CAl val ue ®fifoPEIuABASH. 9T&NELIHERf &R &BRY I® Nght Ly2-The CAT val ues of the
wi | d-type gene, as well as of the CpG dinucleotide optimsed gene (42 CpGs)
have on the other hand very |low CAl values (below 0.8). According to the
The sequence was produced as a fully synthetic gene

(Geneart GmbH), cloned into the expression vector
pcDNA/SFRT (Invitrogen) using the interfaces HindIII and
Bam HI, and placed under the transcription control of the
cytomegalovirus (CMV) early promoter/enhancer

(“pc ACpG-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 Bam 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.



prior art a conparabl e expression of th& codon-optim sed genes would
therefore be expected, though a significantly |ower expression of the
wi | d-type gene and of the CpG dinucleotide optim sed gene. The
'dent'f'Caﬁ'P@r@ﬁefh%na%995589§ﬁ§agéh@fngﬂ?§r59§tgﬁe§sa§ wekkcagqgt he CA
values are given in Ta . The nucl eotide and am no acid sequences are
given in Siﬁlégratioﬁlﬁft@ SERY | ©f NChe 3Bran8gdde Thecamatefousdexpressi on

construct (wild-t refere ce nstruct), co ondj o the w|d-type
sequence WASCHHC n@%% B_r98hara Erts%%b%'ﬁ?gg iggyohﬂgsTﬁgoga&.ﬁg regi on
was anplifiged @ys@E@8§d9{l@n90kMBEEﬁ§e?ugﬂeiaaffaétb@ﬂ phPERbnUSIENG the

ol i gonucl eotides mam p-1 and mam p-2 from a cDNA cl one (obtai ned from RZPD)

and |ikewike e*pned31uMOofhene&pbegsaom vesnegepePNaA3nteusi ng the

i nterfaces Hi ndl and_ Notl (" D NO_ 15, nBank
Accessi on RE%DEP %@b@ﬁégﬁ?d éﬁEEEFﬁgfgﬁﬁﬂﬁprgc%hﬁ E§59§§5F8ﬁﬁlﬁrﬁrder to
quantify the-chepokipe: xpIessiANcrANFRR, KLR9SvEeehhswgteibhansfected with
the respectivé ‘expression constructs and the anmount of protein in the

cell s and cartaentel | teal dufEesaper manaal inascabadsurvedebygelpedns of

conmer ci al ELIS test kits. 1.5 x 1?5 human éung gﬁrﬁiﬂo ?ellz (H1299)
were seedelCTobPe?q BOMBFF2ELVF BOPLYPESdi shBE Sf an8f&cted 2% hours
later by C@H@'Uﬂh8h9$§h§592QB@CthEaBbgﬁlﬂbEhf%émpganErbB%nCQhHespondlng
expression plasmd e cells and cell culture supernatant were harvested
48 hours afteéturefieatrdii§€eanidoh® The. tr%msf@elbdln@¢$SWQE$ecm¥Sedeés

d i bed i, I d.the total .anpu n _of | ysat e
mgzcg;t:rn%ﬁegxiggﬁg?hé %PSl%éadpFBEéane §§th99 HSPEecégﬁE nst|¥uents
were 1 emovedobipmyhAeaagg! kioul(thos §g99rna5§uta9xn@enu@bfugatlon at 10000 g

for 15 mnutes at 4C. From1 pg total protein from cell | ysates as wel |
as 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
10° 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 png transfer
( plasmid and 13.5 pg p0OG44. 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 pericd ¢f 16 months by regular measurement of the
GFP-mediated green autofluorescence in a flow cytometer

{Becton~Dickinscn). The data of the mean fluorescence

intensities are summarised in Fig. 23 (293T cells) and 2B



fromdiluted cell culture supernatants34the expression of M Plal pha was
checked in each case in a commercially obtainable ELISA assay (R & D
Systens) according to the nanufacturer's instructions. The total anount of

39dﬁ%m%f%ﬂﬂm%@%%ﬁew%&wﬁw@%ﬁa@% in the reading

frame, in a conparable manner to the data of the G-P expression constructs
and p24 expzlestsiosnlycomsstawct sin Thetldatal ar éisaamavesethenwliabke 1. The
nunber of constructs pern1téed for i a etalled evalgation of

the fir time d
the connecdt§dHptMeRe Pete? fW1EQp?e@%?%niiPPﬁe?ﬁ@nﬁEnBBFGBFlEﬁ GEiwithin
the Cod'ngigdee@Q@T Aaﬁ&Df@@e@@ﬁ%;ve Tﬁéuhbgéieﬁﬁ g¥gbuation by means of

cyt oki ne SA'is s own in The shad bars tcorrespond to the nean
val ue of twenstchependenth araﬂdmeedlnumbarcbéstGhulélkbﬁleﬂpty bars
represent the, respective stan dfgd devi ations.  The relatlveagrotein anmount s

of two i nd@peHEhtdt ?anePehent t f ANSFBEEPBRCePEFPRLAYSOVER GBGbl e bat ches)

referred t@hoigem%éégréﬂéﬁtCBQ?EB&Ct 2h8 hibahe¢1(.Briabkacl. These results
denonstrate a narked reduction of the protein expression with the decrease

in CpG d|numtemSLdpswaadhawemarkedduqedehseacﬁapaoedofoIOhéOmnE&BType gene
and to the c¢odon-optim sed genes Lng h the additiona
introductlﬁ%g g gugﬁ t FPEPARE dE@pF g égPerlgﬁﬁtFS uCBFOPhQQCOdon
mat ching. 40 &??Lﬁeélagéar§§§b9@segﬂearbaemdoglgurb@edBkBE%eBh genes
Construct SEQ I'D Expression* St. CpG MP w 15
100% 4% 8 ﬁlﬂ@repcena&dﬁuerésQQ@QW&Blg 92C) pc naNIP 2 7 8%)27%)2 0. 93
pc-maM P 4 9 7% 33% 4 0. 93

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 gquantitative

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 NapHP4, 1.8 mM KH;PO4, 137 mM NaCl, 2.7 mM KC1l),
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-HCl, 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 4°C. 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 $5°C. 40 pg of
total protein from cell lysates were separated through a
12.5% SDS/polyacrylamide gel (Laemmlie, 1970),

electrotransferred to a nitrocellulose membrane and



pc-maM P 13 11 146% 5% 13 0.97 pc-maMs 42 13 246% 4% 42 0.72 * Percentage
nmean val ue of the ampbunt of protein from 2 tests (in double batches) in
relation to the total anount of protein of the wild-type construct (maMP

wt) ** Standard-deviation *** Cod tation, | ndex. a 3 Production
of human erﬁfreicﬂew% o?i%%%%%%%%@ﬂﬁpsoﬁ)??%f %ta‘?ﬁi‘?%%%%ﬁ_s In order to
be abl e tafdydhaiccondid M thecdiddef t HrRPDE R Pesr £ @54t t)Se BBl dase)

interpretations, variants of the human M Pl al pha gene,” of the human GW CSF
gene, of tdmplrdeantibady gered amtefifird by i mRaGV CEFChyepeogehieh differ

in the nunber, of CpG di nucl eotides fromthe wld- t en wer. e
artificialfycorstr ucﬁre{gtesji% ef’aﬁ’(ﬁ/t%%n %a%%eﬁna%%ggugq%f%ﬁ%%di nto the
expressi onyedHa PedMNAGd rsd Nomd ey terherif acesoH weth | gang Notl. The
identification of the constructs, nunber of CpGs as well  as the CAl val ues

are given varimmie the Thel huberpth defP andobed movagi deseqguedces of the
wld-type se nces a 28? t he, sequences-with an alte nunber of CpG
di nucl eot |%reag° et@?rglsevﬁgcf%e% ‘%[f‘f@sm/&% (?Jof Tf)ewoﬂjigda%/ 24 and SEQ
| D NO. 48/4&:d o SEQ A DNO pBdtSSsiddeor epﬁﬁé@é@l?ﬂ_i@oﬁéﬁfé@éﬁiéﬁ@fe anplified
by neans of a polynerase chain reaction (PCR) using the oligonucleotides
hum p-1 antFi@m p-2, hugm!| and hugm2, huil-1 and huil-2, magm 1 and

magm 2 from correspondi ng cDNA cl ones (obtained from RZPD) and were cl oned
into the expression vector pcDNA3.1, |ikew se using the interfaces HindllI

and Notl (f@Coradd Reamclaenpaike ACELssSEPTpNUSREsct N 021096, "pc- huGvwt ™,
GenBank Accession Nunmber ML1220, "pc-hullL-wt", GenBank Accessi on Nunber

BC018149, dpzntiidM v "redenBunk RERessioht Navibéer NNVRO4R9BIWabt h a
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 png RNA). 1 pg of the DNase-treated RNA was used
as a matrix for a reverse transcription (Random Primed,
p(dN)g, 1°° strand C-DNA synthesis kit for RT-PCR, Roche)
followed by PCR (RT-oligol and RT-oligoZ). 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



devi ation). Checking the cytokine expr®gsion In order to quantify the

cyt oki ne expression human cells were transfected with the respective
expression constructs and the anount of protein in the cell culture
super nat ant_ . measur g$€ means of commercial ELISA test kits. As

descri bed i a%ﬁ%%aif %99 cells were transfected transiently with 15 pg
of the correspondi ng expression plasm d. The cell culture supernatant was
harvested for 48 hours after the transfection. Insoluble cell constituents
were reno 2he cell culture supernat ant by centrifugation. From

AR
di lute cel S 1134 r I gyﬁgg I ha , human
GVt CSF anc}4 "i‘f&%&%%a %ﬁ%@ﬁ%ﬁl sgcﬁ%giggw ﬂ:\h eac c%%%gi ﬁbg
conmmer ci aldantdrites nabl e ELI SA assay (R & D Systenms for M Pl al pha; BD

Pharm ngen for GMCSF and |1L-15). In a conparable way to the data of the
af or enent i Bheldhexpreamp bh EonstickesC 2Redtsrarenapovht the Beréttabl e

cyt oki nes | I e 4 orre d_.with: the punber of CpGs
in the reé%?%%gfggﬁeégﬁghgg%a%QE%fg&s%%n%%ié%dkﬁﬁﬁT%ﬁ%%PﬁégAP?epresentative
result of eonevabdeasiwhtbydiebasent syhbkirsecElLISA dsnushewnidesFig. 6. The
shaded bars correspond to the nean value of two independent transfection

bat ches, WHTevikrOUEnpleBhRS FaPrecdnndt aRirespett §8I4ERABar odevi ati on.

The relatiyf%%n%%ﬁéﬁsgftﬂéoéﬁgﬂoiQ?fécgaﬁﬁéﬁc%rgﬁ]?%gt&39§h§nt transfection

experi ment e batches referredto the w type construct are

listed in MablelpRa Senelarbyutd whe tesnklstédopaExabpte 2ynthesec results
too confirma marked increase in protein production, correlating with the
addi ti onalMT At bRRRTFORLNGf T8RE ke F REES coRPARBdt MRt ROEAB GRPECEype genes.

Table 2: E§Prﬁ§ﬁ£9ncg9fpgrifgnaOEiPHgaQeries of constructs the

accidentally formed CpG dinuclectides were removed
stepwise from the seguence, without however introducing
rare codons that would be expected to adversely affect
the expression. In addition a CpG dinuclecotide-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 MIplalpha 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



cyt oki ne/ chenoki ne genes Construct SEQ@7D Expression* CpG No. CAI** NO
pc-huM P wt 21 100%8 0.76 pc-huMP 43 17 393% 43 0.72 pc-huGMw 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 pcs el L, 594009604, 015 RS: THGW. 0294, 419052 0.75 *

w
Per cent age %arf val e of e anbunt ern trom In eacn case one

experi nentpy i 4h doubt & Hat sheshe i PI1 L]l Blhd 08xpPe s BEoh 01 Al mam@aDianf protein
of the corresponding wﬁld-tﬁgg construct (denoted w). ** Codon adaptation
i ndex 43 ®dahpl e 1 PaduteRbar oft LCPRbE M et WP hfareeaee ey ntii®er of CpG

di | eot i to | ; I | ' f th
ol asm a paRs” (1T T2 gbh) ChEeTt e e e S e Ph TPt e o o 2

nodul ar | y ot ghesls b s mhdnber Wi chp hei nusbest dfile EpGehtienucl eot i des had
been reduced as far as possible. The DNA sequence_which codes for the
anpi ci | | i MPERTE afres HehECFBreay HhstBynereeneal Py prodbeEdca3tdeBceri bed in

Exanple 1, ub- n i ng ricLiQn: < C and Bgll |
The nunberogpgagd£0§%§ ?ﬁoyﬁﬁise%%§%£€§§o% %%gﬂégég%gé%?7§§f§%§%rLikemﬁse,
the nultigkeretonbmotisahetMascogsesbgedissyngbatically constructed, and
sub-cl oned using the restriction interfaces Sacl and Pnel, whereby the

nunmber of CpGs was reduced from1ll to 1. The CW pronoter (31 CpGs), the
POl Y SORTHLEH 2B FERE) A L RaPLE E5BhLER61 201 b0LRL (45 P
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 NotlI. 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 cof CpG dinucleotides, have throughout a
CAI value of more than 0.9 and differ only slightly. The
CAI wvalues 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 wvalues
are given in Table 1. The nucleotide and amino acid

sequences are given in SEQ ID NO. 5/6 to SEQ ID NO.



pl asm d. The hygromyci n-resi stance cass®tte was del eted. The CW pronoter
was cloned by PCR anplification with the oligonucleotides CW-1 and CW- 2,
which in addition added a Clal and a Sacl restriction interface 3' and 5

Ina sim y 1dg¥as apptibiednwibhsthactoli,gonuelpatides on 1
(cont ai ns %%%Iﬁ?ntg$§;§£? a%d orlggB (con?alnsSBglf |nterfag§) and the BGH

poIyadenylﬁéf@ﬂenseteomatraupb|toedempbhduhg bbi gbauwliédtitdps pa-1 (Pnel)

and pa-2 (Xmal PCR, and sub-cl oned usi.ng.the orre dln restriction
enzynmes. THhedp %% i H95 cpRABA NGRS ﬁéeﬁeﬁérgstéﬁﬁlgPé pﬁsiﬁ Peactions.

The StrUCTHéecgélﬁQ'§e@i@ﬁnhgs'§m§h@f@eg' 89" ARERLI 62l hypbh Ekgse7A
("P-smal Il syn™), and”the”conpl ete sequence IS given in E Vm' . 44 In

order to |nMesm|gaaetihe (ACRueneéngf thheonugbencobotdes mﬁmnpelvector on

the | evel of .express o of a t, e.reference s nodified
so that it3"dourHiBe u Eg™ag Ebﬁ?rS on% EﬁaéﬁﬁglngﬁtPgﬁgusFH t he

ol i gonucl ept dgsseet1dgbaliand £gk- egbrasswehcbeb@o@aﬁanmﬁasq uRt heduced a
Nsil restriction interface at the 5° “end, cleavage with Nsil and Ii gati on,

t he hygronyhenintesfetaacH10d§§étaedma©tﬁedﬁpedmﬁm@erhé pE&ESMI® pcDNAS
(see diagram 6 ef") The i erived fromH V-1 was
used as tB&gt EﬁanEEPPBPk %ﬁ@eéﬁ Pﬁg P8§e5ngéggg§§9grready previ ously
optim sed for expression in human cells (Gaf et al., 2000) was anplified
by neans of PCR using the oligonucleotides p24-1 and p24-2 froman H V-1
syngag coﬂbechéng(GhafMéplalpbaZBﬁpreaﬁdoaloned into the two conparison

vectors using the interfac .ginghll %nd % "R/(p24" and "s/p24")
Checki ng LB RFUET BoatBaREALyl GRe RTAMPROTENEPEEESn ThalkBRdunds | h or der

to check thezbofLugnceysket ReaGRE-RYBBLK 1A LRR 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 10° human lung carcinoma cells (H1289) 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 4°C.

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



vector fromthe expression of the trans%ript, the constructs R p24 and
s/ p24 were transiently transfected into human cells and the expression of
p24 was anal ysed. As described in Exanple 2, H1299 cells were transfected

transi ent | yo W&z be PA1 61 2 1 P82 COE F £5PRPEE NG £XPEBEShORbeP! 88MtgesCel |'s were
harvested 48 hours after the transfection. The transfected cells were |ysed

as describedtha Exadphe framd, the &otahpansbhe banpest ebntha dehe

super nat ant wgg dﬁ%grnined with the gio- d grotgin assay. ﬁS 50 pg of
total prot®f nt#F oft cePfPFEated wePetiRStad?he PadseFPhEa R Exanple 1 in a
western bl @by 8ahyess WrhB @at8088€! ShmhaP24egpesi thpranti bodye 13-5 (VoI f
et al., 1990) (Fig. 8). In tw independent transfection batches a markedly

hi gher p24nexpeessfononatrdetecpednatted forahbtefirsh dimehe smal |l syn
construct (s/p24). Production of H V p24 nes wi.th. different .CpG contents
Two var | antSt bt L efleKapethLBroP el FGeRB i3 aEAERT §Ed T FoRF VFRVEE, T whi oh
differ in theroygben 0fitepEhdi pugbest bdespcsWakenphodteedodThg syn p24 gene
had 38 CpGs, whereas the p24ACpG gene had no CpGs. The CpG dépl et ed gene

p24ACpG wesgaernificially constructed as described in Exanple 1 and cl oned
into the expression vector P-smallsyn (described in Exanple 4)
("s/ p24ACpG') and into the reference vector Pc-ref ("R p24ACpG') using the

i nterfacespHragbbkeandt Bam HbsuTheonugheayhdaaandnaBynfeagsi drsequences of
p24ACpG are given in SEQ ID NO 26/27. The plasm ds R/ p24 and s/ p24, which

are describptliokhneERAABReis, sheve UBeligs Pef efbmcshedrdt Pacss. Checking the

H V-1 p24 i der to check the_infl, f the CpG nunber i
the vbot of CRRESPRAENES! ROEr Tth SRSER: BE) EvPnd  GORGEFGBES. R p2a. -

R p24ACPG tshRdfeandos/ BA4ARRS, WRhe1kr ankeehpdy baaBSkepkkXenhht @nauman cell's
and the expression of p24
respective standard deviations.

The relative protein amounts cf 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 additicnal
introduction of such motifs and despite a deterioration

of the codon matching.



was anal ysed. As described in Exanple4d H1299 cells were transiently
transfected with 15 ug of the correspondi ng expression plasmd. Cells were
harvest ed 48 hours after the transfection. The transfected cells were |ysed
as descrifgf d i Exqapl Qe ds el ddifpdOisdn AP Ur He MOPPATDRA gdies | ySate
was determned wth the Bio-Rad protein assay. 46 50 pg o toctral protein
fromcell |ysates were checked as described in Exanple 1 in a western bl ot
anal ysi s wth-a 5 0 £ At , :

of p24 (FiGPSEAFCt As wak Exart
CpG del eted vector P-smellsyn in the identical transgene led to a visible
i ncrease in -p24._productd ari / . to the
data of tRfeTEMPPafd cyP $ Otte " anount
of detectahlg.nzd4 ¢n the cell bysate, usingsthe idengical vecdar
background, correlated with the nunber of C%Gs in the reading frane
(conpari sAFReMAPaAd R7- p24ACBE as wel | ad’%/p24 and?s/ p24ACp®)?3 The data
were confirnegrbnga p34-specifijc ELISA tesgg (Fig. 9B). The consfruct with
38 CpGs (p24) had a ca. 2.5 tines (Pc-ref) or ca. 25% (P/smallsyn) |arger
amount of g2aatBBnl?hellconstrbéfswi t hout ThHhGs (p24 DEHPG. Thelr¥sults are
illustrat d bgs» 9. 1The cor tion of e proteingproducti ith the
nunber oﬁgbg%Mg?nﬁ%leégides cggFg be denn%gtrated in4?he, Exa%%?%g

menti oned here. The sel ected genes are derived fromsuch different
organisnms gas a jellyfish, a hunman at hogeni c virus, _and pmals. It i
Pharer ore bvi GHerod Sah Tert 1T oL W Pont S LS e &l PO baI T df S4he
exanpl es d@@@é&éagﬁf&%ﬁm MoLechdel 1R e LOFIShathOpEntovhiro is valid
both in the case of a transient transfection as well as in stable

reconbi naramaeht sof Theot et hofl tescwi bédt fiee ecomanehytt ¢malliBrwth a targeted

* ok Standard deviation

S

***  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 HindIII 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 seguences with an altered number of CpG

dinucleotides are given in SEQ ID NO. 17/18 to SEQ ID NO.



manner the gene expression in eukaryotés by targeted nodul ation of the CpG
di nucl eoti des, both in the coding region as well as in the vector
background, may consequently be used for the production of bionolecules

for bi ot echnel pqi ISEdiuﬁ?q@tlgepa%n&gSh%@qzdﬁ%mé cat} o5, 4fneDescription of

t he sequences 1 i'gonhucl eoti des cation ', Sequencer-3'" | D NO
28hMFRbﬁﬁ&#ﬁ@ﬂ&ﬁﬁﬂ&ﬁﬁ@ﬁ@ﬁ@ﬁxkd%Q%@M§%ﬂa
AGTAGGATCCTATTACTTGTACAGCTCGT 30 RT-o0li gol CCCTGAAGITCATCTGCACC 31

RT- ol i go2 WF@@@GFW @D Rk p-4sing the

O PSS S TR ST
mam p- 2 G 34 h gn} GGTACCAAGCTTATGT GCAGAGCCT

CAGAGCT CGAERCATIGARASACIAT-CICT G- ﬁﬁdhm@@mQQCfﬂﬁmxw@fréﬁphmdlmgl

CAGTACCAAGCT TATGCAGGTCTCCACTGCT CAGAGCTCGA GACTAGECACT
humi p- 2 CCABET CACRS ACIRIETIRRAT G%t\on% 3 pPYu° 1t C&ACAT

CANAGGT ACTE PART AT Y TEACATTCAT AT 33%9}3@“951@%%&? S interfaces

HindIII and NotI (“pc-huMiP-wt”, GenBank Accession Number
NM 021006, “pc-huGM-wt”, GenBank Accession Number M11220,
“pc-hull-wt”, GenBank Accession Number BC018149, “pc-
muGM-wt”, GenBank Accession Number NM 0499639 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 pug of the corresponding expression

{ plasmid. The cell culture supernatant was harvested for
48 hours after the transfection. Insocluble cell
constituents were removed from the cell culture

supernatant by centrifugation.

From dilute cell culture supernatants the expression of
human MIPlalpha , 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 MIPlalpha; BD Pharmingen
for GM-CSF and IL-15). 1In a comparable way to the data
of the aforementioned expression constructs, the total

amount of detectable cytokines in the culture supernatant



41 CW-2 GAATGAGCTCTGCTTATATAGACC 42 ome 1 GICACCCGGGTAGT GAATTCATGT GAGCAAAAGG
C GATCTTTTCTACGGGAGATCTGTCAATCGATAGC 43 on-2 T
GITAGAGCTCCAGTGITTAAACCTGTGCCTTCTA 44 pa-1 GITGCCAG

CAAACCTACORATACCO0OCCH e o e et 1 R RIS 4T LE el

TCAGAT GCATCC T ACETTAAE

AGTCATGCAﬁGQAI&QAECQEAG&E@AE@QG&& i48Téplé- 1 A representative
CAGGTACCAAGCCTTATGAGAATTTCGAAACCAC CAGACCTCGAGTCATGAAGACTAAGAAGTGTITGA 49
hul I -2 Teomﬁtr@ﬂ@n S RABET AT A AT TIRT e CACTARAERAABE SB0L fragm 1 1 C

CACACCTOAGICAT CAMGACTATI TTTRECTIB 101 R0 ZoGITITIIES 852 mean,

Pol ypept i uences” and vector Sequéences

-GFP (nucleiruacefl twpolypepsndent transfectlon batches, while the
ATGGT GTCCAAGGCGEGAGGAGCTGT TCACAGEGEGT GGT GCCCA
GGT GGAGCT R 6T ESTERRATEEETA %T#@Rﬁf@frea‘%ﬁi?n%rd deviation.

PO A A A A S T AT aAGes case from 2

CCTTCACCT ATRGREIGOAGT HOTT CACCAGATAGCEAGASTACATEAdouble batches)
AGCAGCATGACTI CTTCAAGTCTGCCAT&'%FGACIBCTATGTGCA
AGAGGACCATESHEH! EREARCABEAREECRES 451sted in Table

AGGTGAAGT TT GAGEHEAT. le 2, th
GCATTGACTTTAAGGAGGAT(%TATCCT(XBGCCACAAGCT M%t © ©se

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. CAT**
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



ACAACTACAACAGCCACAATGTGTACATCATGGCAGAGAAGCAGAAGA
ATGGCATCAAGGT GAACT TCAAGAT CAGGCACAACAT TGAGGATGECT

CTGI'GCAGCT GGCAGACCACTACCAGCAGAACACCCCCATTGCGAGATG so
GCCCIGTCC%%%%%%%KEKE@CCACTACCTGAGCACCCAGTCTGCCC

TGAGCAAGGA T GAGAAGAGGGACCACATGGT GCTGCTGGAG

TTTGT GACAGEFEIREERAT @¥CECEIGERNFCWITBAGCRERGHG npde 550f bk | D NO. 3 + 4:

huG-FP (nucj.ei c acid #+ pept.i de
ATGGTGAGCA&@&%@&%@%%&&%%W

CGT CCACCT GRCEHL AT @?ﬁmmd pcDNAS
GCGAGGGCGAGGGCGATGCCACCTA GCTGA

ATCT GCACCACEGERAAGEETGCOGET GEEET GRLCCAGEERCET@AGhh s eroduct ion of a

T RS G REETARUCIAE o nsper o oo

GAGCGCACCATHGIIT I EANML AU ACHIAN AN ILELIGs possible. The
GACEWGAACWTCEACEECEACACCCTGEWGAACCGCATCEACETGAA 50
! A At @sEsillin resistance

ﬁ%ﬁ%ﬂﬁmwwcrﬁT]Aﬂ%Tmﬁ%s described in

GCAGCGT CGId A CIACACAC K EATKE Eestrict ion
GACGEOCCOGT CCT GCTGCOOGACAACCACTACCT GAGCACCCAGTC
NGO ; CACATtES oy of CpGs was in

GTTCGT c:ceocec;g:ecgs2 CACT " GACGACLT, SEQ ID NO.5 +
g;:GAnuri ne%%”PT’ al pha- CE encl%_ eicachd poI ypepﬁ%‘{JA éA %}Qe

AT@AGGTM@@@@@&H&@TQ@TMG'@' &MCGsynthetically
CTGTGCAACCAGGTGTTCTCTGCCCCTTATGGAGCAGATACCCCTACA s
GOCT GCT GT TR AEET A ESHA GEeh A CE A AGTImA BT Gres t rict ion

GACTACTTT
O LA 4 QUG (I IEN Ko o oo v

GT CCAGCAGTASATEACALASCTECACE TEAATIECTAG SEEphbx 8. 73 8pGsuri aereM Pl al pha- 2

c nucl eic acid + pol epti de
A'FI)'gAACIBTGA@@A 2 yﬁi’%e@c%ﬂ%@rcﬁﬂ%ﬁﬂ@@cthe 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 additicn added
a Clal and a Sacl restriction interface 3’ and 5'. 1In a
similar way pUC ori-l was amplified with the
oligonucleotides ori-1 (contains Xmal interface) and ori-
2 (contains BglII interface}, and the BGH polyadenylation
site was amplified with the oligonucleotides pa-1 (Pmel)
and pa-2 (Xmal) 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.



CTGTGCAACCAGGT GI TCTCTGCCCCTTAT GGAGCAGATACCCCTACA
GCCTGCTGI TTCAGCTACAGCAGGAAGATCCCCAGGCAGITCATCGTG 25
GACTACTTTGAGACCAGCAGCCTGTGTTCTCAGCCTGGEGTGATCTTTC

T GCAGCAGTACATRACACROCT G G LT A S5 G | B NE'S T BS™ f ne

M Pl al pha-@&spés i1 ntlgd eveciast dort Plod ypepeél def expression of a
ATGAAGGT GAGCACAACAGCTCTGECCGTGCTECTGTGTACCATGACC
CTGT GCAACCAGETSTI LT OT G QT IR AT percigacaedified so that it

GACTACTT TR ACAGET GTOTFETCACHCT UG CATER T Toation using the

TGACCAAGAGEANSHIENGHT (16T GRAGATAGEMEEAGAEATES. -2, which in each
GTGCAGGAGTACATCACAGACCTGGAGCTGAATGCCTAG | SEQ | D NO. 11 + 12: nurins
M Pl al pha-$3%9G thiedered agi f5H pbe§hepeiHe)y interface at the 5’

T T OCAA AU G A G T T AT RGO TACA, o Py gFonyein-

GCCT GCT GCTAS AT ACASCAGHANAT G ABEKRA 3 d CAT6GTEnd0plasmid pcDNAS
GACTACTTCGAGACCAGCAGCCTGTGTTCTCAGCCCGRCGTGATCTTC
CTGACCAAGCEACACREREATER GO RAEAGCAAGGAGACATG
GGTGCAGGAGTACATCACCGACCTGGAGCTGAACGCCTAG 15 SEQ ID NO. 13 + 14: nurine
M PI al pha-42-CPG (nucl eic acid + pol ypeptide)
ATGAACET@Q@WI@W&H@HH%C@&GA@V 1 was used as
GCTGTGCAACCAGGT GT TCAGCGCCCCGT ACGGCGCCGA

CCGCGTGCTETTETEEA mwm@m@m@ p24 already

TCGACTACTT.
T NIRRT fuan celis (orar

TGGGTGCAGGAETAEAIC@ﬁﬂ§¥(ﬁﬁﬁrﬂﬁ§1Eﬁé&&CEﬁAﬁéaﬁECbEDPN® ﬁéimglﬁhenurine M P1
al pha wild- type (7 nucleic acid +_ pol peptldeh
ATGAAGGT CTGEN eETER T TareTRFACEATERRAED HIV-1 syngag

e

CTATTTTGAAé&ﬁﬁ&EB&EET?EEEEEEOAgﬂﬁéGEHéﬁQAEEITQEEGﬁindIII and Bam HI
ACTAAGAGAAACCGGCA GACTCCAAAGAGACCTGEGTC 30

CAAGAATACATCNB%ACC?E%AA@#@AA GECTAG

Checking the HIV-1l 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, H1298 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.



SEQID NO. 17 + 1 B: human M Pl al pha.43cEG (nucleic acid + pol ypeptide) 52
AT GCAAGTGTCGACCGCCGCTCTCGCCGTGCTGCTGTGCACGATGGEC
GCTGTGCAACCAAGT GCTGAGCGCGCCT CTCGCCGCCGACACGCCEA

oG A AN BAIIER s v vesnes o

AT (H ACAGCEACCEEXEOGAEH ot analysis with a

OIS OISO AT SQIBN, 19+ 20 e

ATGTGCECT Gcgrg !Wr%ﬁgwpansfectlon batches
AGCGCGCCT CGACGCA GEGAGC

T GAARAOETGSTCROCletected after

GATACAGCCGCCGAGAT GAACGAGACCGT CGA GATCAGCGAGAT 8. /024
GTTCGACCTC‘E@&W%@%A s/p24)

ATAAGCAGEECCTCCGCEECTCGCTCACGAAGCTGAAGEECCCGCTC
ACGATGATGGECGTCGCACTACAAGCAGCACT GCCCGCCGACGCCCEA
AACGTCGTGOEEE&EBGAﬁAIEﬂJEIMI??@Iﬁéﬁéﬁﬂﬁilﬂuﬁiiiﬁrent CpG contents
CCTGAAGGACTTCCTGCTCGTGAT TCEAT g q%A Ag SEQ i D NO.
21 + 22: htifn’ MPRFDhAT w ?98%1 ﬁ@e%%u‘é?%?cp i 9eR1VRal §hePt i de)
ATGCAGEWCRQQAQ'GQ%@?EK”JE¥E§¥ngcgﬂgjgﬁﬁgg?iggﬁﬁPGZélnucleotldes,
CTCTGCAACCAGGTCCTCTCT GCACCACTTGCTGCT GA

GCCT GCT CCTHEOASGTACACH CCCGRCAGATT CCACAGANE THGATAS CpGs, whereas the

AT AT AT, o e passce

TGGGTCCAGAMY . %%%@W%@M@%@Qc%&&%%x%pre2{& human
GV CSF wi Il d-type (1 OCpG T(nucleic acid + poypeptid

ATGTGGCTGGﬁ@AGEBﬁGBTGiﬁtﬁTtﬁEKEﬁFEﬁEEIENGEE@E%ECP58mallsyn

TETCCACO0G T PCAXCCAEACCLAOCLTORACEA, and 1nco the

reference vector Pc-ref (“R/p24ACpG”) using the

interfaces HindIII 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~1l 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, H1298 cells were transiently
transfected 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 amcount of protein in

the lysate was determined with the Bio-Rad protein assay.



CACTGCTGCTGAGATGAATGAAACAGTAGAAGT CATCTHTEAGAAATGTTT
GACCTCCAGGAGCCGACCTGCCTACAGACCCGCCTGGAGCTGTACAA 8

GCAGGGCCT GCGGEECAGCCT CACCAAGCT CAAGGGCCCCTTGACCA
TGATGGCCAGCCACTACAAGCAGCACT GCCCTCCAACCCCGGAAACTT
CCTGTGCAACCCAGATTATCACCTTTGAAAGT TTCAAAGAGAACCTGAA
%GTTG@_T@WWFTM@WWGS Giéte 10hstke 4 Da SO,
P-smal | syn_ (nucleic acid sequence, of the plasm
ATCGATGT T G AT GRS AT T%FA@GT%@@@\TWQ@E analysis with a

GO AAAT G G RACCOCL A DAL ORCTATTG 1B ©7e expression

ACGT CAAT AATEACEI ATIGTT CODNT AGTRAGROCANTAGRBAGIHGEE in Example 4, the
ATTGACGT CAAT GGGT GGAGT AT T TACGGTAAACT GCCCACT TGECAGT
ACATCAAGT GTT CAr AT GRS CrOCTRATeACSTERAT R 1n the ldentical

e A P SANEEE 124 prosucic

GATGCGA | | [ €T AEAT CAATBEGRE AT ALCCGITdepel ébly to the data of
ACGGCGATTTCCAAGT CTCCACCCCATTGACGTCAATGCEGAGT TTGTTT
TGGCACCAAARTC AR AT T CTARAN AACAAGTRTERRESD constructs, the

CCAGAGCT CTOR T AR ACACAACC AT LT AACTUGCTTAT RS 3 £ Uoing the

AATTAATACGAETOACTAT AGSCAGACCTARGETETT AAGCTTELTAGA with the number
TATCAGGGATCCACTCAGCTGATCA _CCAGTTTAAACCTGTGC,CTT
CTAGT TGCCAS

CCTGGAAGGT T
GCATCGCATT%%Q%JTC% W&o The data were

CIIBCACISACA@@&WTWA@AW’I@& (Fig. 9B). The
GGGGATGOGGT GAGCTCTAT TCAT
XAA@C@MMM GE% 2.5 times (Pc-ref)

GTTTTTCCAT@Q%EC%O%A Wﬁ%@o?“ 24 than th
CTCAAGT CAGAGGT GGCGAAA CEAJ%AT CATACCAGEC — © an he
GTTTCCCCCTEAMBCIOTOT DSTGOECTIFECTISTd COGAGLCTAURe results are

GCTTACCGGAIfEE@E?&%EEIEITSISFCETCGGGAAGCGTGGCGCT

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.

25:



TTCTCATAGCT CACGCTGTAGGTATCTCAGT TCGGTGIAGGTCGTTCGE s
TCCAAGCTGEECT GT GTGCACGAACCCCCCGT TCAGCCCGACCECTG
CGCCTTATCCGGTAACTATCGI CT TGAGT CCAACCCGGTAAGACACGA
CTTATCGCCACT GGCAGCAGCCACT GGTAACAGGATTAGCAGAGCGAG
GTATGT AWGF TGAAGT GGT GCCCTAACTAGEG

CTACACTA GAAGCCAGIT +o
ACCTTCCGAAAAAGAS AT I & shfé X S Hilfald CCGECAAACAAACCACC
GCTGGTAGCGGTGGTTTTTTTGTT IGCAAGCAGCAGATTACGCGCAGA

AAAAAAGCGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGAGATCTGT
CTGACTCTCAGT GGAACCAAAACTCATGT TAAGGGATTTTGGTCATGAG
ATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGIT i s
TTAAATCAATCTAAAGTATATATGAGT AAACT TGGTCTGACAGGT TAACT
TACCAATGCTTAATCAATGAGGCACCAATCTCTGCAATCTGCCTATTTCT
CTCATCCATGGT TGCCTGACT GCCTGTGGT GTAGATAACTACAATCCTG
GAGGGCTTACCATCTGECCCCAGT GCTGCAATGATACCT CTAGACCCT
CTCTCACCTGCTCCAGATTTATCTGCAATGAACCAGCCAGCTGGAAGG zo
GCAGACCTCAGAAGT GGTCCTGCAACTTTATCTGCCTCCATCCAGTCTA
TTAATTGTTGI CTGGAAGCTAGAGT AAGCAGT TCACCAGT TAATAGT TT
CCTCAAGGT TGT TGCCATTGCTACAGGCATGGTGGTGTCCCTCTCATCA
TTTGGTATGGCTTCATTCAGCTCTGGI TCCCATCTATCAAGCCTAGI TA
CATGATCACCCATGI TGTGCAAAAAAGCAGTCAACTCCTTTGGICCTCC zs
AATGCGTTGTCAAAAGTAAGT TGECAGCAGTIGT TATCACTCATGGI TATG
GCAGCACTGCATAATTCTCTTACTGTCATGCCATCTGTAAGATCGCTTTTC
TGTGACTGGACTGTACTCAACCAAGT CATTCTGAGAATAGT GTATTCTT
CTACCCAGI TGCTCTTGCCCAGCATCAATTCTGGATAATACTGCACCAC
ATAGCAGAACTTTAAAGGTGCTCATCATTGGAAATCTTTCTTCTGGICTA ao
AAACT CTCAAGGATCT TACCAGAGT TGAGAT CCAGT TCAATGTAACCCA
CTCTTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGGGTITTCT
GGGTGAGCAAAAACAGGAAGGCAAAAGGCAGCAAAAAAGGGAATAAG
GGCAACTCTGAAATGT TGAATACTCATAGTACTACTCTTCCTTTTTCAAT 55
ATTATTGAAGCATTTATCAGGGT TATTGT CTCATGAGCGGATACATATTT
GAATGTATTTAGAAAAATAAACAAAT AGGGGTATGCATTCAGCTCACAT
TTCCCTGAAAAGT GCCACCTGAAAT TGACT GATAGGGAGT TCTCCCAAT
CCCCTATGGTGCACTCTGAGTACAATGTGCTCTGATGCCTCATAGI TAA




GCCAGTATCTGCTCCCTGCTTGTGT GT TGGAGGT CACTGAGTAGT GGG
CTAGCAAAATTTAAGCTACAACAAGGCAAGCCTTGACCTACAATTGCAT
GAAGAATCTGCTTAGGGTTAGGCCTTTTGCACTGCTTGGAGATGTACTG  GCCAGATATACTA SEQ | D NO.
26 + 27: p240CpG (nucleic acid + pol ypeptide)
ATGGT GCACCAGGCCAT CAGCCCCAGGACCCT GAATGCEg GGGTGAA
GGTGGT GGAGGAGAAGGCCT TCAGCCCTGAGGTGATCCCCATGITCTC
TGCCCTGT CTGAGGGGEECCACCCCCCAGGACCTGAACACCATGCTGAA
CACAGT GGEGGEECCACCAGGCT GCCATCCAGATGCTGAAGGAAACCA i s

TCAATGAGGAGCCT
GCCCCATTGCCCC
GCTGGECACCACCT
AACCCCCCCAT

TROT AGGGGAGATCT

ﬁ?&ﬁg%% :

ICTGCAGGAGC

ACAAGAGATGGATCATCCT G

BTGCATGCTG
GGGGCTCTGACATT
AGATTGGCTGGATGACCAAC

GGCCTGAACAAGA

CTACAAGACCCT(

GIGAGATGI ACA
ATCAGGCAGGGCCCDEBAG

TCA

GGCATGAGCAGECC

R AT R RO LI RCCACE
GCACT ATGT GGACAGGT T
NS CAGGAGGT GAAGAACT

GGATGACAGAGACCCQEGGTTBGF&E\GAA

GATCCAATTABRIATACAGCTCGT

CCATCCTGAAGCEC|
ACAGCCTGCCAGCH

r*

SESMES]

FORRETICRICH

human | L- 15- 21

&G

RlroligedaT

Lo Y = t""I‘AA [ @d i’ W N .}
AN O UT

CAGCATCCAG'I' CT|

- )

52 + 53:

CTGTGCCTGCTCCT|

GACAGERICT TOC

[CAGBTACCBAGEIAMIGABGRICTCCACCACTGC

GIGITTATCCT
AACTGGGTGAACGT
CAGAGCATGCACAT

|

06T ChRERHETCA
CGAC

TCTCI

LCACCCTGT

EAGRGC (DBAT TERTGARS
AGAAGATCGAGGACCTGATC
SACGTGCAC

CCTAGCTGTAAGGT

BACCIHUOATFGAAGT ¢

ACTAGGCATTCAGTT |

CAGGTACCAAGSITATGAGGELTGCAGAGCCTGC

GTGATCAGCCT GGAGA

GAACCT GATCAT%
GACCGAGA!

'BSGCRANBABCAGC!
GCAA

T GCCA

SCAGT GIGA

TCAAGGAGI TCCT(

BBGA

BUITEAT GCA

GACTACTCCTGGACTG
CGGCAATGT
GAAGAACA

CT

BAGTAGCAAGITATECAGGT G CORLIGLTAG S

EQ 1D NO

64 + 55: nurin
ATGT GGCTGCA

CSF- BZCpG
GONETPECT CA

CAGAGCTCGAGTCATGAAGACTAGGCACTCAGCT

%éx CTCCCTG

38

p24-1

ACTAGGTACCATCTAAGCTTATGCCCATCGTGCA
GAACATCCA

39

p24-2

TCAAGAGCTCGACTGGATCCTATTACAGCACCCT
GGCCTTGTGGE

40

CMV-1

CAAAGGTACCGTTAATCGATGTTGACATTGATTAT
TGACTA ‘

41

CMV-2

GAATGAGCT CTGCTTATATAGACC

42

ori-1

GTCACCCGGGTAGTGAATFCATGTuAGCAAAAGG
c

43

ori-2

GATCTTITTCTACGGGAGATCTGTCAATCGATAGC
T

pa-1

GTTAGAGCTCCAGTGTTTAAACCTGTGCCTICTA
GTTGCCAG

45

pa-2

CAAACCTACCGATACCCGGGCCATAGAGCCCAC
CGCATC

46

ref-del-1

TCAGATGCATCCGTACGTTAACATGTGAGCAAAA
GGCCAGCA

47

ref-del-2

AGTCATGCATCCATAGAGCCCACCGCATCCCCA

48

twil-1

CAGGTACCAAGCTTATGAGAATTTCGAAACCAC

49

huil-2

CAGAGCTCGAGTCATGAAGACTAAGAAGTGTTGA

TGAACATTIGG




AGCGCGCCGACGCGECT CGCCGAT CACCGT GACGCGEGECCGT GGAAGCA so
CGT CGAGGCGAT CAAGGAGGECCCTGAACCT GCTCGACGACATGCCCG
TGACGCT GAACGAGGAGGT CGAGGT CGT GTCGARCGAGT TCTCGT TCA
AGAAGCT GACGT GCGT GCAGACGCGGCT GAAGAT CTTCGAGCAGEEC
CTGCGCGGECAACT TCACGAAGCT GAAGGGECGCGCT GAACATGACCGC
GICGTACTACCAGACGTACT GCCCGCCGACGCCCGAGACCGATTGCGA S5

GACGCAGGTGA Agteog%g}cr CIGATGCCCACGAGAGAAAGG
CCTGACCGACAT TCOA GA
GCTACTT

| L- 15 vvild-typn:l\oa —ATEAR

20 GIGITTACTTC @g@éﬁl’ TTTd

TCATTTTGGEECTGIT TCAC TCTTARFPEAGAAGCCAACTG
GGTGAATGTAATAAGTGATTTGNA AATTGAAGATCTTATTCAATCTA
TGCATATTGATGCTACTTTATATACGGAAAGTGATGI TCACCCCAGT TG

CAAAGTAACAWI@FGWEH&W@W@HMM&
CTTGAGTCCGGAGATGCAAGT ATTCATGATACAGTAGAAAATCTGATCA

B NG A NG AP AR T et
G CSE i 1 v GBI A CE L ARG TETTACA R StTab Pt L™ ™' e
ATGT CCCTGCAGAAERRSB A GEWG@@@Q?@G@@E&K&GWQTCTGTGTCTGG

CAGCACCCACCCGCTCACCCATCACT CACCCGGCCTT
TAGAGGCCATEAAAGAES e ~ RUEE z'- C'(BC&C@@LTGAHGTT@&S ~UuQaQ

: Q~ g aFUu UT@T&;cAé:cAtAG’GléANdm‘Gc%AGféé&bTé@éch‘ézcéTGG#bAcblk QHU
CCTTCACCTATGGGGTGCAGTGCTTCAGCAGATACCCAGACCACATGA
AGCAGCATGACTTCTTCAAGTCTGCCATGCCTGAGGGCTATGTGCAGG
AGAGGACCATCTTCTTCAAGGATGATGGCAACTACAAGACCAGGGCTG

s AGGTGAAGTTTGAGGGGGATACCCTGGTGAACAGGATTGAGCTGAAGG
GCATTGACTTTAAGGAGGATGGCAATATCCTGGGCCACAAGCTGGAGT
ACAACTACAACAGCCACAATGTGTACATCATGGCAGACAAGCAGAAGA
ATGGCATCAAGGTGAACTTCAAGATCAGGCACAACATTGAGGATGGCT
CTGTGCAGCTGGCAGACCACTACCAGCAGAACACCCCCATTGGAGATG

5o  GCCCTGTCCTGCTGCCAGACAACCACTACCTGAGCACCCAGTCTGCCC
TGAGCAAGGACCCCAATGAGAAGAGGGACCACATGGTGCTGCTGGAG
TTTGTGACAGCTGCTGGCATCACCCTGGGCATGGATGAGCTGTACAAG
TGA

l

55 SEQID NO. 3 +4: huGFP (nucleic acid + polypeptide)

ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCT
GGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCG
GCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTC
ATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACC
s0  ACCTTCACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATG
AAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAG
GAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCC
GAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAA
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ATGAAGGTGAGCACAACAGCTCT GGCTGTGCTGCTGTGTACCATGACC

CTGTGCAACCAGGTGTTCTCTGCCCCTTATGGAGCAGATACCCCTACA
15 GCCTGCTGTTTCAGCTACAGCAGGAAGATCCCCAGGCAGTTCATTGTG
GACTACTTTGAGACCAGCAGCCTGTGTTCTCAGCCTGGGGTGATCTTIC
TGACCAAGAGGAACAGGCAGATCTGTGCAGACAGCAAGGAGACATGG
GTGCAGGAGTACATCACAGACCTGGAGCTGAATGCCTAG

SEQID NO. 7 + 8: murine MIP1alpha-2 cpG(nucleic acid + polypeptide)

( ATGAAGGTGAGCACAACAGCTCTGGCCGTGCTGCTGTGTACCATGACT
CTGTGCAACCAGGTGTTCTCTGCCCCTTATGGAGCAGATACCCCTACA
GCCTGCTGTTTCAGCTACAGCAGGAAGATCCCCAGGCAGTTCATCGTG

25  GACTACTTTGAGACCAGCAGCCTGTGTTCTCAGCCTGGGGTGATCTTTC
TGACCAAGAGGAACAGGCAGATCTGTGCAGACAGCAAGGAGACATGG
GTGCAGGAGTACATCACAGACCTGGAGCTGAATGCCTAG

%  SEQIDNO. 9 +10: murine MiP1alpha-4CpGi (nucleic acid + polypaptide)
ATGAAGGTGAGCACAACAGCTCTGGCCGTGCTGCTGTGTACCATGACS
CTGTGCAACCAGGTGTTCTCTGCCCCTTACGGAGCAGATACCCCTACA
GCCTGCTGTTTCAGCTACAGCAGGAAGATCCCCAGGCAGTTCATCGTG
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15 SEQID NO. 13 +14: murine MIP1alpha-42CpG (nucleic acid + polypeptide)
ATGAAGGTGTCGACGACCGCGCTCGCCGTGCTGCTGTGCACGATGAC
GCTGTGCAACCAGGTGTTCAGCGCCCCGTACGGCGCCGACACGCCGA
CCGCGTGCTGCTTCTCGTACTCGCGGAAGATCCCGCGGCAGTTCATCG
TCGACTACTTCGAAACGTCGTCGCTGTGCTCGCAGCCCGGCGTGATCT

2  TCCTCACGAAGCGGAACCGGCAGATCTGCGCCGACTCGAAGGAAACG
TGGGTGCAGGAGTACATCACCGACCTCGAACTGAACGCGTAG

SEQ ID NO. 15 + 16: murine MIP1alpha wild-type (7 CoG) (nucleic acid +
polypeptide)

3 ATGAAGGTCTCCACCACTGCCCTTGCTGTTCTTCTCTGTACCATGACAC
TCTGCAACCAAGTCTTCTCAGCGCCATATGGAGCTGACACCCCGACTG
CCTGCTGCTTCTCCTACAGCCGGAAGATTCCACGCCAATTCATCGTTGA
CTATTTTGAAACCAGCAGCCTTTGCTCCCAGCCAGGTGTCATTITCCTG
ACTAAGAGAAACCGGCAGATCTGCGCTGACTCCAAAGAGACCTGGGTC

3 CAAGAATACATCACTGACCTGGAACTGAATGCCTAG

SEQ ID NO. 17 + 18: human MiIP1alpha-43CpG (nucleic acid + polypeptide)



silencing of the RUNX3 gene by CpG hypernethylation is associated with 15

| ung cancer, Bi ochem Bi ophys. Res. Comgun. 314, 223-228. Nan, X., Ng, H H.,
Johnson, C. A, Laherty, C. D., Turner, B. M, Eisennan, R N and Bird. A
(1998) Transcriptional repression by the nethyl-CpG binding protein MeCP2

I nvol ves a hi stone deacetyl ase conpl ex, Nature 393, 20 336-389. Shen, J.

C., Rideout, %gdc%dte%é@@&eﬂcﬁecé@%bg@gmmm@mww' ytic

deamnm nat | on of tosine in doubl e-stran DNA, Nucleic Acids Res.

22, 972-976. 2503&@?3& AACCAAGEGCTGAGCRERCOTCTRECHGLCEAGABHEAGAr i um of the

Lo s T TR R AR CELSEATIAE TEEA, (500

Conpr ehensi ve MMCUACW@AGMGEGWGC¢DWGQGW 22,

e

Transcri pti onal G G GRACd tcARMR AR TE S tricdragnd Shar es a
CXXC Donai n Wt% hy transferase Human Tr|t orax, and Met hyl - CpG
Bi nding Domain Protein t, And Cell. Blot. Mr. 2000, 2108-2121. 5 Wade,

P. A, CGegonne, Jones Bafestar, E, Aubry, F. and V‘blffe A P.

A,
(1999) M-2 co (Pl\iﬁl ¥ ng and
hi st one deacet;ﬁ% 7‘%@@'% ne IH%%—&%E g%géﬁi@d@'bﬁow cheva, D.
D. (1999) The undernethyl ated state of a OpG island region in igf2
transgenes s dependent on the Hi9" enhancers Genom cs 60, 258-271. Wl f,

gr bdh/tc)?irg\r’]v, ﬁappl ng and E’ qROGéeglgéT%ar acterl sat’1 on @‘F@ﬁgﬁgﬁgﬁzfs 'S (1990)
anti bodies to tA@GGGSQﬂ'IGﬂGGGG(TﬁB_@GiTCGMGﬁGGA@GQAGE@G‘éGGGP@&y virus
570G | sl and ARG]PARPEFEAIECACEAGeERCRR e ET eR AR GEer T cauced

B Ir ﬂ 2 IS '[]r Eé Fr gg ﬁw@ggcmenmmcehmcmeemmahmm mas,

15 TTCGACCTGCAGGAGCCGACGTGCCTGCAGACGCGGCTCGAACTGT
ATAAGCAGGGCCTCCGCGGCTCGCTCACGAAGCTGAAGGGCCCGCTC
ACGATGATGGCGTCGCACTACAAGCAGCACTGCCCGCCGACGCCCGA
AACGTCGTGCGCGACGCAGATCATCACGTTCGAGTCGTTCAAGGAGAA
CCTGAAGGACTTCCTGCTCGTGATCCCGTTCGATTGCTGGGAGCCCGT

2  GCAGGAGTAG

SEQID NO. 21 +22: human MiP1alpha wild-type (8CpG) (nucleic acid +
‘polypeptide)
ATGCAGGTCTCCACTGCTGCCCTTGCCGTCCTCCTCTGCACCATGGCT
s CTCTGCAACCAGGTCCTCTCTGCACCACTTGCTGCTGACACGCCGACC
GCCTGCTGCTTCAGCTACACCTCCCGACAGATTCCACAGAATTTCATAG
CTGACTACTTTGAGACGAGCAGCCAGTGCTCCAAGCCCAGTGTCATCT
TCCTAACCAAGAGAGGCCGGCAGGTCTGTGCTGACCCCAGTGAGGAG
TGGGTCCAGAAATACGTCAGTGACCTGGAGCTGAGTGCCTAG

30
SEQID NO. 23 + 24: human GM-CSF wild-type (10CpG) (nucleic acid +

polypeptide)
ATGTGGCTGCAGAGCCTGCTGCTCTTGGGCACTGTGGCCTGCAGCATC
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Steps: (1) ProviCBrIBEA thEhsBRotarcaiRTeTeR AT g ARG S,
OoF CpG i nucl eo o (e aananTCRATSRASY a“‘mme‘@“. RN L [ 5 i sed
o]

usi ng Ithe degen GALST C& 'EGQGBgC @R g %&g%@prﬁs& gn
%d: fsl egm?;(rasget %rqjc el c aC| sequence vmt GéTﬂ eg E%er o?@t he o y
di nucl eot i des lﬁGATW@GAG@CAQiMMGﬂAGWT@ECC‘ﬁCGAAB@DGGGAMﬁHng W|th a

S ot nucl o ¢ SR TEOAEAEBAT AR E T AT T CRARTARKACE TGAR 1 g ©°
accgr ding to cl YEAGTTTCTAETTETCATESCEOTITEBACTEOTCUBAGCCAGTCEAGGA he tar get

nucleic acid sequence 1s carried out so that, in addition to increasing or
reduci ng the nuf¥&G of CpG di nucl eotides, one or nore additiona

nodi fications is/are carried out at the nucleic acid |level. 3. Mthod
accordi ng td°c|ain12, in which the additional nodifications at the nucleic

acid level are SEQIDNO.25: P-smallsyn (nucleic acid sequence of the plasmid)

ATCGATGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACG
GGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTA
CGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTG

5 ACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCC
ATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGT
ACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGAC
GGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGAC
TTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGT

20 GATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTITGACTC
ACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTIGTTT

( TGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCC
CATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAA
GCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTTATCTA

s  AATTAATACGACTCACTATAGGGAGACCCAAGCTGTTAAGCTTGGTAGA
TATCAGGGATCCACTCAGCTGATCAGCCTCCAGTTTAAACCTGTGCCTT
CTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGAC
CCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATT
GCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGETG

30 GGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGC
TGGGGATGCGGTGGGCTCTATGGCCCGGGTAGTGAATTCATGTGAGCA
AAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGC
GTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACG |




fromthe group consisting of: alteration of the 63 codon choice, insertion
or elimnation of sequences stabilising the RNA secondary structure,
regions wth increased self-honol ogy, regions with i ncreased honology to
the natural gene, RNA-instability mofjfs, splice-activating notifs,

pol yadenyl ation notifs, adenine-rich notifs, endonucl eose recognition
sites. 4. Method according to one of the preceding clains, in which the
nodi fication of the target nucleic acid sequence by increasing or reducing

choi co ot i m e TARGTEAGRRGTEERRRAMCROLAPABEAERIAAATRESGE § one of
érﬁug{:g??hgg fL@ oOeT e ougpalinapiies Iiﬁ?SZd for
mamal o, 6. vet nBaT HACEORR A BB ke TioahBARBCR AR he gene
expression is raEETCATAGCTOAOBCTETAGCTATQTCAGITEGETGTAGETEGTITGGC S, i n whi ch
cl'ai e i Pyt HOCASCERGHEMerachEhaREcEERR R SR Coeth b eoeel o
het er ol ogous to EBECTTRTCSOE PAASHTCRTCTICALTCORACECCETARGACAGGRNE Of i he
preceding clainms, in |c a eukaryotic or_prokaryotic expression system
is used as the ekPFAEGHEHA E@ﬁ@ﬁﬁcidbcﬁ. Qxéhﬁﬁﬁ GKKEHﬁe of the

P oot nggfloﬁlpngony GRS ?G?’Ska’?@ﬁ‘??'?‘??fmﬁﬁdifar CIRESS e Fot o
selected fromt hGTngQE‘gM@Gg@AG TIABGTATCEBORCTGRGETG &TEel | <,
parasi tic cel] s, pcBiFESGRRAMGAGTRASTAGHICT GATERBCAARCARAEEACEU ™"
GCTGGTAGCGGTGGTTTF”TGTTTGCAAGCAGCAGAJTACGCGCAGA
AAAAAMAGGATCTCAAGAAGATCCTTTGATCTTTITCTACGGGAGATCTGT
CTGACTCTCAGTGGAACCAAAACTCATGTTAAGGGATTTTGGTCATGAG
ATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTT
15 TTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGGTTAACT
TACCAATGCTTAATCAATGAGGCACCAATCTCTGCAATCTGCCTATTICT
CTCATCCATGGTTGCCTGACTGCCTGTGGTGTAGATAACTACAATCLTG
GAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCTCTAGACCCT
CTCTCACCTGCTCCAGATTTATCTGCAATGAACCAGCCAGCTGGAAGG
an GCAGACCTCAGAAGTGGTCCTGCAACTTTATCTGCCTCCATCCAGTCTA
TTAATTGTTGTCTGGAAGCTAGAGTAAGCAGTTCACCAGTTAATAGTTT
{ CCTCAAGGTTGTTGCCATTGCTACAGGCATGGTGGTGTCCCTCTCATCA
TTTGGTATGGCTTCATTCAGCTCTGGTTCCCATCTATCAAGCCTAGTTA
CATGATCACCCATGTTGTGCAAAAAAGCAGTCAACTCCTITTGGTCCTCC
25" AATGGTTGTCAAAAGTAAGTTGGCAGCAGTGTTATCACTCATGGTTATG
GCAGCACTGCATAATTCTCTTACTGTCATGCCATCTGTAAGATGCTTITITC
TGTGACTGGACTGTACTCAACCAAGTCATTCTGAGAATAGTGTATTCTT
CTACCCAGTTGCTCTTGCCCAGCATCAATTCTGGATAATACTGCACCAC
ATAGCAGAACTTTAAAGGTGCTCATCATTGGAAATCTTTCTTICTGGTCTA
s AAACTCTCAAGGATCTTACCAGAGTTGAGATCCAGTTCAATGTAACCCA
CTCTTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGGGYTTICT
GGGTGAGCAAAAACAGGAAGGCAAAAGGCAGCAAAAAAGGGAATAAG
GGCAACTCTGAAATGTTGAATACTCATAGTACTACTCTTCCTTITTICAAT



cells and somatic cells, or a cell-fr e expre55|on environnent. 11. Met hod
according to one of the preceding claPms, 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 clainms, in which a | ow

one of the pr BETAFL ARSI ARG TR G S AT A har S LACATATEF . “aca
sequence and hﬁrga‘mccoAmm Wm%mﬁr@cmeewmw ed with CpG

i slands. 14. Me r di o one of the preceding clains whi ch t he
haber of  CrG TTGOCT CAMARG GRCAGIT GARATTGAE T GATAGEEASTIATICEMT two. 15,

di nuct eot i des. PAATERTCAGTORRARAGARIEIBCTETOAToRRTCATAGYTAN T2l Teast
50% or e I COUAETATTGCROCCTO0NTGTGTGPCOAGGTOACTIAGTAGTGEE Of t he

pr ecedi ng cI ains, in. which all G di nucl eotglgdes are rermved usi ng t he

degeneracy of ERAGEAMAATITASGET CAAGGEAA CHETACAM TGATDS t he
precedi ng cl ai Mm bc?lm for an
RNA, der i vati v TiAe P%\?f??:ﬁ%‘ﬁ%ﬁ?f%@?éa modi 1 ed
peptide or pol GESAGAFATACTRrotein or a nodified protein. 18. Method
according to claim17, in which the target nucleic acid sequence codes for

a therapeutic and/or . diagnostic protein. 19. Method according to claim1B,

in which the tSREIDNOUb eI P24ACHEMBBRI s6d $polyieplide) ot ei n sel ected
from human!® parasitic, viral or bacterial proteins, enzynes, hornones,

vaccines, messaTeRITGEASEABGEEATCAGCCCCAGGACCCTGAATGCCTGGGTGAA
GGTGGTGGAGGAGAAGGCCTTCAGCCCTGAGGTGATCCCCATGTTCTC
TGCCCTGTCTGAGGGGGCCACCCCCCAGGACCTGAACACCATGCTGAA
CACAGTGGGGGGCCACCAGGCTGCCATGCAGATGCTGAAGGAAACCA
5 TCAATGAGGAGGCTGCTGAGTGGGACAGAGTGCACCCTGTGCATGCTG
GCCCCATTGCCCCTGGCCAGATGAGGGAGCCCAGGGGCTCTGACATT
GCTGGCACCACCTCCACCCTGCAGGAGCAGATTGGCTGGATGACCAAC
AACCCCCCCATCCCTGTGGGGGAGATCTACAAGAGATGGATCATCCTG
GGCCTGAACAAGATTGTGAGGATGTACAGCCCCACCTCCATCCTGGAC
»  ATCAGGCAGGGCCCCAAGGAGCCCTTCAGGGACTATGTGGACAGGTT
CTACAAGACCCTGAGGGCTGAGCAGGCCAGCCAGGAGGTGAAGAACT
GGATGACAGAGACCCTGCTGGTGCAGAATGCCAACCCTGACTGCAAGA
CCATCCTGAAGGCCCTGGGCCCAGCTGCCACCCTGGAGGAGATGATG

ACAGCCTGCCAGGGGGTGGGAGGCCCTGGCCACAAGGCCAGGGTGCT
25 GTAA

SEQ ID NO. 52 + 53: human iL-15-21CpG

ATGCGGATCAGCAAGCCCCACCTGAGGAGCATCAGCATCCAGTGCTAC
CTGTGCCTGCTGCTGAACAGCCACTTCCTGACAGAGGCCGGCATCCAC
» GTGTTTATCCTGGGCTGCTTCTCTGCCGGCCTGCCTAAGACAGAGGCC
AACTGGGTGAACGTGATCAGCGACCTGAAGAAGATCGAGGACCTGATC
CAGAGCATGCACATCGACGCCACCCTGTACACAGAGAGCGACGTGCAC
CCTAGCTGTAAGGTGACCGCCATGAAGTGCTTCCTGCTGGAGCTGCAG



and regul ator proteins. 20. Method according to claim18 or 19, in which the
target nucleic acid sequence codes fi¥ a protein selected from

aspari genase, adenosi ne deani nase, insulin, tPA clotting factors, vitamn
L epoxide reductase, erythropoietin, follicle-stimnulating hornone,
oestrogens, bone norphogenic proteins, antithronbin, H V-, HBV-, HCV

i nfl uenza-, boGTEATGAGCCEEGABAGLSGCEATGOCAGEATOCACCGADAGCATGEA i ved

brotei ne. bl ooBANISALERTEEREECEME ARG RECLTCABCAREAREBAEARIAT oc . ' cor,
tGrv;ns(,:(?lr:i, p![ Pgﬁr@%@%ﬁ%ﬁm@gm Fﬁé%%ﬁ?w%mﬁgﬁ the target

nucl ei ¢ aci d sTGAAGGAGPIRCTECAGAGCINCGTREACATVGTGBAGATGTVEARGAAaccor di ng

to claim 21, |M&@E@ t‘arget nucleic acid sequence is an siRNA, a
ri bozyne, ah ' - or a decoy. 23. Modified nucleic acid wth a

regi on capable of transcription that can be expressed in an expression

system and V‘mSEb!bsNé.eﬂ'Ygg: ﬁﬁﬁﬁ?ﬁ%ﬁ%@% sequence, in which the region

capabl e of transcription IS no t it is codon-optimsed in
relation to th r ' er of CpG
di nucl eot i des %Wﬁg@ﬁ&m%ﬁmagﬁﬁéﬁébgmme derived
fromthe wld- ' @o\ﬁmm &eAl tic code.
24. Nucl ei c aci accorSi ng t%Gc %IG%C%TC?«n i ch tﬁgscﬁiuen%er o?c%pG
di nucl eot i des ICETOCBABGEGATCARGBAGGCGCTGAACGTGLCTCPACCAGAIREECG at | east
0% preferabl t I 0 9 icularly
breferably at TEACEREhACRAGAITeehRATOR A CRAAGRRSTICT e R 0006
especial Iy by adReGETGACETGEBICEACACERREUTBAAGAICPTEGAGBAGEGE0 or more.
CTGCGCGGCAACTTCACGAAGCTGAAGGGCGCGCTGAACATGACCGC
GTCGTACTACCAGACGTACTGCCCGCCGACGCCCGAGACCGATTGCGA
15 GACGCAGGTGACGACGTACGCCGACTTCATCGACTCGCTGAAGACGTT
CCTGACCGACATCCCGTTCGAGTGCAAGAAGCCCGGCCAGAAGTAG

SEQ ID NO. 56 + 57: human IL-15 wild-type (3CpG)
ATGAGAATTTCGAAACCACATTTGAGAAGTATTTCCATCCAGTGCTACTT

a  GTGTTTACTTCTAAACAGTCATTTTCTAACTGAAGCTGGCATTCATGTCT

TCATTTTGGGCTGTITCAGTGCAGGGCTTCCTAAAACAGAAGCCAACTG

{ GGTGAATGTAATAAGTCATTTGAAAAAAATTGAAGATCTTATTCAATCTA

TGCATATTGATGCTACTTTATATACGGAAAGTGATGTTCACCCCAGTTG

CAAAGTAACAGCAATGAAGTGCTTTCTCTTGGAGTTACAAGTTATTTCA

5  CTTGAGTCCGGAGATGCAAGTATTCATGATACAGTAGAAAATCTGATCA

TCCTAGCAAACAACAGTTTGTCTTCTAATGGGAATGTAACAGAATCTGG

ATGCAAAGAATGTGAGGAACTGGAGGAAAAAAATATTAAAGAATTTTTG
CAGAGTTTTGTACATATTGTCCAAATGTTCATCAACACTTCTTAG

»  SEQIDNO. 58 + 59: murine GM-CSF-wild-type (11CpG)
ATGTGGCTGCAGAATTTACTTTTCCTGGGCATTGTGGTCTACAGCCTCT
CAGCACCCACCCGCTCACCCATCACTGTCACCCGGCCTTGGAAGCATG
TAGAGGCCATCAAAGAAGCCCTGAACCTCCTGGATGACATGCCTGTCA



25. Nucleic acid according to one of the preceding clainms 23 or 24, in
which the nucleic acid is not associated with a CpGisland. 26. Nucleic
acid according to one of clains 23 to 25, conprising a sequence sel ected
from SEQID NGCs. 1, 5, 7, 9, 11, 13, 17, 19, 26, 52 and 54. 27. Vector
conprising a nucleic acid according to one of <clains 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
conprises a pronmoter. 29. Vector according to claim28, in which the
pronoter 1is a constitutively active pronoter. 30. Vector according to claim
29, in which the constitutively active pronoter is selected from

(cytonegal ovirus) CW pronoter and Siman virus 40 (Sv40) pronoter. 31
Vector according to claim28, in which the pronoter is an inducible
pronoter. 32. Vector according to claim31, in which the inducible pronoter
is a tetracyclin-dependent pronoter. 33. Vector according to one of clains
27 to 32, in which the pronoter is not associated with a CpG island. 34.
Vect or according to one of clains 27 to 33, in which the sequences or parts
t hereof present on the vector apd different fromthe nucleic acid according
to one of <clains 23 to 26, haig redgset nunber of CpG dinucl eotides. 35.
Vect or according to one of clai 3 in which the sequences or parts
thereof different fromthe nucl cording to one of clainms 23 to 26

have a nunber of CpG di nucl eotd by about 25% preferably 500,
nore preferably 75% and nost p referably by 1000.

DO~
TGANACAGA

—~ 0o -
< O

CABCCAGCTA

57
GCTAACATGTGTGCAGACCCGCCTGAAGATATTCGAGCAGGRTCTACG

AGTTACCACCTATGCGGATTTCATAGACAGCCTTAAAACCTI TS

GGGCAATTTCACCAAACTCAAGGGCGCCTTGAACATGA
GATATCCCCTTTGAATGCAAAAAACCAGGCCAAAAATAG

CATTGAATGAAGAGGTAGAAGTCGTCTCTAACGAGTTCTC
CTACCAGACATACTGCCCCCCAACTCCGGAAACGGACTG

5



68 36. Vector according to one of clains 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 clains 23 to 36. 38. Expression system
conprising: (a) a nodified nucleic acid sequence with a region capable of
transcription, derived froma wld-tgpe sequence, in which the nodified
nucl ei ¢ acid sequence has been nodified so that it is codon-optimsed in
relation to the enployed expression system and has an increased or
reduced nunber of CpG di nucl eotides conpared to the codon-optim sed
sequence, in operative coupling with a transcription control sequence, (b)
an expression environnent selected f egén 3 gsell and a cell-free expression
envi ronnment, wherein (a) can be ex;ﬁ ‘& 8 i n which the expression system
on expression of a nodified nucleic acid sequence with an increased nunber

of CpG di nucl e@khdfm, ¥XNididawadl., Ogaeawaacs., Sepishied, M., andMaguiag Tpr essi on of
a nodified nucléic aci'd sequence wth a reduced nunmber of
di nucl eot i des €3003i Call-lyppsREelG TERSFHRR ;| fn thesdnaspity; 9ehRe % %?%?@si ng as

active COﬂSé'twag]& ig Cde?ﬁéihy?éﬂoﬁl Qt”ﬂ{eobro?ndlfércﬁdgfonamdbﬁétné iARktingknd/ or an
expr essi on syste ordi to one_ of clains 40. Use of a nucleic

acid and/or a \mﬁiﬂw%l&ﬁm’@&n@féﬂsl Amgiftptopl. 163 é‘%b‘ré%hgr on system according to

one of clainms 23 to 38 for the production of a nmedicanent for a diagnostic
and/ or therapeutic treatnment. 69 41. Use according to claim40 for a gene
therapy treat iaiequens. F.tand Bird,aAn(1993) Numbeyof &pGeislands and/ganes isel | and/ or

an expr essi on yAEAMACLAL AheNAINISI K6 U 96, Ades 418, for the producti on

of vacci nes.
10
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1130 SEQUENCE PROTOCOL <110> Geneart GibH <120> Method for nodul ating 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 prdf®in (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 Ay GQu Qu Leu Phe Thr Ay Vval Val Pro Ile Lau

1510 15 gtg.gag ctg gat ggg gat gtg an ggc cac aag ttc tct gtg tct ggg 96
Val G u Leu AspehgyGASGharals., ARongCEyand Kim,ye SHE06E Mathyiatidarin@®MLERD 25 30

gag ggg gag ga at. gc cct c aa tc acc. ctg.a tc .a 44 Gn Ay
Gu Ay Asp A %ﬂ?teg'ﬁe%r?ﬁ E@é i@%Epdﬁ%gtoﬁﬁps%@opﬁgctgng%?%gd}@g&s tgc acc
aca ggc aag ct gef§axgression,© 20, At20-7127.9t g acc ace 192 Cys Thr Thr Gy
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 Ay Val dn
Cys Phe Serg Ar ubsr 7 @nd'S Antdzend/BA. L(26803) Mammalian Mutation Pressure,

Synonymous Codon Choice, and mRNA Degradation, J. Mol. Evol. 57, 694-
701

Hendrich, B. and Bird, A. (1998) ldentification and characterization of a
10 family of mammalian methyl-CpG binding proteins, Mol.Cell Biol. 18, 6538-
6547,

Hisano, M., Ohta, H., Nishimune, Y. and Nozaki, M. (2003) Methylation of
CpG dinucleotides in the open reading frame of a testicular germ celi-

15 specific infronless gens, Tact1/Acti7b, represses its expression in somatic
cells, Nucleic Acids Res. 31, 4797-4804.

Hsieh, C. L. (1994) Dependence of transcriptional repression on CpG
methylation density, Mol.Cell Biol. 14, 5487-5494.

20
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88s6.
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and MeCP2 recruit histone deacetylase to repress transcription, Nat.Genet.
19, 187-191.
30

Kang, G. H., Lee, S, Lea, H. J. and Hwang, K. 8. (2004) Aberrant CpG
island hypermethylation of multiple genes in prostate cancer and prostatic
intraepithelial neoplasia, J.Pathol, 202, 233-240.



65 70 75 a0 <cag cat gac ttc ttc aag tct gcc atg cct gag ggc tat gtg cag gag

288
95

Thr
nag
Au
any
Lys
age

aac
Lys
tac
Adn
tac
Ser
atg
Leu
ctg
Lys

G@n Hs Asp Phe Phe Lys Ser Ala Met Pro Qu Ay Tyr Val Adn Gn 85 90

agg acc ate ttc ttc aag gat gat ggc aac tac nag ace agg get gag 336 Arg
Il'e Phe Phe Lys Asp Asp Ay Asn Tyr Lys Thr Arg Ala G n 100 105 110 gtg
ttt gag ggg gat acc ctg gtg aac ggg att gag ctg aag ggc 384 Val Lys Phe
Gy Asp Thr Leu Val Asn Arg Ile Qu Lau Lys Ay 115 120 125 att gac ttt
gag gat ggc ant atc ctg ggc one aag ctg gag tac 432 2130 |Ile Asp Phe

Gu Asp Ay Asn Ile Leur@y His Lys Lau Glu Tyr 130 135 14D aac tac aac

cac aat gtg tac atc at ca gac aag cag a aat 480 Asn Tyr M Ser Hi s
Mh Val Tyr |l e Kedo,ABa (43@&3@@1@9 jnding, EM’?“‘! sMeCRB srepeesseg o8Pt ¢ aag gtq

ttc aag etcg g.%gmgﬁé whan | Asa Phe
Ile Arqg Hi s %gﬁeﬁq&&g%@htoé ggﬁo%%'hlg%gg gt gytgggp%%taﬁgg gac cac
cag cag aacmathylatad; Mol.Cely mldﬁtsﬁl@é‘@% Val Gn Leu Ala Asp H's Tyr Gn
Mh Tbr Pro Ile Ay Asp Sly 180 185 190 cct gtc ctg ctg eca gac aac cac

ctg age Sacc cag tct gcc ctg 624 Pro Val Lev Leu Pro Asp Asn His Tyr Leu
Thr G n Ser Lagramlidi. KL49070) Clez08ge afpiruciical prbeinsduringttheg assembly eijg gac cac

gtg ctg ctag; t S ulLys Arg Asp Hs Mt Val
Leu Qu Theﬂg?%agfgb%oéﬁgé%té G@P%g?‘)sg@'sé%c acc ctg ggc atg gat gag
tac aag tga 720 Val Thr Ala Ala Sly Ile Thr Lea Sly Net Asp G u Leu Tyr
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<213> Artificial sequence <223> Description of the artificial sequence:
depleted delta green fluorescent protein (GFP) CGene <400> 2 Met Val Ser Lys

Sly
Ay
Asp
Lys
Val
t he
The
Au
Phe
Asn
160
175
185
200
215
230

Gn Gn Leu The Thr Sly Vval Val Pro Ile Leu 15 10 15 Val du Leu Asp
Asp Val Asn Ay His Lys the Ser Val Ser Ay 20 25 30 du @y u Qy
Ala Thr Tyr Sly Lys Leu Thr Leu Lys the Ile 35 40 45 Cys Thr Thr Qy
Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr 50 55 60 Phe Thr Tyr Sly
A n Cys Phe Ser Arg Tyr Pro Asp Hiis Met Lys 65 70 75 BO G n His Asp
the Lys Ser Ala Met ?ro Au Ay Tyr Val Gn du 85 90 95 Prg Thr Ile
t he Lys Asp Asp Sly Mh Tyr Lys Thr Arg Ala u 100 105 110 Val Lys Phe
Ay Asp T u Val Asn Arg lle Qu Leu Lysg_l%—/a 115 120 125 [|le Asp
Lys G n AspC@yrg/safra MP@"La&@n @??SWP@OWM@W tﬁwdsll@tmqtbﬂafdo 3(30

Tyr Asn Sexg I 445 150 155
Ay Ile Lysb‘e F'e%sné@h Shifes EGCMEC %ﬁmﬁsmﬂ’rﬁlﬂﬁ Ser 165 170

Arg H's Asn
Val G n Ledumpn Trgwras. gncr;ﬁeﬂml‘ﬁpé %ﬂﬁ@@ DomainsProtein b h@bfm; el y 180

190 Pro Val ﬁ)dﬁr n Hs Tyr Lou Ser Thr Gn Ser Ala Leu 195
205 ber Lygiog\slm"{f 91&3 2l.}iys Arg Asp His Met Val Leu Leu A u Phe 210

220 Vals Thr Ala Al a Gly Ile Thr Leu Gy Net Asp Qu Leu Tyr Lys 225
235 Wade, P. A, Gegonne, A., Jones, P. L., Ballestar, E., Aubry, F, and Woliffe,
A. P. (1939) Mi-2 complex couples DNA methylation {fo chromaiin
remodelling and histone deacstylation, Nat Genet. 23, 62-66.

10 Wise, T. L. and Pravicheva, D. D. (1999) The undermethylated state of a
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<210> 3 <211> 720 <212> DNA <213> Art3%icial 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 Mt Val Ser Lys Ay
Glu Qu Leu The Thr Gy Val Val Pro IIe Lau 1 5 10 15 gtc gag ctg gac ggc
gac gta aac ggc cac sag ttc ago gtg T®®yc 96 Val Gu Leu Asp Ay Asp Va
han Gy H's Lys Phe Set Val Ser Ay 20 25 30 gag ggc gag ggc gat gcc acc
tac ggc sag ctg acc ctg aag ttc etc 144 du Gy Qu Ay Asp Ala Thr Tyr Ay
Lys Leu THr. LeweiysodPheon Itédaa:aqzoge!ﬂ&d tyedalcet laoe gfjctlaagoetg ccc gtg ccc
tgg ccc ace ctc gtg acc acc 192 ., T r Thr (]y Lys Leu Pro Val Pro Trp Pro
Thr Leu Val 1Twe£hﬁ£%ﬁ}Qﬂ3(ﬁPWR¥9 Riy cag tgc ttc ago cgc tac ccc
gac cac atg aag 240 Phe Thr Tyr Qy VaI G@n 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 d fi)H s PaspyiRhieomhef ly sta8getAlrmudMsiPrac @ isediyenye Mal A n Qu
85 90 95 cgc ace at%¥%tc ttc aag gac gac ggc aac tac aag acc cgc gcc gag
336 Arg Thr Ile Phe p Gy Ass Tyr Lys Thr Arg Ala Ju 100 105

Val Liégpﬁigc;thf:@%ag&@o%fw%? 1@%2%19@%@/&3%%: Rt tytegy 00 o
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



115
432
135
Asn
160
Ay
gtg
Lau
gtg
Leu
ccc
du
etc
Lau
PRT
depl
Lys
Asp

120 125 ate gac ttc aag gag gac g@% aac ate ctg ggg cac sag ctg gag tac
Ile Asp Phe Lys Qu Asp Ay Asn Ile Lau Gy H's Lys. Lau Gu Tyr 130

140 aac tac aac age cac aac gtc tat etc atg gee gac aag cag aag aac 480

Tyr Asn Sercéﬁsnﬁshoyaé TymséteibhtoélalﬂmbnhyioﬁinfLyqu&nckéS 150 155

I'le
cag
Al a
ctg
Pro
aac
Lys
act
Ay

Lys
ctc
Asp
ctg
Asp
gag
Arg
ctc
Met

ggc ate aag gtg aac ttc aag etc cgc cac aac ate gag c age 528
PErefRuASp ERGLoBs

Val SRRl Pheings ??e W gSRF nﬁéﬁyl 165 170 175
gee, gag fﬁer%gge&age%ghaﬁslagg,cgsg%ﬁsgggtaaena%aéé@ val dn
Hs Tyr n Asn Thr Pro 80 185 '190 ccc

ccchgaclagy tacthacnatgragegane,cagAtmosgabliugy624 Pro Val Leu
Asn H s_Tyr g A_a La 8 205 agc asa gac
aadm%EﬁfﬁatsB Ecﬁt@CBFXaE?@gcpﬁtbQB'tPelg? SNESRTEPR Asp Pro Asn
Aspnbt S0t J¥ahi heurkad fbeiPhe 2A8o4481849.0t9 ace gcc gecc ggg
gge atg gac gag ctg tac sag taa 720 Val Thr Ala Ala Gy lle Thr
Aspr&oghatidygrsiyes225 230 235 240 <210> 4 <211> 239 <212>

<213> Artificial sequence <223> Description of the artificial sequence:
eted delta green fluorescent protein (huGFP) Gene <400> 4 Met Val Ser
dy Ay, G nMé@HthgchEdgiM Val oNal ofr Qh!el Eré@@d1i‘1g5clglgﬂ§ Yal Gu Lau
Ay Asp Val Asn Gy H s Lys Phe Ser Val Ser dy éluGIyGIu
Ay Asp Al a ThrwiyehGhelypedifidcThichanflLybePharpké nBSl¢GC45c1d

sequence by increasing or reducing the number of CpG
dinucleotides is carried cut having regard to a

codon choice optimised for the expression system.

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.

Metheod according to one of claims 1 to 5, in which

the gene expression is raised.

Method according to one of claims 1 to 5, in which

the gene expression is reduced.

Method according to one of the preceding claims, in
which the target nucleic acid sequence to be

expressed 1s heteroclogcus to the expression system.

Method according to one of the preceding claims, in
which a eukaryotic or prokaryotic expression system

is used as the expression system.



Cys Thr Thr Gy Lys Lau Pro Val Pro Tr%4Pro Thr Lau Val Thr Thr 50 55 60

Phe Thr Tyr

@y Val dn Cys Phe Ser Arg Tyr Pro Asp His Met Lys 65 70 75 80

Gn Hs Asp Phe the Lys Ser Ala Met Pro Gu Ay Tyr Val dn Gn 85 90 95
Arg Thr |1&0PheMetrodyacoepding @ yomgnofTytheyBreaedang Nlél@su inoo 105 110

Val Lys Phe Qu G Thr Val r L q115 120 125
5130 1le Asp THE {% 58 O ég%‘ R etEfeh %eégglglgn éggd ¥81Et¥ed Tyr 130
135 140 Asn TYfrdiﬁntl‘ﬁ@rgHbLSpA@or\/@isﬂ_yﬂiglbe ]Mabké\kgoésa t¥316 Aanbys Asn 145

1S0 155 160
165 170 175
180 185 190
195 200 205
210 215 220
225 230 235

Ser

Ile Lys Val Asn Phe Lys Ile Aw% H's Asn Ile A u Asp

Va¢ul@rqy hcﬁ@%llﬁépsﬂ%cq'??l gang

Pro up p i L r Ser Ala Lau
o B et o s e Iy PR TRer ar S lau G u Phe

Vaﬂ)lé'ﬂilt ééalé\l aigbyct| €eThs, Lasmchyibat cA3ps@E Hukan Tyr

<210> 5 <211> 279, <212> DNA <213> Artificial sequence

Gy Ser

e AGROWRr CPRELFFEN@ y Asp Ay

Lys
<220>

<223> Descripti®albf 2Rd ¢Patici @flisquehcd: CRALIRESSMPBPEEBRAONCOCpG
(marine M Plalp@§v9§8§m¥h£h 0 CpG dinucleotides) <220> <221> CDS

11.

12.

13.

14.

15.

16.

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.

Method according to one of the preceding claims, in
which a low methylation system is used as expression

system.

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.

Method according to one of the preceding claims, in
which the number of CpG dinucleotides is increased

or reduced by at least two,

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%.

Method according to one of the preceding claims, in
which all CpG dinucleotides are removed using the

degeneracy of the genetic code.



<222> (1)..(279) <400> 5 atg aag gtg %@e 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 G n Val Phe Ser Ala Pro Tyr Ay Ala Asp Thr Pro Thr

20 25 30 ee tgc tgt ttc age tae age agg aag etc ccc agg.cag ttc att gtg
144 Al a <§’é- o)‘gew %@Cqﬁl%rtw@ﬂ%y%gﬂ}ée PRI TP nCPRENFt elWal 35 40

45 gac tac ttt C g t 192 Asp
Tyr Phe G u Thrigih e ﬁgﬁr@g B %‘?%deg'%q‘%%‘f“?l%"%%% A theo ctg ace

aag agg aac agRNAmg & eitgtivgsaogatimgeiaagtigageata &ggepddelea Thr Lys
Arg Asn Arg Gn Ile Cys, Ala Asp Sex,Lys GQu, Thr Trp 65 70 75 80 gtg cag gag
tac atc aca gacdPetPHRlg ey datogttiedgPenvideapr PRLPEPTYHeI 1@ Thr Asp Lau

A u Lea Asn Ala%£§t39n6&§0a @g&ﬁfigd %&Eeg . <212> PRT <213> Artificial
scr of t

sequence <223> I ption e artifircial sequence: nurine

MCPI al pha- OCpG (nmurine 141Pl al pha gene with 0 CpG dinucl eoti des) <400> 6
Met Lys Val _Ser. Thr Thr Ala_lLau Ala Val L Lau ggs Thr Met Thr, 1 5 10 is
Lau Cys Ash® @ mM&&EROPHRRCGRFAANG ‘FfPoCJr?ﬁmG%ir AR PEPCENEDEr B2ERRET 20 25 30

Ala CGys Cys Phe, el Jyraces SbgubdSe! LE3EE0sAE9a G RetBBht 8cVaha /3P 40 45

diagnostic protein.

i 19. Method according to claim 18, 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, cytckines, chemokirnes, G-CSF, GM-
CSF, interleukins, Interferons, PDGF, TNF, RANTES, MiPlao

and transcription factors.

21. Method according to élaim 17, in which the target

nucleic acid seguence codes for a functional RNA.



Asp Tyr Phe @u Thr Sex Ser Len Cys Sef6dn Pro Ay Val Ile Phe 50 55 60
Leu Thr Lys Arg Asn Arg An Ile Cys Ala Asp Ser Lys Gn Thr Trp 65 70 75 BO
Val Gdn @u Tyr Ile Thr Asp Lau Qu Lau Asn Ala 85 90 <210> 7 <211> 279

<212> DNA 5213>Mé£hbaisbabragggeegec1s2a021$22§>wﬁﬁéﬁrkabiQar@%tthe_
artificial sequence: nurine Pl al pha-2CpG (nurine M Pl al pha gene with 2
CpG di nucheol¢tesyckd2esquepee>icDInc22RNA¢ 1§, riPpgymeg400> 7 atg aag gtg

ago aca'aca gat_ctg -t { tg tgt acc atg.acc 48 Met Lys Val Ser Thr
Thr Ala La@" %1e%19 ggg‘ Eﬁugq(disg?&r‘ 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 @ n Val Phe Ser
Ala Pro Tyr Ay Ala Asp Thr Pro Thr 2D 25 30 gcc tgc tgt ttc agc tac ago
agg sag até3eccMaggyiiad nueleie gegdivathaparegionysaprelserfTyr Ser Arg Lys

Ile Pro Arg_G n_Phe, LI .3 5 1t _ga ago ctg tgt
Lot cag corTGREChIETEPE LhetiBat REpeToRCTREtLth 2 YRBFe el s el
Pro Gy VakyktemJhen80wh3chOiet dettéocaagraggaand 1dgd ypag selhtichgle, yea gac agc

aag gag aca tgg.240 Lau Thr Lys Arg Psn Arg An Ile Cys Ala Asp Ser Lys Gu
Thr Trp 7130 wBEchoths gegighgcargbdagcofatranecadntass degmgdd fded aat gec

tag 279 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 segquence,

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 4.

27. Vector comprising a nucleic acid according to one of
claims 23 to 26 in operative coupling with a suitable

transcription control sequence.



Val Gdn Gu Tyr Ile Thr Asp Leu Gu La®’ Asn Ala BS 90 <210> B <211> 92
<212> PAT <213> Artificial sequence <223> Description of the artificial
sequence: nurine MIPl al pha-2CpG (nurine NaPl al pha gene with 2 CpG

di nucl eot i zes) wdOOer BadedrdiysgVadb Seaimhe7ThinAkvhitbutBea Val Lou Leu Cys
Thr Met Thr 1 5 10 15 Lau Cys Asn G n Val Phe Ser Ala Pro Tyr Ay Ala Asp
Thr Pro ThrIams o5igplon %OW’:?EO%)/%e@ﬁ%n%%rCWPrSé?SA?ng%‘OFPé Pro Arg @ n
Phe Ile Val 35 40 45 Asp Tyr Phe Qu Thr 5er Ser Leu Cys Ser G n Pro Gy
Val Ile Phe 50 55 60 Leu Thr Lys Arg Asn Arg Gn Ile Cys Ala Asp Ser Lys
A u Thr Tro. 65VvgOtdb BtrodMain@ hoEThaiyr 28} eifthwhiAsp tha GrombéerAsn Al a 85
90 <210> 9 <211> 279 <212> DNA <213> Artificial, sequence <220> <223>
Descri pti ob® o ?%%SE+FFF?E?%Y 2EhLBACRIONGFRRe H P al pha- 4CpG (muri ne

M PI al pha gene with 4 CpG dinucl eotides <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
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 i1s 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 50%,
more preferably 75% and most particularly preferably by
100%.



Met
ctg
Asn
t gt
Ser
gag
Ser
cag
Cys
gag
90

Lys
tgc
Adn
ttc
Tyr
acc
Ser
ate
Al a
ctg a

<210>

Val Ser Thr Thr Ala Len Al a VaFBLeu Leu Cys Thr Met Thr 1 5 10 15
aac cag gtg ttc tat gcc act tac gga gca gat acc cot aca 96 Leu Cys
Val Phe Ser Ala Pro Tyr Ay A a p.Thr Pro Thr 20 25 30 got tgc
agdbt acVagbougycaagiane é@coaggoéaﬁlﬁtl@satza §Pg3P44wikbathPs Cys Phe
Ser A Ly e he I 4045 8/ 30 gac tac ttt
aggugg ct%C{Léi Fé? cag %?wgggngF a?l]eD gt%t %32 Asp Tyr The A u Ths
Lea Cys Ser A n Pro Ay Val Ile Phe 50 55 50 ctg ace aag agg aac cgc
tgt _gca gac agc aag gag aca tgg 240 Lau Thr Lys Arg Asn Arg Gn Ile
Asé SerCeyd GPRtFRRITBpashuEde?s 861idgey é‘ageﬁéﬁrt accrrdiz@a gac ctg

g t a u Tyr Ile Thr Asp Len Qu Len Asn Ala 85
“6°855:8%05 13m0 0 &

<213> Artificial sequence <223> Description

of the artificial sequence: nmurine CPlal pha-4CpG (nurine M Pl al pha gene
with 4 CpG dinucleotides) <400> 10 Met Lys Val Ser Thr Thx Ala Lea Al a Val
Len Lau Cys Thr Met Thr 1 5 10 15 Len Cys Asn G n Val Phe Ser Ala Pro Tyr
Ay Al a Asp8Thr Eppyemfiap o5 tam %“&’r@)ﬁs‘-r@ys Phe Sex Tyr Ser Azg Lys Ile
Pro Arg G n Phe IIe

Gn Pro Ay Val Ial ér?lam%gﬁs‘gdgg éﬁglg Eiyss(él ge %sn%%%sgnl_lere%ssilra

Asp Ser LysagabhlBhr Jfp transcription, derlved 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, 1in 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 o©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.



65 70 75 80 Val Gn Gu Tyr Ile Thr ASP Len G u Len Asn Ala 85 90 <210> 11
<211> 279 <212> DNA <213> Artificial sequence <220> <223> Description of
the artificial sequence: murine M Plalpha-13CpG (nurine MSPI al pha gene with
13 CpG di nucl eoti des) <220> <221> C% <222> (1)..(279) <400> 11 atg aag
gtg age ac aca, et _ct et g t ace at 48 Met Lys Val Ser
Thr Thr Al glLeu aaggg % HgLég %o torTﬁ‘r gfn% %%erélpyctg tgc aac eag
gtg tte agerggtmeat .tae ggc gce gat ace cat aca 96 Len Cys Asn dn Val Phe
Sex Ala Pro Tyr Ay 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 Al a Cys Cys Phe Ser Tyr Ser
Arg Lys Il g,Pro Arg 35_4 t g e age
ctg tagt tctﬁzcag C(e:co9 2 Rn%lg%% %{?Hd 97 Q’Egﬁ% %%Igl'{g& P %F%ii %Cd% %? Leu Cys
Ser Gn Pr anGexpyabsllba Blgvetéﬂ 22co@ddthg amoa@goﬁg@laa@sagza G;ag:ﬁc tgc gec
gac age aca t 240 Leu Thr Lys Arg Asn Arg Gn Ile Cys Ala Asp Ser
Lys Qu O?Fr hGSP?Q 5t89n §fgvas§ig&§ tac ate ace gac ctg gag ctg sac gcc
tag 279 VaI G@n Gl12 Tyr Ile Thr Asp Leu Qu Lau Asn Ala 85 90 <210> 12



<211>-92 <212> PR? <213> Artificial sequence <223> Description of the
artificial sequence: murine M Pl al pha-13CpG (nurine M Pl al pha gene with 13
CpG di nucl eoti des) <400> 12 Met Lys Val quoThr Thr Ala Leu Ala Val Leu Leu
Cys Thr Met Th: 1 510 i5 Lev Cys Asn G'n Val Phe Ser Ala Pro Tyr Ay Al a
Asp Thr Pro Thr 20 25 30 Ala Cys CyEeUBHEE SEPTASH Ser Psg Lys Ile Pro Arg
G@n Phe Ile Val 35 40 45 Asp Tyr Phe A u Thr gar Ser Lau Cys Ser G n Pro
Ay Val |le Pral0%5geB3r5Gmd gu Thr Lys Arg Asn Arg @ n Ile Cys Ala Asp Ser
Lys GQu Thr Tr 6 80 Val. . dn.Qu Tyr Ile Thr Asp Leu G n Lau Asn
Ala 85 90 c2133%1 e%gji%"éﬂg“gﬁggemggﬁ§§plifrsts|l?1|1 &al sequence <220>
<223> Description o# the artifrcial sequence: nurine M Pl al pha-42CpG
(murine MPlalghg gene-mi th 42 CpG dinucl eotides) <220> <221> CDS <222>
11).-(279) ¢400> 13 10/30 atg aag gtg tcg aeg acc gcg etc get gtg ctg ctg
tgc acg atg acgag® Met Lys Val Ser Thr Thr Ala Lou Ala Val Lau Lau Cys Thr
Met Thr 1 5 1kidd ctg tqc aac cag gtg ttc ago gcc cog too ggc gcc gac acg

ccg acc 96
<160> 58

<170> Patent In Ver. 2.1

210> 1
<211> 720
<212> DNA

<213> Artificial sequence

<220>

<223> pescription of the artificial sequence: depleted
delta green fluorescent protein (GFP) Gene

220>
<221> CDS
€222> {1)..(720}

<400> 1
atg gtg tce aag ggg gag gag ctg ttc aca ggg gtg gtg ccc atc ctg 48
Met Val Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro Ile Leu

1 5 1G 15

gtg.gag ctg gat ggg gat gtg aat ggc cac aag ttc tct gtg tet ggg 96
Val Glu Leu Asp Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly
29 25 30

gag ggg gag gag gat gecc acc tat ggc aag ctc acc ctg aag ttc atc 144
Glu Gly Glu Gly Rsp Rla Thr Tyr Gly Lys Leu Thr Leu Lys Phe Tle

tgc acc aca ggc aag ctg cca gtg ccc tgg cce acc ctg gtg acc acc 192
Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr
50 55 60

ttc acc tat ggg gtg cag tge ttc agec 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 8D

cag cat gac ttc ttc aag tet geoc atg cet gag gge tat gtg cag gag 288
Gln His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val Gln Glu
85 30 95

agg acc atc ttc ttc aag gat gat ggc aac tac aag acc agg get gag 336
Arg Thr Ile Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Gla
100 105 11¢

gtg aag ttt gag ggg gat acc ctg gtg aac agg att gag ctg aag gge 384
val Lys Phe Glu Gly Asp Thr Leu Val Asn Arg Ile Glu Len Lys Gly
115 120 125

att gac ttt =ag gag gat ggc aat atc ctg gge cac aag ctg gag tac 432



Asn
tgc
Ser
acg
Ser
etc
Al a
ct

Lau
gog
Cys
ttc
Thr

cgg

Cys
tyc
The
gas
Ser
cag
Ile Cys
ctc gaa
85 90

dn Val

Asp Ser

Phe Ser Ala Pro Tyr Ay Ala Asp Thr
ttc tog tac tcg cgg aag etc ccg cgg cag ttc atc gtc 144 A a Cys
Tyr Set Arg Lys lie Pro Arg A n The Ile Val
tcg tcg ctg tgc tog cag ccc g@gedgtg atc ttc 192 Asp Tyr
Laﬂe%ﬁ Pﬁg)ﬁaygd‘iu FJ)\sQ Gﬂ: Xmé/%&e lLlex? GE.
tgc g@e gac tog aagigqa acg tag 24
Lys GQu Thr Trp 65 70 75 80 gtg cag gag tac atc
g aamcgurg farg2 f8c avalgt@tac Gta atymed hec Ty cAspad aet (G 480Lau
<210> 1nIytiBsngRr BiZ Pap VPRTyxI1gMeNAL] Pircibpd Gheguehee <223>

Descri ption oft4fhe artificiall>8equence
M Pl al pha gene with 42 OpG di nucl eot i des

Al a Lou Al a Va%gc
Sex Ala Pro Ty

ﬁ?& %\éﬁ%?ﬁ?%

L5

Ile Ar
0 -THY
Ser Arg Lys lle Pro Arg G'n Phe Ile Val

Pro Thr

yhﬁlssgysséﬁ_th : 1\10_5‘%

20 25 30

35 40 45 gac tac

Phe
cgg
Arg
acc
Asn

du
aac
Adn
gas
Al a

acg aag
Arg Asn

mur itk M Pl al pha- 4%CpG (ruri ne

o

<400> 14 Met

%?2 g9 gaf, 9§

40 95 Asp Tyr The G u Thr

Set Lau Cys Secfth:aB R0 gac \RE thl@aPR8g 220 280 60 atd 3k
Adn lle Cys AmlAsh Ratakyspdiv thhreidredn 265 T4 péd 180 GlWﬁL‘p
Thr Asp Lau G u Lau Asmsdl a 85 90

cct

gtc

Pro Val

agc
Ser

gty
val
225

aag

Lys
210

aca
Thr

<210> 2
<211> 239
<212> PRT
<213> Artificial seqguence

<223> Description of the artificial sequence:

ctg ctg cca gac aac
leu Leu Pro Asp Asn
135

gac ccc aat gag aag
BRsp Pro Asn Glu Lys
215

gct gct ggc ate acc
Ala Ala Gly Ile Thr
230

<216 15

cac tac ctg agc ace
Ris Tyr Leu Ser Thr

200

agg gac cac atg gty
Rrg Asp His Met Val

ctg ggc atg gat gag
Leu Gly Met RAsp Glu

130

cag
Gln
205

tct geo
Ser Ala

ctg
Leu

ctg gag
Leu Glu
220

ctg
Leu

tac aag
Tyr Lys
235

delta green fluorescent protein (GFP) Gene

<400> 2
Met Val Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro Ile

1

¢ Val

Glu

Cys

Phe

65

Gln

Arg

Val

Gla

Gly

Thr

50

Thr

His

Thr

Lys

Rsp Phe

130

Leu Asp

20

Gly Asp Val

Glu
35

Gly Asp Ala Thr

Thr Gly Lys Leu Pro

55
TYyT

Gly Val Gln Cys

70

Phe Lyé Ser
85

Asp Phe

Ile Phe

100

Phe Lys Asp

Phe
115

Glu Gly Asp Thr

Lys Glu Asp Gly
135

Asn

Tyr

40

Val

Phe

Ala

Asp

Leu

120

Asn

Pro

Ser

Met

Gly

105

Val

Ile

10

y Ris

Lys

Trp

Arg

Pro

30

Asn

Asn

Leu

15

Lys Phe Ser Val Ser

30
Thr

Leu Leu Lys Phe

45

Thr
60

Pro Leu Val Thr

Tyr Pro

15

Asp His Met

Glu Gly Tyr Val Gln

85
Tyr

Lys Thr Arg Ala

110
Arg

Ile Glu Leu Lys

125

Gly His

Lys Leu Glu
140 '

depleted

Lys Val

ctg
Len

ttt
Phe

tga

240

Leun

Gly

Ile

Thr

Lys

80

Glu

Glu

Gly

Tyr

Ser Thr Thr
“AsrP?® n Val Phe
The Sex Tyr
Ser
s ﬁr@g Asn Arg
AQu Tyr Ile

624

672

720



<211> 279 <212> DNA <213> Murine <220> <223> Murine MPl al pha w | d-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 ggg get gac acc ccg act 96 Lev Cys
Asn A n Val Phe Set Ala Pro Tyr Ay Ala Asp Thr Pro Thr 20 25 30 gee tge
tgc ttc tee takenalye ksgoeadys st Vel dvedte Hataiia Bsral¥s Gintlvsfgn Al a Cys Cys Phe
Set Tyr Ser Artf’Lys Ile Pro A?§ A n the Ile¥al 35 40 45 Yic tat ttt gaa
acc age age ctf, t e t te 1 Asp Tyr. The G u Thr Ser
Sex Len Cys Se%lycf‘ % %‘r?o.ra%qi%?\c/?gﬁ‘ L??en%tﬁgg g%}% ?'}Ef‘ ?166%%&’56 %étéééag aga aac egg
cog ate tgc get gac tee aaa gag acc tgg 240 Lau Thr Lys Arg Asn Arg @n lle
Cys Al a Asp SeYall §ig¢ @uALlTHsP THip 185 C70 S¥5 A0 Thg fe élaaGl%aPapt@e ate act gac ctg
gaa ctg aat gcc tag 279'%°val Gn Gu Tt Ile Thr Asp'®au G n Lou Asn Ala 85
90 <210> 16 <2415:9% 2122 BRRen 32135 WA hr223>s MU, M Pi al pha
wild-type with 7 CoGdgi nucl eot| des 206400> 16 205

Ser Lys Asp Prc Asn Glu Lys Arg Asp His Met Val Leu Len Glu Phe

210 215 220
Val Thr Ala Ala Gly Ile Thr lLeu Gly Met Asp Glu Leu Tyr Lys
225 ' 230 235
<210> 3
<211> 120
<212> DNA

<213> prtificial segquence

<220>
<223> Description of the artificial sequence: depleted
delta green fluorescent protein (huGFPj} Gene

<220>
<Z21> CDS
222> (1)..{720}

<400> 3
atg gtg agc aag ggc gag gag ctg ttc acc ggg gtg gtg ccc ate ctg 48
Met Val Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro Ile Leu

1 5 10 15

gtc gag ctqg gac ggc gac gta aac gge cac aag ttc age gtg teec gge 96
Vel Glu Leu Asp Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly
20 25 30

gag ggc gag ggc gat gcc acc tac ggr aag ctg dcc ctg aag ttc atc 144
Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe Ile
35 40 45

tge acc acc ggc aag ctg ccc gtg cecec tgg cece acc cte gty acce ace 182
Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr
30 55 60

ttc acec tac ggc gitg cag tgc ttc agc cgec tac cecc gac cac atg aag 240
Phe Thr Tyr Gly Val Gln Cys Phe Ser Arg Tyr Pro Asp His Met Lys
65 70 75 80

cag cac gac tte ttec aag tec gee atg cec gaa gge tac gtc cag gag 288
Gln His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val Gln Glu
BS 90 85

cge ace ate ttc tte aag gac gac ggc aac tac aag acc c€gc goc gag 336
Arg Thr Ile Phe Phe -Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu
100 105 110

gtg 2ag ttc gag ggc gac acc ctg gtg aac cgc .atc gag ctg zag gge 384



Met
Lou

Lys
Cys

Al a Cys
Asp Tyr

Lou
Val

Thr
dn

Val Ser Thr Thr Ala Lou Ala Val Lau Len Cys Thr Met Thr 1 5 10 15
Asn A n Val Phe Ser Ala Pro Tyr Ay Ala Asp Thr Pro Thr 20 25 30
Cys Phe Ser Tyr Ser Arg Lys Ile Pro Arg A n Phe Ile Val 35 40 45
Phe Gu Thr Set Set Lev Cys Sex Gn Pro Ay Val Ile Phe 50 55 60
Lys Arg Asn Arg An lle Cys Ala Aspe Set Lys Qu Thr Trp 65 70 75 80
GQu Tyr Ile Thr Asp Lev Gu Lev Asn Ala 85 90 <210> 17 <211> 282

<212> DNA <213%¥=1/Aesi Fhiectlal Gls'e?tftaé?*reéeu 2D Bn APP Ite Pesbyy fatsi @y of artificial

sequence:

human 121383 M Pl al pha- 4 G (human M PHA pha gene vvlth 43 po

<220> <221> c< 2> ( 32) Saa, L Acc ,gec get etc
gcc gig ctg ¢ COQ G al;% &(q 45 » gfa gig%ulﬁgﬁgﬁr K %Al dau Al a Val

Lau
gcc
Asp
cag
Asn
age
Ile

Lau
gcc
Thr
aac
Phe

gig

Cys Thr Meio AIa 1 10 185 ctg tgc aac:gma gtg ctg ago gcg cot ctc
gac acg cog ace 96 Lau Q/s Asn G n Val Lau Ser Ala Pro Lau Ala Al a
Pro Th?BCZGCZFCSQFC Eatt? @98 a%a%ﬁzgaqw Yy ¢8Y ate cog
ttc M E RSB 38T ﬁg T Set My foahTR 88 S " Ile Pro Gn

Ile 35 20 45 gcc gac tac ttc gag acg tog, tog cag gc tcg aag ccg
ate 19gyc McAaASPrgTydc tfrCaal Hc TRE Bt haSQEc Gidgf §5cSedc L3s Pro Ser Val

Gly Ile Lys Val Asn Phe Lys Ile Arg His Asn Ile Glu Asp Gly Ser
165 170 175

gtg cag ctc gcc gac cac tac cag cag aac acc ccc atc ggc gac gge 516
val Gln Leu Rla Asp His Tyr Gln Gln Asn Thr Pro Ile Gly Asp Gly
180 185 ; - 180 -

cec gtg ctg ctg ccc gac aac cac tac cﬁg agc acc cag tcec geoc ctg 624
Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gln Ser Ala Leu
195 200- 205

agc asa gac €cC aac gag aag cgc gat cac atg gtec ctg cty gag ttc 672
Ser Lys Asp Pro Asn Glu Lys Arg Asp His Met Val Leu Leu Glu Phe
210 21 220

gtg acc gce goc qgg atc act cte gge atg gac gag ctg tac aag taa 720
Val Thr Ala Ala Gly Ile Thr Leu Gly Met Asp Glu Leu Tyr Lys
225 230 235 240

<210> 4

<211> 238

<Z12>» PRT

<213> Artificial seguence

<223> bescription of the artificial sequence: depleted
delta green fluorescent protein (huGFP) Gene

<400> 4
Met Val Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Proc Ile Leu
1 5 10 13

val Glu Leu Asp Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly
20 25 30

Glu Gly Glu Gly Asp Rla Thr Tyr Gly Lys Leu Thr leu Lys Phe 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 Gly Val Gln Cys Phe Ser Arg Tyr Pro Asp His Met Lys
65 70 15 80

Gln Bis Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val Gln Glu
85 30 85

Arg Thr Ile Phe Phe Lys Rsp Asp Gly Asn Tyr Lys Thr Arg Ala Glu
100 105 110

Val Lys Phe Glu Gly Asp Thr Lew Val Asn Arg Ile Glu Leu Lys Gly
115 120 125



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 Ay Arg Gn Val Cys Ala Asp Pro Ser Qu GQu 65 10 75 80
tgg gtg cag aag tac gtg age gac ctc gas ctg agc gcg tag 282 Trp Val Gn Lys
Tyr Val Ser Asp Leu Qu Lau Sex Ala 85 90 <210> 18 <211> 93 <212> PRT
<213> Artificial sequence <223> Descriptiavstof artificial sequence: human

M Pl al pha-43cpg (human M Pl al pha gene with 43 CpG <400> 18 Met G n Val Ser
Thr Ala Ala L |, J.esh L au Cys Asn G n
val Lau Ser efieﬁﬂ§g Qé% Js é&u £¥B é%ﬁ;aé%ﬂ{leﬁéég @% f?istyé ﬁLQ é&ﬁ Tyg Qs Oys the
Ser Tyr Thr Ser Arg Gn IIe Pro in Asn the Ile 35 40 45 Ala Asp Tyr the Gu
Thr Ser Ser G asnCiys-Ser SdryBisPRa BarTywallel $eg AlB(RsBEy6G1InPRlye Asau Thr Lys Arg
Ay Arg Gn Vald3Cys Ala Asp Pt®¥® Ser Qu Ju %5 70 75 8D T¥ Val G n Lys
Tyr Val Ser Lau G u_Lau Ser 85 90 <210> 19 <211> 435 <212> DNA
13/30 <213> A‘?ltyl Fechal v"s"e %‘t?’ewéaiiﬁ 3’§“E§el§cr ?‘ppts}’gr%soﬁ‘erartl ficial
sequence: synthetic gene 20> <223> hurran GVt CSF- 63Cp

Val Gln Leu Ala Asp His Tyr Gln Gln Asn Thr Pro Ile Gly Asp Gly

180 185 180
Pro Val Leu Leu Pro Asp Bsn His Tyr Leu Ser Thr Gln Ser Rla Leu
195 200 205
Ser 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 Met Asp Glu Leu Tyr Lys
225 230 235
<210> 5
<211> 279
<212> DNA

<€213> Artificial sequence

220>

<223> Description of the artificial sequence: murine
MIPlalpha-0CpG (murine MIPlalpha gene with 0 CpG
dinucleotides)}

<220>
<221> CDS§
<222> f1)..(279)

<400> 5
f atg aag gtg agc aca aca gcet ctg got gtg ctg ctg tgt acc atg ace 48
: Met Lys Val Ser Thr Thr Ala Leu Ala Val Leu Leu €ys Thr Met Thr
1 5 10 . 15

ctg tgc aac cag gtg tte tet gec cot tat gga gea gat ace cot aca 96
Leu Cys Asn Gln Val Phe Ser Ala Pro Tyr Gly Ala Asp Thr Pro Thr
zZD 25 30

goc tgc tgt ttc agc tac age agg aag atc ccc agg cag tic att gtg 144
Ala Cys Cys Phe Sex Tyr Ser Arg Lys Ile Pro Arg Gln Phe Ile Val
35 40 45

gac tac ttt gag acc agc agc ctg tgt tct cag cct ggg gtg atc tit 192
Asp Tyr Phe Glu Thr Ser Ser Leu Cys Ser Gln Pro Gly Val Ile Phe
50 55 60

ctg acc aag agg aac agg cag atc tgt gca gac age aag gag aca tgg 240
Leu Thr Lys Arg Asn Arg Gln Ile Cys Ala Asp Ser Lys Glu Thr Trp
65 70 15 80

gtg ceg gag tac atc acz gac ctg gag ctg aat goc tag 278
Val Gln Glu Tyr Ile Thr Asp Leu Glu Leu Asn Rla
85 50



<220> <221>

ctc
Thr

t 0g.

Gn
aac
Ser
gag
Phe
240

75 80

G n
atg
Set
acg
Ile
gtg
Pro

gga acc
Val Al a
acg cag
Pro Trp
ctg tcg
Arg Asp
atg ttc

CDS <222> (1)..(435) <400> 19 atg tgg ctg cag tcg ctg ctg ctg
gtc gcg tgt tog atc 48 Met Tip Leo Gn Set Lau Leu Lau Lea Ay
Cys Ser Ile 1 5 10 15 ago gcg cct gcg cgg tcg cog tcg cog

cog tgg gag cac 96 Ser Ala Pro Ala Arg Set Pro Set Pro Set Thr
Gu Hs 20 25 30 gtg aac gcg @hkC cag gag gcg cgs cgg ctg ctg
cgc gat 144 Val Asn Ala lle Gn GQu Ala Arg Arg Leu Lea Asn Lau
35 49 5 aca gcc gcc gag atg aac gag acc gtc gag gtg atc agc
19Z-78 Ala Ala Gu Met Asn Gu Thr Val Gu Val Ile Sex Gu Met

50 55 60 gaB.ctpgrCag gag cog acg tgc ctg cag acg cgg ctc gas ctg tat aag
Asp Leu Gn3CartPr0iibrsdusndaay G n Thr Arg Leu Gu Lau Tyr Lys 65 70

Gy Lau
gcg tcg
Hs Tyr
cag etc
[le Thr
atc ccg
The Asp

<211> 144

cag Qggc<azBe fe@er{Goh G €L 2€9rAAM1 Cnaidk I8 Gy CtC acg atg 238

Arg G wiSesldradoddy (hy:Snbeerdiuspid Yek¥ GikRW The Met 85 90 95
cac tadliasglevagdesic tgc ccg ccg acg ccc gaa acg tcg 336 Met Ala
Ly§w@r{5 Hs Cys Pro Pro Thr Pro Qu Thr Ser 100 105 110 tgc gcg

at Gl $HCsHAGh A &3 11k:Cr-da020R8 RAGYs 3BY 384mr Cys Ala Thr Gn
The1G'n Set thestys Gu Asn Leo ‘Lys 115 120 i25 gac ttc ctg ctc
ttc gat tgc tgg gag ccc gtg cag ‘_?}ag 432 Asp the Lea Lau Val Ile
Cy BevTEys GIUG;J;r SiVEle Hrnilg ?{21@6 35“114?6Pt'f§g PA3gkr 145 <210> 20

Ala Cys Cys Phe Ser Tyr Ser ARrg Lys Ile Prc Arg Gln Phe Ile Val
33 40 45

Asp Tyr Phe Glu Thr Ser Ser Leu Cys Ser Gln Pro Gly Val Ile Phe
S50 55 60

Leu Thr Lys Arg BAsn Arg Gln Ile Cys Ala Asp Ser Lys Glu Thr Trp
45 70 15 g0

Val Gln Glu Tyr Ile Thr Asp Leu Glu Leu Asn Ala
85 30

<210> 7
<211> 278
<21Z> DA

<213> Artificial sequence

<220>

<223> Description of the artificial seguence: murine
M;Elalpha—ZCpG {marine MIPlalpha gene with 2 CpG
dinucleotides)

<220>
<221> CDS
<222> (1})..(279)

<4005 7
atg aag gtg agc aca aca gct ctg goc gtg ctg ctg tgt acc atg acc 48
Met Lys Val Ser Thr Thr Ala Leu Rla Val Leu Leu Cys Thr Met Thr

1 5 10 13

ctg tge aac cag gtg ttc ket goo coct tat gga geoa gat ace coct aca 96
Leu Cys Asn Gln Val Phe Ser Rla Pro Tyr Gly Ala Asp Thr Pro Thr
20 25 30

gce tge tgt ttc age tac agc agg a2ag atc ccc agg cag tte atc gty 144
Bla Cys Cys Phe Ser Tyr Ser Arg Lys Ile Proc Arg Gln Phe Ile Val
35 40 45

gac tac tit gag acc agc age ctg tgt tct cag cet ggg gtg ate tit 192
Asp Tyr Fhe Glu Thr Ser Ser Leu Cys Ser Gln Fro Gly Val Ile Phe
50 55 60

ctg acc aag agg aac agg cag atc tgt geca gac sge aag gag aca tgg 240
Leu Thr Lys Arg Bsn Arg Gln Ile Cys Rla Asp S=r Lys Glu Thr Trp



<212> PRT <213> Artificial sequence <223> human GW CSF-63CpG <400> 20 Met

Trp Lau A n

Sex Lau Lau Lau Lau Ay Thr Val Ala Cys Set

Ile 14130 - 1 5 10

15 Ser Ala Pro Ala Arg Ser Pro Ser Pro Ser Thr Gn Pro Trp Au Hs 20 25 30
Val Asn Ala 119 Gn GQu Ala Arg Arg Lau Leu Asn Leu 5er
Thr Ala Ala G u Net Asn Gu Thr Val du Val lle sex Gu

Asp Leu G n
Gn Ay Leu
Met Al a Ser
Cys Ala Thr
Asp Phe Lau

AQu Pro Thr Cys Lau G n Thr Arg Lau G u Lau
Arg®>dy Ser Leu Th¥ Lys Lau Lys G° Pro Leu
Higsc Tk i%s GaHsS %s Pré;; ng Lhr..Bra _du
. gtg g ta c ct 29 ctyg & g g

Ghildg diherythf1ePRe AdpUnesedicAg AismE U~ Asn
Lau Val Ile PresPhe Asp Cys Trgg G u Pro Val

<210> 21 <211> 282 <212> DNA <213> human <220> <223>
wi | d-type (8@% <220> <221> CDs <222> (1)(282) <400>

act get gee

at*

Ala Leu Ala VaI21 Uzheu Cys Thr Met Al a

<213y Artificial sequence

Arg Asp 35 40 45

Met Phe 50 55 60
Tyr Lys 65 70 75 80
Thr ®Ret 85 90 95

Thr Her ,,,100 105 110
Leu Lys 115 12D 125
Gn Gu 130 135 140
human M Pl al pha gene
21 atg tag gtc tee

iggte etc etc tgc-ace atg get 48 Mt Gn Val Ser Thr Ala

<223> Description of the artificial sequence: murine
MiPlalpha-2CpG (murine MIPlalpha gene with 2 CpG

dinucleotides)

<400> B8

Met Lys Val Ser Thr Thr Ala Leu Ala Val Len Leu Cys Thr Met Thr

1 5 10

Leu Cys Asn GIn Val Phe Ser Ala Pro Tyr Gly Ala Asp Thr
20 25 30

Ala Cys Cys Phe Ser Tyr Ser Arg Lys Ile Pro Arg Gln Phe
35 40 45

15

Pro Thr

Ile Val

Agp Tyr Phe Glu Thr Ser Ser Leu Cys Ser Gln Pro Gly Val Ile Phe

50 . 55 &0

Leu Thr Lvs Arg Asmn Arg Gln Ile Cys Ala Asp Ser Lys Glu Thr Trp

&5 70 75

Val Gln Glu Tyr Ile Thr Asp Leu Glu Leu Asn Ala
B5 S0

<210> 89

<211> 279

<212> DNA

<213> artificial, sequence

<226>

80

<223> Description of the artificial sequence: murine

MIPlalpha-4CpG (murine MIPlalpha gene with 4
dinucleotides

<220>
<221> CDS
<722> {1}..(279)

<400> 9

atg aag gtg a2gs aca aca gct ctg gee gtg ctg ctg tgt ace

Met Lys Val Ser Thr Thr Ala Leu Bla Val Leu leu Cys Thr
1 5 10

ctyg tgc aac cag gtg tic tct geoe cot tac gga goca gat acc
Leu Cys Asn Gln Val Phe Ser Als Pro Tyr Gly Ala Asp Thr
20 25 30

gee tge tgt tte age tac age agg zag &tc ccc agg cag tic
Ala Cys Cys Phe Ser Tyr Ser Arg Lys Ile Pro Arg Gln Phe
35 40 45

CpG

atg acc 48
Met Thr
15

cct aca 56

Pro Thr

atc gtg 144
Ile Val



15
96

goo
Cys
tee
Au
ggc
Gn
gat
Ser
M Pl
Al a
Pro
Arg

Val
Asp

10 15

Lau Cys
tgc tgc
Phe Ser
ttt gag
Thr 5er
€gg cag
Val Cys
ctg gag C

etc tge aac tag gte etc tot gca tea ctt got get gac aeg ccg ace

Asn G n Val Lau Ser Ala Pro Leu Ala Ala Asp Thr Pro Thr 20 25 30
ttc age tac acc tcc cgs cag att cca tag sat ttc ate 144 Al a Cys
Tyr Thr Ser Arg Gn Ile Pro Gn Asn Phe Ile 35 40 45 get gac
acg agc agc cag tgc tee aag g@me agt gtc ate 192 Ala Asp Tyr Phe
SegacGiat QEsea30elate BE ekl Vol cd ecégheguﬁ@tg L& etgzacc aag age
Ot Gpt G BRtcidAmeChee sagtLegags gag c24 vilamelbfe Lys Arg Ay Arg
AIa Assp Pro Ser u &u 65 70 75 s0sbtgg gte cag aaa tac gtc agt
gcc tag 282 Tr VaI Gn Lys Tyr Val 5er Asp Lau G n Lau

Al a 15130 °t85a°§oaa9

2 Rifrarf?2223> h
al pha gene Trtf %V?(%ﬁég 2%669%2‘1% : ’(fag?%gl?r T‘@' Al a AI; Lglr}nn
al

Val Lau

Leu Cys Thr Net Ala 1 5 10 15 LauQ/sI\/hGIn Lau Sex Al a

Leu Al a Al @gAsdy Jdar cRr&xcTdth 29 28 30 ctdlaat Gys t&ys The Ser Ty Thr Ser

Gnlle
Cys Ser

PreelGm #isnthele| the AsgSl=d (314 5ell2an A3p Tyr Phe G u Thr Ser Ser
Lys Pro Ser ValB5lle 50 55 60%2?he Leu Thr Lys Arg Ay Arg G n

Cys Ala Asp Pro Ser Qu Gu 65 70 75 80 Trp Val @ n Lys Tyr Val Ser

Lau GQu

Law,gerAl @ 85 90
<21i> 32
<212> PRT
<213> Artificial sequence
<223> Description of the artificial sequence: murine
MIPlalpha-4CpG (murine MIPlalpha gene with 4 CpG

dinucleoctides)
<400> 10
Met Lys Val Ser Thr Thr Ala Leu Ala Val Leu Leu Cys Thr Met Thr
1 5 10 15

Len Cys Asn 8ln Val Phe Ser Ala Pro Tyr Gly Rla Asp Thr Pro Tnr
20 25 30

Bla Cys Cys Phe Ser Tyr Ser Arg Lys Ile Pro Arg Gln Phe Ile val
35 40 45

Asp Tyr Phe Glu Thr Ser Ser Leu Cys Ser Gln Pro Gly Val Ile Phe
50 55 ]

Leu Thr Lys Arg Asn Arg Gln Ile Cys Ala Bsp Ser Lys Glu Thr Trp
65 70 15 B0

Val Gln Glu Tyr Ile Thr Asp Leu Glu Leun Asn Ala
85 30

<210> 11
<211> 279
<212> DNA
<213> Artificial sequence

<220>
<223> Description of the artificial sequence: murine

MIPlalpha~13CpG (murine MIPlalpha gene with 13
CpG dinucleotides)

<220>
<221> CD§
<222> (1}..{279)

<400> 11
atg aag gtg agc acc aca gct ctg gct gtqg ctg ctg tgc ace atg ace 4B
Met Lys Val Ser Thr Thr Rla Leu Ala Val Leu Leu Cys Thr Met Thr

1 5 10 15

ctg tgc aac cag gtg tte age get cet tac gge goe gat acc cct aca 96
Leu Cys Asn Gln Val Phe Ser Ala Pro Tyr Gly Rla Asp Thr Pro Thr



<210> Z3 <211> 435 <212> DNA <213> human <220> <223> hunman GV CSF gene
wld-type (10CpG <220> <221> CDS <222> (1)..(435) <400> 23 atg tgg ctg

cag
Lau
tcq
Ser

€gg
Lau
gaa
I'le
gag
Tyr

ttg
Met

tcc
105
Cys

gac

age
Leu
ccc
Pro
cgt
Leu
gte
Ser
ctg
Lys
ace

85
336
110
Al a
ttt

ctg ctg ctc ttg ggc act gtg gcc tgc age ate 48 Met Trp Len A n Ser
Lau Leu Gy Thr val Ala Cys Ser Ile 1 5 10 15 tct gca ccc gcc cgc
age ccc age acg cag ccc tgg gag cd8 96 Ser Ala Pro Ala Arg Ser Pro
Ser Thr Gn Pro ZIap Gu Hs 20285 30 gtg aatsgcc ate cag gag gcc
ctc ctg aac ctg agt aagac 144 Val Asn Ala lle Gn Qu Ala Arg Arg
Asn LeJcsége A?‘iqt'iﬁ?s CARPC43FI a&&taAggf c g‘“aﬁ afé!t d4$ aca gta
ate tcdYax 5{3;5"%‘1 P AYS ‘Ggfﬂ <d4% Thr val du Val

G u Met The 50755 60 gac ctc cog gag ccg ace tgc cta cog ace cgc ctg
tac aaga248c +ASRad etk BNadal dtgRige tEhrcafyse boM ofd Bl b AngzLeu G u Leu
65 70 &5p 8Pr Phealp Oyc St fprelpy YgCeaFen St CREF210a0: ef«L aag ggqc ccc

atg 288 A AAdy Len, Arg*&y Ser Leu Thf0Lys Lau Lys Ay Pro Leu Thr

90 95 at ce a c_cac tac aa cac t C act cca ace ccg gaa act
Met Alcé‘-‘%gf iﬁi Gﬁﬁ&@ ﬁ EPEY GA° Thr Ser 100

t gt chEEace ag att a; acc ttt ;s Glaa gag aac ctg aag 384

Thr Gnlle Ile Thr The Qu Sex Phe Lys Glu Asn Leu Lys 115 120 125
Ctg ettgtgtcas ge® teTetd béc grrectHsgRat gy agagc@c;ag gte cag gag’432
Val Gln Glu Tyr Ile Thr Asp Leu Glu Leu Asn Al
g5 90

<210> 12

€2311>.92°

<212> PRT

<213> Axrtificial sequence

<223> Description of the artificial sequence: murine
MIPlalpha-13CpG (murine MIPlalpha gene with 13
CpG dinucleotides)

<400> 12
Mzt Lys Val Ser Thr Thr Rla Leu Ala Val Leu Len Cys Thr Met Thr
1 5 10 15

Leu Cys Asn Gln Val Phe Ser Ala Pro Tyr Gly Ala Asp Thr Pro Thr
20 25 30

Bla Cys Cys Phe Ser Tyr Ser Arg Lys Ile Pro Arg Glm Phe Ile Val
35 40 45

Asp Tyr Phe Glu Thr Ser Ser Leu Cys Ser Gln Pro Gly Val Ile Phe
50 55 60 ;

Leu Thr Lys Arg Asn Arg Gln Ile Cys Ala Asp Ser Lys Glu Thr Trp
&5 70 75 BO

val Gln Gla Tyr Ile Thr Asp Leu Glu Leu Asn Rla
835 90

<210> 13
<211> 279
<212> DHA
<213> Artificial sequence

<220>

<223> Description of the artificial sequence: murine
MIPlalpha-42CpG (murine MiPlalpha gene with 42
CpG dinucleotides)

<220>
<221> CDS
222> 11)..1{27%})

<400> 13



Asp Phe Leu Leu Val Ile Pro the Asp Cys Trp Au Pro Val Gn Gu 130 135 140
tag 435 145 <210> 24 <211> 144 <212> PRT <213> human <223> hunman GW CSF
gene wild-type (10CpG <400> 24 Met Trp Leu A n Ser Leu Leu Lau Leu @y Thr
Val Ala Cys Ser Ile 15 10 15 Ser Ala Pro Ala Arq Ser Pro Ser Pro Ser Thr
Ga Pro Trp Au H's 20 25 30 Val Asn Alam@e Gn Gu Ala Arq Arg Leu Leu
Asn Leu Ser Arg Asp 35 40 45 Thr Ala Ala u Mt Asn du Thr Val @u Val

Il e S5er G n MettgPrg 9t§0cGcE(pec Asp ke @YY Gionctiar e e a@gs%_cw_au“(;‘l n Thr Arg
Leu G u Leu Ty¥erLys B3 5p6 "rg5 80 M &y "HetraAy FythSeet 18U Thr Lys Leu Lys
Gy Pro Leu Thr "Met 85 90 95 Met Ala S5er H's Tyr Lys dn Hs Cys Pro Pro
Thr Pro G u ThfgS8fc aat0glfdg t1d Qo QYS cdY 8acTide &dcgakl Rqldkg albir Fhe G n Ser
Phe Lys G u Asmeul®i Asyscihlval 1ER6 si?Ala AspTihelylsid AsaurnYadro Ithe Pro The Asp Cys
Trp Gu Pro Val @ n @u20130 135 140 210> 25 <211>38034 <212> DNA <213>

Artificial sequence  <220> 17/30 <223> : Descri(;oti on of artificial sequence:
smal | svn geg tgc tge tte teg tac tcg cgg aeg 2tc ccg cgdg cag tic atc ghc 144
P y Ala Cys Cys Phe Ser Tyr Ser Arg Lys lle Pro Axrg Gln Phe Ile Val
35 40 45

gac tac ttc gaa acg teg teg ctg tge tcg cag cecc gge gtg ate ttc 182
Asp Tyr Phe Glu Thr Ser Ser Leu Cys Ser Gln Pro Gly Val Ile Phe
50 55 60

ctc acg aag tgg aac cgg cag atc tge gcc gac tcg aag gaa acg tag 240

=

Leu 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 gac ctc gaa ctg aac gog tag 2738
Val Gln Glu Tyr Ile Thr Asp Leu Glu lLeu Asn Ala
85 90
<210> 14
<211> 92
<212> PRT

<213> Artificial sequence

<223> Deséription of the artificial seqguence: murine
MIPlalpha-42CpG (murine MIPlalpha gene with 42
CpG dinucleotides)

<400> 14
Met Lys Val Ser Thr Thr Ala Leu Ala Val Leu Len Cys Thr Met Thr
1 5 10 15

Leu Cys Asn Gln Val Phe Sexr Ala Pro Tyr Gly Ala Asp Thr Pro Thr
20 25 30

Ala Cys Cys Phe Sex Tyr Ser Arg Lys Ile Pro Arg Gln Phe Ile Val
35 40 45

Asp Tyr Phe Glu Thr Ser Ser Leu Cys Ser Gln Pro Gly Val Ile Phe
50 55 §0

Leu Thr Lys Arg Asn Rrg Gln Ile Cys Ala Asp Ser Lys Glu Thr Trp
65 70 75 80

Val Gln Glu Tyr Ile Thr Asp Leu Glu Leu Asn Ala
85 80

<210> 15
<211> 279
<212> DNR
<213> Murine

<220>
¢273> Murine MIPlalpha wild-type with 7 CpG dinucleotides

<220>



vect or
gggt cattag
ccgcct ggct
at agt aacgc
gcccacttgg
gacggt aaat
t ggcagt aca
at caat gggc
gt caat ggga
t ccgccccat
gct ct ct ggc
t at agggaga
ctccagttta
ccttccttga
gcat cgcatt

aagggggagg
cgggt agt ga
cgttgctgge
caagt cagag
gct ccct cgt
tcccttcggg
aggtcgttcg
ccttatccgg
cagcagccac
t gaagt ggt g
t gaagccagt
ct ggt agcgg
aagaagat cc
cat gt t aagg
att aaaaat g
taacttacca
ccatggttgc
gccccagt gc
t gaaccagcc

<400> 25 atcgatgttg acattgatta ttgactagtt attaatagta atgaattaag

60 ttcatagccc atctatgggg ttccgecgtta cataacttac ggtaaatgge
120 gaccgcccaa cgacccccge ccattgacgt caataatgac gtatgttccc
180 caatagggac-tttecattga cgtcaatggg tggagtattt -acggtaaact
240 cagtacatca agtgtatcat atgddfhata cgccccctat tgacgtcaat

cagtacatga cettatggga etttcctact
attagcaggg tgatgcggtt ttggcagtac
cggggatttc caagt ctcca ccccattgac

gcaccaaaat caac act ttccaaaatg tcgtaacaac
ot SRR

600 a '9%5%%@ %t g act gg?aggtaéﬁfcg 22322'? 222

660 cccaagctgt taagcttggt agatatcagg gatccactca gct gat cagc

720 ctaagellzbgae ottt ctaged geg eageonbdt g-tt dagtdb gRgRacEt CEECCOL g
780 LegClys ggadidyg VeyCoadec dtr vt Gy Givt Alacksh it cPxadht gaggaaat t

840 gtctgagtd§ gtgtcattct attctggggg gt ggdgdt ggg gaaggacage

300 «zgpcemgcct g gecattat gce
360 <2bzt amgt erb) agt cat cgct
420 t ggat agcg gtttgactca
480 <4 i1 13y tttt

900 Aattg qggtgg%gggcal catggtgggﬂ atq&g%&g%ﬁ ct atggcc
960 54t Qgrggts%@ sgF & % %ﬁcéfeaﬁﬁg& aqgﬁ@%gtv Lfaadtggecg
1020 t 3t ccat aggctccgpc cccctgacga4gcatcacaaa aat cgacgct

1080 gtggcgaaac ccgacaggac tataaagata ccaggcgttt ccccctggaa
114Gacgegcttctgpatacgtabe cgactc tfgtoycid e ygatacetget cegectttc
1200*=P g CHE J3 8 FRE 158F éF’t’:étF‘acg%?’éfaEﬁ’c?g taght dilet®e agt t cggt gt
1260 ct? caagctg ggctgtytgc acgaacccct cgttcagccc gaccgctgceg
1320+ 4t pRCLA LU L Ih PR GEA ACGEIHARL AGARYALEI ALt CapFact gg
138Q,egtﬂ9t@g£g9%ﬁt§§g@g%gﬁﬂnggagggéﬁl S %%g%goﬁg acagagt t ct
1440 s5gcct aact ac gget acact a gaaggatagt atttggtat @otgcgctctgce

1500 taccttcgga aaaagagttg gtagctcttg atccggcaaa caaaccaccg
156cgtit t‘-’@f‘t"tat:t;'; t2€t % %\‘}Jé‘aga%tt% ¥@gcagaaaa aadfyatctc
16202t dﬁfd&ft ¢th A& HETL &4 ctetcagtgg aaccaaaact

1680 gattttggtc atgagattat caaaaaggat cttcacctag
1740 aagttttaaa tcaatctaaa gtatatatga gtaaacttgg
180z1axt get t aat ¢ aat gaggcac caatctctgc aatctgccta
1860<21gt dact gcct gt ggt gt aga taactacaat cctggagggc
192031Fg argata cetctagacc ctctctcacc tgctccagat
1980<213>

atccttttaa
t ct gacaggt
tttctctcat
ttaccatctg
ttatctgcaa

223> Murine MIPlalpha wild-type with 7 CpG dinucleotides

<400> 16
Met Lys Val Ser Thr
1 5

Thr Ala Leu Ala Val Leu Leu Cys Thr Met Thr
10 15
Phe

Ser Ala Pro

25

Leu Cys ARsn Gln Val

20

Tyr Gly Ala Asp Thr Pro Thr

30
Ala

Ile Pro Arg Gln Phe Ile Val

45

Cys Cys Phe Ser
35

Tyr Ser Arg

40

Lys

Ser Leu Ser

55

Ser Gln Pro Gly Val Ile Phe

60

Asp Tyr Phe Glu Thr

50

Cys

Leu Gln Ile Ala

65

Thr Lys Arg Asn Arg

10

Cys Asp Ser Lys Glu Thr Trp

75 g0
Thr Asn Ala

Gln Leu

90

Val Gla Glu Tyr Ile

85

Rsp Leu

<210> 17

<zZ1l1l> 282

<212> DNA

<213> prtificial sequence

<220>

<223> Description of artificial sequence: human



agct ggaagg gcagacctca gaagtggtcc tgcaacttta tctgccccca tccagtctat 2040
taattgttgt ctggaagcta gagtaagcag ttcaccagtt aatagtttcc tcaaqgttgt 2100
tgecattgct acaggcatgg tggtgtccct ctcatcattt ggtatggctt cattcagctc 2160
tggtttccct ctatcaagcc tagttacatg atcacccajgytt gt gcaaaa aagcagtcaa 2220
ctcctttggt cgtcaaatgg ttgtcaaaag taagttggca gcagtgttat cactcatggt 2280
tat ggaagca ctgcat aghh: AbekiAchet(1GalMGEA1 Slondt ARGALOSG! 4§ tdeh gt gac 2340
tggactgtac tcagegaagt cattctgaga atagtgtatt cttctaccca gttgctcttg 2400
cccagcat ca attebpgatsf at actgcacc acat agcaga actttaaagg tgetcatcat 2460
tggaaatctt tctdzezggic.tmapactctc aaggatctta ccagagttga gatccagttc 2520
aat gt aaccc act cttgcac ccaact gatc ttcageatct tttactttca ccagggtttc 2580

t gggt gagca aaadé®y gcaaat ggc ag caaaaaaq gaat aaggg caactctgaa 2640
atgttgaata ct caéﬁ Fa‘i‘f'gttéét $&tg‘=ﬁt°ttf %%8% gFH{g&agéﬁg 2700
ttattgtctc atdggc Qa‘{a dCAt AL TS AagAARAT Y9ggt 2760

atgcattcag ctcacatttc cct gaaaagt gccacttgaa attgact gat agggagttct 2820
cccaat cccc t atggtgeahct GhCagt @gagatfl et G gat Geslgeatag gbg aagccag 2880
tatctgctcc ctcomht@bHsngilhgaadehcseacilganbagt Agyaes age abr &as trhaagct 2940
acaacaaggc aaggcttgac cti@caattgc atgaagaatc tgcttagggBotaggectttt 3000
gcactgcttg gagatgtact g cca atat acta 3034 <210> 26 <211> 669 _<212> DNA
<213> Artifi mglq ? ﬁ 220528 S g{g?? ?@%cgﬁ? aes §fhc qg th&"artificial
=] Ser o
sequence: p24 i ene ( IV 148 Ia m d st d protéein) gene wth
depl et ed CpG di nucl ecti des) <220>  <221> CDS <222> (1) .(696) <400> 26 atg
%tg cac cag QgCdcada@ BetteOmgady moergt@gyaat g6 ta ggy Gvg ga@.qit48 19kt Val H's
n Ala ||l e HeklaPksp PurgPhEhilul By SasrSeAl @nThyp S¢allysypgo Feb vab 106 gtg gtg gag
gag aag gcc ttc agd cot gag gtg @fe ccc atg ttc ot 96

ttc ctg 2cg aag cgc gga cgyg caa gtg tgc gcc gac ceq agec gag gag 240
Phe Leu Thr Lys Arg Gly Arg Gln Val Cys Rla Asp Pro Ser Glu Glu

65 75 80
tgg gtg cag aag tac gtg agc gac ctc gaa ctg agc gcg tag 282
Trp Val Gln Lys Tyr Val Ser Asp Leu Glu Leu Ser Ala
B85 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 Gln Val Ser Thr Ala Ala Leu Bla Val Leu Leu Cys Thr Met Ala
1 5 : 10 15

Leu Cys Asn Gln Val Lsu Ser Ala Pro Leu Ala Ala Asp Thr Pro Thr
20 25 30

Ala Cys Cys Phe Ser Tyr Thr Ser Arg Gin Ile Pro Gln 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

Phe Leu Thr Lys Arg Gly Arg Gln Val Cys Ala Asp Pro Ser Glu Glu
65 70 75 80

Trp Val Gln Lys Tyr Val Ser Asp Leu Glu Leun Ser Ala
85 90

<210> 1%
<211> 435
<212> DNA



Val

gcc
5er
gq99
Hi,s
gag
Asp
agg
Pro
att

Trp
tgg
Ile
ctg
Ile
tee
150
528
175
Thr
ctg

{\Ala

Val Gu Qu Lys Ala Phe Ser Pro GQu
ctg tot gag ggg gcc ace ccc cag gac
Gu @y Ala Thr Pro G n Asp Lea Asn
ggc cac cag get gcc atg cag atg ctg
Gn Ala Ala Mt Gn Met Leu Lys Gu
tgg gac aga gtg cac act gtg cat

Arg Val Hi %21% drvaficipl samperdey

gag ccc agg,ggc tct gac att got

Arg Gy

ggc tgg atg ace aac aac 336 dy Thr
Met Thr AsnzAsn 100 105 110 ccc ccc
ate ate ct 384 P le Pro
Lea Ay 11%2?%%% GME{: %)F'aGétgpéaag at t
gac ate 432,,lea Asn Lys Ile Val Arg
130 135

480

155

Lys Thr L&#%Ad§ Ala Gu G n Al a Ser
aca gag af¥ ol

Gu Thr Lel,Led

Val Ile Pro Met Phe Ser 20 25 30
ctg aac ace atg ctg aac 144 Ala Leu
Thr Met Leu Asn 35 40 45 aca g-tg
aag gaa ace ate 192 Thr Val Ay Qy
Theo |l e 50 55 60 eat gag gag get got

get ggc 240 Asn Qu Gu Ala Ala Gu Trp
65 70 15 80 ccc att gcc cct ggc cag atq
288 Prolle Ala Pro Ay A n Met Arg Gu

Hes2o s ekl phlén ©£85:190: &5 10965268 AGGn 1R 18CLGt § Ccag gag cag

Thr Ser Thr Leu Gn Qu Anlle Ay
ate cot gtq ggg gag ate tac aag age
Val Gy Qu Ile Tyr Lys Arg Trp lle
gtg agg atg tac age ccc arc tee etc
Met Tyr Her Pro Thr Ser Ile Leu Asp

14q-89@n€ag ggc ccc aag gag ccc ttc agg gac tat gtg gac agg ttc
Arg Gazzzddiy) Preestlys G n Pro Phe Arg Asp Tyr Val Asp Arg Phe Tyr 145

160 aag ace etg agg get gag cag gcc ago cag gag gtg aag aac tgg atg

aag gee ctg ggc

Ser

gtg
Val

aca
Thr

gac
Asp

63
cag
Gln

atg
Met

tgc
Cys

gac
Asp

tag

145

Ala

aac
Asn

gcc
Ala
50

ctg
Leu

ggc
Gly

gcg
ala

gcg
Ala

ttc
phe
130

Gn Au Val Lys Asn Trp Met 165 170

Ct FII°G TRGERAEY GET I TS P E gl A
i kR ab ok i

1fHFTI e 180 185 190

cca get gcc acc ctg gag gag atg atg aca gcc 624 Leu Lys
Lou Ay PrageAbdy Aragehhdgg ity och tcddctig Med -addtagThly Wgagag3ac2066 205

Pro Ala Arg Ser

gcg
ala
35

gce
Ala

cag
Gln

cte
Leu

tcg
Ser

acg
Thr
115

ctg
Leun

<210> 20
<211> 144
<212> PRT

<213> Artificial sequence

20

atec
Ile

gag
Glu

gag
Glu

cgc
Arg

cac
His
100

cag
Gln

ctc
Leu

cag
Gln

atg

gag
Glu

aac

Met Asn

ccg
Pro

ggc
Gly
85

tac

TyT

atc
Ile

gtg
val

acqg
Thr
70

tcg
Ser

aag
Lys

atc
Ile

ate
Ile

Pro Ser Pro Ser Thr Gln Pro Trp Glu His

acyg
Ala

gag
Glu
55

tgc
Cys

ctc
Leu

cag
Glnx

acg
Thr

ceg
Pro
135

<223> human GM~CSF-63CpG

<400> 20
Met Trp lLeu Glmn Ser Leu Leu Leu Leu Gly Thr Val Ala Cys Ser ile

cga
Arg
40

acc
Thr

ctg
Leu

acg
Thr

cac
Ris

ttc
Phe
120

tte
Phe

25

cgg
Arg

gtc
Val

cag
Gln

aag
Lys

tgc
Cys
105

gag
Glu

gat
Asp

30

ctg ctg aac ctg tcy cgec gat 144
Leu Leu Asn Leu Ser Arg Asp
45

gag gtg atc agc gag atg tte 192
Glu Val Ile Ser Glu Met Phe
60

acg cgg ctc gaa ctg tat aag 240
Thr Arg Leu Glu Leu Tyr Lys
75 BO

ctg aag ggc ccg ctc acg atg 288
Leu Lys Gly Pro Leu Thr Met
80 95

ccg ccg acyg cec gaa acg teg 336
Pro Pxro Thr Pro Glu Thr Ser
110

tcg ttc aag gag aac ctg 2ag 384
Ser Phe Lys Glu Asn Leu Lys
125

tgc tgg gag cce gtg cag gag 432
Cys Trp Glu Pro Val Gln Glu
140

435



Sm—

tgc cag ggg gtg gga ggc cot ggc cac aag gcc agg gtg ctg tea 669 Cys Gn dy
Val Ay Ay Pro Ay H's 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 (gllfsy 1 plasm d p24 {capsid protein)
gene w th depleted CpG dinucl eotides) <400> 27 Met Val Hs An Ala Ile Ser
Pro Arg Thr Leu Asn Ala Trp Mal Lys 1 5 1@ei5 Val Val Gsu Qu Lys Al a Phe
Ser Pro Gu Val Ile Pro Met the Ser 20 25 30 Ala Leu Ser Qu Ay Ala Thr
Pro G n Asp Leu Sﬁ\%#ﬁ'ﬁ”?ﬁ"’ﬂ%ﬁeﬁ%‘ﬁ S35 ASN A ¥ '@ G Hs An Aa

u

Ala Mt G n Met Lau Lys Thr Ile 502560 Aso Au du Ala Ala u Trp

Asp Arg Val Hi s vBf GsVaha s e &G adgSrg £Qu £ou &6h L&Y Serl g Aba Pro Gy A n
Met Arg Gu Pro Arg AygsSer Asp Ile Aba 85 90 95 @s Thr Thr Ser Thr Lau

Gn Judnille dy Trp Met Thr Asn Asa 100 105 110 Pro Pro Ile Pro Val Qy
Gu lle Tyr Lys TAFGLTMp2 Fleey Bsn gy Wry'=! £18 "11261%?5‘? Glugpt /R Lys Il e Val
Arg Met Tyr 5er Pro %hr Bar 1le La Asp Ile 130 35 140 Arg An Ay Pro Lys

G u Pro Phe Arg ssRedin Y2l pASPhA GG RREc1TVih: aldBed 8l dR5TE6Qs Lys Thr Lau
Arg Ala Au G@n a Ser An duwoval Lys Asn Trp Net 165 1708275 Thr G u Thr
Lau Lau Val G n Asn Ala Asn Pro Asp Cys Lys Thr Ile :
Gln Gly Leu Arg Gly Ser Leu Thr Lys Leu Lys Gly Pro Leu Thr Met
85 30 95

Met Ala Ser Ris Tyr Lys Gln His Cys Pro Pro Thr Pro Glu Thr Ser
100 105 110

\ Cys Ala Thr Gln Ile Ile Thr Phe Glu Ser Phe Lys Glu Asn Leu Lys
115 120 125

Asp Phe Leu Leu Val Ile Pro Phe Asp Cys Trp Glu Pro Val Gln Glu
130 135 140

<210» 21
<211> 282
<212> DWA
<213> human

<220>
¢223> human MIPlalpha gene wild-type (8CpG)

<220>
<221> CDS
<222> (1)..1282}

<400> 21
atg cag gtc tec act get gee ctt gec gtc ctc ctec tgec acc atg gct 48
Met Gln Val Ser Thr Ala Ala Leu ala Val Leu Leu Cys Thr Met Ala

1 5 10 _ 15

ctc tge aac cag gic ctc tct gea cca ctt get get gac acg ccg ace 96
Leu Cys BAsn Gln Val Leu Ser Ala Pro Leu Ala Ala Asp Thr Prec Thy
: 20 25 30

gce tge tge ttc age taC acc tec cga cag att cca cag aat ttc ata 144
Ala Cys Cys Phe Ser Tyr Thr Ser Arg Gln Ile Prce Gln Asn Phe Ile
35 40 45

gct gac tac ttt gag acg agc agce cag tgc tcc aag ccc agt gte ate 192
Ala Asp Tyr Phe Glu Thr Ser Ser Gln Cys Ser Lys Pro Ser Val Ile
50 55 60

ttc cta acc aag aga ggc c¢gg cag gtc tgt get gac ccec agt gag gag 240
Phe Leu Thr Lys Arqg Gly Arg Gln Val Cys Ala Asp Pro Ser Glu Glu
65 70 15 80

tgg gtc cag aaa tac gte agt gac ctg gag ctg agt gec tag 282
Trp Val Gln Lys Tyr Val Ser Asp Leu Glu Leu Ser Ala



180 185 190 Leu Lys Ala Leu Ay Pro Ala Ala Thr

195 200 205 Cys @n dy Val

220 <210> 28

<211> 34 <212> DNA <213> Artificial
Description of the artificial
caat aagctt gccaccatgg tgagcaaggg cgag 34
Artificial sequence

Lau Qu Gu Met Met Thr Al a

Gy Ay Pro @y Hs Lys Ala Arg Val Leu 210 215

sequence:

Priner

15/

sequence

<220> <223>

20!'30 huGFP-1 c400> 28

3310> 29 <211> 29

<212> DNA <213>

<220> <223> Description of the artificial sequence:

Primer huGPF-2 <400> 29 agkaggatcc tattagptgt acagctcgt 29 { <210> 30
<220> <223> Description of
RT-ol i gol <400> 30 ccctgaagtt catctgcacc 20

<211> 20 <212> DNA <213> Artificial

the artificial
<210> 31

sequence: Primer

<210> 22
<211> 83
<212> PRT
<213> human

<223> human MIPlalpha gene wild-type (8CpG)

<400> 22
Met Gln Val Ser Thr
1 5

Leu Cys Asn Gln Val
20

Ala Cys Cys Phe Ser
35

Rla Asp Tyr Phe Glu
50

Phe Leu Thr Lys Arg
65

Trp Val Gln Lys Tyr
85

<210> 23
<211> 435
<212> DNA
<213> human

<220>
<223>» human GM-CSF

<220>
<221> CDs
<222> (1}..1439)

<400> 23

atg tgg ctg cag agc

Met Trp Leu Gln Ser
1 5

tet geca coe gec cge
Ser Ala Pro Ala Arg
' 20

gtg aat gcc atc cag
Val Asn Ala Ile Gln
35

act got gct gag atg
Thr Ala Ala Glu Met
50

gac ctc cag gag ccg
Asp leu Gln Giu Pro
65

Ala

Leu

Tyr

Thr

Gly

70

Val

Ala Leu Ala Val Leu

Ser

Thr

Ser

S5

Axg

Ser

Ala Pro
25

Ser Arg
40
Ser Gln

Gln Val

Asp Leu

10

Leu

Gln

Cys

Cys Ala

Glu Leu

S0

sequence

Ala

Ile

Ser

75

Leu

Rla

Pro

Lys

60

Asp

Sexr

gene wild-type (10CpG)

ctg
Leu

teg
Ser

gag
Glu

aat
Asn

acc
Thr
70

ctg
Leu

cce
Pro

gcc
Ala

gaa
Glu
55

tgc
Cys

Ctc ttg
Leu Leu

age ccc
Ser Pro
25

cgg cgt
Arg Arg
40

aca gta
Thr Val

cta cag
Lev Gln

gac
Gly

10
agc

Ser

cte
Leu

gaa
Glu

acc
Thr

act
Thr

acg
Thr

ctg
Len

gtc
Val

cge
Arg
75

gtg
val

cag
Gln

2acC
Asn

atc
Ile
60

ctg
Leu

Cys

Asp

Gln
45

Pro

Ero

Ala

gcc
Ala

cec
Pro

ctg
Leu
45

tca

Ser

gag
Glu

Thr

Thr
30

Asn

Ser

Ser

tge
Cys

tgg
Trp
30

agt
Ser

gaa
Glu

ctg
Leu

Met
15

Pro

Phe

Val

Glu

agce
Ser
15

gag
Glu

aga
Arg

atg
Met

tac
Tyr

Ala

Thr

Ile

Ile

Glu
80

atc
Ile

cat
His

gac
Asp

Lttt
Phe

aag
Lys
80

18

26

144

192

240



<211> 22 <212> DNA <213> Artificial sequence <220> <223> Description of
the artificial sequence: Priner oligo2 <400> 31 gatcttgaaq ttcaccttga tg 22
<210> 32 <211> 34 <212> DNA <213> Artificial sequence <220> <223>
Description of the artifi.cial sequence: Prinmer mamp-1 <400> 32 caggtaccaa
gcttatgaag gtctccacca ctgc 34 <210> 33 <¥BE> 43 <212> DNA <213> Artificial
sequence <220%,2113Q+5 vgg vac 356 cflded adgeSEl daRdgP RO e RE: 3E | Tdsgl al
sequence: Pri nmgin rayispe arg €H06 B wagagClagysgh¢atgaagancuaggcatt c
agttccaggt cag 43 <210> 348%211> 33 <212919 DNA <213> Are3ficial sequence

<220> <223> Description of the artifi CI %I . uencecc IZri mer tchgm 1 <400> 34
g g gaa ac
caggt accaa 90“?2@?.9@&59%9?@ SRS S S I
1090 105 110

tgt gca acc cag att atc ace ttt gaa agt ttc aaa gag aac ctg aag 384
Cys Ala Thr Gln Ile Ile Thr Phe Glu Ser Phe Lys Glu Asn Leu Lys
115 120 125

gac ttt ctg ctt gtc atc ccc ttt gac tge tgg gag cca gtc cag gag 32
Asp Phe Leu Leu Val Ile Pro Phe Asp Cys Trp Gld Pro Val Gln Glu
130 135 140

tag 435

145

<210> 24

<211> 144

<212> PRT

<Z13> human

<223> human GM-CSF gene wild-type (10CpG)

<400> 24
. Met Trp Leu Gln Ser Leu Leu Leu Lem Gly Thr Val BRla Cys Ser Ile
1 5 10 15

Ser Ala Pro Ala Arg Ser Pro Ser Pro Ser Thr Gln Pro Trp Glu His
20 25 30

val Asn Ala Ile Gln Glu Ala Arg Arg Leu Leu Asn Leu Ser Arg Asp
35 40 43

Thr Ala Ala Glua Met Bsn Glu Thr Val Glu Val Ile Ser Glu Met Phe
50 55 &0

Asp Leu Gln Glu Pro Thr Cys Leu Gln Thr Arg Leu Glu Leu Tyr Lys
65 70 75 B0

Gln Gly Leu Arg Gly Ser Leu Thr Lys Leu Lys Gly Pro Leu Thr Met
85 90 95

Met Ala Ser His Tyr Lys Bln His Cys Pro Pro Thr Pro Glu Thr Ser
100 105 110

Cys Rla Thr Gln Ile Ile Thr Phe Glu Ser Phe Lys Glu Asn Leu Lys
115 120 125

Asp Phe Leu Leu Val Ile Pro Phe Asp Cys Trp Glu Pro Val Gln Glu
130 135 140

210> 25
<211>» 3034
<212> DMA

<213> partificial seguence

<220>



<211>-43 <212> DNA <213> Artificial sequence <220> <223> Description of
the artificial sequence: Prinmer hugm2 <400> 35 cagagctcga gtcat gaaga
ctactcctgg actggctccc ago 43 <210> 36 <211> 33 <212> DNA <213> Artificial
sequence <220> <223> Description of the artificial sequence: Priner

hum p-1 <400> 36 cagtaccaag cttatgcagg tctccactgc tgc 33 <210> 37 <211> 45
<212> DNA <213> Artificial sequence <238 <223> Description of the
artificial segpgneescRiki® orhadipidiai400me3de CR0aGANEYHRA gt cat gaaga
ctaggcact c agct ccaggtorcactg 45 <210> 38 <211> 43 <212> DNA <213>
Artificial sequence <220> 22130 <223> Description of the artificial
sequence: Prrﬁ@P p24-1 <400> 38 act atctaagctt at

tgttg
ttc agccc
gaccgeccaa
caatagggac
cagtacatca
ggccegectg
tctacgtatt
gtggatageg
gtttgttitg
tgacgcaaat
taactagaga
cccaagetgt
aacctgtgec
ccctggaagy
gtctgagtag
attgggaaga
attcatgtga
-gtttttececat
gtggcgaaac
gegectetect
aagcgtggcg
ctecaagetg
taactateqgt
tggtaacagg
gcctaactac
taccttegga
tggttttttt
tttgatcttt
gattttggtc
aagttttaaa
atgcttaatc
ctgactgect
tgcaatgata
agctggaagg
taattgttgt
tgccattagct
tggttcceccat
ctectetggt
tatggcagca
tggactgtac
cccagceatca
tggaaatctt
aatgtaaccc
tgggtgagca
atgttgaata
ttattgtcte
atgcattcag
cccaatccce
tatctgetec
acaacaaggc
gcactgcttg

<210>
<211>
212>
213>

26
669
DA

<220>

acattgatta
atatatggag
cgaceccecge
tttecattga
agtgtatcat
gcattatgcee
agtcatcgct
gtttgactca
gcaccaaaat
gggcggtagg
acccactgcet
taagcttggt
ttctagttge
tgccactece
gtgtcattet
caatagcagy
gcaaaaggcce
aggctcecgece
ccgacaggac
gtteccgacce
ctttctcata
ggctgtgtge
cttgagtcca
attagcagag
ggctacacta
aaaagagttg
gtttgcaage
tctacgggag
atgagattat
tcaatctaaa
aatgaggcac
gtggtgtaga
cctctagace
gcagacctca
ctggaagcta
acaggcatgg
ctatcaagce
ccteoaatgg
ctgcataatt
tcaaccaagt
attctggata
tcttetggte
actcttgeac
aaaacaggaa
ctcatagtac
atgagcggat
ctecacattte
tatggtgcac
ctgcttgtgt
aaggcttgac
gagatgtact

1:tgactagttaaq;gt 35S

ttcegegtta
ccattgacgt
cgtcaatggg
atgccaagta
cagtacatga
attaccatgg
cggggatttc
caacgggact
cgtgtacggt
tactggctta
agatatcagg
cagccatctg
actgtcettt
attctggggyg

‘catgctgggg

agcaaaaggc
cccctgacga
tataaagata
tgcegettac
gctcacgcetg
acgaacccec
acccggtaag
cgaggtatgt
gaaggacagt
gtagctcttg
agcagattac
atctgtctga
caaaaaggat
gtatatatga
caatctctgc
taactacaat
ctctcteace
gaagtggtce
gagtaagcag
tggtgtcect
tagttacatg
ttgtcaaaag
ctcttactgt
cattctgaga
atactgcacc
taaaactctc
ccaactgatc
ggcaaaaggce
tactctteet
acatatttga
cctgaaaagt
tctcagtaca
gttggaggtce
ctacaattgc
ggccagatat

Artificial sequence

cataacttac
caataatgac
tggagtattt
cgeccectat
ccttatggga
tgatgeggtt
cazgtetcca
ttccaaaatg
gggaggtcta
tctaaattaa
gatccactca
ttgtttgcee
cctaataaaa
gtggggtggg
atgcggtggy
caggaaccgt
gcatcacaaa
ccaggegttt
cggatacctg
taggtatctc
cgttcagecece
acacgactta
aggeggtget
atttggtatc
atccggcaaa
gcgcagazaa
ctctecagtag
cttcacctag
gtaaacttgg
aatctgccta
cctggaggge
tgctecagat
tgcaacttta
ttcaccagtt
ctecateattt
atcacccatg
taagttggca
catgcecatet
atagtgtatt
acatagcaga
aaggatctta
ttcagecatct
agcaaaaaag
ttttcaatat
atgtatttaqg
gccacctgaa
atctgcetctg
actgagtagt
atgaagaatc
acta

a atcaattacg
ggtaaatggc
gtatgttcce
acggtaaact
tgacgtcaat
ctttectact
ttggcagtac
ccecattgac
tcgtaacaac
tataagcaga
tacgactcac
gctgatcage
ctccceogtg
tgaggaaatt
gcaggacage
ctctatggec
aaaaaggccy
aatcgacgct
cccectggaa
tcegecttte
agttcggtagt
gaccgctgcg
tegecactgg
acagagttct
tgegetetge
caaaccaccy
aaaggatctc
aaccaaaact
atccttttaa
tctgacaggr
tttetetcat
ttaccatctg
ttatctgcaa
tectgecteea
aatagtttcc
ggtatggctt
ttgtgcazaa
gcagtgttat
gtaagatgct
cttctacecca
actttaaagg
ccagagttga
tttactttca
ggaataaggg
tattgaagca
aaaaatzaac
attgactgat
atgccteata
gggctagcaa

tgettagggt

gggtcatt
ccgeoetgget
atagtaacgc
geccacttgyg
gacggtaaat
tggcagtaca
atcaatgggc
gtcaatggga
tcecgeeecat
getetotgge
tatagggaga
ctccagttta
ccttecttga
gcategeatt
aagggggagg
cgggtagtga
cgttgectggce
caagtcagag
gctcecetegt
tcecettceggg
aggtcgttcg
ccttatcegg
cagcagecac
tgaagtggtg
tgaagccagt
ctggtagegy
aagaagatcc
catgttaaqgg
attaaaaatg
taacttacca
ccatggttge
gcecccagtge
tgaaccagee
tceagtctat
tcaaggttgt
cattcagetce
aagcagtcaa
cactcatggt
tttetgtgac
gttgetctig
tgctcatcat
gatccagttc
ccagggtttce
caactctgaa
tttatcaggg
aaataggygt
agggagttct
gttaagccag
aatttaagct
taggcetttt

gcccatcg t gcagaacat

120

la0

240

300

360

420

480

540

600

660

720

180

840

%00

360

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1580
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
27800
2780
2820
2880
2940
3000
3034



<211> 45 <212> DNA <213> Artificial sequence <220> <223> Description of
the artificial sequence: Priner 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 CW-1 <400> 40 caaaggtacc gttaat it gttgacattg attattgact a 41
<210> 41 <211224 pes2iptilNAox213>arAl tidiiadi sdquencrienee dedpp0> <223>
Description of thecgy gbhé clirav-is efamrider2PricrrsidOMALRink460% 41 gaat gagctc
tgcttatata gacc 24witnR@epletpd £pEleimyslectidos) DNA <213> Artificial sequence
<220> <223> Description of the artificial sequence: Prinmer on-1 <400> 42

gt cacccggg tag% datt ¢ at gt gagcaa aaggc 35 <210> 43 <211> 35 <212> DNA
<213> Artifici zzscéf(ig_e(rggg

<400> 26
atg gtg cac cag gcc atc agec cecc agg acc ctg aat gec tgg gty aag 48
Met Val His Gln Ala Ile Ser Pro Arg Thr Leu Asn Ala Trp Val Lys

1 5 10 15

gtg gtg gag gag aag gcc ttc age cct gag gtg atc ccc atg ttc tct 13
Val Val Glu Glu Lys Ala Phe Ser Pro Glu Val Ile Pro Met Fhe Ser
20 25 30

gec ctg tct gag ggg gec ace cfc c€ag gac ctg aac ace atg ctg aac 144
Ala Leu Ser Glu Gly Ala Thr Pro Gln Asp Leu Asn Thr Met Leu Asn
35 40 45

aca gtg ggg ggc cac cag gct gecc atg cag atg ctg aag gaa acc atc 192
Thr Val Gly Gly Ris Gln Ala Ala Met Gln Met Leu Lys Glu Thr Ile
50 55 €0

aat gag gag ‘'gct gct gag tgg gac aga gtg cac cct gtg cat gct ggc 240
Bsp Glu Glu Ala Ala Glu Trp Asp Arg Val His Pro Val His Ala Gly
85 70 15 80

ccc att gec ect ggc cag atg agg gag ccc agg gge tet gac att get 288
Pro Ile Ala Pro Gly Gln Met Arg Glu Pro Arg Gly Ser Asp Ile Ala
- 85 3D 35

ggec acc acc tec ace ctg cag gag cag att gge tgg atg acc aac aac 336
Gly Thr Thr Ser Thr Lev Gln Glu Gln Ile Gly Trp Met Thr Asn Asn
100 105 110

ccc cec atc cct gtg ggg gag atc tac aag aga tgg atc atc ctg ggc 384
Pro Pro Ile Pro Val Gly Glu Ile Tyr Lys Arg Trp 1le Ile Leu Gly
115 120 125

ctg aac aag att gtg agg atg tac age ccc ace tec atc ctg gac ate 432
Leu Asn Lys Ile Val Arg Met Tyr Ser Pro Thr Ser Ile Leu Asp Ile
130 135 140

agg cag ggc ccc aag gag ccc tte agg gac tat gtg gac agg ttc tac 480
Arg Gln Gly Pro Lys Glu Pro Phe Arg Asp Tyr Val Asp Arg Phe Tyx
145 150 155 160

aag acc ctg agg gct gag cag gcc age cag gag gty aag aac tgg atg 528
Lys Thr Leu Arg Ala Glu Gln Ala Ser Gln Glu Val Lys Asn Trp Met
165 17¢ 195

aca gag acc ctg ctg gtg cag aat gcc a@ac cct gac tgec aag ace atc 576
Thr Glu Thr Leu Leu Val Gln Asn Ala Asn Pro Asp Cys Lys Thr Ile
180 185 190

ctg aag gcc ctg ggc cca get gec ace ctg gag gag atg atg aca gec 624
Leu Lys Ala Leu Gly Pro ARla Ala Thr Leu Glu Glu Met Met Thr Ala.
185 200 205

tge cag ggg gtg gga ggc oct gge cac aag gecc agg gtg ctg taa 669
Cys Gln Gly Val Gly Gly Pro Gly His Lys Ala Arg Val Len



<220> <223> Description of the artificial sequence: Priner 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: Prinmer pa-1 <400> 44 gttagagctc cagtgtttaa acctgtgcct tctagttgcc
ag 42 <210> 45 <211> 39 <212> DNA <213> AV ficial sequence <22D> <223>
Description of the artificial squﬁpce: Primer p 62 <400> 45 caaacct acc

gat acccggg ccatagag%@ caccgcatc 3 <210> 46 <21T> 42 <212> DNA <Z13>
Artificial sequence <220> <223> Description of the artificial sequence:
Primer ref-del-42194Q0> 46 tcagatgcat ccgtacgtta acatgtgagc aaaaggccag ca 42

<210> 47 <211> 3811x242> DNA <213> Artificial sequence <220>
<212> PRT

<213> Artificial sequence

<223> pescription of the artificial sequence: p24 delta
CpG gene (HIV-1 plasmid p24 (capsid protein) gene
with depleted CpG dinuclectides)

<400> 27
¥Met Val His Gln Ala Ile Ser Pro Arg Thr Leu Asn Ala Trp Val Lys
1 5 10 15

Val Val Glu Glu Lys hla Phe Ser Pro Glu Val Ile Pro Met Phe Ser
20 25 30

, Ala Leu Ser Glu Gly Ala Thr Pro Gln Asp lLeu Asn Thr Met Leu Asn
k 35 10 15

Thr Val Gly Gly His Gln Ala Ala Met Gln Met Leu Lys Glu Thr Ile
50 55 60

Asn Glu Glu Ala Ala Glu Trp Asp Arg Val His Pro Val His Ala Gly -
65 70 15 80

Pro Ile Ala Pro Gly Gln Met Arg Glu Pro Arg Gly Ser Asp Ile Ala
85 S0 95

Gly Thr Thr Ser Thr Leu Gln Glu Gln Ile Gly Trp Met Thr Asn Asn
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 Ser Pro Thr Ser Ile Leu Asp Ile
130 135 140

Erg Gln Gly Pre Lys Glu Pro Phe Arg Asp Tyr Val Asp Arg Phe Tyr
145 150 155 160

——

Lys Thr Leu Arg Ala Glu Gln Ala Ser Gln Glu Val Lys Asn Trp Met
165 170 175

Thr Glu Thr Lez Leu Val Gln Asn Ala Asnp Pro Asp Cys Lys Thr Ile
180 183 190

Leu Lys 2ala Leu Gly Pro Ala Ala Thr Leu Glu Glu Met Met Thr Ala
’ 195 200 205

Cys Gln Gly Val Gly Gly Pro Gly His Lys Rla Arg Val Leu
210 215 220

<210> 28

<Z11> 34

<212> DNA

213> prtificial sequence

<220>
<223> Description of the artificial sequence: Primer



<223> Description of the artificial sequence: Priner ref-del-2 <400> 47

agt cat gcat 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 <2128B3HNA <213> Artificial sequence
<220> <223> Descri ptjQp.of the artificial sequence: Prinmer 5 -3 <220> <223>
huil -2 <400> 49 cagagctcga gtcat gaaga ctaagaagtg ttgatgaaca tttgg 45 <210>
50 <211> 34 <24B% BNA <213> Artificial sequence <220> <223> Description of
the artificial setrrerttegccPrdaher tHocPgak2F> <223> magm 1 <400> B0
caggtaccaa gcttatggcc cacgagagaa aggc 34

<210> 29
<211> 29
<212> DNA

<213> artificial seguence

<220>
223> Description of the artificial segquence: Primer
huGPF-2

<400> 25
agtaggatcc tattacttot acagctegt 29

<210> 30
<211> 20
<212> DNA

<213> priificial sequence

<220>

<223> Description of the artificial sequence: Primer
RT-oligol

<400> 30
ccctgaagtt catctgcacc 20

<210> 31

<211> 22

<212> DR

<213> prtificial seguence

<220> i
<223> Description of the artificial sequence: Primer oligoZ

<400> 31
gatcttgaag ttcaccttga tg 22

<210> 32

<211> 34

<212> DHRA

<213> Artificial sequence

<220>
<223> Description of the artificial seguence: Primer
mamip-1

<400> 32 .
caggtaccaa gcttatgaag gtctccacca ctge 34

<210> 33
<211> 43
<212> DNA

€213> Artificial sequence

<220>



<210>'51 <211> 43 <212> DNA <213> Artificial sequence <220> <223>
Description of the artificial sequence: Prinmer 5 -3 <220> <223> magm 2
<400> 51 cagagctcga gtcatgaaga ctatttttgg cctggtttft tgec 43 <210> 52 <211>
489 <212> DNA <213> Artificial sequence <220> <223> Description of the
artificial sequence: synthetic gene <220%43<223> human | L-"I5-2ICHG <220>
25/ 30 <221> CDS <222> (1)..t489) <400> 52 atq egg ate age aag ccc cac ctg
agg age ate ageaie beagripgtot ad 43 abeifiAigl Iskeuder: IBrmPE0 His Leu Arg Ser
Ile Set Ile Gn CysmagipE 5 10 15 <ctg tgc ctg ctg ctg ate age etc ttc ctg
aca gag gee gggmg%? gac 96 Lau Cys Lau Lou Leu Asn Ser His Phe Leu Thr Gn
Ala Ay Ile H S 30 tg ttt C t ttc tet gee @ ctg oct
sag aca gag gcccaﬁgf%c%?a?tcf-”%ggqal cétaﬁ%gté %&g&%h%%Bar Ala Ay Le%ePro Lys Thr
Gn Ala 35 40 45 aac tgg gtg aac gtg ate age gac ctg aag aag ate gag gac

ctg ate 192 AseidypsaVal Asn Val Ile Ser Asp Lau Lys Lys Ile GQu Asp Lau lle
<211> 33
<212> DNA

" <213> Artificial sequence

<220>
<223> Description of the artificial sequence: Primer hugm-1

<400> 34
caggtaccaa gcttatgtog ctgcagagece tge 33

<210> 35

<211> 43

<212> DA

<213> Artificial sequence

<220>
<223> Description of the artificial sequence: Primer hugm-2

<400> 35
cagagetcga gtcatgaaga ctactcctgg actggctece agce 43

<210> 36
<211> 33
<212> DNA

<213> Artificial seguence

<220>
<223> Description of the artificial sequence: Primer
humip-1

<400> 36
cagtaccaag cttatgcagg tcteccactge tge 33

<210> 37

<211l> 45

€212> DNA

<213> Artificial sequence

220>

<223> Description of the artificial seguence: Primer
‘humip-2

<400> 37
cagagctcga gtcatgaaga ctaggcactc agctccaggt cactg 45

<210> 38
<211> 43
<212> DNA

<213> prtificial sequence

<220>



50 55 60 cag age atg cac ate gac gcc ace etg tac aca gag age gac gtg cac 240
Gn Ser Met Hs Ile Asp Ala Thr Lau Tyr Thr Gn Ser Asp Val H's 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 Gu Leu Gn 85 90 95 gtg ate
age ctg gag age ggc gat gee age etc cac ¢ ace gtg gag 336 Val Ile Ser Lou
GQu Ser Ay Asp Ala Ser Ile Hs Asp Thr Val du 100 105 110 aac ctg ate ate
ctg gcc aac aae2ageDeicgipgenage thacamgciciel sfqped8st PASmerl apddits Ile Lau Al a
Asn Asn Ser LauqéﬁrGSer Asn Ay Asn Val 115 120 125 acc gag age ggc tgc aag
gag tgt gag gag g: ag.gag aag.aac .ate 432 Thr Gu Ser Ay Cys Lys Qu Cys
Gu Gu Lau G A°EP agf/gt%sﬁ%gcl%f gticﬁﬁatfgggiaﬂbacgtééc@ag ttc ctg cagﬁage tte gtg
cac ate gtg cag atg ttc ate aac 480 Lys GQu The Lou Gn Ser the Val Hs Ile
Val G n Met PhealghessAsn 145 150 155 160 ace age tag 489 The Ser ¢210> 53
<211> 162 <21221PRB <213> Artificial sequence <223> human |L-15-21CpG
<400> 53 Met Axgizp|@rSer Lys Pro His Leo Aig Ser Ile Ser Ile Gn Cys Tyr 1
5 10 15 Lau COyst3PonrdidticiausésrenSer His the Lou Thr Gu Ala Ay Ile H's 20
25 30 \Vval Phe<£ij Lau Gy Cys the Ser Ala Ay Lau Pro Lys Thr Qu Ala 35
40 45 26130 Aggzg%r Pe i pASdh Valtnkl £rt38E ciAIPséqienkys peyised bese @ u Asp Lau Ile

<400> 39
traagagcto gactggatce tattacagea ccctggeoctt gtgge 45

{ <210> 40
) <211i> 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
gaatgagcte tgcttatata gace 24

<210> 42
<211> 35
<212> DNA

<213> prtificial sequence

<220>
¢223» Description of the artificial sequence: Primer ori-1

<400> 42
gtcagceggg tagtgaattc atgtgagcaa aagge 35

<210> 43
<211> 35
<212> DNA

<213> prtificial sequence

<220>
¢223> Description of the artificial sequence: Primer ori-2

<400> 43



50 55'60 dn Ser Met His Ile Asp Ala Thr Lau Tyr Thr GQu Ser Asp Val H's

65 70 75 80 Pro Ser Cys Lys Val Thr Ala Met Lys Cys Phe Leu Lau Qu Lau dn
85 90 95 Val Ile Ser Leu u Ser Ay Asp Ala Ser Ile Hs Asp Thr Val Qu
100 105 110 Asn Leu Ile Ile Lou Ala Asn Asn Ser Lau Ser Ser Asn Gy Asn Val
115 120 125 Thr Qu Ser Gly Cys Lys AQu Cygnelu AQu Lau Qu Qu Lys Asn lle
130 135 140 Ly sa t":'t e Cg % PhetVa Hs Ile Val G n Met Phe Ile Asn
145 150 155 160 **Tfir °2‘ﬁ6€ HPTCBIIRWOE  <212> DNA <213> ArtPfici al
sequence <220> <223> Descrl ption of artificial sequence: synthetic gene
<220> <223> nurdzpe @V CSF- 62CpG  <220> <221> CDS <222> (1).,(426) <400> 54
atg tgg ctg cag<@dl> ¢1g ctg ttc ctc ggc atc gtc gtg tac tog ctg 48 Mt Trp
Lou A n Asn Lau ¢&%» Pfe Leu Ay Ile Val Val Tyr Ser Leu 1 5 10 15 ago gcg
cog acg ego tcg oYy AflelfdetalgegTdg§ecgg cog tgg aag cac 96 Set Ala Pro Thr
Arg Ser Pro IIe;l;% Val Thr Arg Pro Trp Lys His 20 25 30 gtc gag gcg ate
aag gag gcg ctg 334 SdrebCicdass §Re Al rEG10b&utdde: ¥alndd YaN @ Ile Lys Gu
Ala Lau Asn Lau Lau Asp Asp Met Pro Val

<400> 44
gttagagctc cagtgtttaa acctgtgect tctagttgec ag 42

<210> 45
<211> 39
<212> DHA
[ <213> Artificial sequence

<220>
<223> Description of the artificial sequence: Primer pa-2

<400> 45
caaacctace gatacccggg ccatagagec caccgcatc ) 39

<210> 48

<211> 42

<212> DNA

<213> Artificial sequence

<220>
<223> Description of the artificial sequence: Primer
ref-del-1

<400> 46
tcagatgeat cegtacgtta acatgtgage aaaaggecag ca 42

<210> 47
<211> 33
<212> DRA

<213> prtificial sequence

<220>
«223> Description of the artificial sequence: Primer
.ref-del-2

<400> 47
agtcatgcat ccatagagecc caccgcatee cca 33

<210> 48
<211> 33
<212> DHNA
<213> priificial sequence

<220>
<323» Description of the artificial sequence: Primer 5'-3

<220>
<223> huil-1



35 40°'45 acq ctg aac gag gag gtc gag gtc gtg tog aac gag ttc tog ttc aag
192 Thr Lau Asn Qu QQu Val Gu Vval val Ser Asn A u 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 dn Thr Arg Lau Lys Ile Phe Gn G@n dy Lou 65 70 75 80

27/ 30 cgc ggc aac ttc acg aag ctq aag ggc @89 ctq aac atg acc gag tcg 288
Arg Ay Asn Phe Thr Lys Lau Lys Ay Ala Lea Asn Met Thr Ala Ser 85 90 95

tac tac cag Beg f3g 4gC ccg ccq acg ccc gag acc gat tgc gag acg 336 Tyr Tyr
G n Thr Tyr Cys Rtk JdikatBagy HidcghBic Asp Cys G n Thr 100 105 110 cag qtg
acg sag tac gcc gee ttc ate gac tag ctg aag acq ttc ctg 384 Gn 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 #a é%c ggc tag Bag tag 426 Thr Asp Ile Pro The A u Cys Lys
Lys Pro Ay G n} 0 135 140 <210> 55 <211> 141 <212> PRT <213>
Artificial sequepg %%CLa I.0e gp@CSF 62CpG <400>. 55 Met Trp Lea G n
Asn Leu Lau Phe Lea éf I Val Tyr Set Leu 1 5 10 15 Set Ala Pro Thr
Arq Ser Pro IIe«Ehn>vaI Thr Arg Pro Trp Lys his 20 25 30 Val Qu Ala lle
Lys A u Al a Lea 28> DaschipbidspiAse MeotifPrbalVabquedbe4®rddedBr-Lou Mn G u G u
Val Gu Vval Val Set Mh GQu Phe Set Phe Lys 50 55 60 Lys Lau Thr Cys Va

Gn Thr Arg Lau ‘ng \lg Phe Gu Gn Qy Leu

<400> 49
cagagctcga gtcatgaaga ctaagaagtg ttgatgaaca titgg 45

<210> 50
<211> 34
<212> DNA

<213> prtificial sequence

<220>
<223> Description of the artificial sequence: Primer 5'-3

<220>
<223> magn-1

<400> 50
caggtaccaa gcttatggce cacgagagaa agge 34

<210> 51
<211> 43
<212> DHA

<213> prtificial sequence

<220>
<223> Description of the artificial sequence: Primer 5'-3

<220>
<223> magm-2

<400> 51
cagagctcga gtcatgaaga ctatttttgg cctggttttt tge 43

<210> 52

<211> 48%

<212> DHR

<Z13> prtificial seguence

<220>
<223> Description of the artificial sequence: synthetic
gene

£220>
€223 human IL-15-21CpG

<220>



———

65 70 75 80 Arg Gy Asn Phe Thr Lys Lea Lys Ay Ala Lea Asn Met Thr Al a Set
85 90 95 Tyr Tyr G n Thr Tyr Cs Pro Pro Thr Pro Qu Thr Asp Cys du Thr
100 105 110 G n Val Thr Thr Tyr Ala Asp the Ile Asp Ser Lau Lys Thr Phe Lea
115 120 125 Thr Asp Ile Pro Phe AQu Cys Lys Lys Pro Ay G n Lys 130 135 140
<210> 56 <211> 489 <212> DNA <213> human 25#20> <223> human | L-15

w I d-type (3CpG 52205 <221> CDS 28130 <222> (1)..(489) <400> 56 atg aga
att tcg aaa cca cgbzi . agee@gt att tcc atc cag tgc tac 48 Mt Arg Ile Ser
Lys Pro His Lau Arg Ser Ile Ser Ile dn Cys Tyr 1 5 10 15 ttg tgt tta ctt
cta no agt cat tt<440¢x a2 act gaa get ggc att cat 96 Lau Cys Lau Lou Lau Asn
Ser His Phe Lou Titf SGHPLAI24C GRY CF¢ €2HEST 298 295 A0 29§ 138c 1SR LAF t*2% t ¢fBgge t gt
ttc agt gca ggg ctif XEt'&F4" &3 "gadiylt Ymevar hdlt 1% Egﬂ% ™y Cys the Ser
Ala Ay Leu Pro LyS Thr Au Ala 35 40 45 aac tgg gtg aat gta ata agt gat

ttg aaa aaa att 0O@a @atctgidigat§ 2d92gc ASNttD Bg\rb oAS jcdalkc lake c&er Aso Lau Lys
Lys Ile A u Asp Liau dybceb(QebSeb@st dar it Pial GpuCt GbtAlgaly geé vact tta tat acg
gaa agt gat gtt cac 240 @2h Ser Met His 3 e Asp Ala The?Lau Tyr Thr A u Ser

Asp Val His 65 70 75 80
gtg ttt atc ctg gge tgec ttc tect gec gge ctg cct aag aca gag gec 144

Val Phe Ile Leu Gly Cys Phe Ser Rla Gly Leu Pro Lys Thr Glu Ala
35 40 45

aac tgg gtg aac gtg atc agc gac ctg asg aag ate gag gac ctg atec 192
Bsn Trp Val Asn Val Ile Ser Asp Leu Lys Lys Ile Glu Asp Leu Ile
{ 50 55 €0

cag agc atg cac atc gac gcc acc ctg tac aca gag age gac gtg cac 240
Gln Ser Met His Ile Asp Ala Thr Leu Tyr Thr Glu Ser Asp Val His
65 70 15 80

cct age tgt aag gtg acc gcc atg aag tgc tte ctg ctqg gag ctg cag 288
Pro Ser Cys Lys Val Thr Ala Met Lys Cys Phe Leu Leu Glu Leu Gln
85 20 85

gtg atc age ctg gag age ggc gat geo age atc cac gac acc gtg gag 336
val Ile Ser Leu Glu Sexr Gly Asp Ala Ser Ile His Asp Thr Val Glu
100 108 110

gac ctg atc atc ctg gcc aac aac age ctg age agc aac gge aat gtg 384
Asn Leu Ile Ile Leu Ala Asn Asn Ser Leu Ser Ser Asn Gly Asn Val
115 120 125

acc gag agc ggc tgc aag gag tgt gag gag ctg gag gag aag aac atc 432
Thr Glu Ser Gly Cys Lys Glu Cys Glu Glu Leu Glu Glu Lys Asn Ile
130 135 140

aag gag ttc ctg cag agc ttc gtg cac atc gtg cag atg ttc ate aac 480
Lys Glu Phe Leu GIn Ser Phe Val His Ile Val Gln Met Phe Ile Asn
145 150 155 160

acc agc tag 489
Thr Ser

<210> 53

<211> 162

<212> PRT

<2135 Artificial sequence
<223> human IL-15-21CpG

<400> 53
Met Arg Ile Ser Lys Pro His Leu Arg Ser Ile Ser Ile Gln Cys Tyr
1 5 10 15

Leu Cys Leu Leu Leu Asn Ser His Phe Leu Thr Glu Ala Gly Ile His
20 25 30

val Phe Ile Leu Gly Cys Phe Ser Ala Gly Leu Pro Lys Thr Glu Rla
35 40 45



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 Qu Lau G n 85 90 95 gtt att
tca ctt gag tcc gga gat gca agt att cat gat aca gta gaa 336 Val Ile Ser Lau
GQu Ser Ay Asp Ala Ser Ile His Asp Thr Val Gu 100 105 110 sat ctg atc atc
cta gee aac aac agt ttg tct tot aat ggg sats,gta 384 Asn Lau lle Ile Lau Al a
Asn Asn Ser Lau Ser Ser Asn 3y Asn VaI 115 120 125 aca gaa tct gga tgc aaa
gaa tgt gag gaa ct a sat 432 Thr. du Ser Ay Cys Lys Qu Cys
Gu du Lau G &SG‘%"%@ ’%ﬁ’valllje’“E Af?;ﬁ‘e‘iiﬁsé‘éé Yadt PPy hg agt ttt gta
cat art qtc caa atg ttc etc no 48 Lys Gu Phe Lau in Ser the Val Hs Ile
Val G n Met theihl®cMielh? Hh30hshH0a B0 Le@llr tvol ha%ed89p viDmiSer <210> 57
<211> 162 <212%s5PRT <213> human <223> human7$L- 15 w |l d-typeo(3CpG <400>
57 Met Arg Ile Ser Lys Pro His Lau Arg Ser Ile Ser Ile @n Cys Tyr 1 5 10
15 Lau Cys Lalfree®r|l%s WsnVadetrrHilsg ’Phé‘yié‘us'FhF IGJGENG&UGE Gte Hs 20 25 30
Val the Ile Lau Ay Cys the 88er Ala Ay Led’Pro Lys Thr Ala 35 40 45

25130, A5 10D S Bl S R ALY W S A L 2,50 55

75 80 Pro Ser Cys Lys VaI Thr -Ala Met Lys Cys Phe Lou Lau Gu Lau Gn

Asn Leu Ile Ile Leu Ala Asn Asn Ser Leu Ser Ser Asn Gly Asn Val
115 120 125

Thr Glu Ser Gly Cys Lys Glu Cys Glu Glu Leu Glu Glu Lys Asn Ile
130 135 140

Lys Glu Phe Leu Gln Ser Phe Val His Ile Val Gln Met Phe Ile Asn
" 145 150 155 160

Thr Ser

<210> 54

<211> 426

<212> DHA

<213> Artificial sequence

<220>
<223> pDescription of artificial sequence: synthetic
gene

<220>
<§§g> murine GM-CSF-62CpG
<220>

<221> CD§

<222> (1)..(426)

<400> 54
atg tgg ctg cag aac ctg ctg tic ctc gyc atec gtc gtg tac tcg ctg 43
Met Trp Leu Gln Asn Leu Leu Phe Leu Gly Ile Val Val Tyr Ser Leu

1 ] 10 15

agc gcg ccg acg cgc tcyg ccg ‘ate ace gtg acqg cgg ccg tgg aag cac 84
Ser Ala Pro Thr Rrg Ser Pro Ile Thr Val Thr Arg Pro Trp Lys His
20 25 30

gtc gag gcg atc aag gag gcg ctg aac ctg ctc gac gac atg ccc gtg 144
Val Glu Ala Ile Lys Glu Ala Leu Asn Leu Leu Asp Asp Met Pro Val
35 40 45

acg ctg aac gag gag gtc gag gtc gtg tcg aac gag tte tog tte aag 192
Thr Leu Asn Glu Glu Val Glu Val Val Ser Asn Glu Phe Ser FPhe Lys
50 55 60

' aag ctg acg tge gty cag acd cgg ctg aag atc tte gag cag gge ctg 240
Lys Leu Thr Cys Val Gln Thr Arg Leu Lys Ile Phe Glu Gln Gly Leu
65 70 75 80



85 90 95 Val Ile Ser Lau Qu Ser Ay Asp Ala Ser Ile Hs Asp Thr Val Qu
100 105 110 Asn Lau Ile Ile Lau Ala Asn Asn Ser Lau Ser Ser Asn Ay Asn Val
115 120 125 Thr Gn Ser Ay Cys Lys Qu Cys GQu Qu Leu Au Gn Lys Asn |lle
130 135 140 Lys Gu the Lau G n Ser the Val His Ile Val Gn Met the Ile Asn
145 1SO 155 160 Thr Ser <210> 58 <211> 428 <212> DNA <213> nurine <220>
<223> murine GWMWCSF wild-type (il CpG <220> <221> CDS <222> (11..(426)
<400> 59 atQ t gghcCidd £R0::0Hcqldhd & bad b GbdcQUscaldy QLU GGyt aggage ctc 48
Met Trp Lau G r&@sﬁl%mu ﬂhaurhgh.@?llaglL ;‘gil Ee‘igvglgm.\{aﬁngiﬁcgrSe au 1 5 10 15
tca gca ccc ace cgc tca ccc8ate act gtc ac#® egg cct tgg aag cat 96 Ser A a
Pro Thr Arg Ser Pro Ile Thr Val Thr Ar Pro Tr L S Hs 20 25 30 gta gag
gcc ate aaa gaa;;gsﬁrcgaq E@ t“EtE@gE@ %}2 %3) 93965?5 chaF“G uAalle
Lys Gu Ala Lou Lau ol ach ttg aat gaa
gag gta gaa gtc gtc tct aac gag ttc toe ttc aag 192 Thr Lau Asn Gu du Val
A u Val Val Sercadsitg@ag abhetaSejec Hae thy 3tSHQacbbegbBgatg @y axtacagt qBssgt g cag ace
cgc ctg aag at aGlint ¢l Padgivgdgtla dsp PRej(le B%Silabﬁuw VysehwadleuG n Thr Arg Lou
Lys Ile Phe Gu Gn GY Lau 65 70 73290

acc ga¢ atc ccg ttc gag tge zag 2ag ccc ggc cag aag tag 426
Thr Asp Ile Pro Phe Glu Cys Lys Lys Pro Gly Gln Lys
13¢ 135 140
. <210> 35
i’ <211> 141
<212> PRT

<213> prtificial sequence
<223> murine GM-CSF-62CpG

<400>, 55
Met Trp Leu Gln Asn Leu Leu FPhe Leu 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 Leu Asn Leu 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
BS 90 95

Pyr Tyr Glm Thr Tyr Cys Pro Pro Thr Pro Glu Thr Asp Cys Glu Thr
100 105 110

Gln Val Thr Thr Tyr Ala Asp Phe Ile Asp Ser Leu Lys Thr Phe Leu
115 120 125

Thr Asp Ile Pro Phe Glua Cys Lys Lys Pro Gly Gln Lys
130 135 140

<210> 56
<211> 48%
<212> DNA
<213> human

<220> )
<223 human IL-15 wild-type (3CpG)

<220>
<221> CDS



€gg
Asn

cag
Gn
acc
Tyr
ttt
Lys

gge
Phe
aca

Thr
acc

Al a
gaa

Pro

aat
Thr
t ac
Tyr
t at
Asp
tgc
Ay

ttc ace aaa ctc aag ggc gcc ttg aac atg aca gcc age 288 Arg Ay
Lys Lau Lys Ay Ala Lau Asn Met Thr Ala Ser 85 90 95 tac tee

tgc ccc cca act ccg gas acg gac tgt gaa aca 336 30130 Tyr Tyr

Cys Pro Pro Thr Pro Gu Thr Asp Cys G u Thr 100 105 110 caa gtt
gcg gat ttc ata gac age ctt aassmce ttt ctg 384 Gn Val Thr Thr
Phe Ile Asp Ser Leu Lys Thr The Lau 115 120 125 act gat atc ccc
aagBN(GCa4gyc caa aaa tag 426 Thr Asp Ile Pro The Au Cys Lys
G n Lys 130 135 140 <210> 59 <211> 141 <212> PRT <213> nurin

<223> nurines<@#CST-wi | dtyp 11 CpG <400> 59 Met Trp Leu A n Asn Leu Leu

Phe
Ile
Lev
Val

Arg
Leu
Pro
Asp

Lou
Thr
Asn
Val

Leu
Lys
Pro
The

Ay
Val

Len
Ser
Lys
Ay
Thr
Ile

| 1269 g avhltcq\pra Sep CBe(Ft9 P& 290 alh teGete ppnt® 6adThr48Arg Ser Pro
TH’F*I: AFg Tbp 5o lys 1573 Bif devpdrpsendle vay 1y GICes Fre Lys Gu Al a
Leu®Asp Asp Met®Pro Val 35 4645 Thr Leu AsP Gu du val Qu

ARy Gt tEDG+S8%a R0E Y Sat 30 202 80: by Scd Gl ThY (Qys Jal G n Thr
o RS I B e S a8 Ton e 85 T VN DO T Lys
Ala Leu Asnzbkt Thr Ala Sees85 90 95 Tyrzolyr A n_Thr Tyr Cys
Pro Gu Thr Asp Cys G u Thr 100 105 110 G n Val Thr Thr Tyr Al a

A%ﬁc See ket ege Thk tPhadt gna 994 5t 2ot a5 aca gaa gce 144
al Phe Ile Leu Gly Cys Phe Ser Ala Gly Leu Pro Lys Thr Glu Ala

35 40 45

aac tgg gtg aat gta ata agt gat ttg aaa aza att gaa gat ctt att 192
Asn Trp Val Asn Val Ile Ser Asp Leu Lys Lys Ile Glu Asp Leu Ile
50 55 60

caa tct atg cat att gat gct act tta tat acg gaa agt gat gtt cac 240
Gln Ser Met His Ile Asp Ala Thr Leu Tyr Thr Glu Ser Asp Val His
65 70 75 80

ccc agt tgc aaa gta aca gca atg aag tge ttt cte ttg gag tta caa 288
Pro Ser Cys Lys Val Thr ARla Met Lys Cys Fhe Leu Leu Glu Leu Gln
85 80 95

gtt att tca ctt gag tce gga gat geca agt att cat gat aca gta gaa 336
Val Ile Ser Leu Glu Ser Gly Asp Ala Ser Ile His Asp Thr Val Glu
100 105 - 119

aat ctg atc atc cta geca aac aac agt ttg tect tet aat ggg aat gta 384
Asn Leu Ile Ile Leu Ala Asn Asn Ser Leu Ser Ser Asn Gly Asn Val
115 120 125 :

aca gaa tct gga tgc aaa gaa tgt gag gaa ctg gag gaa aaa aat att 432
Thr Glu Ser Gly Cys Lys Glu Cys Glu Glu Leu Glu Glu Lys Asn Ile
130 135 140

aaa gaa ttt ttg cag agt ttt gta cat att gte caa atg tte ate aac 480
Lys Glu Phe Leu Gln Ser Phe Val His Ile Val Gln Met Phe Ile Asn
145 150 155 160

act tct tag 489
Thr Ser

<210> 57

<211> 162

<212> ERT

<213> human

223> human IL-15 wild-type (3CpG}

<400> 37
Met Arg Ile Ser Lys Pro His Leu Arg Ser Ile Ser Ile Gln Cys Tyr
1 . 5 10 i5

Leu Cys Leu Leu Leu Asn Sexr His Phe Leu Thr Glu Ala Gly Ile His
20 25 30

val Phe Ile Leu Gly Cys Phe Ser Ala Gly Leu Pro Lys Thr Glu Ala
35 40 45



Thr Asp Ile Pro the Gn Cys Lys Lys Pro Gy A@n Lys 130 135 140

Bsn Trp Val Asn
50

Gln Ser Met His
65

Pro Ser Cys Lys
Val Ile Ser Leu
100

Asn Leu Ile Ile
115

Thr Glu Ser Gly
130

Lys Glu Phe Leu
145

Thr Ser

<210> 58
<211> 426
<212> DNA
<213> murine

<220>

Val

Ile

Val

85

Glu

Leu

Cys

Gln

1ile

Asp

70

Thr

Ser

Ala

Lys

Ser
150

Ser

55
Ala
Ala
Gly
Asn
Glu

135

Phe

Asp

Thx

Met

Asp

Asn

120

Cys

Val

Leu

Leu

Lys

Ala

105

Ser

Glu

His

29/30

Lys

Tyxr

Cys

80

Ser

Leu

Glu

Ile

Lys

Thr

15

Fhe

ile

Ser

Leu

Val
155

<223> murine GM-CSF wild-type (11CpG)

<220>
<221> CDS
<222> (11..(426)

<400> 58

atg tgg ctg cag

Met Trp Leu Gln
1

tca gca ccc acc
Ser Ala Pro Thr
20

gta gag gec atc
Val Glu Ala Ile
35

aca ttg aat gaa
Thr Leu Asn Glu
50

aag cta aca tgt
Lys Leu Thr Cys
65

cgg ggc aat tte
Arg Gly Asn FPhe

tac tac cag =aca

aat
Asn
5

cge

Arg

aaa
Lys

gag
Glu

gtg
Val

acc
Thr
g5

tac

tta
Leu

tca
Ser

gaa
Glu

gta
val

cag
Gln
70

aaa
Lys

tgc

ctt
Leu

ccc
Pro

gec
Ala

gaa
Glu
55

acc
Thr

cte
Leu

ccc

ttc
Phe

atc
Ile

ctyg
Leu
40

gtec
Val

cge
Arg

aag
Lys

cca

ctg
Leu

act
Thr
25

aac
Asn

gtc
Val

ctyg
Leu

ggc
Gly

act

ggc
Gly

gte
Val

ctc
Leu

tet
Ser

aag
Lys

gce
Ala
80

ccg

att
Ile

acc
Thr

ctg
Leun

aac
Asn

ata
Ile
75

ttg
Leu

gaa

Ile
60

Glu
Leu
His
Ser

Glu
140

Gln

gtg
Val

Ccgg
aArg

gat
Asp

gag
Glu
60

tte
Phe
aac

Asn

acg

Glu

Ser

Leu

Asp

Asn

125

Glu

Met

gtc
Val

cct
Pro
gac

45

tte
Phe

gag
Glu

atg
Met

gac

Asp

Asp

Glu

Thr

110

Gly

Lys

Phe

tac
Tyr

tgg
TIp
30

atg
Met

tce
Ser

cag
Gln

aca
Thr

tgt

Leu

Val

Leu

Val

Asn

Asn

Ile

agc
Ser
15

aag

Lys

cct
Pro

tte
FPhe

ggt
Gly

gce
Ala
g5

gaa

Ile

His

80

Gln

Glu

Val

Ile

Asn
160

ctc
Leu

cat
His

gte
Val

aag
Lys

cta
Len
80

agc
Ser

aca

48

56

144

182

240

288

336



Tyr

caa
Gln

act
Thr

<210>
<211>
<212>
<213>
<223>

<400>

Tyr

gtt
Val

gat
BAsp
130

Gln

ace
Thr
115

ate
Ile

5%
141
PRT
murin
nurines GM-CSF-wildtyp (11 CpQ)

59

Met Trp Leu

1

Ser

val

Thr

Lys

65

Arg

Tyr

Gln

Thr

Ala

Glu

Leu

50

Leu

Gly

Tyr

Val

Asp
130

Pro

Ala

35

Asn

Thr

Asn

Gln

Thr

115

Ile

Thr
100

acc

Thr

ccC
Pro

Gln

Thr

20

Ile

Glu

Cys

Phe

Thr

100

Thr

Pro

Tyr Cys Pro

tat gcg gat
Tyr Ala Asp

ttt gaa tgc
Phe Glu Cys

Asn

3

Arg

Lys

Glu

Val

Thr

85

Tyr

Tyx

Phe

Leu

Ser

Gla

Val

Gln

70

Lys

Cys

Rla

Glu

135

Ero Thx
105

ttc ata
Phe Ile
120

aaa zaa
Lys Lys

30430

Pro

gac
Asp

cca
Pro

Leu Phe Leu Gly

Pro

Ala

Glu

5%

Thr

Leu

Pro

Asp

Cys
135

Ile Thr
25

Leu Asn
40

val Val

Arg Leu

Lys Gly

Pro Thr
105

Phe Ile
120

Lys Lys

10

Val

Leu

Ser

Lys

Ala

90

Pro

Asp

Pro

Glu

agc
Ser

ggc
Gly

Ile

Thr

Leu

Asn

Ile

5

Len

Glu

Ser

Gly

Thr

ctt
Leu

caa
Gln
140

Val

Arg

Asp

Glu

60

Phe

Asn

Thr

Leu

Gln
140

Asp

aaa
Lys
125

aaa
Lys

Val

Pro

Asp

45

Phe

Gla

Met

Asp

Lys

125

Lys

Cys Glu Thr

110
ace

Thx

tag

Tyr

Trp

Met

Ser

Gln

Thr

Cys

110

Thr

ttt ctg

Phe

Ser

15
Lys
Pro
Phe
Gly
Ala

85

Glu

Phe

Leu

Leu

His

Val

Lys

Leu
80

Ser

Thr

Leu

384

4

6





