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Rett syndrome (RTT) is a progressive neurodevelopmental disorder. It affects almost

exclusively females (Rett, 1966, Wien Med Wochenschr 116:723-6) and it is one of the
most common causes of mental retardation in females. RTT is characterized by a
20 dynamically clinical course with four consecutive stages. During Stage I (age 6-18
months), girls cease to acquire new skills; they display decelerating head growth and
autistic features such as emotional withdrawal and diminished eye contact. In Stage II (age
14 years), affected children lose learned skills such as speech and purposeful hand use.
They develop irregular breathing patterns, truncal and gait ataxia/apraxia, and stereotypical
25  hand movements. About half the girls also develop seizures and there is some stabilization
of the disease during Stage Il (age 4--7 years). Seizures become less frequent during Stage
IV (age 5-15 years and older), but motor deterioration continues. Hypoactivity, especially
among those who cannot walk, contributes to the frequent development of scoliosis, which
can cause the girls to be confined to wheelchairs. Neuropathological features of the Rett
30 patients include a decrease in the cortical thickness as well as a reduction of the cortical
neuronal size. A strong reduction of the dendritic arborization has also been described but
no further gross morphological features are affected (Armstrong, 2002, Ment Retard Dev
Disabil Res Rev 8:72-6). RTT is a X-linked disease with an estimated incidence of
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Since attempts to express MeCP2 protein constructs using the human cDNA sequence in

35 amounts sufficient for therapeutic purposes were so far unsuccessful, another objective of
the present invention is to provide a MeCP2 expression construct that allows an increased
production of recombinant MeCP2 protein.
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An “MeCP2 protein”, as used herein, may be the human isoform el (alias isoform B)
having the accession number AAS55455 or human isoform €2 (alias isoform A) having the
accession number NP_004983 (NCBI protein sequence database), respectively. A skilled
person will understand that other human isoforms of MeCP2 or MeCP2 proteins
35 originating from other vertebrates will also be suitable as MeCP2 proteins of the present
invention, if these proteins*or fragments thereof show similar biological activity as the
known human MeCP2 isoforms. The skilled person can readily obtain the sequences of the




Typically, the nedia will be changed and then the cells incubated for a
week at 37 Cwith 10% CO2. To test for biological activity e.g. by
nonitoring the acetylation state of histone H3 and hi stone H4, nouse

fibrobl aswo%IM%g%t aninmals are treated with, for exa;al,ﬁ?e' : 2p_‘m)l of a

MeCP2 protefn or "a fragment or a derigvative of a MeCP or 5

”Zgrsrgﬂzzt%%oﬁ%g%ér?%ons as&zggc%"ﬁg@gﬂb%\%p&%g %ncu@gté@}-f&gﬁayna&gﬁb% Peéell

| ysat es céffabases be i mmunobl otted with anti body against for exarrpl e hi stone
H3, ac.etylated histone H3, or acetyl ated H4K16, as descri bed bel ow. The

diff h

by o nott e SR A4 RV IRI A SROOER B, 1
10 Sc, 5ané|°=@téﬂaﬁﬂ20eéﬂw?%%ﬁtiﬁﬁtﬁﬂ=tﬂﬂﬁﬁsﬂa@ a‘HP'?étﬁ aﬁb@%ﬂﬂaﬁ@a&@haﬂg@tl n the
hi st one ao@fa leakt 100, au@&ﬂsoﬁxmleésezocﬁaﬁnaraeidsoﬂamacwﬁiumm &agmeﬂt bf Fl gure

gsgagl)sand FI g#fll?e% g}%%g aa#i%é’tagf;clfﬂﬁﬂg%%gl ogl ca“éﬁ%tpl VI y of a

MeCP2 pr opmtmn%tbat rca@ henfound ug qaeaqcesgxonv AABOHDS o AceFspion mumbSHnent | s
a rreasuremnommtf&pécqv af bi%!t@ﬁdéll tdefite Qfa.géz'ént"@:]l Rehibid they biolagiatiuct i on

exper| etely e #1 t he ns .o .he. t us r ot

transa ﬁ& %gagfy(?é“é, %@r(?%b%#% 4 n 9vea al&? “%?mtge%ssﬁrﬁ%es such
as Hela oﬂfeﬁhemm:m be used for this pur pose. Wen putting the cells in
contact with the fusion proteins, the histone 113 acetyl ation Ievel WI II

d t.r ol
i ot one. 193 GEEREPEMeeP2 PR Ra ftweetof Suloh i 3Rl AR WS 01
t he bi ol ogénomie ofctnafurally escurring speciasubepriinulared derivative isaolygeptisle that is hi s

test gs0. nhtyidbRRhPioomd) &ft thoBy ifsmﬁﬁephaesdmﬁf o 8 Ghckddsibl QuRkES 'of R loRlthe ect i on

below. 3 2 proteins nts.or derdvati s of i NS can
e der er v 2t ES meaR abpy Ao G, St anis gﬂf il phicie
met hy| at etatusplly obqvetng MegP2 prpteins, ¢t byoamine aeid sulstitution, aleletion and addition,

descri bEdbﬁtnsﬂﬂaékhletsze Blologidal kttivi§: ofihd '7%13%

&bt - M
O hesRialy 15 Jarat, IoEech D aiYs e palekite %%Wfb%ﬁ"?ﬂ?%@’&g b

nucl eke asiedopoipgontio anMe(FRproteindiyrat leasted06 a8 least A0 ocatdeagIMPosedenshic e
cont ai ni ngp 90 dPRSst 76 %, aﬁl@%t d@% qmystao%':t%t fe@stQS% émléaacbm ikhifyveed by
the 30 desired host cell, Sﬁtg‘(‘jgln %Iﬁ host 2 % A nucleic acid
sequence fs SHIR, &Y SHUFRELL %ept%ﬂlz% % EPRFRees 9 §° £8RRRRE & havi ng
an i dent i gligned rtoms Icampulep bdmelegy ipdrgrae duewodn theartviuch aal foe exemple dheodon
usage, i nsmg-peul ax_‘;méﬁgnng tﬂﬂ@ nogt f LeQAMeRE! Y ©odoms Of mpRd venmﬁglgam sm

e.g. Esch feéifﬁigﬁl ﬁa{vﬁl ﬁ]dﬁeeﬁ‘imfa%i}&@ﬁ& E‘Btf&bnces

met hod® f oRUBAW o
and 35 pemmhgmmawdﬁmWWamd@ﬂqﬁcG@qmbmgsdeﬁmﬂd@om the data from
the Cass 11 gene from Henaut and Danchl n: Anal y5| s and Predictions from

Escheri chia_coi | quenc, in: Escherij coi | Sal.nmonel l a, Vol . 2, Ch.
14 5047 BoBuolopigl SE T RaEREntRe 6 PIOGRSBIIE AUYS SeEBRTR PR A, el of

Cui dance fragrent knebmscthatltia fragment i deeivativediaeatrleasti1}e rat keast $0%/\@ least 70%,

2007/ 552:81@%?/ 52 iggpﬁ 1%@'93%&&%:@06%%}&3%&1 Y&} de
ottp P r N pgta) . 2005,
Vol - 33“”%%% O SR e s e sl om0 Fem i e
NT! sof t whibigically adtive gaie defermivic fist emdmple by therfgllowing tsts: opt| m zed nucleic

acid se e gg.réi

naltural ﬂ;ﬁ(;c%cﬁérg:pl% P@é&géfq%&%e 017&&%%% gene t %Iﬂggmﬁg@%o Véﬁgtt
associ at et abie tp bingto anstivdaed mgosinese gpd/orgloniegd “"ﬁr?d‘%‘%l"%ﬂ%ﬁ eh JWst h
codonss t hadd/ér © maﬁgmtﬁecadeglmﬂewe of hiktone I3 aad | histaeni4. ex@r@ﬁabbmst A

A e e e

natural | y OccUrri codon
opti m zeBEdAHEEMEFRI THe b el gne uissiram Bind WEbsilots, AOTPGEBR | on
over the gspiblichtd atbartig wﬂﬁQﬂth&ﬂQieﬁci{be@m examtmeékﬂaﬁmamsksebﬁ@ﬂwewson in
view of the present di scl osure. An exanple of how to design and create a
codon-optim zed nucleic acid sequence of the invention is provided in the
experinmental section bel ow




A "heterol ogous” cell as used herein refers to a cell expressing a gene
that is not a 15 naturally occurring gene of the particular cell. In a
preferred enbodi nent, the MeCP2 protein or biologically active fragnent or
derivativ (9500%21% ﬁrOtEl n or fragnent is of hunan or| I

parti cul a VeCP2 protein or a b| ol ogi cal | y acti ve@%@%ﬁ%’m{s

derivative, of .el r fra orm el
or the hu WF&%‘?W%@ME a b| ogl cal%? |vg%%/§t?§ﬁtd§{r&a

deri vat i vel 0 COhRoctestSor biplogicahractivitsme. fhyagmmg ﬂwtacewlmwrbﬁate oEhistong g

ski || edhpmamm&thﬁs Hat ﬂ@ﬁs&ﬁlﬁb&fﬂ@@ﬂwcﬁytwﬁak%tﬁ‘ﬁéﬁ mmanqﬂe,thunan
or non-hu ori,g ir biolo a vatives
OF oo USRSk Mot bl 8 S0hBIehY of & ol SR NS pRUEEY )

i nvent ison ﬁagmenmﬁaqunmdmmmam sush amthesiFAﬁmoraether %@a@aﬁe@ as
ldef | tnegol g}iohﬁﬁlst Césaﬂéﬁnﬁbﬂsbﬁé\;v' la@@tincﬁeat% fadt ebeaﬁthﬁ@elf/dysmm maﬁtthwu:ar O/at t
eas a ea H a
| east 95 @%m%’l“ Mggﬁag%bo% ?@ﬁ‘ﬂé aé%’rlﬁhf{? se ue%}(?é%gf
codon- opt iscetyletbd HIHKLH, s Gescribed below 'é'he dififrencp) ofith dstyesn zed
hU”fmdSS ab&e&feafédﬁ%r&b%@ﬂ@ah@é@b d%lnai : 0/ ﬁises daﬁégthigE%I ]s%
i ncl ude n cul . £as ol

NO 1 of? Séé F'ﬁff’\léﬂg ‘f?ers%h‘@rlllt rﬂ?’qt& (?E%Dﬁ Siéﬁ/uees | E)aﬁio?s

al i gned wistedte. Fixamples 6, Gratdchl ngcow@m@mmfbff"lm? R@El WEhNNCR2, t he
sequence i g;,:mgﬁﬁ rbvhl sh¥Pasddysgned sequences is at | east x % Such

orogran | @ iy o b%ﬁg«ftﬁ#‘ Y R piget of°

pr ogr am
httn:// mmmdmmmaaﬁnmwmcmmmmmt fisea mmummof@hmlpvw@mtsﬁ@ioy;sépt i des

gr }cr gm?:'}PS Qﬁ%eﬂq:r WO 2007/ 7 P2 6/ 00 %%%s&dﬁﬂfdﬂQSEts

i ol ogl'ca acti v ona pro ei ns
or fragme %p%%%%e% 3}%1%?1?3 ngfll'ln BThe

bi ol ogi caIHdmtoder NJH T3 st he asqdcfoymmec%emputd& therrelem @pt&chwlthssays
delscr' Fed R #fﬂteﬁ:sf ertlﬁﬁéneofl?f 1%:@{993%%&6@&5@?&%%&@&

mol ecul e o e expr ess a C

parti cul arPyirel rfeJa gﬁ"‘? r%ﬁﬁYe Qfgﬁ S'Pt@%gﬁﬁ IBiPlsfPS?sagﬁaWéhjé coi |
cells mr Mecichdeus qamufyéielb@olog?caiharwmf@mbdmm%lefwﬂmm afihisessi on
of nuclei Gegg! dbnsF‘We@tEi-Htﬁ methdlls iS5 BEE ifftha Bk ﬁﬂﬁﬁt‘aﬂ&cﬁﬁn&!ﬁn posi tive
bacteri a, arekownlnt art. Th skjllegﬂj%ﬁ nV\A||b ‘iﬁi‘f%’?‘gﬁ i ate
that ot her?wMeLPg petFing &J&@%ﬁn&f’ éjggY@rYE Sg Esdcatno ei n
expr essi orbidlogivaltyh ective cbye theiragbility ol bind| tesmethylated ¢ytosess,i 8. bSU.DthH'GI tabl e
cells can dig:hfiel 4B Gl 8 WBSHOR BY Nah! R fical NGIPBS: nﬂamd %qgghrrgn
oL h Cab Sk TOE1 A8 Windheo P el cheifh s SRy Az A2 oo

ori gi n or Mwbkmdds Resn20(21)t44b3-40E(2001)gi n are drosophil a Schne| der cells,
other insect cells like Sf9 cells, yeast cells, other fungal cells, and
others. 15

The term “codon-optimized” nucleic acid sequence as used herein refers to a nucleic acid
sequence containing codons that are designed so as to use the codons preferred by the

30  desired host cell, preferably an E. colf host cell. A nucleic acid sequence is converted into a
codon-optimized nucleic acid sequence having an identical translated polypeptide
sequence, but with alternative codon usage, in particular using the most frequently codons

of a given organism, e.g. Escherichia coli. Such a process is called “backiranslation”. A
_method for selecting and preparing codon-optimized nucleic acid sequences and

.35 performing a backiranslation comprises e.g. employing the data from the Class II gene
from Henaut and Danchin: Analysis and Predictions from Escherichia coli sequences in:
Bscherichia coli and Salmonella, Vol. 2, Ch. 114:2047-2066, 1996, Neidhardt FC ed.,
ASM press, Washingion, D.C.. Guidance to backtranslating a given protein sequence is
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25 comprise a range of overlap with one or more of the precedmg pnmers Preferably, the
range of overlap varies between varies between 3 to 100 nucleotides, particularly between

20 to 30 nucleotides.

To achieve an annealing of an oligonucleotide primer according to the invention to one or

30  more other oligonucleotide primers or portions of nucleic acid sequences of the invention,
conditions and procedures have to be followed that are well-known in the art. A skilled
person will appreciate that the conditions to choose for the annealing procedure depend on
various factors such as primer length, length of the overlapping regions, GC content, etc.
After annealing, the nucleotide sequence of the primers may be extended by well-known

35  PCR reaction methods or other methods usefil for DNA synthesis. Reference is made, for
example, to Xiong A.S., et al. (2004), Nucl. Acids Res. 32(12):¢98. A method for
preparing a nucleic acid sequence according to the invention is illustrated e.g. in Example
1 below.
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bacteri a. (11 1, TAT- MeCP2e2- EGFP from human cDNA; | ane 2,
TAT- hsMeCP2e2- EGFP from a 35 MeCP2 cDNA sequence partially optim zed for E.
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2007/ 1155 28eaTHhER soshgd 3hamzes Faused by chenncal or physical effects that can lead to a
complete or partial loss of the biological activity of the polypeptide. Denaturing of a
30 polypeptide changes the secondary and tertiary structure or conformation of the
polypeptide, but usually retains its primary structure. Denaturing can be effected e.g. by
changes in temperature, pH, addition of detergents or salts, ultrasonication, and so on. In
contrast to the most common strategy of cultivating and recovering polypeptides under
denaturing conditions e.g. for purification purposes, the extraction of polypeptides under
35  native conditions may offer the advantage of refaining the functional activity and reducing
the intracellular degradation due to misfolding of the polypeptides. Such natively extracted
polypeptides of the invention can have high transduction efficiency.
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35 MeCP2 c¢DNA sequerice partially optimized for E. coli codon usage. Lane 3, His-TAT-
hsMeCP2 from a MeCP2 cDNA sequence partially optimized for Escherichia coli codon
usage. Lane 4, His-TAT-sMeCP2 produced from complete synthetic MECP2 gene. The
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clonedln&tﬁ;'t@g'h%ll?o? EGFP-Sire fgﬁ#o% %&%e yvltht esarre
restrictionenz e reéﬁf’t*‘f‘ffﬁﬁ Y & butyan
syn- EGFP- Wn{ of @5 aggtylated Jom of the histone H4K16 of l\ﬁlecpSZ'Iy (ko) versus the wild
type mice (wt) (white versus black bars). The incubation of fibroblast cell culture from
30 Mecp2™ mice with TAT-MeCP2e2 (ko +) induced an increment of the non-acetylated
histone H3 (grey bars) and a decrease of the hyperacetylation level of H4K16.

Figure 6. MeCP2 can be targeted to CNS neurons in vivo. a. Immunobloiting with anti-
MeCP2 antibody of 50 pg brain protein lysate of three wt mice sacrificed 20 hours after an

35 independenily intraperitoneal injection with TAT-MeCP2e2-EGFP (lane 1), TAT-
MeCP2e2 (lane 2) or MeCP2¢2 without TAT (lane 3) proieins. In fane 1 the presence of
TAT-MeCP2e2-EGFP can be well recognized by the higher molecular weight in respect to
the endogenous Mecp2 protein. The mouse injected with TAT-MeCP2¢2 revealed much - -




30 13. A Noll/Sacl fragnent from pTAT- MECP2 e2 syn-EGFP-Sttep was rel eased
and cloned into pET28-6H s- TAT- MECP2- EGFP-Strep cimlarly digested. The
resulting plasm d was the pET28- Hi s- TAT- MECP2 e2( hal f)syn-EG-P-Strep (step

13, fig 2)wolfhrnlsass EGFP was rel eased fromthe pET28- ddsepbiin 2
e2(hal f)syn-EG-P-Strep vector by digestion with Sac I ancf Bsrd. A PCR
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cont ai ned dells {5 ofebrliveti@ent &2 ti)ifisetsa Braiu’'s skeetbf\winé hniljzicled ReCB2+ANT, &Hanéd i nto
pPET28- Hi S'o%ﬁ%%@&fﬁl{) Dr St isimlarly digested. The resulting
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fragment confains the conp e synthetic sequence of 15 MeCP2 and was
cal | ed pET28a- 6Hi s- TAT- MECP2 e2 syn-Strep, which is one of the construct

used for |IRip@e KCAl Copipin@iprecipitafidiCipetimentd & fibroBlaR qellasilities WA Megp2Ter at ed

W ih te oliganHel oLk ies sl ABeYACRoRs Ik BONRISR) g MaSRRRs YN COT e
e e i e

/ I\/Elc p2 b__z mﬁﬁbdy]ﬁﬁ?’ piebipititdd Frastionast fheipiddeaicanand £-2 abtheldbssntd of anti-MeCP2
pol yrrer g?ﬂ?%%@%ﬂ%%? B L b ot e Yt sy
first fradgwmstayaretiIAGh:anfibedy: Lapes): 1 prd % greqipifpiad, protein dfrasgion fispm 30 sec;
fol | oved Hibrdflastystt £ildA9ke funal A a66:C3,4 208 1405 SH) piipitaied rowin frackibi; 30
Second st by HrEeh S MBS Rlee ohnfi6Rd with TAPMeEPILI and TNY MEKPEEST 0N 2!
respeéﬁvely. Lanes 7 and §: precipitated protein fraction from fibroblasts of a Mecp2™
animal. In the immunoprecipitation fractions, the presence of both MeCP2 as well as
HDACI is visible in the fraction of the positive control (lane 1) as well as in the fractions
25  of cells transduced by both TAT-MeCP2 isoforms (lanes 3 and 5). No detectable Mecp2 as
well as HDACI protein is visible in the precipitated fraction of negative controls (lane 7).
The immunoprecipitates in absence of anti-MeCP2 did not reveal the presence neither of
MeCP2 as well as HDACI.
B., C. TAT-MeCP2 isoforms modulate hyperacetylation of H3 and H4K16 in the brain. B.
30  Mecp2-deficient mice were injected i.p. for 14 days with PBS (lane 2), 20 pg/g (lane 3) or
30pg/g (lane 4) of TAT-MeCP2¢l. 50ug brain protein extracts from all injected mice (2 to
4) and an uninjected wild-type mouse (1) were immunoblotted with antibodies against
histone H3 (H3), acetylated histone H3, acetylated histone H4K16 and MeCP2. The anti
alpha-tubulin antibody was used as loading control. Mecp2™ mice did not show any
35  detectable Mecp2 or recombinant protein (fanes 2, 3 and 4). No evident hyperacetylation of
neither H3 nor H4K16 is detectable in PBS injected MeCP2-deficient mice compared to
wild-type mice. However, the injection of recombinant protein reduces the acetylation of
the histone H4K.16. No strong difference were observed for acetylated and non acetylated
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EXEMPLIFYING SECTION

The following examples are meant to further illustrate, but not limit, the invention. The
25  examples comprise technical features and it will be appreciated that the invention relates
also to combinations of technical features presented in this exemplifying section.

1. Construct generation
In order to establish whether a codon-optimized sequence will induce an improvement in

30 the protein production, a two step strategy was used in planning the codon optimization.
First, only about half of the coding sequence of the MECP2 was optimized, as described
below, by selecting codons with frequency usage in the E. coli of at least 8-10%. Then, an
evaluation of improved expression was performed. A significant increment of the protein
vield with the “half synthetic” MeCP2 confirmed the validity of this strategy, and in a

35  second step, the sequence was completely codon optimized, as illustrated in Fig. 3A. The
overlapping region of the primers was typically of a length of 20 nucleotides with a
melting temperature of typically at least 50°C, but in many cases longer overlapping
regions had to be created in order to assure an efficient annealing during the PCR-mediated




into 10nl LB supplenmented with 5014/ nml kanamycin and grown overni ght at 37C
w th shaking. The preculture was diluted 1:25 and grown in 250 nl LB

suppl emented with 50 35 itg/m kanamycin, for 5 hours at 37C and | ater kept
at 4C for Qp8ef¥AYdsss The culture was further diluted 1: ' tres rich
media (2.5 g neat extract per liter gf LB), suppl errent%%m\?\nﬁtoﬁmggb% 1g/ ml
kanamyci n and i.nduced with | PTG for 0 t. 12 hours
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cerebral cGEQIP 3$raﬂﬁé@°bﬁ£iFP S(IER @é@bmmﬁ@%ﬁm%‘?@cﬁimﬂ@é’ol 35
(Ray, J.. BhniKhol AP dtonéd\ito PTRIFANE)L.1 vector (Novagen, Darmstadt, Germany)

Linearized with Neol/Xhol.

30 5. A strategy similar to construct 1 was employed to generate the pET28-PTD4-6his
construct vsing the oligonucleotides PTD4_core F (SEQ ID NO 40), PTD4 core R (SEQ
ID NO 41), PTD4_amp_F (SEQ ID NO 42) and PTD4_amp_R (SEQ ID NO 43)
generating a sequence encoding for the peptide PTD4 (Ho A et al. Cancer Res. 2001 Jan
15;61(2):474-7.) The resulting product was digested with Ncol and Xho{ and cloned into

35  the pET28a(+) vector similarly digested (Novagen, Merck, Darmstadt, Germany),
generating the pET 28-PP4-6His plasmid (step 5, fig2). The generated coding sequence
contained in the pET 28-PP4-6His plasmid is given in SEQ ID 6.




3.2 Establishnent of stable cell |ines expressing TAT- MeCP2e2- EGFP protein
WO 2007/ 115578PCT/ EP2006/ 003203 27 To establish stable cell Iines
expressi ng TAT- MeCP2- EGFP, we used NI H3T3 (nouse fibroblasts) and HelLa
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transduction of primary cells W established HeLa and NIH3T3 cell lines
stably expressing the TAT- MeCP2e2- EGFP fusion protein tagged at the
Cterminus with the Strep-11 and 6-H s affinity tags by using the

pTri - Ex- Mgt smidsbxSt rep- Hi s construct. After transfe%ﬁz@gm&%_,,l S wth
this 20 construct, the protein Was pggdom nantly localized in the

het erochronmati c regi ons of the nucleus, .as particularly evi dent for the
mouse NI HZxEngen | of ithee symthetic gene Wasy earded gut yusing thee ofier | cpmplenaqniary e
det ect ed alighmRRHARCHE the fenefatddi FORpedid 286 eimplaé.i on that is known to be
medi ated by MeCP2 (Fig. 3 C and D). These results point out that the

TAT- MeCP2e2- EGFP protein is functionally active, irrespective of the
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protein at C— t@%ﬁg\?gi %%egw%at t he N-teg {.ﬁ nus with the TAT domain
c

(Fig. 2). S con ed a synt het MECP2 gene conpletely
codon- optllﬁKz@NAfHﬂlYmé’Pﬁ%fhl a coil. The usagesBf the synthetic MECP2 cDNA
sequence iUNgh PASBMAL 2.5 Ustspnoducti on in2@ con of up to 200-fold.
(Fig. 3A \% ested the delivery of the TAT fusgj O’Bn proteins and found the
hi ghest efdlgl ncy in vitro at 500 pnol es of reCoOmnbi nant proteins. After

t hree Wours of incubation with the TAT- MeCP2e2- EG-P protein, about 40% of

the NI H 3ﬁ%eﬁﬁdllc§clsﬁuéwﬂoﬁsfferméﬁﬁs@ﬁﬁgn@it @afonyesi cl e-1i ke fluorescent
spot s. gtein. st tQ i
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protein vvaﬁé"@&réﬁwaﬂgélfqrﬂmmse nuclei of the cells (Fig. 4A e).

Transduct isaBoniPsiers 20yBled: 96°C for BUeSs; IT°C FGHTE Biig Finad @ilebsié-atg72°€¢ 18 sind C) .
Experinents. using the protein EGFP wi thout a TAT domain as control did not

resul t1¥in “E!Eﬂy uptake into the cells ( 4A f The TAT- r econbi nant
prot ei ns v'iﬁlleeealﬂimg Hbﬂtwtw‘@spu@mmm poe) BOR xbznmp colmsduce

human pri rr%mefsh’ageaﬂénaféaﬁudn@t@s, %&oﬂtlﬁ'ﬁinhéd ROH B6dutPdnd 10gicd 08 edch@h mouse

brain (FI&. 4A| and %‘5% be subst t”%;é@g @ftlg %Pg@ﬁmderlved
as

froma pat? 2 min followed by 25 cycles at 96°C for 20 sec; 55°C for 30 sec; 72°C for 1 min. Each
20 following amplification step was performed at the same conditions using as input DNA the
previously generated fragment by incrementing the extension time with 10 sec for further

amplification steps (Fig. 1).

11. The generated sequence was cloned into the pBluescript and checked for sequence

25  ermors. One clone free from errors was selected and named pBlue-MECP2 e2-syn (step 11,
fig 2).

12. The EcoRI/Xcmi fragment was released from pBlue-MECP2 e2-syn and cloned into
pTAT-MECP2¢2-EGFP-Strep previously digested with the same restriction enzymes. The
resulting plasmid was named pTAT-MECP?2 e2 syn-EGFP-Strep (step 12, fig 2).

30 13. A Notl/Sacl fragment from pTAT-MECP2 e2 syn-EGFP-Strep was released and
cloned into pET28-6His-TAT-MECP2-EGFP-Strep similarly digested. The resulting
plasmid was the pET28- His-TAT-MECP2 e2(half)syn-EGFP-Strep (step 13, fig 2).

14. The EGFP was released from the pET28- His-TAT-MECP2 e2(half)syn-EGFP-Strep
vector by digestion with Sac [T and BsrGI. A PCR product generated using reverse primer

35  Mecp2_BsrGI (SEQ ID NO 31) and forward primer Mecp2_1282_1306 (SEQ ID NO 32)
regenerating the partly deleted MeCP2, was produced and cloned into the Sacll/Bsrgl
restriction sites of pET28- His-TAT-MECP2 e2(half)syn-EGFP-Strep. The resulting vector




W then studied the biological activity of the MeCP2 fusion proteins after
delivery into MeCP2 deficient cells. W detected a hyperacetylation of the
hi stones H3 and H4K16 i n nonocl onal cell lines expressing a nutated MeCP2
allele (T i ontrast to cell line expressing th j l1ele
(Fig 5 a).j‘é é’é)llgs i ne expressing theg, nutated allele \i’}adé‘mlfgout%%‘%%%d W th
300 pnol of TAT- MeCP2el TAT- MeCP2e2, CP2, or TAT-EGFP proteins for 64
hours. A reasaiamicd pEERS-His TATAMEGE2 e (halffsymSivép, iwhithoksaot encading don-BG@EB was
observed c&% @B#g}' treatment with both TAT-MeCP2 isoforras (Fig. 5 a and
b) We have % grimM’lar results targeting fibroblasts of Mecp24Y mce (Fig.
5 ¢). Coi munoprecipitation experinents in transduced fi brobl asts of
Mecp24Y mA escdhd setiof § dligpmurixotidasd SEQHD NO 23corSEQ M2 NO 36) wassampieyed to
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bet a- 2- ner Gaghelld fllarg® 360 prstei@hodustich. r esol ved on 4-20% preci se protein

gels (Pierce Biotechnology, USA)., The protejns. were transferr
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Bi osci enc f ange W B4y ddastmnd1thel ot
%o 3@? L?&?P_ bt RGRTBe (SEQEDBYY MR e X}%;_gﬁﬁ@(ﬂﬁm ) iy

si gnal enhanc erce Bi ot echnol ogy, ow ng supplier's. protocol.
The menbr seeueness df thedkaformyMeRP28l non-fat m 1k in PBS with 0.05% 35 Tween- 20
(PBS-T%0 for 1 hr. Then the nenbrane was incubated separately with bl ocking
sol ution . Ni g, pody (Upstate, USA) diluted 1:2,000 for

over ni ght C%%@“%%%ﬁ%noc#@hal anti-al pha tubulin (Sigma, Taufkirchen,
Ger many) dPrimdredMdopdb 690 onees™Mecpb_sin_ B (bspmeld )cont Felieachrhe nenbrane was

washed 3 t&ﬁ’?ﬁséﬁr@&&ﬂ/{%&éheﬁmﬁﬁﬁ&lﬁﬁt h WD 2007/ 1155¢@PCT/ EP2006/ 003203

10X DNA Polymerase buffer 5ul
25  Ulira Pfu DNA polymerase (2.5 Units/ul) 2ul
dd H20 33ul

Thermal cycler conditions for the first fragment generation:

first step: Initial Denaturation 96°C for 30 sec; followed by 10 cycles: 96°C for 20 sec;
55°C for 30 sec; 72°C for 1 min;

30  Second step: 20 cycles: 96°C for 30 secs; 72°C for 1 min; final extension at 72°C for 5
min.

One pl from the generated PCR fragment was used as input DNA for the following
reaction:

Reaction components (for 50ul):
35  Primers: Mecp2b_syn_F /Mecp2b_syn_R (10 pmol/ul)  1pleach
One pl PCR product from first PCR 1pl




30 PBS-T and then incubated with same buffer containing respective
secondary anti bodi es conjugated with Al kal i ne phosphatase (Signma) dil uted
1: 30,000 for 1hr. Excess of antibodies was washed off with PBS-T three
times and with BCIP/NBT (Carl-Roth, Germany)pcrid8odsiabsagice! | Ul ar
concentrat‘?g%&lc’) B e transduced protgg n remai ned hi gh gﬁiﬁng)ﬂ %ours after

whi ch the a quarter gf the starting
concentrat#@ﬁ%&ggﬁ’g&ﬁ@% %ﬁ%ﬁ@? (Fig. 4B aﬁ 8. West ern Bl ot

Anal ysi s H0XIOBIA Polythértdedtsaffor Ot €i n extracts: Total pr otein content from all
cell line le fi s cell cultyres was extracted by
suspendi n%%fgé%‘ﬁ @éct?nc’:éﬁ"ﬁ) |l ysis bufféPFand I ncubated on ice for
20 mn, soauHa(l_:)ed gently to fragment the DNA. TB2ul ysate was centrifuged at
9000xg for H% [ 4C. Western Bl ot was done as descri bed above. The

menbr arte B overni ght at 4C separately w th bl ocking solution
cont ai ni nggsoaj)m-u i ycI onal anti bodi es agai nst histone-H3 at a dilution of

1: 4,000, ton 5. H3, etylated histone 1141(16 (Upstate)
diluted 181({‘3}%@8%&% %WP&@P@SY Mouse nonocl onal anti -al pha
tubulin (@@G&%rzbdeb;tdﬁéclfoﬂsmﬁﬁ 196 fors¥cke@s a positive control. 8.2 Tissue

protein extracts: Mce ected with 100gg/ g (body wei ght)
TATMeCP2- BER extpRson siens %aﬁﬁ"ﬁ\if&?‘? After 20 hours the nice were killed.

homogell zelt R@%ﬂ?ﬁﬁﬂ?@f@%ﬂﬂﬁgﬁ%ﬁ%ﬁetﬂ%ﬁg%g‘é@%ﬁ%%@%m
Mer capt oet $RiRdIAT-MEQSReAsKp @eyerating the BEEARAOHFTAT P@%’éﬂ Strep ( %‘?Rgh%)) and
soni cated gep.ly. The- Iysate was pelleted down at 15, 000xg for 15 mn, 4C

Fift st 10 ned
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exper i rrentMecnﬂe-SYmIB%Géd.RrSE@ m ﬂ) ampified gheeo fic SSERENCErP and
of TATys Z%M&%E%IT doéin iwaEdea kicaied | I:Ilt@ mss m:rmwmopmbz(hﬂgm n
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(Si gma) . SP LA ?Stetdhiﬁil\%eg{ﬁ QS%F% Si g‘%ﬁ S%\%ﬂ&g%%t@d@% ynpus
S-100 | magftrap (E!iemb?,tﬁgr?é{ er. Band intensity ratios were measured using

al pha-tubulin signal as an [ nternal control. 30 9.1 munohi stochem stry
Mce injecied i ) AT: P and EG-P were transcarrlintly
perfused 't h coF e %70 pa efiyde (rA) in PBS buffer 20 hours post

i nj ect 2on. Cieeial stg:smﬂns mdmwmq tmﬁ@leﬁegn EftisieniproduqtionPreaymbigant projeins.s |
Icry0|orﬁt etCA@Guﬂm&itﬂa&Q%ﬁyefe%a a%ym&@wmm%eqmﬁwor both isoform el A
mmunohi st o S | nti -
anti body (% %geﬁrffmrﬁg’ﬁﬁg'a% %‘F &E@ﬁp rr%us %S‘g?hg IE%PI%%‘B ynpus
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and e2 od e The slices probed with
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31 This arn:mtsm&yﬁlsﬂswtihdmne@mm domeids junderadsipbiuring icanditions, N némldeéct@nbl nant
protei n Me&Ragrecotbifin® pRdthing BSdeR RiktivecokditioRls & Brde 10/ tet@n completely their

functional activity and to reduce the intracellular degradation due to misfolding. The in
vitro experiments showed below pointed out that also these natively extracted proteins
30 have high transduction efficiency.
For protein expression, Escherichin coli strain Rosette 2 (DE3) (Novagen) was
transformed with plasmid vectors through electroporation. A single colony was mmoculated
into 10ml LB supplemented with 50pg/ml kanamycin and grown overnight at 37°C with
shaking. The preculture was diluted 1:25 and grown in 250 ml LB supplemented with 50
35  pg/ml kanamycin, for 5 hours at 37°C and later kept at 4°C for one hour. The culture was
further diluted 1:10 in 2.5 Litres rich media (2.5 g meat extract per liter of LB),
supplemented with 50 pg/ml kanamycin and induced with 1mM IPTG for about 12 hours

D_




510.1 In vitro protein therapy W have tested the reconbinant proteins in
nonoal l el eic cell |ines expressing the T158M MeCP2 nut ati on. These cells
show a hyperacetyl ation of H3 and H4K16. The incubation with both

TAT-I\/ECPZ |soforms reverted the pathol ogi cal tion into
ifnfigrs et R oo o5 TR

a |level 5|m the wild type cellslines (Fig. 5). | ci ent
delivery of MeCP2 proteins into the ral n W then addressed the question of
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vivo delivered proteins, we wanted to




20 assess whether the therapy could rescue the phenotype of MeCP2-defi cient
mce. We injected Mecp24Y mce i.p. with 20 ttg/g body wei ght using both
TAT- MeCP2 isofornms. Five MecpTlY mce received the TAT- I\/EOpZel and five the

TAT- MeCP28¢q 24diR19¥RCP2" /Y nouse was injected with PBS H%st'th
MeCP2 and 4 mce received TAT-EGFP ppetein at the sarre osage even

Mecp24Y m ce were not treated and served :as further 25 controls. The
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10 were taken by growing cel]s for a day in two chamber culture slides (Falcon, BD
bioscience, Heidelberg, Germany). The cells were washed and mounted with Vector shield

mounting medium containing DAPI (Vector laboratories, Burlingame, CA) and the

distribution of the fluorescence was analyzed on an Olympus microscope BX60 (Olympus

"Optical Co. LTD, Japan) at 200 x magnification in five different fields using the SIS

15  analysis software (Soft Imaging System GmbH, Miinster).

3.3  Establishment of Rett patient's monoallelic primary cell line
The patient's fibroblasts were transfected with the plasmid pCl-neo-hTERT plasmid
(Counter, CM. et al., 1998, Oncogene 16:1217-22 and Lundberg, A.S. et al.,2002,
20 Oncogene 21:4577-86) containing hTERT (Human Telomerase Reverse Transcriptase
Subunit) encoding gene using SuperFect transfection Reagent according to supplier’s
(Qiagen, Hilden, Germany) protocol. The transfected cells were selected for 6 weeks in
G418 (200 pg/ml) (Calbiochem, San Diego, USA) containing media and maintained
thereafter on medium with 100 pg/ml G418. To establish a monoallelic expressing celi
25  line, cells were trypsinized and diluted with media, single cells were micro-pipetted under
direct microscope visualization, individual cells were transferred to 24 well plates
containing filtered conditioned medium from exponentially growing primary cells
supplemented with 20 ng/ml bFGF (basic Fibroblast Growth Factor) (Sigma, Deisenhofen,
Germany). Upon confluence of the well, the cells were trypsinized and expanded. The total
30 RNA was extracted using RNeasy kit (Qiagen, Hilden, Germany) and c¢DNA was
synthesized using Superscript-Il Reverse Transcriptase and Oligo (dT) 12-18 primer
(Invitrogen). The region containing the mutation was analyzed by RT-PCR using flanking
primers (Rett_EX3-F and Rett_EX4-R, SEQ ID NO 48 and SEQ ID NO 49). The clonality
was confirmed by sequence analysis of RT PCR products.
35
4, Transduction of fusion proteins and anatysis of transduced cells
For the transduction of TAT-MeCP2-EGFP and EGFP proteins, cells were grown to
confluence in two chamber culture slides (Falcon, BD Bioscience, USA). The cultures
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were supplied with fresh medium and were then treated with various concentrations of

fusion proteins (500-1500 pmol/ml) for different intervals of time. The transduction of

TAT-MeCP2el and TAT-MeCP2e2 as well as MeCP2 proteins was carried out after

labelling them with NHS-rthodamine labelling according to the manufacturer's protocol

5  (Pierce biotechnology, IL,, USA), followed by gel filtration on a PD-10 column to remove

the unincorporated rhodamine. To visualize the distribution of the fluorescence, the cells

were washed gently with cold PBS and fixed in freshly prepared 4% paraformaldehyde in

PBS for 5 min at RT. The cells were washed again with PBS before being mounted with

Vector shield mounting medium containing DAPI (Vector laboratories, Burlingame, CA)

10  and the distribution of the fluorescence was analyzed under a fluorescent microscope BX-

60 (Olympus Optical Co. LTD, Japan) at 200 x magnification in five different fields using

the analySIS software (Soft Imaging System GmbH, Miinster) and also confocal images
were taken on a Leica TCS SP2 AOBS laser scan microscope.

15 5 Creation of cell lines stably overexpressing the MeCP2e2 protein and successful

transduction of primary cells
We established Hel.a and NIH3T3 cell lines stably expressing the TAT-MeCP2e2-EGFP

fusion protein tagged at the C-terminus with the Strep-II and 6-His affinity tags by using
the pTri-Ex-MECP2-EGFP-Strep-His construct. After transfection of cells with this
20  construct, the protein was predominantly localized in the heterochromatic regions of the
nucleus, as particularly evident for the mouse NIH3T3 cell line (Fig. 3B). Particularly in
the NHI3T3 cells we detected a strong reduction of histone H3 acetylation that is known to
be mediated by MeCP2 (Fig. 3 C and D). These resuits point out that the TAT-MeCP2¢2-
EGFP protein is finctionally active, irrespeciive of the additional protein domains, which
25  were introduced.
We created a series of constructs to express both isoforms of MeCP2 with and without the
EGFP protein at the C-terminus and fused at the N-terminus with the TAT domain (Fig. 2).
Further constructs contained a synthetic MECP2 gene completely codon-optimized for
Escherichia coli. The usage of the synthetic MECP2 ¢cDNA sequence increased the protein
30 production in E. coli of up to 200-fold. (Fig. 3A). We tested the delivery of the TAT fusion
proteins and found the highest efficiency in vitro at 500 pmoles of recombinant proteins.
Afier three hours of incubation with the TAT-MeCP2¢2-EGFP protein, about 40% of the
NIH 373 cells showed the presence of gross vesicle-like fluorescent spots. The protein was
mostly in the cylosol (Fig. 4A a, b). After 12 hours, nearly 100% of the cells were
35 fluorescent (Fig. 4A c, d) and the protein was concentrated in the nuclei of the cells (Fig.
4A e). Transduciion was stable for 24 hours in transduced cells (Fig. 4 B and C).
Experiments using the protein EGFP without a TAT domain as conirol did not result in any
uptake into the cells (Fig. 4A f). The TAT-recombinant proteins were also able to




a. All proteins were injected at the dosage of 130 pg/g body weight. The
TAT- EGFP and EGFP proteins contained due to the | ower nol ecul ar wei ght
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6. MeCP2 can be substituted in fibroblasts derived from a patient with RTT syndrome
5 and in murine Mecp2™ fibroblasts.
We then studied the biological activity of the MeCP2 fusion proteins after delivery into
MeCP2 deficient cells. We detected a hyperacetylation of the histones H3 and H4K16 in
monoclonal cell lines expressing a mutaied MeCP2 allele (T158M) in contrast to cell line
expressing the wild type zllele (Fig 5 a). A cell line expressing the mutated allele was
10  treated with 300 pmo! of TAT-MeCP2el TAT-MeCP2e2, MeCP2, or TAT-EGFP proteins
for 64 hours. A reversion of the hyperacetylation of histones H3 and H4K16 was observed
only after treatment with both TAT-MeCP2 isoforms (Fig. 5 a and b). We have got similar
results targeting fibroblasts of Mecp2” mice (Fig. 5 c). Coimmunoprecipitation
experiments in transduced fibroblasts of Mecp2™” mice directly demonsirated the
15 recruitment of histone deacetylase 1 (HDAC1) by the TAT-MeCP2 isoforms (Fig. 7A).
These results prove that TAT-MeCP2 isoforms are able to rescue the biochemical changes
caused by a loss of function of the endogenous MeCP2.,

7. Intracellular stability of the TAT-MeCP2 proteins
20 To examine the stability and persistence of the transduced protein in the cells, the cells

~ were incubated for 2 hours with 1 nmol of TAT-MeCP2¢1 and TAT-MeCP2e2 separately.
They were then washed with media and incubated with new culture media for further
growth. The cells were harvested at indicated time intervals and proteins were extracted by
suspending 107 cells in 200 pl cell lysis buffer (125mM Tris-HCl pH 6.8, 2%SDS, 50mM

25 NaH2PO4, 20% glycerol, ImM DTT, ImM PMSF) and incubating on ice for 20 min,
sonicating gently to fragment the DNA. The lysate was centrifuged at 9000xg for 10 min,

4°C, and the total protein concentration of the supernatant was quantified using Bradford
method and stored at -80°C until use. 100 pg of the protein samples were heated at 75°C

with 4 X SDS loading buffer (1 M Tris-HCI pH-6.8, 2%SDS, 0.02% bromophenol blue,

30 5mM beta-2-mercaptoethanol, 5% glycerol) and resolved on 4-20% precise protein gels
(Pierce Biotechnology, USA). The proteins were fransferred to nitrocellulose membrane
optimized for protein transfer (Amersham Biosciences, GE Healthcare). The membrane

was treated with Western Blot signal enhancer (Pierce Biotechnology, USA) following
supplier’s protocol. The membrane was blocked with 5% non-fat milk in PBS with 0.05%

35  Tween-20 (PBS-T) for 1 hr. Then the membrane was incubated separately with blocking
solution containing MeCP2 antibody (Upstate, USA) diluted 1:2,000 for overnight at 4°C.
Mouse monoclonal anti-alpha tubulin (Sigma, Taufikirchen, Germany) diluted 1:4,000 was

used as a positive control. The membrane was washed 3 times for 5 minutes each with
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PBS-T and then incubated with same buffer containing respective secondary antibodies
conjugated with Alkaline phosphatase (Sigma) diluted 1:30,000 for lhr. Excess of
antibodies was washed off with PBS-T three times and developed with BCIP/NBT (Carl-
Roth, Germany). The intracellular concentration of the transduced protein remained high
for 24 bours after which the level decayed to less than a quarter of the stariing
concentration over the next 24 hours (Fig. 4B and C).

8. Western Blot Analysis
8.1  Cell cultures protein extracts: Total protein content from all cell lines and primary

fibroblasts cell cultures was extracted by suspending 107 cells in 200 pl cell lysis buffer
and incubated on ice for 20 min, sonicated gently to fragment the DNA. The lysate was
centrifuged at 9000xg for 10 min, 4°C. Western Blot was done as described above. The
membrane was incubated ovemight at 4°C separately with blocking solution containing
rabbit polyclonal antibodies against histone-H3 at a dilution of 1:4,000, acetylated histone
H3, acetylated histone H4K16 (Upstate) diluted 1:10,000 and 1:500 respectively. Mouse
monoclonal anti-alpha tubulin (Sigma) diluted 1:4,000 was used as a positive conirol.

8.2  Tissue protein extracts: Mice were injected with 100ug/g (body weight) TAT-
MeCP2-EGFP, TAT-MeCP2 and MeCP2. After 20 hours the mice were killed. The brain
was removed and washed in cold PBS. The brain was then homogenized in extraction
buffer (62mM Tris-Cl pH 6.8, 2% SDS, 5mM Mercaptoethanol, 0.15mM NaCD, 5X
protease inhibitor cocktail (Sigma)) and sonicated gently. The lysate was pelleted down at
15,000xg for 15 min, 4°C. Fifty pg was employed for the Western blotting carried out as
mentioned above using a polyclonal anti-MeCP2 antibody (Upstate). In independent
experiments, we injected mice with 100 pg/g (body weight) of TAT-EGFP and of TAT-
MeCP2e2-EGFP. The immunoblotting was done on total protein extract from the brain,
liver, kidney and heart using anti GFP antibody (Sigma). The density of the Western Blot
signals was quantified by Olympus S-100 Imaging Densitometer. Band intensity ratios
were measured using alpha-tubulin signal as an internal control.

9. Immunohistochemistry
Mice injected i.p. with TAT-MeCP2e2-EGFP and EGFP were transcardially perfused with

cold 4% paraformaldehyde (PFA) in PBS buffer 20 hours post injection. Brains were
removed and postfixed with (4% PFA) for 4 hours, cryoprotected with 30% sucrose at 4°C
and stored at -80°C. Immunohistochemistry was performed on cryosections using rabbit
anti-GFP antibody (Sigma). Images were taken with Olympus microscope BX60 (Olympus
Optical Co. LTD, Japan). Analogous experiments were performed on formalin-fixed slice
of Mecp2™ mice injected for 20 days with TAT-MeCP2el and e2 (20 pg/g body weight,
each second day). The slices were probed with a polyclonal rabbit anti-MeCP2e2 antibody.
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MeCP2 mutation. These cells show a hyperacetylation of H3 and H4K16. The incubation
with both TAT-MeCP2e1 and e2 isoforms reverted the pathological hyperacetylation into a
level similar to the wild type cell lines (Fig. 5).

10
10.2 Efficient delivery of MeCP2 proteins into the brain
We then addressed the question of protein delivery in vivo in NMRI wild type mice
receiving one single intraperitoneal injection of TAT-MeCP2e2-EGFP, TAT-EGFP, or
EGFP protein (60 pg/g body weight in PBS/10% glycerol or 20 mM HEPES/10%
15 glycerol). The mice injected with TAT-EGFP and EGFP did not develop any apparent side
effects. However, mice injected with TAT-MeCP2e2-EGFP isoform showed a transient
hypomobility of the hind limbs, which disappeared one to two hours after the injection.
Western Blot analysis of the brain, liver and kidney revealed the uptake of TAT-EGFP and
TAT-MeCP2-EGFP proteins 20 hours after the injection (data not shown). In analogous
20 experiments, mice were injected at the dosage of 100 ug/g body weight independently with
TAT-MeCP2¢2, TAT-MeCP2e2-EGFP and MeCP2e2 proteins. The western blot analysis
revealed the presence of the TAT-recombinant proteins in the brain extracts of the mice
sacrificed 20 hours after injection (Fig. 6 a). Immunohistochemistry of brain slices using
an anti-EGFP antibody revealed the presence of the TAT-MeCP2e2-EGFP protein in
25 pyramidal neurons of the neocortex, in the cerebellar granule cell neurons, and in the
meninges (Fig. 6 b). However, by increasing the dosage of both TAT-MeCP2 isoforms up
130 pglg body weight we observed the development of severe side effects such as
seizures-like symptoms within 10 to 20 minutes post-injection that resulted in a complete
paralysis of all four limbs. As a consequence, two out of 5 injected NMRI mice died within
30 2 hours. In contrast, mice injected with TAT-EGFP and MeCP2 proteins did not have any
serious- side effects at any tested dosage (Table 1 below). These data indicate that
successful delivery of MeCP2 proteins to the brains is in principle possible, however, the
dosage has to be tightly controlled. :
In the next series of experiments, we determined the delivery of MeCP2 fusion proteins to
35 the brain of Mecp2-deficient mice, a Rett mouse model created in the laboratory of A. Bird
(Chen et al. 2001, Nat Genet, 27 (3):327-31). The animals were purchased from the
Jackson Laboratory, USA (strain B6.129P2(C)-Mecp2tm1.1Bird/J), and further breeding
was done in the animal facility of the Institute of Human Genetics, Gottingen. Control
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* In 2 experiments the mice died. A dosage of 30 pug/g of recombinant proteins did not
5  have any particular effect on the mice irrespective of which protein was injected.

Table 2. Survival in days of injected and control Mecp2™ mice

uninjected Mock injected TAT-MeCP2e1 TAT-MeCFP2e2
45 52 (a) 71 70
46 61 (b) 76 80
47 51 (¢) 80 83
52 56 (c) 108 {d) 85
54 57 (c) 128 106
56 65 (c)
56
59
62
65
69
Average Average Average Average
56.6 57 92.6 84.8
a. Injected with PBS

10  b. Injected with MeCP2
c. injected with TAT-EGFP
d. This animal was still mobile and active but was killed because of a very severe and
unireatable skin infection causing a mutilating self biting behaviour.

15 11. TAT-MeCP2 protein delivery rescues neuronal e in vivo
It has been described that deletion of MeCP2 in postnatal CNS neurons lead to severe
neuropathological changes, such as alterations in dendritic processes and neuronal
shrinkage (Armstrong DD. 2002, . Ment Retard Dev Disabil ResRev 8:72-6). In order to
investigate whether treatment with TAT-MeCP2 protein also protects neurons from

20 morphological changes, neurons from hippocampus and cerebellum were examined
histologically. Neuronal size was assesed quantitatively in Nissl-stained sections (Fig. 8¢c)
in the hippocampal CA2 region or on Calbindin stained cerebellar Purkinje cells. Mutant
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2. A polypeptide comprising (i) a MeCP2 protein or biologically active fragment
or a derivative of said protein or fragment, and (ii) a protein transduction
domain, wherein the MeCP2 protein is fused to the protein transduction
domain, for use in a method of treating Reft syndrome; wherein said fragment
comprises at least 150 amino acids of the MeCP2 protein; and wherein said
derivative of said protein or fragment has at least 60 % identity with said
MeCP2 protein or fragment thereof, and wherein said fragment or said
derivative has at least 60 % of said biological activity, as determined by an in

vitro transcription assay described by Nan, X et al., Cell 88:471-481 (1997).

3. The polypeptide of claim 1, wherein the neurodevelopmental disease is due to

a reduction of MeCP2 expression or to an impaired function of MeCP2.

4, The polypeptide of any of claims 1-3, wherein the protein transduction domain
is derived from the ftranscriptional transactivator protein of human

immunodeficiency virus-1 (TAT protein).

5. The polypeptide of any of claims 1-4, wherein the MeCP2 protein or

biologically active fragment or derivative thereof is of human origin.
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10.

11.

12.

13.

cctccgaagg ttcoggttcc gotecggctg ttecggaage ttccgottcc300
gtcgttccat catccgtgac cgtggtccga tgtacgacga ccegaccot g360
ggacccgt aa act gaaacag cgtaaatccg gtegttccgc tggtaaatac420
t gat caaccc gcagggtaaa gctttccgtt ccaaagttga actgatcgct 480
aagttggtga cacctccotg gacccgaacg acttcgactt caccgttacc540
cntgtcccg tcgtgaacag aaaccd@cga aaaaaccgaa atceccgaaa600

DNACTARYAR. & B sttyesfergmang ghereof, or a

derivative of said isoforms or said fragments.

The polypeptide of any of claims 1-6, wherein said protein transduction
domain has at least 60%, in particular at least 70% sequence identity to the
amino acid sequence of the TAT protein transduction domain (SEQ ID
NO.54).

The polypeptide of any of claims 1-7, wherein the treatment comprises
administering the polypeptide to a mammal.

The polypeptide of any of claims 1-8, wherein said polypeptide is comprised

in a pharmaceutical composition.

The polypeptide of any of claims 1-9, wherein said pharmaceutical
composition is administered at a dosage of 0.1-200 ug polypeptide per g body

weight of the mammal.

The polypeptide of any of claims 1-10, wherein said pharmaceutical

composition is administered at least once a day or every other day.

Use of a polypeptide according to any of claims 1-11 for the manufacture of a
pharmaceutical composition for the prevention and/or therapy of a

neurodegenerative or neurodevelopmental disease.

The use of claim 12, wherein the neurodevelopmental disease is due to a
reduction of MeCP2 expression or to an impaired function of MeCP2,

particularly wherein the neurodevelopmental disease is Rett syndrome.




<400> 4 cocccoctgc taccacctoc acccaggtta iggttatcaa acgtccgggt cgtaaacgta60

aagct gaagc tgacccgcag
ttgctgctge tgctgetgaa
t t caggaaagyd sob/sisezCY
tt aaagaagt tgttaaaccg
t gaaaacct g caaat cccog
cctccgettc cteccogecg
cgaaagat cc ggttccgctg
ccgaagaccc gacctccccg
aaaaaat gcc gcgt ggt ggt

cccagcc tgttgctacc
gtgaacg%gé

o et

sequence <400> 5

<130> K63999PC

<160>

<170>

<210> 1
<21i>
<212> DNR

<213>

<220>
<223>

<400> 1
atggctgetg

ctggaagaaa
aaaaaagtta
tecgetcace
aggttcegete
cgtgacegty
aaaczgegta
ggtaaagett
tcectggace
gaacagaaac
ggtcgteega
gttaaacgtg
tecoecegggtyg

1494

ctgetgetge
aatcecgaaga
azaaagacaa
acteccgetga
?ggctgttcc
gtoegatgta
aatecggteg
tecegttecaa
cgaacgactt
cgcogazaaa
aaggttecegg
ttctggaaaa

gtaaagetga

gct at ccoga
gct aaaaaaa
at caaaaaac
ctgctggttt
ggt cgt aaat
aaaaaagaac
ctgcc
ccgg§

%%

@Q%%

aaaaacgt gg
aagct gt taa
gt aaaacccg
ccagsct ggg
ccaaagaat C
accaccacca
g@ﬁb@“gccgccggas
ttgtc ctcctecgtt
tccctggaat ccgacggttg ccogaaagaa
aaaa atacaaacac
§88Fgt cc gaaccgt gaa
actoccgtac occggttacc gaacgtgttt ccggtggtct gt acaaat cc

<210> 5 <211> 1 <212>
2007/ 11§%§% le‘lﬁﬁb‘bé’?%

ct

t cgt aaaccg ggttccgttgl20
agaatcctcc atccgttcogl80
t gaaaccgt tpcfpaios /a2 40
t gaaaaat cc ggt aaaggt c300
ctcccogaaa ggtcgttcct 360
ccaccaccac tccgaatccc420
ccggaat cct 480
t gcaaagaag540
coggat aaaa600
cgt ggt gaag660
gaaccggttg720
ggttggtccc780 cc=785

g%%%;é%%?rﬁ%ggﬁb%%g§fggg qu<f?§> artificial

PatentIn version 3.1

Artificial Sequence

codon-optimized sequencs

tgctccgtcc
ccaggacctyg
aasagaagaa
accggetgaa
ggaagettice
cgacgaccog
tteegetggt
agttgaactg
cgactteoacce
accgaaatce
taccaceccgt
ateeccogggt
aggtggtggt

ggtggtggty
cagggtctga
aaagaaggta
getggtaaag
gettecoega
accctgeegy
aaatacgacg
atecgettact
gttacecggte
cegaaagctc
cogaaagetg
aaactgetgg

getaccacct

gtogtggtga agaagaacygt &0
aagacaazace gctgaaatte 120
aacacgaacc ggttcagecg 180
ctgaaacete cgaaggttce 240
aacagcgtcé ttcecateatc 300
aaggttggac cegtaaacty 360
tttacctagat caacecgeayg 420
tcgzaaaagt tggtgacace 480
gtggttcece gtecegtogt 540
cgggtacegy tegtgghegt 600
ctacctcega aggtgtteag 660
ttaaaatgce gttecagace 720
ccacccaggt tatggttatc 780




atgattacga attcatatgg acgtaagaag cgtcgtcaac gtaggcggcc gcaatct aga60
ctcgagccca tggccagatc ttccggatgg agccacccgc agttcgaaaa ataalld <210> 6

<211> 90 <212> DNA <213> Artificial
gJgcatatg caggtaccta tgctcgegec gct
ccaccac90 <210>

sequence

cggtaccggﬁé@gggtggcctcg agcaccacca
Sequence <220> <22

<213> Artificial

>"primer

Sequence <220> <223> artificial

M i

<400> 7 agctaagaag cgtcgtcaac

cgcgce
&£212> DNA

gt aggcggcc gcaatctaga ctcgagccca tggccagatc60 <210> 8 <211> 60 <212> DNA
Sequence <220> ggk23spcpdtzBBkt

<213> Artificial
aaacgtcegg
ggtcgtaaac
aaagaatcclt
cgtgaaaceg
ggtgaaaaat
teeteoceoga
caccaccace
cogeegoogy
teoetecteocg
tgeccecgaaag
azatacaaac

ccgaaccgtg

<210> 2
<Z1l> 1458
<212> DNA

<213>

<220>
<223>

<400> 2
atggttgetg

ctgaaagaca
ggtaaacacg
azagctgaaa
ccgaaacage
ccggaaggtt
gacgtttacc
tacttegaas
ggtegtggtt
gctecgggta
actgctacct

ctggttaaaa

gtcataaacg
cgggttcegt
ccateegttc
tttcecatega
ccggtaaagy
aaggtegttc
acteegaate
aaccggaate
tttgeaaaga
aaccggcetaa
accgtggtga

aagaaccggt

gtatgetggg
aaccgeigaa
aaccyggttea
cctocegaagy
gtegttecat
ggacccgtaa
tgatcaacce
aagttggtga
ceceghtoceg
coggtegtyg
ccgaaggtgt
tgcegtteca

taaagctgaa
tgttgetget
cqgttecaggaa
agttaaagaa
tctga;aacc
ctectecget
cecgaaaget
ctoccgaagac
agaaaaaatqg
aacccageeg
aggtgaacgt
tgactcecgt

Artificial Sequence

codon-optimized seguence

tctgegtgaa
attcaaaaaa
geegteeget
ttecggttee
catccgtgac
actgaaacaqg
gecagggtaaa
caccteccty
tegtgaacag
tegtggtegt
tecaggttaaa

gqacctceecg

getgacccge
gctactgetg
accgtteotge
gttgttaaac
tgcaaatecoe
tecteccege
ceggttecge
cegaceteoce
ccgegtggtyg
gectgttgeta
aaagacatcg

acceceggtta

gzaaaateccyg
gttaaaaaag
caccacteeg
gctecggetg
cgtggtecga
cgtaaatceg
gettteegtt
gacccgaacyg
aaaccgecga
cegaaaggtt
cgtgttetgg
ggtggtasag

aggetateec
aagctaaaaa
cgatcaaaaa
cgctgetggt
cgggtegtaa
cgaaaazaaga
tgctgeegee
cgocggaace
gttecectgga
cegotgetac
tttectecte

cegaacgigt

aagaccagga
acaaaaaaga
ctgaaccgge
ttecggaage
tgtacgacga
gtoegttocyc
ccaaagttga
acttegactt
aaaaaccgaa
ceggtacrac
aaaastccce

ctgaaggtog

gaaaaaacgt
asaagckgtt
acgtaaaacc
tteecaccetg
atecczaagza
acaccaccac
gctgecgeeyg
gecaggacctg
atccgacggt
cgoetgotgaa
catgecgegt
ttee

cctgeagget
agazaaagaa
tgaagetggt
tteggettee
cecgacectg
tggtaaatac
actgatecget
cacegttace
atceccgaaa
cegtcegaaa
gggtaszactyg

tggtgetace

B4D

900

8260
1020
1080
1140
1200
1260
1320
1380
1440
1404

60
120
180
240
300
360
420
480
540
600
660
720




<400> 8 ttcgaactgc gggtggctcc atccggaaga tctggccatg ggctcgagtc tagattgogg60
WO 2007/ 115578PCT/ EP2006/ 003203 6/ 25 K63999PC. ST25. t xt <210> 9 <211> 33
<212> DNA <213> Artificial Sequence <220> <223> priner <400> 9 aaacccgaat

t cat at gga cg tag33 <210> 10 <211> 33 <212> D@y aeetahs ficial
Sequence Sﬁg%@%%§§§> primer <400> 1Q,gaacccaagc ttttattt?%&cgﬁacégcgg gt g33
<210> 11 <211> 43 <212> DNA <213> Ar{lficial Sequence <220> <223> pri ner

<400> 11 cccgcggccg caaggcggcg gcatggtagc tgggatgtta ggg43 <210> 12

X63999PC.8T25.txt

acctocecacce aggttatggt tatcaaacgt ccogggtcata aacgtaaage tgaagetgac 780
cocgecaggeta tccegaaaaa acgtggteght aaaccoggtt coghttatige tgotgotget 840
gctgaagcta aaaammaage tgttaaagaa tocctccatec gticegttca ggazaccgtt 900
ctgocecgatea aaaaacgtaa aaccegtgaa acegtttcca tegaagtitaa ageagttgtt 960
aaaccgetge tggtttecac cctgggtgaa aaatccggta aaggtcetgaa aacctgeaaa 1020
teccecegggte gtaaatcecaa agaatcctee ccgaaaggte gttectecte cgettectee 1080
cecgocgaaaa zagaacacca ccaccacoac caccactcecg aatececgaa agotcocggtt 1140
cegetgetge cgecgetgec gecgecgooyg coggaaccgg aatcotecga agaccegace 1200
teccecegeocgy aaccgeagga cctgtectee teoegtitgea aagaagaaaa aatgecgegt 1260
ggtggtteoce tggaatccga cgottgoecg asagaaccgg ctazaaccca gecggetgtt 1320
gctaccgety ctaccgetge tgazaaatac aaacacecgtg gtgaaggtga acgtaaagac 1380
atcgtttect cctccatgec gegtccgaac cgtgaagaac cggttgacte cegtaceceg 1440
gttaccgaae gtgtttee 1458
<210> 3

<211> 810

<212> DNA

<213> Artifieial Sequence

<220>

<223> codon-optimized sequence

<400> 3

atcacgaatt cctacggteg taaszaaacgt cgtcagegta ggeggecgea gygtggtggt 60
atggttgctg gtatgetggg tetgegtgaz gaaaaatceg aagaccagga cctgcagggt 120
ctgaaagaca aaccygctgaa attcazaanaa gttassaaag acaaasaaga agaaaaagaa 180
ggtaaacacg aaccggttea geegtecget caccacteog ctgaaccgge tgaagetggh 240
aaagctgzaza cctocgaagy tteeggttec goteoggetg tteecggaage tteegettec 360
cecgazacage gtegtteocat catcogtgac cgtggtecga tgtacgacga coecgacccotg 360
ccggaaggtt ggaccogtaa actgaaacag cgtazatceg gtegttcocge tggtaaatac 420
gacgtttacec tgatcaacce gecagggtama getttocgtt ccaaagttga actgateget 480
tacttcgaaa aagttggtga cacctecotg gacccgaacg acttcgactt cacegttace 540
ggtegtggtt cococgtcocg togtgaacay aaaccgocga azaaaccgaa atcoccgaaa €00
gcteegggta coggtegtgy tegtggtegt ccgaaagglt coggtaccac cegtecgaaa 660




<211> 43 <212> DNA <213> Artificial Sequence WO _
2007/ 1155781' CT/ EP2006/ 003203 7/ 25 K63999PC. 3T25. t xt <220> <223> pri ner
<400> 12 gggcaccatg gcgccgccge cgctaactct ctcggttcac ggg43 <210> 13 <211>
100 <212> oPAgdadads Artificial Sequence <220> <223> prpdEhprottAees3
gtcgttccat catccgtgac cgtggtccga tgtggsgacga cccgaccctg ccggaaggtt 60
ggacccgt aa act gaaacag cgtaaatccg gtcgttccgclO0 <210> 14 <211> 100 <212> DNA
<213> Artificial Sequence <220> <223> priner <400> 14 cgtaaatccg gtcgttccgc
t ggt aaat ac gacgtttacc tgatcaacccxgmg@gs%ﬁggﬁ& %gttﬁgtglggaza?t;ggl N
actgatc C <210> 15 < > < reifi
Squencg%zgtzcggcgz%gﬁ%%p ‘;'Q Fogetass cthgJeéL %

aZaaa cccc gggtaaactg

ctggttazaa tgeoogtteca gacctccccg ggtggtaaag ctgaaggtgg tggtgctace 780
acctecacec aggttatggt tateaaacgt 810
<210> 4

<211> 785

<212> DNA

<213> Artificial Sequence

<220>

<223> codon-optimized sequence

<400> 4 .

ceececcectge taccaccteoc acccaggtta tggttatcaa acgtcegggt cgtaaacgta 60
aagotgaage tgacccgeoag gotatcecega aaasacgtgg tegtaaaceg ggttecegtig 120
ttgoctgetge tgetgotgaa gotaaaaaaz aagetgttaa agastcetcce atcegttecg 180
tteagganac cgttetgeeg atcazazaac gtaaaaccey tgaaaccgtt tecatcgaag 240
ttaaagaagt tgttaasaccg ctgetggttt ccaccotggg tgaaaaatec ggtaaaggte 300
tgaaaacctg caaatccceg ggtogtaaat ccaaagaatc ctcccegaaa ggtegttoot 360
cctcegotte cteccegerg aaaaaagaac accaccacca ccaccaccac tecgaatece 420
cgaaagctee ggtteegetg ctgocgocege tgeagecace goceogecggaa ccggaatoet 480
cogaagacce gacctecceyg ceggaaccege aggacctghte ctectcoghtt tgcaaagaag 540
aaaaaatgec gegtggtggt tccectggazt ccgacggttg ccogaaagaa ccggckaaaa 600
cecagecgge tgttgetace getgctacey ctgetgasaa atacaaacac cgtggtgaag 660
gtgaacgtaa agacategtt tcoctocteoca tgecegogteo gaacegtgaa gaaccggttg 720
actccogtac cecggttace gaacgtgttt ceoggtggtet gtacaaatce ggttggtece 780
cocce 785
<210> 5

<211> 114

<212> DNA

<213> BArtificial Sequence

<220>




<400> 15 tgaagctggt aaagctgaaa cctccgaagg ttccggttcc gctcoggctg
ttccggaagc60 WO 2007/ 115578PCT/ EP2006/ 003203 8/ 25 K63999PC. 8T25. t xt
ttccgcttcc ccgaaacagc gtcgttccat catccgtgaclO0 <210> 16 <211> 100 <212> DNA

<213> Artighsh@lissaauence <220> <223> primer <400> 16 gitaaaaaag,acaaaaaaga
agaaaaagaa ggtaaacacg aaccggttca gccgsccgct 60 caccactccg ctgaaccggce
t gaagct ggt aaagct gaaalO0 <210> 17 <211> 100 <212> DNA <213> Artifici al

Sequence <220> <223> primer <400> 17 tctgcgtgaa gaaaaatccg aagaccagga
cctgcagg t gaaagaca aaccgct gaaséseadrccamaand gt t aaaaaag acaaaaaaga

t C
agaaaaagg%tszO artificial sequence

<400> 3 .
atgattacga attcatatgg acgtaagaag cgtogtcaac gtaggeggee geaatcetada 60

ctegageeca tggocagate tiocggatgg ageccaccege agttcgaaaa ataa 114

<210> 6
<211> 30
<212> DNA

<213> Artificial Sequence

<220> -
<223> artificial seguence

<400> @&
atggcatatyg caggtaccta tgetegeogee getgeccgec aggotogoge cggtaccggt 60

ggtggecteyg agcacczcca ccaccaccac S0

<210> 7
<211> 60
<212> DNA

<213> Artificial Sequence

<220>

<223> primer

<400> 7

agctaagaag cgtcgtcaac gtaggeggec goaatctaga ctcgagecca tggccagate 60
<210> B

<211> &0

<212> DNR

<213> Artificial Sequence

<220>
<223> primer

<400> 8
ttegaactge gggtggetee atecggazga tetggecatg ggctogagte tagattgegyg 60




<210> 18 <211> 100 <212> DNA <213> Artificial Sequence <220> <223> pri ner
<400> 18 atcacgaatt cctacggtog taaaaaacgt cgtcagegtc gtcgtccgca
gggt ggt ggt 60 atggttgctg gtatgctggg tctgcgtgaa gaaaaatccglO0 WO

2007/ 1155 06/ 003203 9/ 25 K63999PC. ST25. t xt < 100
e ARG

<212> DNA ificial Sequence ¢pe20> <223> primer < act gat cgct
tacttcgaaa aagttggtga cacctccctg gacccgaacg acttcgactt60 caccgttacc
ggtcgtggtt coccgtcceg tcgtgaacaglo0 <210> 20 <211> 100 <212> DNA <213>
Artificial Sequence <220> <223>xpFspeRs:S22406%: 20 coccgtoccg tcgtgaacag
aaaccgcegjd>adaaaccgaa atcoccgaaa gctccgggta60 ccggtcgtgg tcgtggtcgt
ccgaaaggsqh,Ceggt accac100 <210> 21 <211> 100 <212> DNA <213> Artificia

Sequence <220>
<212> DNA

<213> Artificial SBequence

<220>

<223> primer

<400> 9

aamacccgaat teatatggac gtazgaageg teg 33
<210> 10

<21l> 33

<212> DNA

<213> Artificial Secuence

<220>

<223> primer

<400> 10

aaacccaage ttttattttt cgaactgegg gtg 33
<210> 11

<211> 43

<212> DNA

<213> Artificial Seguence

<220>

<223> primer

<400> 11

coccgeggecg caaggcggeyg geatggtage tgggatgtta gog 43
<210> 12

<211> 43

<212> DNA

<213> Artificial Sequence




<223> prinmer <400> 21 ccgaaaggtt ccggtaccac ccgtccgaaa gctgctacct
ccgaaggt gt tcaggttaaa60 cgtgttctgg aaaaatcccc gggtaaactg ctggttaaaalOO
<210> 22 WD 2007/ 115578PCT/ EP2006/ 003203 10/ 25 K63999PC. ST25. t xt <212> DNA

<213> Art i SdoRhiseRauence <220> <223> priner <400> 22 waeipagamédoct 9ot t aaaa

tgccgttcca gacctoccog ggtggt aaag ct gagggt gg60 tggtgctacc acctccaccc
aggttatggt tatcaaacgt100 <210> 23 <211> 123 <212> DNA <213> Artificial

Sequence <220> <223> primer <400> 23 gaaaaatccg gtaaaggtct gaaaacctgc
aaat ccccgg gtcgtaaat c caaagaat cckfdossrecrgaaag gtcgttcctc ctccgattcc
t occcgcct#laaaaagaaca ccaccaccacl20 C. aCl23 <210> 24 <211> 123 <212> DNA

<213> Aridoki cpglmesequence <220>
<400> 12 .
gggcaccaly gogecgcoge cgctaactet cteggtteac ggg 43
<210> 13
<211> 100
<212> DNA

<213> Artificlal Sequence

<220>
<223> primer

<400> i3
gtegttceat catcegtgac cgbggteocga tgtacgacga c¢ecgacccty coggaagght 60

ggacececgtaa actgaaacag cghtaaatceg gtegttcege 100

<210> 14
<211> 100
<212> DNA

<213> Artificial Seguence

<220>
<223> primer

<400> 14
cgtaaatccg gtegttoege tggtamatac gacgtttacc tgatcaacce geagggtaaa 60

gettteegtt ccaaagttyga actgategeot tacttcgaaa 100

<210> 15
<211> 100
<212> DNA

<213> Artifiecizl Seguence

<220>
<223> primer

<400> 15
tgaagetggt asagetgaaa cctecgaagg ttocggtitce getceggetg tteeggaage &0




<223> prinmer <400> 24 caggaaaccg ttctgccgat caaaaaacgt aaaacccgtg
aaaccgtttc catcgaagtt60 aaagaagttg ttaaaccgct gctggtttcc accctgggtg
aaaaat ccgg taaaggtctgl20 aaal23 WD 2007/ 115578PCT/ EP2006/ 003203 11/ 25

K6399920. 212> DNA <213> Artificial Sequence Ji0e6@as Primer
<400> 25 9@%@8?@%%? acgtggtcgt aaacggggtt ccgttgttgce gg%ﬁ%ct§@%

gct gaagct a60 aaaaaaagct gttaaagaat cctccatccg ttccgttcag gaaaccgttc

t gccgat caal20 aal22 <210> 26 <211> 96 <212> DNA <213> Artifi.cial Sequence

<220> <223> prinmer <900> 26 caccteass.ea€qkd at gg ttat caaacg t cogggt egt
aaacgt aaag ctgaagctgaGO cccgcaggct atcccgaaaa aacgtggtcg taaacc96 <210> 27

<211> 12:3tccgct cc ccgaaacage gtegttcecat catcegtgac 100
<210> 16
<211> 100
<212> DHA

<213> Artificial Sequence

<220>
<223> primer

<400> 16
gttaaaazag acazaaaaga agaaaasagaa ggtaaacacg aaceggttcea geocgteeget 60

caccactcey ctgaaccgge tgaagctggt aaagctgaaa 100

<210> 17
<211> 100
<212> DNA

<213> BaArtificial Seguence

<220>

<223> primer

<400> 17

tetgegtgaa gaaaaatccg aagaccagga cctgcagggt ctgaaagaca aaccegetgaa 60

*
attcaaaaaa gttaassaasag acaaaaaaga agaaaaagaa ) 100

<210> 1B
<211> 100
<212> DNA

<213> BArtificial Secuance

<220>
<223> primer

<400> 18
atcacgaatt cctacggteg taaasaacgt cgteagegtc gtegtecgeca gggtggtogh 60

atggttgetg gtatgetggy totgegtgaa gaaaaateceg 100




<212> DNA <213> Artificial Sequence <220> <223> prinmer <400> 27 gcggggaggt
cgggtotteg gaggattccg gttccggcgg cggcggeggc agcggcggca60 gcagcggaac
cggagetttc ggggattcgg agtggtggtg gtggtggtgg tgttcttttt120 togl23 WO
2007/ 1155%3¢sobs/Ref06/ 003203 12/ 25 <212> DNA <213> Artpdinssalsnsgsience
K63999PC. 5T25. t xt <220> <223> Pri ney5<400> 28 tttagccggt totttegggce
aaccgt egga ttccagggaa ccaccacgcg gcattttttc60 ttctttgcaa acggaggagg
acaggtcctg cggttccggc ggggaggtog ggtcttcggal20 ggal23 <210> 29 <211> 123

<212> DN@1§21§; Artificial Sequexteessr@Xd2s <223> prinmer <400> 29
< >
<211> 100
<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 19
actgateget tacttcgaaa sagttggtga caccteectg gacecgaacg acttcgactt 60

cacegttace ggtegtggtt ceccogtoceg tegtgaacag 100

<210> 20
<211> 100
<212> DNA

<213> Artificial Sequence

<220>
<223> primexr

<400> 20
cccegteceg tegtgaacag aaaccgocga aasaaccgas atccecgaaa gcteegggta 60

ccoggteatgy tegitggtegt cogaaaggtt coggtaceac 100

<210> 21
<211> 100
<212> DNA

<213> BArtificizl Sequence

220>

<223> primer

<400> 21

cegaaaggtt cecggtaccac cogtccogaaa getgetacct cegaaggtgt teaggttasa 60
cgtgttctgg aaaaatcccc gggtamactyg ctggttaaaa 100
<210> 22

<21l1> 100




cgcggcat gg aggaggaaac gatgtcttta cgttcacctt caccacggtg tttgtatttt60
tcagcagcgg tagcageggt agcaacagcc ggctgggttt tagccggttc tttcgggcaal20 ccgl23
<210> 30 <211> 98 <212> DNA <213> Artificial Sequence <220> <223> pri ner

<400> 30 agaccaccgg aaacacgttc ggtaaceggg 91%@‘?&% haz03
caaccggttgg@tzéoﬁggggsgttc ggacgcggca %% ggagga aacgat gt < %& 2P wo
2007/ 115578PCT/ EP2006/ 003203 13/ 25 Q99PC. ST25. t xt <212> DNA <213>

Artificial Sequence <220> <223> prinmer <400> 31 coccoctgta caggccgccg

ctaactctct cgg33 <210> 32 <211> RRogedd drdNe: <213> Artificial Sequence
<220> <2232 pPifrer <400> 32 ggctgcccca aggagccagc taaga2b

<213> Artificial Sequence

<220>
<223> primer

<400> 22
gggtaaactyg ctggitaaaa tgecgttcca gacctcccog gutggtazag ctgaaggtygyg 60

tggtgctace acctcecacee aggttatggt tatcazacgt 100

<210> 23
<211> 123
<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 23 .
gaaaaatceg gtaazggtet gaaaacctgr asatcccegg gtogtaaatc caamgaatcec 60

tecccgaaag gtegttecte ctecgettece toceegoocga aaaaagaaca ccagcaccac 120

cac . 123

<210> 24
<2l1> 123
<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 24
caggaaaccqg ttctgocgat caaaaaacgt aaaacccgitg aaaccgtttc categaagtt €0

aaagaagttyg ttazacegot gotggtitcc accctgggtg aaaaatecgg tasaggtctg 120

2aa 123

<210> 25
<211> 122




<210> 33 <211> 36 <212> DNA <213> Artificial Sequence <220> <223> pri ner
<400> 33 acgtaagaag cgtcgtcaac gtaggcggcc gcaggg36 <210> 34 <211> 100 <212>
DNA <213> Artificial Sequence <220> WD 2007/ 115578PCT/ EP2006/ 003203 14/ 25

<400> 34Kap89fimsd%k25. t xt caacgtaggc ggccgcaggy t ggt g@sip2@islobizbOCt 9
ctgctgctcc gtccggtggt 60 ggtggt ggt g gi/gpagaaga acgt ct ggaa gaaaaat ccgl00
<210> 35 .<211> 65 <212> DNA <213> Artificial Sequence <220> <223> pri ner

<400> 35 ttcagcggtt tgtctttcag accctgcagg tcctggtctt cggatttttc
ttccagacgt 60 tcttc65 <210> 36 <2ddmogk@d.x1242xt DMA <213> Artificial Sequence

<220> <23%82”pPer <400> 36 ccccccgeat atggagttge tggtatgetg ggtctgegt g40
<210> 3752112431521 22 kMA. <213> Artificial Sequence

<220>
€223> primer

<400> 25
toccegaasaa acgtggtegt amacogagtt cogtigtige tgctgetgeot gctgaageta 60

aaazaaagct gttaaagaat cctocatceg ttocgttcag gaaacegttc tgcegatcaa 120

aa 122

<210> 26
<211> 96
<212> DNA

<213> Artificial Seguence

<220>
<223> primer

<400> 26
cacctecace caggttatgg ttatcaaacyg tecggghtogt aaacgtaaag ctgaagectga 60

ccegeoagget atccegaasa aacgtggtcg taaacce 96

<210> 27

<211> 123

<212> DNA

<213> pArtificial Segquence

<220>
<223> primer

<400> 27
geggggaggt cgggtetteg gaggattecg gttocggcgyg cggcggcgge ageggoggoa 60

geagoggaac cggagetttc ggggattegy agtggtggty gtogtgotgg tgttottttt 120
teg 123

<216> 28
<211> 123




<220> <223> primer <400> 37 coccoccutt gtacagaccg ctaactctct cggtcacggg
cgt43 WD 2007/ 115578PCT/ EP2006/ 003203 15/ 25 K63999PC. ST25. t xt <211> 39
<212> DNA <213> Artificial Sequence <220> <223> priner <400> 38 cccccctcat

gaagt at gg gc gtcgtcaac39 <210> 39 <211> 44 <Zl 2= LNAisdds3™
Artificiaﬁwégﬁﬁgﬁgg <220> <223> pri gy <400> 39 ggggggct cg aggccgecett
tttcgaactg cgggtggctc catc44 <210> <211> 53 <212> DNA <213> Artificial

Sequence <220> <223> primer <400> 40 catatgcagg tacctatgct cgcgccgcetg
cccgccaggzclzgcg&gccggt acch3 K63998PC, ST25. txt

<213> Artificial Sequence

<220>
<223> primer

<400> 28 .
tttageocggt tottteggge aaccgtegga ttccagggaa ccaccacgeg geatttttte €0

ttotttgeaa acggaggagy acaggtecty cogtitccgge ggggaggteyg ggtcettegga 120

gga ’ 123

<210> 29
<211> 123
<212> DNA

<213> Artificial Sequence

<220>
<223> primer

<400> 29
cgeggcatgg aggaggaaac gatgtotita cgticacctt caccacggtg tttgtatttt 60

tcageagegy tageageggt ageaacagee ggctgggttt tageeggtte tttegggeaa 120
ccyg 123

<210> 30
<211> 98
<212> DNA

<213> Artificial Seguence

<220>

<223> primer

<400> 30

ggatttgtac agaccaccgg aaacacgtte ggtaaceggg gtacgggagt caaceggttce 60
ttcacggtte ggacgeggea tggaggagga aacgatgt 98
<210> 31

<211> 33




<210> 41 <211> 30 <212> DNA <213> Artificial Sequence WO
20071115578PCT/ EP2006/ 003203 16/ 25 K63999PC. ST25. t xt <223> prinmer <400> 41
gccaccaccg gtaccggcgc gagcctggeg30 <210> 42 <211> 37 <212> DNA <213>

Artificialwhesigpae <220> <223> prinmer <400> 42 cocccCpé@ppaiiaiesadg
tacctatgca cgcgccg3d7 <210> 43 <211>433s <212> DNA <213> Artificial Sequence

<220> <223> primer <400> 43 tttccctcga ggccaccacc ggtaccggcg c31 <210> 44
<211> 42 <212> DNA <213> Artificial Sequence <220> <223> priner <400> 44
coccncca), at ggacacca ccat caccac KEHPeRC 8 atdtg42 <210> 45

<213> Artificial Sequence

<220>

<223> primer

<400> 31 .

cecccectgta caggeegeceg ctaactotet cgg ‘ 33
<210> 32

<211> 25

<212> DNA

<213> Artificial Sequence

<220>

<223> primer

<400> 32

ggctgeccea aggagecage taaga 25
<210> 33

<211> 36

<212> DNA

<213> Artificial Sequence

<220>

<223> primer

<400> 33

acgtaagaag cgtcgtcaac gtaggcggec goaggg 36
<210> 34

<211> 100

<212> DNA

<213> Artificial Sequence

<220>

<223> primer




WO 2007/ 115578PCT/ E1' 2006/ 003203 17/ 25 K63999PC. ST25. t xt <212> DNA <213>
Artificial Sequence <220> <223> priner <400> 45 ctgcacgggc tcatgcttgc
cctct25 <210> 46 <211> 28 <212> DNA <213> Artificial Sequence <220> <223>

priner <40Qd 21448020t gag atccggctgc taacaaag28 <210>pAykprdeivtsztd <212>
DNA <213> Artificial Sequence <220> 423> prinmer <400> 4/ ggactccaac
gt caaagggc gaaaaac27 <210> 48 <211> 24 <212> DNA <213> Artificial Sequence

WD 2007/ 115578PCT/ EP2006/ 003203 18/ 25 K63999PC. ST25. t xt <400> 48
K63899PC.5T25.Ext
<400> 34
caacgtaggc ggccgcadgy tggtggtget getgotgetg ctgetgetce gteeggtggt 60

gotggtoggty gtgaagaaga acgtctggaa gaaaastceg : 100

<210> 35
‘<211> &5
<212> DNA

<213> Artifieial Sequence

<220>
<223> primer

<400> 35
ttcagegatt tgtcttteag acectgeagg tcetggtett ecggattttte tteccagacgt 60

tette 65

<210> 36
<211> 40
<212> DNB&

<213> Artificial Sequence

<220>

<223> prﬁmer

<400> 36

cceccogeat atggagtige tggtatgetg ggtectgegtyg 40
<210> 37

<2il> 43

<212> DNA

<213> BArtificial Seguence

<220>

<223> primer

<400> 37

cccocccectt gtacagaceg ctaacteotcot cggteoacggg cgt 43

<210> 38




cagaagacca ggacctccag ggcc24 <210> 49 <211> 23 <212> DNA <213> Artificial
Sequence <220> <223> Prinmer <400> 49 ctctcgggct caggtggagg tgg23 <210> 50
<211> 1539 <212> DNA <213> Artificial Sequence <220> <223> codon-optim zed

sequence <4§9%v74fksisat ggacgt a agaagcgt cg tcaacgt agg CORGHEB630H280t 99t gc

t got gct gct 60 got got got 0 cgtccggt gy 44 ggt ggt ggt gaagaag aacgt ct gga

agaaaaat cc120 gaagaccagg
agt t aaaaaal80 gacaaaaaag
t caccact cc240Q got gaacogg
cgct ccgdtt3062gt t ccggaag
ccgt got em@36@NAt gt acgacg
gcgt aaat cc420 ggtcgttccg ctggtaaata
agcttt céﬂ?ﬂ8&r€’%&"§' gstef"genﬁﬁct gat cgc
ggacccgaac540 gacttcgact tcaccgttac
gaaaccgccg600 aaaaaaccga aatccccgaa
t ccgaaa 660 tccggt acca occgtocgaa
acgt gt t e23%2@rimer

acct gcaggg
aagaaaaaga

cttccgotto
acccgaccct

<400> 38

t ct gaaagac
aggt aaacac

ct gaagkt3ggeRCatzgctgaa

ccogaaacag
gccggaaggt
cgacgtttac
ttacttcgaa
oggt ogt ggt
agct ccgggt
agot qct acc

ccccectecat geagtatgyga cgtaagaage gtegtcaac

<210> 39
<211> 44
<212> DNA
<213> Artificial Sequence
<220>
<223> primer

<400> 38

ggggggcteg aggeccgectt tticgaactg cgggtggete cate

<210> 40

<211> 53
<212> DNa&
€213> Artificial Seguence
<220>
<223> primer

<400> 40

aaaccgct ga
gaaccggttc
acct ccgaag
cgtcgttcca
t ggacccgt a
ct gat caacc
aaagttggtg
t coccgt ecc
accggtcgtg
t ccgaaggt g

catatgeagyg tacctatget cgegecgetyg cecgecagge tcgegecggt ace

<210> 41

<211> 30
<212> DNA
<213> Artificial Sequence

<220>

aatt caaaaa
agccgt ccgce
gttccggttc
t cat ccgt ga
aact gaaaca
cgcagggt aa
acacct ecct
gt cgt gaaca
gt cgt ggt cg
ttcaggttaa

39

44

53




gaaaaat ccc cgggtaaact gctggttaaa atgccgttcc agacctcccc gggt ggt aaa780
gct gaaggt g gt ggtgotac cacctccacc caggttatgg ttatcaaacg tcogggtcgt840 WO
2007/ 115578PCT/ EP2006/ 003203 19/ 25 K63999PC. ST25. t xt cccgcaggct

at cccgaaaay@ gl 8400 tgct gaagct aaaaaaaaag ctgtt aaagapdrRipdssdahes
aaaaaacgta aaacccgtga taaaccgctg ctggidtcca ccctgggtga atcccecgggt

cgt aaat cca aagaat cctc cccgccgaaa aaagaacacc accaccacca tccgctgcetg
ccgccget gc cgeccgecgec ctcoccgeccg gaaccgcagg acctgtocto tggtggttcc
ct ggaat ccg acggttgccc tgotaccgctgkgese@st @x€t gaaaaata catcgtttcc

t cct ccat ¢i@3tgeyimecgaa ggttaccgaa cgtgtttcc <210> 51 <211> 1506 <212> DMVA
<213> Artjshici,pl Sequence <220> <223> codon-optim zed sequence <400> 51

t at ggac gédacrFacd) e@Hceghche ARG QGG at gct gggt o t gcgt gaaga aaaat cfHgaa
ccgct gaaat tcaaaaaagt taaaaaagac ccggttcagc cgtccgctca ccactccgct

t ccgaagaif oscggttccge tcecggetgtt cgttccatca tccgtgaccg tggtccgatg
acccgt aaac tgaaacagcg taaatccggt atcaacccgc agggtaaagc tttccgttcc
gt t ggt gagd1xcBtcct gga cccgaacgac ccgtcccgtc gt gaacagaa accgccgaaa
ggt cgt ggi.6. Ot ggt cgt cc gaaaggttcc gaaggtgttc aggttaaacg tgttctggaa

WO

2007/ 115578PCT/ EP2006/ 003203 20/ 25 K63999PC. ST25. t xt tggtaaagct gaaggtggtg
gt gct acc#é3tt etabicday F8dregefgt cgt aaa cgt aaagct g aagct gaccc gcaggct at c840

<220>

<223> primer

<400> 42 -

ccececatgg catatgoagg tacctatgea egegecy 37
<210> 43

<21l1l> 31

<212> DNA

<213> Artificial Sequence

220>

<223> primer

<400> 43

tttecetega ggecaccace ggtaceggeg c© . 31
<210> 44

<211> 42

<212> DNA

«<213> Artificial Seguence

<220>

<223> primer

<400> 44

cceceocccecat atggacacca ccatcaccac catcccacca tg 42
<2106> 45

<21i> 25




accgggttcc gttgttgctg ctgctgctgc tgaagctaaa900 ctacatccgt tccgttcagg
aaaccgttct gccgatcaaa960 cgtttccatc gaagttaaag aagttgttaa accgctgctg 1020

at ccggt aaa ggt ct gaaaa

cat cct ccCGy@emgRnamaa

ggaaccggaa tcctccgaag

t gccgegtgg tggttocctg

acaccgt ggt gaaggt gaac

gt acccc t accgaacgt
kit

Artific

cctgcaaatc cccgggtcgt 1080 gaaaggtcgt toctoctocg

1140 ccactccgaa toccogaaag ctcoggitEseddebass occg 1200

acccgacctc ccgggcggaa 1260 cgtttgcaaa gaagaaaaaa

1320 agaaccggct aaaacccagc cggctgttgc taccgctget 1380

gt aaagacat cgtttcctcc 1440 tgaagaaccg gttgactccc

91 1500 1506 K633PpS-SB26-&58 1> 513 <212> PAT <213>
Sequence <220> <223> fusion protein <400> 52 Tyr Ay Arg Lys Lys

My Arg Gzos:Argptirigidlhsdyvendd n Ay Ay Ay 151015 Ala Ala Ala Ala Ala Ala
Ala Pro Ser dy Ay dy Ay Ay Ay Gu 202530 Gn Gn My Len Gu Gn Lys
Set Qu Asp Gn Asp Len Gn Gy Len 354045 Lys Asp Lys Pro Len Lys Phe Lys

Lys Val 4y®s Lys Asp Lys Lys d u 505560

<223>
<400>

primer

45

ctgeacggge teatgettge cctct

<210>
<211>
<212>
<213>

<220>
<223>

<400

46
28
bua

Artificial Sequence

primer

46

ctogagtgag atccggectge taacaaag

<210>
<211>
<212>

<213>

<220>
<223>
<400>

47
27
DNA

Artificial Sedquence

primer

47

ggactccaac gtocaaaggge gaaaaac

<210>
<211>
<212>

<213>

<220>

<223>

48
24
DNA

Artificial Sequence

primer

25

28

27




Gn

Lys Gn Gy Lys HHs Gn Pro Val Gn Pro Ser Ala Hs H's Set 6570580 WO

2007/ 115578PCT/ EP2006/ 003203 2V25 K63999PC. ST25.txt Ala Qu Pro Ala Qu Al a

Ay
Al a
Pro
Lys
Ile
Al a
Asp
Pro

Lys Ala Gu Thr Ser Au Ay Ser Gy 859095 Ser Ala Pro Ala Val Pro Qu
Ser Al Lys Gn Arg Arg 100105110 Ser Ile Arg Ay
Met Tﬁoi@fmf‘% Pro Thr Leu Proglk5120125 Gu G yﬂ#@"é@?"’%?g Lys Leu
Gn Arg Lys Ser Ay Arg Ser Ala 30135140 Ay Lys Tyr Asp Val Tyr Leu
Asn Pro Gn Gy Lys Ala Phe Arg 145150155160 Ser Lys Val Qu Leu lle
Tyr Phe Gu Lys Val Gly Asp Ke3booPelsrd 70175 Leu Asp Pro Asn Asp Phe
Phe d4%p> V4% Thr Ser Pro 180185190 Ser Mg My G n G n Lys Pro
Lys TA789fH E§P§°’§€¥g FF‘EF Lys Al a 195200205 Pro Gy Thr Ay?*"Ww Gy My Gy

My Pro Lys Ay Ser Ay Thr Thr 210215220 My Pro Lys Ala Ala Thr Ser Au Gy

Val

G n P> Lys Arg Val Leu

<211> 23
<212> DHWA

<213> Artificizal Sequence

<220>

<223> primer

<400> 49

cteteggget caggtggagg tgy 23
<210> 50

<211> 1539

<212> DHA

<213> Artificial Seguence

<220>

<223> codon-cptimized seguence

<400> 50 ’
tatggacgta agaagegteg teaacgtagg cggecgeagy gtggtaghtge tgctgctget 60
gekgetgete cgtecyggtge tggtggtggt gotgaagaag aacgtctgga agaaanmatec 120
gaagaccagg acctgcaggyg tctgaaagac azaccgetga aattcaaaaa agttasaasa 180
gacaaaaaag aagaaaaaga aggtaaacac gaaccggtte ageogteoege teaccactce 240
getgaacegy ctgaagetgg taaagetgaa acctccgaag gttceggtte cgetcogget 300
gttccggaag cttcegette ccegamacag cghegttocea teateegtga cegtggteocg 360
atgtacgacy acccgacect geocggaaggt tggaccegta mactgaaaca gegtaaateo 420
ggtcgttecg ctggtaaata cgacgtttac ctgatcaace cgeagggtaa agottteegt 480
tocaaagttg aactgatecge ttacttogaa aaagttggtg acacetccct ggaccegaze 540
gacttcgact tcaccgttac cggtegtggt tceccegteece gtogtgaaca gaaaccagecg 600
aaaazaccga aatcccecgaa agetocgggb accggtegtg gtegtggteg tcegaaaggt 660
tceggtacca ccegtoegaa agetgetace tocgaaggty ttcaggttaa acgtgtictg 720
gaaaaatcce cgggtaaact getggttaaa atgeegttee agacctccce gggtggtaaa 780
getgaaggty gtggtgetac cacctecacc caggttatgg ttatcasacyg teoeogggtegt B4D




225230235240 G u Lys Ser

Ser
Val
Pro
Al a
I'le
Thr
Gn
Ser
Pro
Ser

245250255 Pro Ay Gy Lys Ala Qu dy dy @y Ala Thr Thr
Ile Lys Arg Pro Ay Arg Lys My Lys Ala G n Ala Asp

eyibgin V2

Leu Pro Ile Lys Lys My Lys

260265270 Met Val
27528Q3¢8%30d1 15
2902953§

305310315320 Art;

0 Ala

Ser Val

Pro Gy Lys Leu lieu Val

alle Pro Lys Lys Arg Ay M) Lys
a Ala Ala Gn Ajg,dys Lys Lys Ala
Gn Gin Thr Val

Lys Met Pro Pita G n Thr

Ser Thr G n

Arg 325330335 VR12007/115578PCT/ EP2006/ 003203 22/ 25 K63999PC. 5T25. t xt

Thr
Thr

Sly aﬁ@"ﬁ% ISEYIE

Val Set
Len GI

I I e G n Val
Gn Lys Set S
IGCRe9SaY

LeugjF
aac

Thr

Lys x{asangmlsmmltxﬂ_ys Pro Lea Len -Val
ohe A Sesibd
Bt w31

s Lys
@éF Se?%%370375380 Al a

340345350
355360365

Ser {RegrtBfy EngBtdoysc Chitgbhdet HaSad'thagHt’&tHaﬁqulaScdﬂbﬁatseI’ #85390395400

cgttecgtte
atcgaagtta
aaaggtctga
cgttoctect
gaatcececega
gaatceteceg
aaagaagaaa
getaaaaces
ggtgaaggtyg
ceggttgact

<210> 51
<211>
<21i2>»

<213>

<Z220>
<223>

<400> 51
tatggacgta

atgetgggtc
ccgctgaaat
ccggtteage
tecgaaggtt
cgttecatea
acccegtaaac
atcaacccge
gttggtgaca
cegtcecgte
ggtegtggte
gaaggtgtte

DNA

aggaaaccgt
aagaagttgt
aaacctgcéa
ccgcatﬁctc
aagetoeggt
aagaccegac
aaatgccgeg
ageegactgt
aacgtaaaga

ccegtacecee

1506

agaagcgteyg
tgegtgaaga
tcaaaaaagt
cgtcegetea
ceggttecge
tcegtgaceg
tgaaacageg
zgggtaaage
cctecetgga
gtgaacagaa
gtggtegtee

aggttaaacg

tetgecgate
taaaccgetyg
atccoceoegygot
cccgecgaaa
tecgetgety
ctoceegeeg
tggtggttec
tgctacecget
categtttcee

ggttacegaa

Artificial Sequence

codon-optimized segquence

tcaacgtagg
aazaatcecgaa
taasamagac
ccactcoget
teeggotgtt
tggtcegatg
taaatceggt
titeegttcee
ccogaacgac
accgccgaaa
gaaaggtteo

tgttetggaa

aaaaaacgta aaaccegtga aaccgtttee

ctggtttecea
cgtaaatecca
aaagaacace
cegecgetge
gaacegeadg
ctggaatceg
getacegetg
tectecatge

cghtgtttee

cggocgeagy
gaccaggace
aazaaagaag
gaaccggetg
ccggaagett
tacgacgacce
cgttecgetg
aaagttgaac
ttegacttea
aaaccgaaat
ggtaccacce

aaatccoecgg

cectgggtga

aagaatcete
accaccacca
cgecegeogec
acctgtecte
acggttgeee
ctgaaaaata

cgcgtcocegaa

gtggtggtat
tgoagggtet
aaasagaagy
aagctggtaa
cegetteeee
cgaccctgeo
graaatacga
tgatcgetta
cegttacegg
ccccgaaage
gtccgaaage

gtasactget

aaaatcoggt
cccgaaaggt
ccaccactce
gcecggaaceg
cteegtttge
gaaagaaccg
caaacaccgt

cegtgaagaa

ggttgctggt
gaaagacaaa
taaacacgaa
agctgaaace
gazacagcgt
ggaaggttag
cgtttacctg
cttegazaaa
tegtggttce
tcecgggtace
tgctacetec

ggttaaaatyg

1020
1080
1146
1200
1260
13290
1380
1440
1500
1539

60
120
180
240
300
360
420
480
540
600
660
720




Gn
Pro
Gn
Sly
Pro
Sy
Asn

Pro Pro Pro 405410415
Pro Gn Pro 420425430

Pro Lea Leu Pro Pro Len
Pro Gn Pro Gn Ser Ser Gn Asp Pro Thr Set Pro
Asp Leu Ser Ser Ser Val Cys Lys Gn Gn Lys Met Pro My Sly 435440445
Ser L Asp Ay Cys Pro Lys Gn Pro Ala Ly, ' 0455460
Aa vg‘ly‘)%"g“ B Nn An The A a,pha G N Lys Tyr Ly@%oﬁﬁ’&iggmommso
Gn Sly Gn MJ Lys Asp Ile Val Set Ser Set Met Pro Arg Pro 485490495
My Gn Gn Pro Val Asp Ser Arg Thr Pro Val Thr Gn My Val 500505510 Ser

Ser Pro Lys Ala Pro Val

<210> 53 <211> 502 <212> PRT <2%k33oobpd.istisciad Sequence <220> <223> fusion

protein WD 2007/ 115578PCT/ EP2006/ 003203 23/ 25 K639992C. ST25. t xt <400> 53
Tyr Gy SAEEFOE3me §SFecompdp BFTjataont ARPIAFG IARIPrErGrFearsree v §Py 151015
gttatggtta tcaaacgtcc gggtegtaaza cgtaaagetg aagetgacce geaggetate 840
ccgaaaaaac gtggtcgtaa accgggttee gttgttgetg ctgctgetge tgaagetaaa S00
aaaaaagctg ttaaagaatc ctecatecegt tcegttcagy aaaccgttct gecgatcaaa 960
azacgtaaaa cccgtgaaac cgtttccate gaagttaaag aagttgttaa accgetgetg 1020
gttteccacce tgggtgaaaa atceggtaaa ggtctgaaaa cctgcaaatc cccoggtegt 1080
azatccaaag aatectecce gaaazggtegt toctectecyg catcctcoceec gecgaaaamaa 1140
gaacaccacc accaccacca ccactccgaa tcoocccgaaag ctccggttcc getgetgeeg 1200
cegetgocge cgoegoegee ggazccggaa teoctocgaag scccgaccte cecgocggaa 1260
ccgeaggace tgtectecte egttigecaaa gaagaaaaaa tgecgegtgg tggtteoectg 1320
gaatcegacyg gttgcccgaa agaaccgget aaaacccage cggetgttge taccgetget 1380
accyctgcty aaaaatacaa acaccegtggt gaaggtgaac gtaaagacat cgtttectee 1440
tcecatgecge gtocegazceg tgaagaaccg gttgactcec gtacceceggt taccgaacgt 1500
gtitee 1506

<210> 52
<21i> 513
<212> PRT
<213> Artificial Sequence
<220>
<223> fusion protein
<400> 52
iyr Gly Arg Lys gys Arg Arg Gln Arg ?gg Arg Pro Gln Gly féy Gly
Ala Ala Ala Ala Ala Rla Ala Pro Ser Gly Gly Gly Gly Gly Gly Glu
20 25 30
Glu Glu Arg Leu Glu Glu Lys Ser Glu Asp Gln Asp Leu Gln Gly Leu
35 40 45
Lys Asp Lys Pro Leu Lys Phe Lys Lys Val Lys Lys Asp Lys Lys Glu
50 ' 55 60
Glu Lys Glu Gly Lys His Glu Pro Val Gln Pro Ser Ala His His Ser
65 70 75 80




Met Val Ala Sly Met Lou Sly
Lou Gn Sly Lou Lys Asp Lys
Lys Lys Gn Gn Lys Au Gy
H s Ser A'\?Oﬁoﬂlﬁg'fé Ala Gn
Ser Sly Ser Ala Pro Ala Val
Arg Set Ile lle Arg Asp Arg
Pro Gn Sly Trp Thr Arg Lys
Ala Gay Lys Tyr Asp Val Tyr
Arg Set Lys Val Gn Len lle
Thr
Set
Lys
100
Ser Ile Ile Arg Asp Arg Gly
115
Glu Gly Trp Thr Arg Lys Leu
130 135
Gly Lys Tyr Asp Val Tyr Leu
145 150
Ser Lys Val Glu Leu Ile Ala
165
Leu Asp Pro Asn Asp Phe Asp
180
Ber Arg Arg &lu Gin Lys Pro
195
Pro Gly Thr Gly Arg Gly Arg
210 : 215
Arg Pro Lys Ala Ala Thr Ser
225 230
Glu Lys Ser Pro Gly Lys Leu
245
Pro Bly Gly Lys Ala Glu Gly
260
Met Val Ile Lys Arg Pro Gly
275
Gln Ala Ile Pro Lys Lys Arg
290 295
Ala Ala Ala Ala Glu Ala Lys
305 310
Arg Ser Val Gln Glu Thr Val

325

Len Arg Gn GQu Lys
Pro Len Lys Phe Lys
Lys Hs Gn Pro Val
Ala Gy Lys Ala Qu
Pro G nafsa Ser Al a
Sly Pro Met Tyr Asp
Lou Lys Gn Arg Lys
Len XK63a99WE ATHR: bxtG n
Ala Tyr Phe G n Lys

105

Pro Met

120

Tyr Asp Asp

125

Gln Ser

140

Lys Arg Lys

Asn Gln

155

Ile Pro Gly

Phe Glu

170

Tyr Lys Val

Fhe Thr

185

Val Gly

Ero Pro

200

Lys Lys Lys

205

Gly Arg Pro Lys Gly

220

Glu Val Gln

235

Gly Val

Leu Val Lys Met Pro

250

Gly Gly Ala Thr Thr

265

Arg
280

Lys Arg Lys Ala

285

Gly Arg Pro Gly

300

Lys

Ala Val

315

Lys Lys Lys

Ile
330

Leun Pro Lys Lys

Pro Thr

Gly Arg

Lys Ala

Gly Asp

Arg Gly

120

Ser Pro

Ser Gly

Lys Arg

Phe Gln

Ser Thr

270

Glu Ala

Ser Val

Glu Ser

Arg Lys

Ser
Lys Val
Gn Pro
Thr
Ser

6 3¢q/pSfdsmhosG N Ay
859095 Pro Lys G n Arg

100105110 Asp Pro Thr

G n Asp G n 202530 Asp

Lys 354045 Lys Asp
505560 Ser Ala His

Lou

115120125 Ser Sly Arg Set
130135140 Sly Lys Al a Phe

145150155160 Val
Set abheR1AIR REO oA B1ARy RRe AsmikPher The dal ciThier1615170175 Sly Arg Ay
Pro Set Arg Arg8&8u G n Lys Prc@oPro Lys Lys Pr& 180185190 Lys Set Pro
Ala Pro Sly Thr Sly Arg SIy Arg Sly Arg Pro Lys 195200205

Ser Ala Pro Ala Val Pro Glu Ala Ser Ala Ser Pro Lys Gln Aryg Arg
110

Leu Pro

Ser

Phe Arg

160

Thr
175

Ser

Ser Pro

Lys Ala

Thr Thr

Val Leu

240

Thr
255

Ser

Gln Val

Asp Pro

Val Ala

Ser Ile

320

Thr
335

Arg

Ala

Ay Asp




Sly Set Sly Thr Thr Arg Pro Lys Ala Ala Thr Ser Au Sly Val G n 210215220
Val Lys Ax; Val Lou Qu Lys Ser Pro Sly Lys Len Lou Val Lys Met
225230235240 Pro Phe A n Thr Sex Pro sly Sly Lys Ala Gn Sly Sly Sly Ala
Thr 24525 007/ 115578PCT/ EP2006/ 003203 24/ 25 Pi,@ﬁgg .txt Thr
Ser Thr G%é%’éllw%fs Val Ile Lys Arg,f40 Gy Arg Lys Arg ys&’%@%’gzm Al a
Gn Ala Asp Pro Gn Ala no Pro Lys Eys Arg fly Arg Lys Pro 275280285 dvy
Set Val Val Ala Ala Ala Ala Ala flu Ala Lys Lys Lys Ala Val 290295300 Lys
flu Ser Ser no My Set Val G n fIES3TPPCNERS-EBu Pro no Lys 305310315320 Lys
My Lys Thr Arg Gu Thr Val Ser no Gu Val Lys GQu Val Val 325330335 Lys Pro
Lou Lou odal rhSetal Tdur 11eUciG ya1Jys tySvaleval@pe Bysrdd yed 040 . 340345350 Lys Thr
Cys Lys Ser Pro G% Arg Lys Ser B4fs G n Set Set3™ o Lys 355360365 Ay My
Ser Ser Ser Ala Set Ser Pro Pro Lys Lys flu Hs His H's

Ser Thr Leu Gly Glu Lys Ser Gly Lys Gly Leu Lys Thr Cys Lys Ser
355 360 365

Pro Gly Arg Lys Ser Lys Glu Ser Ser Pro Lys Gly Arg Ser Ser Ser
370 375 380

2Ala Ser Ser Pro Preo Lys Lys Glu His His His His His His His Ser
385 390 395 400

Glu Ser Pro Lys Ala Pro Val Pro Leu Leu Pro Pro Leu Pro Pro Pro
405 410 415

Fro Pro Glu Pro Glu Ser Ser Glu Asp Pro Thr Ser Pro Pro Glu Pro
420 425 430

Gln Asp Ieu Ser Ser Ser Val Cys Lys Glu Glu Lys Met Pro Arg Gly
435 440 445

Gly Ser Leu Glu Ser Asp Gly Cys Pro Lys Glu Pro Ala Lys Thr Gln
450 455 460 :

Pro Ala Val Ala Thr Ala Ala Thr Ala Ala Glu Lys Tyr Lys His Arg
465 470 475 480

Gly Glu Gly Glu Arg Lys Asp Ile Val Ser Ser Ser Met Pro Arg Pro
485 480 495

Asn, Arg Glu Glu Pro Val Asp Ser Arg Thr Pro Val Thr Glu Arg Val
500 505 510

Ser

<210> 53
<211> 502
<212> PRT

<213> Artificial Seguence

<220>

<223> fusion protein




370375380 His Hs His H's Set flu Ser Pro Lys Ala Pro Val Pro Lou Lou Pro
385390395400 Pro Lou Pro Pro Pro Pro Pro flu Pro Qu Ser Ser Qu Asp Pro
Thr 405410415 Set Pro Pro Qu Pro Gn Asp Lou Ser Set Ser Val Cys Lys Qu
G u 42042 t Pro Arg Ay Gy Set Lou Qu Set I%ﬁﬁ:l‘ Pro Lys
Gn 435443@‘2200%¥%5%ea Lys Thr G n Pgg,/Ala Val Ala Thr a %oﬁ/«%ﬁs Ala Al a
flu 450455460 Lys Tyr Lys Hs My Ay %Iu Gy flu Arg Lys Asp Ile Val Ser
Ser 465470475480 Ser Not Pro Mgy Pro Asn Arg Gu Gn Pro Val Asp Bar Arg Thr
Pro 485490495 Val Thr G u Arg VakasSerc.5f3.tM0O 2007/ 115578 25/ 25
K63999P&:®F233t xt <210> 54 <211> 11 <212> PAT <213> Artificial Sequence
<220> <223%1 PRk D vk 30§ UG tdi10N-J OB e AR My T &Y M Lys Lys My My
Gn M My 5 10 15

Met Val Ala Gly Met Leuw Gly Leu Arg Glu Glu Lys Ser Glu Asp Gln

20 25 30

Asp Leu Gln Gly Leu Lys Asp Lys Pro Leu Lys Fhe Lys Lys Val Lys
35 40 45

Lys Bsp Lys Lys Glu Glu Lys Glu Gly Lys His Glu Pro Val Gln Pro
50 55 60

Ser Ala His His Ser Ala Glu Pro Ala Glu Ala Gly Lys Ala Glu Thr
65 70 75 80

Ser Glu Gly Ser Gly Ser Ala Pro Als Val Pro Glu Ala Ser Ala Ser

Pro Lys Gln Arg Arg Ser Ile Ile Arg Asp Arg Gly Pro Met Tyr Asp
100 105 110

Asp Pro Thr Leu Pro Glu Gly Trp Thr Arg Lys Leu Lys Gln Arg Lys
115 120 125

Ser Gly Arg Ser Ala Gly Lys Tyr Asp Val Tyr Leu Ile Asn Pro Gln
130 135 140

Gly Lys Ala Phe Arg Ser Lys Val Glu Leu Ile Ala Tyr Pbe Giu Lys
145 150 155 160

Val Gly Asp Thr Ser Leu Asp Pro Asn Asp Phe Asp Phe Thr Val Thx
165 170 175

Gly Arg Gly Ser Pro Ser Arg Arg Glu Gln Lys Pro Pro lys Lys Pro
180 185 190

Lys Ser Pro Lys Ala Pro Gly Thr Gly Arg Gly Axg Gly Arg Pro Lys
185 200 205

Gly Ser Gly Thr Thr Arg Pro Lys Ala Ala Thr Ser Glu Gly Val Gln
210 215 220

Val Lys Arg Val Leu Glu Lys Ser Pro Gly Lys Leu Leu Val Lys Met
225 230 235 240

Pro Phe Glan Thr Ser Pro Gly Gly Lys Rla Glu Gly Gly Gly Ala Thr
245 250 255
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Thr Ser Thr Gln Val Met Val Ile Lys Arg Pro Gly Arg Lys Arg Lys
280 265 270

Ala Glu Ala Asp Pro Gln Ala Tle Pro Lys Lys Arg Gly Arg Lys Pro
275 280 285

Gly Ser Val Val Ala Ala Ala Ala Ala Glu Ala Lys Lys Lys Ala Val
290 295 300

Lys Glu Ser Ser Ile Arg Ser Val Gln Glu Thr Val Leu Pro Ile Lys
305 310 315 320

Lys Arg Lys Thr Arg Glu Thr Val Ser Ile Glu Val Lys Glu Val Val
325 330 - 335

Lys Pro Leu Leu Val Ser Thr Leu Gly Glu Lys Ser Gly Lys Gly Leu
.340 345 350

Lys Thr Cys Lys Ser Pro Gly Arg Lys Ser Lys Glu Ser Ser Pro Lys
385 360 365 :

Gly Arg Ser Ser Ser Ala Ser Ser Pro Pro Lys Lys Glu His His RHis
370 375 380

His His His His Ser Glu Ser Pro Lys Ala Pro Val Pro Leu Leu Pro
385 390 385 400

Pro Leu Pro Pro Fro Pro Pro Glu Pro Glu Ser Ser Glu Asp Pro Thr
405 410 415

Ser Pro Pro Glu Pro Gln Asp Leu Ser Ser Ber Val Cys Lys Glu Glu
420 425 430

Lys Met Pro Arg Gly Gly Ser Leu Glu Ser Asp Gly Cys Pro Lys Glu
435 440 445

Pro Ala Lys Thr Gln Pro Ala Val Ala Thr Ala Ala Thr Ala Ala Glu
450 455 460

Lys Tyr Lys His Arg Gly Glu Gly Glu Arg Lys Asp Ile Val Ser Ser
465 470 475 480

Ser Met Pro Arg Pro Asn Arg Glu Glu Pro Val Asp Ser Arg Thr Pro
485 490 495

Vval Thr Glu Arg Val Ser
500
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<210> 54
<21i> 11
<212> PRT
<213> BArtificial Sequence

<220>
<223>

<400>

protein transduction domain

54

Tyr Gly Arg Lys Lys Arg Arg Gln Arg Arg Arg
i 5 10
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