-1- DNA Constructs for Specific Inhibition of Gene Expression by RNA
Interference Description The invention relates to nmethods for the
production of vectors that, after their trans- fection into eukaryotic
cells, are suitable.for inhibiting in a targeted manner by - neans of RNA
interference the formation of one or seyeral proteins, and also to such
vectors. 5 One possibility shown recently of inhibiting gene expression is
based on the synthe- sis of doubl e-stranded RNA nol ecul es. |ndividual genes
can be switched off in a targeted manner very effectively and faster using
this double-strand RNA (dsRNA) than with any other nethod, w thout

di srupting the protein formation of nei ghbouring genes. The underlying
principle is ternmed RNA interference, called RNAI for short. 10 The dsRNA
sequence causing this phenonenon_ is _ternmed siRNA (snmall interfer- ence
RNA). The si RNA dglé %Stﬁ!"é%é‘?ﬁsﬁeﬁéf'ﬁé\li‘éb'm’ﬁﬂf PN FXPESRPIBULYswi t ches on a
mecha- nismof the cell, which pr FRT8RERt i on of MRNA nol ecul es read
off fromthe gene and thus prevents the formation of the correspondi ng
protein (post- 15 transcriptional gene silencing). This targeted
degradation of nmRNA is triggered by short siRNA nolecules with a |ength of
19 to 23 RNA bases, which are honol ogous to the target nmRNA whose
transcription into a protein is to be prevented. The si RNA nol ecul es
conbine with special endoribonucl eases _to forman RNA protein conplex of
the cell called "RISC' 20 (RNA-i ndul8cdptiihci ng conpl ex). As these

conpl exes are built up, the t st rands f RNA dissocjate, resulting in
so-cal | ed ad¥0yrEan Fé?‘% o Fpfitqdisdg e Rspeuatinn gf ¥‘?‘H9r5g}|‘ @?‘?raEﬁE"HF‘”?‘he
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conplenentary to the target ind to the latter and the endori bonucl e-
coe of 't he TRAGSRIGRSA EaRSTER. ot BHION o ihcT ReEEn PLoE PR @0 to

degr adat i orsugh vectors.

5  One possibility shown recently of inhibiting gene expression is based on the synthe-
sis of double-stranded RNA molecules. Individual genes can be switched off in a
targeted manner very effectively and faster using this double-strand RNA (dsRNA)
than with any other method, without disrupting the protein formation of neighbouring
genes. The underlying principle is termed RNA interference, calied RNAI for shori.

10  The dsRNA sequence causing this phenomenon is termed siRNA (small interfer-
ence RNA).

The siRNA does not prevent the gene from being read but switches on a mecha-
nism of the cell, which prevents production of mRNA molecules read off from the
gene and thus prevents the formation of the corresponding protein (post-

15 transcriptional gene silencing).

This targeted degradation of mRNA is triggered by short siRNA molecules with a
length of 19 to 23 RNA bases, which are homologous to the target mRNA whose
transcription into a protein is to be prevented. The siRNA molecules combine with
special endoribonucleases to form an RNA protein complex of the cell called *RISC”
20  (RNA-induced silencing complex). As these complexes are built up, the two strands
of RNA dissociate, resulting in so-called activated RISCs, which each contain a sin-

gle strand of the siRNA molecule. Activated RISCs containing the antisense strand




the nRNA. The si RNA can be created in the cell experinentally or it can be
transported in from 5 the outside. This is done using synthetically
produced si RNA nol ecul es, which can be admnistered both in vitro and in
vivo. However, this nethod has technical |imts. Alongside the general
instability of the synthetic siRNA in the nmediumand also in the cell,

i nhibition using synthetic siRNA is in principle possible only
tenmporarily, and many cells gf.g. neuronal cells) can be 10 transfected
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and the | er@® MRNoduction also represent disadvantages. The other nethod
is to create siRNA in the cell by neans of vectors. These are viral 15 or
pl asm d- based vectors that only lead to the formati on of the siF
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but 20 also have an el aborate production process. It is therefore
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resis- tant to antib{'cgticgls. The spread of resistance to antibiotics is a
serious prERPEHTEM HPVERRISS path woul d be irresponsible. -3-

The other method is to create siRNA in the cell by means of vectors. These are viral
15  or plasmid-based vectors that only lead to the formation of the siRNA sequences by
means of expression once they are in the cell. The advantages compared to trans-
fection with synthetic siRNA are the more stable and more regulated transcription of

the corresponding siRNA sequence.

However, the plasmid-based vectors not only exhibit a low transfection efficiency but
20 also have an elaborate production process. It is therefore necessary to select stable
clones. This process is often lengthy and can take weeks or even months, with the
frequent occurrence of numerous potential difficulties that are inherent to the cloning
experiments. For checking the product, sequencing procedures are necessary that

are also labour-intensive and costly.

25  Furthermore, plasmid-based vectors contain antibiotic-resistance genes, which are
necessary for their selection. For this reason, such vectors are not suitable for appli-
cation in living organisms. The possible recombination with ubiquitous bacteria oc-
curring in the organism harbours the risk of increasing occurrence of bacteria resis-
tant to antibiotics. The spread of resistance to antibiotics is a serious problem and

30  such a path would be irresponsible.




As viral vectors are capable of efficient and targeted transfection, they
of fer an ad- vantage conpared to synthetic si RNA nolecules and to

pl asm d- based vectors. However, there are reservations restricting the use
of .such viral vectors i.n therapeu- tic application. Here, too, the

reconbi nation of viral sequences with turally occur 5 ring viruses
represents an inherent safety risk, si nce the creation of new, pathogenic

hybrid viruses nust be feared. In addltlon g oducti on i s eI orate
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however the;j(%gnger that the transcripts differ signifi- cantly in relation

to their n®H¥kbr, processing, half-lives and translational efficiency 25
and therefore in the quantity of the protein expressed, with the result
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result in 4he U0SANR be' PAHPALBY Bhiy'dRE doRLEYAMTHhiIFRE Brobabiity decreases
15  exponentially with the number of constructs used. Often, however, for certain ap-
proaches in genetic therapy a controlled, simultanecus inhibition of gene expression

is reguired.

A large number of methods exist that enable the cotranscription of several RNA
molecules in a cell. The simplest method is the cotransfection of two independent
20  expression constructs (in the following also called vectors). Another method consists
of transfection with a vector carrying the two independent expression cassettes,

Such constructs can also be used for the synthesis of siIRNA molecules.

With both possibilities there is however the danger that the transcripts differ signifi-
cantly in relation to their number, processing, half-lives and translational efficiency

25  and therefore in the quantity of the protein expressed, with the result that their use is
| characterised by ineffectiveness and poor reproducibility. Therefore the use of such
expression systems would also lead to siRNA transcription of varying degrees,

which would ultimately result in the unequal inhibition of the relevant genes.




The construction of dicistronic and polycistronic RNA nolecules with the
use of | RES (internal ribosone entry site) elenents represents anot her
possibility for the coexpression of several genes. The latter allow the
initiation of the translation by ribosones .independently of the nmRNA cap
structure by sequence elenents. For the,5 first time |RES el ements have
been di scovered in the nRNA of the picornavirus (PeIIetier and Sonenberg
1988, Nature 334: 320-325, Jang et al., 1988, Journal rolog
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the use ofVilorEg & 2628 Ar e al so known (Zitvogel et al., 1994, Hum Gene
Ther 5: 1493- 1506, Fussenegger et al., 1998a, Nature Biotechnol. 16:

468- 472, M el ke et al. 000, Gene 254. 1-8). Ho er re are
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On the one hand, the desired genes can be cloned via various MCS 25 into a
pl asm d vector, and on the other, expression cassettes isolated from

pl asni ds Ccaodver ﬂ@mﬂétﬂ@l btm)strBNé dxbroseion cbeseftmsmohialamfra saibdtaidé starkei c
vectors (Tsang et
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of IRES elements are also known (Zitvogel et al., 1994, Hum Gene Ther 5: 1493-
1506, Fussenegger et al., 1998a, Nature Biotechnol. 16: 468-472, Mielke et al.,

2000, Gene 254. 1-8).

However, there are reservations restricting the use of viral IRES elements in thera-
20 peutic application. Here, too, the recombination of viral sequences with naturally
occurring viruses represents an inherent safety risk, since the creation of new,

pathogenic hybrid viruses must be feared.

Multicistronic vectors can also be constructed by linking transcription units without
IRES elements. On the one hand, the desired genes can be cloned via various MCS

25  into a plasmid vector, and on the other, expression casseties isolated from plasmids
can be connected by DNA linkers to form linear multicistronic vectors (Tsang et al.,
1997, Bio Techniqgues 22: 68).

However, investigations of the expression rates of linear cis-linked genes have
shown a strong negative influence on the franscription of expression cassettes ar-
30  ranged in this manner (Esperet et al., 2000, J Biol Chem 275: 25831-25839).




30 ranged in this manner (Esperet et al., 2000, J Biol Chem 275:
25831-25839). -5- Plasm d vectors for the expression of nmultiple genes
differ fromthe conventional plasnmd vectors in the nunber of cloned
transcription units. In this context pronoters or poly(A) sequences of
identical or different origin can be usgd for the transcription wunits. 5
The di sadvantage that arises fromthe use of differing pronoters is that
the promot- ers differ in their strength and therefore the expre55|on rat es
of the i ndiRkesmid]vegionedor tharexpeasgionyet muliele ganesfdifelram dae cppvabeedls can
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the current nultiple-coding vectors, in addition they exhibit the disadvan-
tages of this type of vector. The disadvantages of viral vectors, which
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Proba- bly the greatest problemin resolving this question is a |inker
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Therefore it would be desirable to have expression systems for siRNA that are also
in a position to inhibit the gene expression of several genes simultaneously. Proba-
bly the greatest problem in resolving this question is a linker connecting the se-
quences to create the siRNA molecules, which in each case ensures sufficient tran-

20  scription for inhibition of gene expression of these sequences.

One method for linking DNA fragments using DNA connecting elements is known
from the literature. Seeman describes DNA sequences for investigating naturally
occurring branched junctions, called Holliday junctions, which are postulated as
special topological forms of B-DNA under torsional stress (Seeman: 1982, J Theor
25  Biol 99: 237-247; Annu. Rev. Biophys. Biomol. Struct. 1998. 27: 225-248). To date
the application of these sfructures has remained limited to short oligonucleotide

pieces for the investigation of forms of DNA structure.

A polyfunctional connection is known from DE 100 48 417 A1, which describes the
conjugation of two reactive functional groups by means of a linker. Nucleic acids are

30 also mentioned as biological substances that can also be coupled in this manner;




A pol yfunctional connection is known from DE 100 48 417 Al, which describes
the conjugation of two reactive functional groups by neans of a |inker.
Nucl eic acids are 30 also nentioned as bi ol ogi cal substances that can al so
be coupled.in this manner; -6-. however the exanples show only the
applications of the invention for the gggjuga- tion of peptides. WO

01/ 87348 A2 descri bes anot her approach Tor transporting sev- eral genes
into cells for efficient expression. Nucleic acids are to_be |inked by
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i ndependent cl ai ns. erefore according to.the invention an expressi,on
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in which a gbteseSetHerd dodf cotRok ¥&d k0BG Rasuréglas heccbsdrdadhidaplolany itsel f
to forma doubl e-stranded re%i on so , that the Iat{er ex 20 hibits one end
with a cohd8f PERPGIHRIREESSARIAONTRYGBIBLPRIHRESt he i ndi vi dual  strands

form ng the double strand are connected to each other by a single-stranded
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This task is fuffilled by the features of the independent claims.

Therefore according to the invention an expression construct is envisaged that com-
prises a first terminal DNA hairpin loop, in which a single strand of deoxyribonucleo-
tides is folded back on itself to form a double-stranded region so that the latter ex-
20  hibits one end with a cohesive overhang and at the opposite end the individual
strands forming the double strand are connected to each other by a single-stranded
loop, a second terminal hairpin loop, which is constructed analogously to the first
terminal hairpin foop, and a T-shaped DNA structure with three double-stranded
DNA arms that are connected via Holliday junctions, whereby at least one arm con-
25  tains the sequences to be transcribed, and at the end that is opposite to the connec-
tion with the other arms the individual strands of this double-stranded DNA arm are
connected to each other by a single-stranded DNA loop, and the two other arms
exhibit cohesive ends, whereby one arm exhibits a suitable termination sequence

and the other arm a suitable promoter sequence.




tion with the other arnms the individual strands of this doubl e-stranded DNA
armare connected to each other by a single-stranded DNA | oop, and the two
other arns exhibit cohesive ends, whereby one armexhibits a suitable

term nati on sequence and the other arm a suitable pronoter sequence. -7-
The conponents nentioned are the essenteal parts of a construct according
to the invention. The invention also conprises expression constructs with
these conpo- nents whereby, however, the latter arise from other
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| i near DNA structures are connected in each case %\ﬁt aggd y a linker by

means of HINF MHAlPPEAERIIGIL00Ps deshriced geeve ip 4 t the

sequences to be transcribed encode identical or different genes Li nkers
are tobe ynder st 999 &% 0L aR0ULERL 48R, S sSRMNEELIAY BN PR SaRIO"
to be synthesised. The production of an siRNA in the presence of only one copy is
possible with this construct, since the sequences to be transcribed are read off and
transcribed by the RNA polymerase even beyond the single-stranded loop. This

would not be possible with a double-stranded plasmid.

20  For both expression constructs according to the invention it is envisaged that sev-
eral T-shaped or linear DNA structures are connected in each case at an end by a
linker by means of Holliday junctions. In this case it is envisaged that the sequences

to be transcribed encode identical or different genes.

Linkers are to be undersiood as oligonucleotides for connecting DNA expression
25 cassettes. A linker according to the invention consists of two or more strands, as
illustrated by the following example of a linker, formed from three oligonucleotides
that are linked with three expression cassettes to strands A, B and C that are con-
nected to one another: the 5'-end of A has a sequence complementary to the 3'-end
of B and forms a double strand, while the 3'-end of A pairs with the 5-end of C, and
30 finally the 5'-end of B pairs with the 3-end of C. This type of connection of DNA
double strands is also termed a Holliday junction (F.W. Stahl: Genetics. 1994




25 cassettes. A linker according to the invention consists of two or nore
strands, as illustrated by the follow ng exanple of a linker, fornmed from
three oligonucleotides that are linked with three expression cassettes to
strands A, B and C that are con- nected.to one another: the 5 -end of A has
a sequence conplenentary to the 3 -end_89f B and forns a doubl e strand,
while the 3'-end of A pairs with the 5-end of C, and 30 finally the 5 -end
of Bpairs with the 3'-end of C. This type of connection of DNA double
strands i s Qatdg8tar 2Ed0)a Whish| hagde jaQF@itﬂQﬁltr@#SV(P’YSiaéWﬁ”y PEHEINGTCOMAY 9, - 8-
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pur poses, fQr dedicol ogi- cal reasons. 5 The ol i godeoxynucl eotide sequences
used for the branching DNA junctions are se- |lected such that with
hybri di sation at the 5 -ends of the oligonucleotides (for exam ple) in
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si RNA nol egyb&siest®hedhdilignantmsd BhtheToh@eHEes are synthesised in equal
guantities. The nunber of genes whose protein expression is inhibited de-

pends on the nunber of T-shaped structures connected via the linker. It is
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the de%%r eqor X,-Bé&gr% ne gl&plh molecules, the different siRNA molecules are synthesised
in equal quantities. The number of genes whose protein expression is inhibited de-

pends on the number of T-shaped structures connected via the linker.

It is an advantage that in an alternative embodiment of the expression construct
according to the invention the cohesive ends of individual components are selected
20 to be specific and distinct from one anocther for targeted connections with other
components. This allows the targeted construction of the desired expression con-

struct.

A DNA expression construct that contains the sequences for synthesising one or

more siRNA molecules can transfect cells in a targeted manner.

25 Transfection is to be understood as the introduction of nucleic acid sequences into
the cell using biological, chemical or physical methods, the consequence of which is
lasting or temporary expression of catalytic RNA transcripts encoded by these se-

quences in the transfected cell.




struct. A DNA expression construct that contains the sequences for

synt hesi sing one or nore si RNA nol ecul es can transfect cells in a targeted
manner. 25 Transfection is to be understood as the introduction of nucleic
acid sequences. into. the cell using biological, chemcal .or physical

met hods, the consequence of which is |lasting or tenporary expression of
catalytic RNA transcripts encoded by these se- quences in the transfected
cell. -9- In a further devel opnent the expression constructs according to
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production net hods for expression constructs that after 5 their

transfecti G#PiEo eukaryotic cells inhibit the formation of defined
proteins in a targeted manner by neans of RNA interference. A nethod is
envi saged for |inear expression constructs, bheginning in netho t a)
with the mmerigveeﬂtloaawe@&%p@r%chﬂragﬂqmdéﬁorc%ﬁf%Sﬁ@ (ﬁ’n§ﬁr%ﬁ‘§?a§%py, 19
to 23 Basqpeil @BBsfefondinBraskapRIaRES iribii the foRNAIoREfCRTRES HRIIERE in Sequence
and a ter 10 m nation signal for Bolyrrerases and is closed at one end

RNA
by a sequerfe@elcggpaniai Ry meang of gNAINGHEEECE ong, which is sel ected such that
opposite bases are never conplenentary to one another and the flanking DNA
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15 its atits end short protruding ends of single-stranded DNA, in method step b) and in
method step ¢} a promoter with short protruding ends of single-stranded DNA,
whereby the single-stranded 5'-end of the promoter can pair with the hairpin-shaped
oligodeoxynucleotide or the 10 to 1000 base long double strand and the single-
stranded 3'-end of the promoter is complementary to the single-stranded 5'-end of

20  the DNA double strand described under a), with following ligation of the DNA frag-
ments in method step d) and final purification of the vectors synthesised, in the last

method step e).

The method according to the invention may optionally be designed for the synthesis
of linear expression constructs such that before addition of the hairpin-shaped oli-
25  godeoxynucleotide in method step ¢) a 10 to 1000 (= n) base long DNA double
strand of a non-coding sequence with short protruding ends of single-stranded DNA
is added, whereby the single-stranded 3'-end can pair with the single-stranded 5'-
end of the promoter and the single-stranded 5'-end is complementary to the single-

stranded 3'-end of the hairpin-shaped oligodeoxynucleotide.

30  For the synthesis of T-shaped expression constructs that after their transfection into
eukaryotic cells inhibit the formation of defined proteins in a targeted manner by

means of RNA interference, a method is envisaged beginning in method step a) with



nmet hod step e). The nethod according to the invention may optionally be
designed for the synthesis of |inear expression constructs such that
before addition of the hairpin-shaped oli- 25 godeoxynucleotide in nethod
step.c) a 10 to 1000 (= n) base l.ong DNA doubl e strand-of a non-coding
sequence with short protrudi ng ends of %;ngle stranded DNA is added,

wher eby the single-stranded 3'-end can pair with the single-stranded 5' -
end of the pronmoter and the S|qﬁle stranded 5 -end s co enentary to the
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a hai r pi n- odeoxynucleotl e, which at its end exhibits short

shaped ol i
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the T-shaped DN double strand followed by ligation of the DNA fragmenis in

method step e), whereby the construct can also be synthesised without the 10 to

1000 base long DNA double strand, and final purification of the synthesised vectors

20  in the final method step f).

According to the invention this production method includes after method step ¢) the
addition of a 10 fo 1000 base (= n) iong DNA double strand of a non-coding se-
quence with short protruding ends of single-stranded DNA, whereby the single-
stranded 3'-end can pair with the single-stranded 5-end of the promoter and the
25  single-stranded 5'-end complementary to the single-stranded 3'-end of the hairpin-
shaped oligodeoxynucleotide from method step b) is added and/or the addition of a
10 to 1000 base (= n) long DNA double strand of a non-coding sequence with short
protruding ends of single-stranded DNA, whereby the single-stranded 5'-end can
pair with the single-stranded 3'-end of the T-shaped DNA double strand and the sin-
30 gle-stranded 3'-end is complementary to the single-stranded 5'-end of the hairpin-

shaped oligodeoxynucleotide from method step c).

In a preferred embhodiment a method is envisaged in which the promoter is part of a

bacterially amplifiable plasmid, which is excised before the mixing of the compo-




met hod step e), whereby the construct can al so be synthesised w thout the
10 to 1000 base | ong DNA double strand, and final purification of the
synt hesi sed vectors 20 in the final nmethod step f). According to the
invention this producti.on nethod includes after nmethod step c) the
addition of a 10 to 1000 base (= n) |ang DNA double strand of a non-coding
se- quence with short protruding ends of S|ngle stranded DNA wher eby t he
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nmet hod step b) is added and/or the addition of a 10 to 1000 base (= n)

| ong DNA ddteiieedst r and of a non-codi ng sequence with short protruding ends
of single-stranded DNA, whereby the single-stranded 5 -end can pai r with
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transf ect eci>romb1tehahdne1ee'§31( po®iodr. constructs according to the invention.
However they can also, for exanple, be of viral, bacterial or parasitic
origin or fromspecies other than the target species. The pronoters
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i nventi on tdfite relstriztipn enddrerciaase mtedvvfam the promoter was excised from the plas-

15 mid.

In one embodiment, digestion of the reaction mixture is carried out before the final
purification step, using an exonuclease that is exclusively specific for 3' DNA ends
or 5" DNA ends.

In the method according to the invention the DNA double strand that is added at the
20  beginning of the mixing may result from the annealing of a partially self-
complementary oligodeoxynucleotide or from two complementary oligodeoxynucleo-
tides. The annealing may also take place in the reaction mixture itself, so at the be-
ginning of the method according to the invention only single-stranded complemen-

tary oligodeoxynucleotides are added.

25 In a preferred embodiment the sequence of the oligodeoxynucleotides is selected
such that the resulting hairpins exhibit in their double-stranded region the recogni-

tion sequence for a restriction endonuclease.




part of a bacterially anplifiable plasmd, the ligation step takes place in
the presence of the restriction endonucl ease wth which the pronoter was
excised fromthe plas- 15 md. In one enbodi nent, digestion of the reaction
m xture is carried out.before the final purification . step, using an :
exonucl ease that is exclusively specifig for 3' DNA ends or 5 DNA ends.
In the nethod according to the invention the DNA double strand that is
added at the 20 begjnning of the mxing my result fromthe annealing of a
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the reaction mxture itself, so at the be- ginning of the nmethod according

to the i nvethOr&s s onl y singl e-stranded conpl enen- tary oligodeoxynucl eoti des
are added. 25 In a preferred enbodi ment the sequence of the
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the group Qhemism.jolmerrestrr C- t| on endonucl eases, preferably fromthe
group Bbsl, Bbvl, Bbvll, Bpil; Bpll, Bsal, BsmAl, BsnBl, BsnFl, BspM,
Eanl1041, Earl, Eco311, Esp3l, Fokl, Hgal, SfaNl or their isoschizoners.
10 The 10nv driel ioverdibs alsbetlateazo tamrta‘okéarryir@rom ahrer ryrien@dcmborﬁrmg togtdhinden-
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polymerases, of gelesled STRL A8 9PSaitligl S8hnindts MetE PP thedRm of an
enzyme mix. In addition, depending on the embodiment the kit may also contain
15 means for carrying out the enzymatic reactions and means for purification of the
vectors produced. The promoter may be contained in the kit as part of a plasmid

from which it can be excised using a suitable restriction endonuclease.

Furthermore a kit is envisaged that allows the synthesis of the multiple RNAI ex-
pression constructs, which contain the T-shaped structure described. In addition to
20 the components already mentioned, the kit also contains a T-shaped structure info
whose double-siranded arm with the sequence to be transcribed the desired se-

quence can be inserted.

It a linker with Holliday junctions is used, the expression constructs according to the
invention for targeted inhibition of gene expression by means of RNA interference
25  are suitable for inhibiting the expression of more than one gene. Owing to the spe-
cial structure of the constructs according to the invention, the sequences fo be {ran-
scribed for forming the siRNA are read off to the same extent by the RNA poly-

merase.




enzyme m x. |In addition, depending on the enbodinent the kit nmay al so
contain 15 neans for carrying out the enzymatic reactions and neans for
purification of the vectors produced. The pronoter may be contained in the
kit as part of a plasm.d fromwhich it can be excised using a suitable
restriction endonuclease. Furthernore aXit is envisaged that allows the
synthesis of the nultiple RNAI ex- pression constructs, which contain the
T-shaped structure describ addi tion 20 t onen al ready
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dendrinmer containing nucleic acids. In addition, the nethod described for
constr lfgt " The invention also relates to a drug, preferably a vaccine, which contains one of the
expression constructs according to the invention. Such drugs can be applied in hu-
mans and animals locally and systemically, and are suitable for the treatment of
infections, for example infections with herpes viruses, papilloma viruses and lenti-
viruses, for the treatment of metabolic disorders, such as for example Parkinson’s
20 disease and cystic fibrosis, for the treatment of cardiovascular diseases, for the
treatment of cancers, such as for example carcinomas, melanomas and sarcomas,
for the treatment of additional diseases, such as for example age-related macula
degeneration, and for treatment after inflammations, injuries or surgical procedures,

which for example can affect the spinal cord, the brain and other organs.

25  Further advantagecus measures are described in the other dependent claims; the
invention is described in more detail using examples of embodiments and the follow-
ing Figures; they show the following:

Fig. 1 Components of the linear siRNA vectors

Fig. 2 Components of the T-shaped siRNA vectors




ing dendriners is an el aborate production process consisting of several
stages. 15 The invention also relates to a drug, preferably a vaccine,

whi ch contains one of the expression constructs according to the
invention. Such drugs. can be applied in hu- mans and animals locally and
system cally, and are suitable for the yreatnent of infections, for

exanpl e infections with herpes viruses, papillom viruses and lenti -
viruses, for the treatnent of tabolic disorders, su for exanpl e
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cardi ovascul ar di seases, for the treatnent of cancers, such as for exanple
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follow ing Figures; they show the followi ng: Fig. I Conponents of the
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results of the conparison of TiehiweotionswitNayrikplieBbAo(CIHEZRA), which

(T-si RNA-CDC2) according to the el | R Lé?g{%%h?%%de% RNA (CDC2- RNA),

which contains the identical target sequence shows t he
conponents of the linear siRNA vectors A: Si RNA sequence to be used in the
met hod, honol ogous to the target nRNA The sequence consists of a sense or
anti sense region (target), a se- quence loop 8 to 12 bases long, and a
reverse conplenmentary termnation

10  Fig. 1: shows the componentis of the linear siRNA vectors

A: SiRNA sequence to be used in the methced, homologous to the target
mRNA. The sequence consists of a sense or antisense region (target), a se-
quence loop 8 o 12 bases long, and a reverse complementary termination
sequence. The siRNA sequence may consist of individualt ODN fragments,
15 which must be annealed, ligated and if applicable phosphorylated with the
aid of the enzyme mix; it may alsc already be present as a complete ODN

fragment.

Further, the components that are ligated to the ODN fragment by the enzyme
ligase. These components are the promoter sequence with corresponding
20 compiementary overhangs and a hairpin-shaped oligodinucleotide whose
own complementary and unique overhang of four bases in each case leads
to a covalently closed linear vector arising, which consists of promoter, {arget
sequence and termination sequence and which has closed hairpin-shaped

ends.

25 Between the promoter and the terminal oligonucleotide, a 10 to 1000 base
(= n) long DNA double strand of a non-coding sequence with short protrud-

ing ends of single-stranded DNA may be used.




sequence. The si RNA sequence may consi st of individual ODN fragnents, 15
whi ch nust be annealed, |ligated and if applicable phosphorylated wth the
aid of the enzyne mx; it may al so al ready be present as a conplete CDN
fragnment. Further, the conponents that are ligated to the ODN fragnment by
the enzyne |igase. These conponents qq%_the pronoter sequence wth
corresponding 20 conplenentary over hangs and a hai r pi n- shaped

ol i godi nucl eoti de whose own conpl enentary and uni que over hang of four bases
in each case | eddingl produchieare rltﬂ?”éfleﬁg%ti | inear vector arising, which
consists of pronoter, target sequence and term nation sequence and which

has cl osed haifpin-shaped ends. 25 Betweep . ronoter and the term nal
ol i gonucl edt'® ',Sha""igwf)%?ni n%a&fihe EES“H?GCP%EBI%%&%UN e strand of a

non- codi ng sequence with short protrud- ing ends of single-stranded DNA may
be used. -15- B:, FL. roduct ready for transfection Fig. 2:.shows .the
conponent s of t H¥ $@%E@%e§°ﬁr\‘ﬁe%§?%cf? E,Qe @iebﬂi b%@ﬁgﬁglés ?00 trbee%lﬂgeé[d in

t he met hod, honwhREAUShd seduzdct avgsists offRNAnsEl beardidgusnegictojsgst),sa o8- a
sense oL antisense regio tar.get a se- uence | oop 8 1 ases | ong,
2nd s L8 i nat i Gontdancdo HigSet ladk 387 g T ERE Sortet TR FRNIERET qual
Or?N fL agrant Sa whieade Magtconeistomiadivieddal ODNgedgaekras) dvhith et be abhealed,
phosphoryl ated with the aid of the en | Xio i | so _al ready . be
present as a conffiEfe aPP'éCGH&n'?hO }%Waﬁ{ﬂ Wﬁgrt%'e tai?ggfc@'ﬁp%rﬁéﬁ‘tesm{xh t are
ligated to the @Ry disagirendy beypresent ad@ congyete ADNyaagmeithese conponents are
t he pronoter sequence wth corre- sponding conpl enentary overhangs and

hai r pi n- shaped ol i godi nucl eoti des whose own conpl enentary and uni que
over hangs of fol/Cb&sdgkern theeawhporeadetiatade tigated dotrel ©PN fraghestery thect or

P ol P ot oD A3 B HeRE M poneRRRE the PorbieR SRS SwilrPEhrin
sponding complementary overhangs and hairpin-shaped oligodinucleotides
whose own complementary and unique overhangs of four bases in each
case lead to a covalently closed vector arising, which consists of promoter,
sense loop or antisense loop and termination sequence and which has

15 closed hairpin-shaped ends.

Between the promoter and the terminal oligonucleotide, and between the
termination sequence and the terminal oligonucleotide, a 10 to 1000 base
(= n) long DNA doubie strand of a non-coding sequence with short protrud-
ing ends of single-stranded DNA may be used.

20 D: Final product ready for transfection
Fig. 3: shows the components of the T-shaped multi-siRNA vectors (di-construct)

A/B/CID: SiRNA sequences to be used in the method, homologous to the
target mRNA. The two sequences consist of a sense or antisense region
(target A, target B), a sequence loop 8 to 12 bases long, and a termination
25 sequence. The siRNA sequences may consist of individual ODN fragments,
which must be annealed, figated and if applicable phosphorylated with the
aid of the enzyme mix; they may also already be present as a complete ODN
fragment. Further, the components that are ligated fo the ODN fragment by




15 cl osed hairpi n-shaped ends. Between the pronoter and the term nal

ol i gonucl eoti de, and between the term nation sequence and the term nal

ol i gonucl eotide, a 10 to 1000 base (= n) long DNA double strand of a
..non-codi ng sequence with short protrud- ing ends of single-stranded DNA may
be used. 20 D: Final product ready for_ {gansfection Fig. 3: shows the
conponents of the T-shaped nulti-si RNA vectors (di-construct) A/ B/ C/D:

Si RNA sequences Eo be us d in Lhe met hod, hom)ho ous to the target nmRNA
The two sequencé e@Bﬁ%’F% e hesmsampenenti Predne ProBRiEhRSAUENSE YAID CR™ t ar get

B), a sequence |r@9{$br&zﬁgocérﬂplb&ﬁaﬂ%rj/ Qﬂgrhaaggl a DRANEAAId @fard IpRauese. The
si RNA sequences may. consi st of .indivjdual fra‘gjrwlts whi ch nmust be

anneal ed, |i gat d@RREhEPeqRlierdnrectirssphess Pup PRePiRY 28§ dinue; he

enzyme mix; t heyovaRangh $Pfoat bassdyin Rackh Eeserbd wa@o@@émiyaﬂ@e@wctoféﬁgwent
Furt her, the conponents that are Ilglatedtothe f ragnment -16- the

enzyme Pi gase. SHNIED, APIGHER 05 PEANEOIEh SePSR IROPS %@ﬁﬂéﬁ?c'@o%aﬂ“ﬂ tgr(gr,una-

respondi ng comlt@ﬁ%@gaéﬁee@t@rm;sas dosdW¥hAipimapstileand | i nker, and
hai r pi n- shaped ol i godi nucl eoti des, whose own conplenentary and uni que

over hangs of fo base n each ca |l ead to a coval ent cl osed vector
e ame o it etie i Bropiay S ey o B O B e AT NEER B8 155 and

tﬁrm' ha- tion sgfaﬁﬁn@;@qmewlnuqﬂie tmsmall @@@duaa@tgw an@hamﬂ @286 Detvi@hvneen
the pronmoter and, the terninal ol t erm - nation
sequence and théh‘?@?}fﬁrﬁﬁgt'&? Pr(j’ g@ 3bb§ﬁ85%§ '\é\@ g@e&%@%\ﬂ?ﬁ% t he
| i nker 1@and t he pfeMYnedodiry éléﬂlubﬂcelﬁmsmsgro(rudnﬁ@ ehos of Shfledarublial BNAand 10
of a non-codi ng sequence With short protruding ends of single-stranded DNA

may be used. E TBPHBF Upbduct ready for transfection Fig. 4: shows the
conponents of the T-shaped mul ti-si RNA vectors (tri-construct) AB/ CDE

Si RNA sequences éq:lna(? prod%ct r'egd;[/ Por transtjcﬁ'actldn homol ogous to the

Fig. 4: shows the components of the T-shaped multi-siRNA vectors (tri-construct)

A/BICIDIE: SIRNA sequences to be used in the method, homologous to the
15 target mRNA. The three sequences consist of a sense or antisense region
(target A, target B), a sequence loop 8 o 12 bases long, and a fermination
sequence. The siRNA sequences may consist of individual ODN fragments,
which must be annealed, ligated and if applicable phosphorylated with the
aid of the enzyme mix; they may also already be present as a complete ODN
20 fragment. Further, the compcnents that are ligated to the ODN fragment by
the enzyme ligase. These components are the promoter sequence with cor-
responding complementary overhangs, a DNA double strand linker and hair-
pin-shaped oligodinucleotides, whose own complementary and unique over-
hangs of four bases in each case lead to a covalently closed vector arising,
25 which consists of promoter, sense loop or antisense loop and termination

sequence and which has closed hairpin-shaped ends.

Between the promoter and the terminal oligonucleotide, between the termi-
nation sequence and the terminal oligonucleotide, and in each case between
the linker and the promoter, a 10 to 1000 base (= n) long DNA double strand




15 target nRNA. The three sequences consist of a sense or antisense region
(target A, target B), a sequence loop 8 to 12 bases long, and a term nation
sequence. The si RNA sequences may consi st of individual ODN fragnents,
whi.ch nust be anneal ed,. ligated and if applicabl e phosphorylated with the
aid of the enzyme mx; they may al so alyeady be present as a conplete ODN
20 fragnent. Further, the conponents that are |igated to the ODN fragnent
by the enzyne |igase. These conponents are the pronoter sequence wth cor-
respondi ng conpl SREAEAAING RGANEAR Wit SERPREUEING <8d? sheingierkardethdNAai r -

pi n-shaped ol i gogdhyweliesd.i des, whose own conpl ementary and uni que over -
hangs of four bases in each case lead to a covalently closed vector

arising, 25 which consists of pronoter, sense |oop or antisense |oop and
termnation sequenespaotiicweaghidnaansteoomd hai r pi n-shaped ends. Between the
pronoter and the term nal oligonucleotide, between the term- nation
sequence and the term nal oligonucleotide, and in each case between the

| i nker and Rige5:mhows taedstaiedli@piiceertOid didise tapgetreeqlienmeg 1BHA ofithebl-ehsdeiand
-17- of La non-co?ing sequence with short protrudi ng ends of single-stranded
DNA na? bEUELHFSF Fi nal product ready -for transfection Fig. 5 shows a

AL LU O T R S
T-shaped si RNA expioeEERNA-CBEC2Dacdofding RNAeGDERjiomsomnthang with syre i nventi on
5, corarec it haklh b 0 B e R DabDEd 257152k o
after trans- 10 fection of HeLa cells. The follow ng were used: T-shaped
cont ai ns & Cocz G SRNATRGEE Doflo RGP PR AR Wl o "
sequend@; and urectioneditted.aceElls.sTheTlodowiay wesse vepdesempadesRNAalegs prdrat wer e
calcul ated f FOMyuced using the method according to the invention, which contains a CDC2

target sequence; synthetic RNA of the same CDC2 target sequence; and un-

treated cells. The values represent mean values that were calculated from

multiple determinations. With the unifreated cells suppression of the CDC2

15 mMRNA was not chserved, as expected. By contrast, the cells treated with the
T-shaped siRNA vector and the synthetic RNA demonstrated a significantly
smaller quantity of CDC2 mRNA. This is reduced by up to 96.7% in compari-

son to the positive control (untreated cells).

20  Fig. 7: shows the results of an experiment in which the T-shaped siRNA expression
vector (T-siRNA-CDCZ2) according to the invention is compared with syn-
thetic RNA (CDC2-RNA) that contains the identical target sequences.

CDC2 protein was determined by a Western blot after transfection of Hela
cells. The following were used: T-shaped siRNA vector produced using the
25 method according to the invention, which contains a CDC2 target sequence;
synthetic RNA of the same CDC2 target sequence; and unfreated cells. B-
fubulin was used as an internal standard. With the untreated cells (band 4)
the suppression of the CDC2 mRNA was not observed, as expected. By con-
trast, the cells freated with the T-shaped siRNA construct (band 2) and the




mul tiple determnations. Wth the untreated cells suppression of the CDC2
15 nRNA was not observed, as expected. By contrast, the cells treated with
the T-shaped si RNA vector and the synthetic RNA denonstrated a

- significantly .. smaller quantity.-of CDC2 nRNA. This is reduced by up to :
96.7% in conpari- son to the positive cgntrol (untreated cells). 20 Fig. 7:
shows the results of an experinent in which the T-shaped si RNA expression

vector (T-si RNA- X rdin o,the inventiaon s conmpared with syn-
Uhet te Fa (COCIRRC SR GOy 2 riervenstPling: samtcasiy ot ety Hene
protein was det egDCPpfbidi. a Western blot after transfection of HeLa cells.
The followi ng were used: T-shaped si RNA vector produced using the 25

nmet hod according to the invention, which contains a CDC2 target sequence;
synt heti c RNA ofTHehmippassRioGfYeha kgpriession be nice T-shaded siRNZat@diaelslisat (3- |
tubulin was used as an,interpal st ard. Wth the untreated cell band 4)
he suppr ess on 1S e B frgen TR 5P assion riatpr ki UERRUES aesotion.
trast, ®the cel |l sotdieptednavidventidre isT comppaties WiNAhe afletisustt syritlestid RNAand t he
-18- synthetic RNA bfamd j%" denonst r at gd a signifi can.tlx snmal | gr uantity
of CDC2 protei AREILFSPESLPRITSTP" QLHENRRFTIESIPYLF 1ByNE fRI'e0 ﬁ%(%&& si RNA
constructs that 94vweidesqss ochutie tdransfettions. " sSi RNA expressi on vector kit" using
the nethod ac- 5 cording to the invention is conparable with the effects of
synthetic RNA transfections. The suppression of gene expression is in the
regi on between 94 and 96%in both transfections. Exanple 1: Production of
T- shaped si RNA vector for suppressing CDC2 expres- 10 sion The vector
coding for the si RNA of the CDC2 was obtained as follows: The two CDN
fragnent s flenDRCY wéitredustian of Trshwapad siRNAvedoCoasdpriassiad €0/ expstow

coolingg I'n this man the foll ow ng sequence codi ng for CDC2 was
obt ai ned: Seq. | D1: CAGCTCGITACTCTCTC

The vector coding for the siRNA of the CDC2 was obtained as follows:

The two ODN fragments for CDC2 were heated for 3 min at 90°C and annealed by

slow cooling. In this manner the following sequence coding for CDC2 was obtained:

Seq. ID 1: TGGGGETCAGCTCGTTACTCTCTC

15  Here the 19 bases form the sense strand, while the foliowing four bases (underlined)

form the beginning of the loop sequence.

Phosphorylation by PN kinase then followed. To obtain 10 micrograms of end prod-

uct, 3.9 micrograms of CDC2 were used. Following addition of 5.2 micrograms of H1

promoters (seq. ID 2) and the 5-phosphorylated hairpin-shaped oligodeoxynucleo-
20 tides (seq. ID 3 and 4):

Seq. D 2: ATATTTGCAT GTCGCTATGT GTTCTGGGAA ATCACCATAA
ACGTGAAATG TCTTTGGATT TGGGAATCTT ATAAGTTCTGT
ATGAGAGCAC AGATAGGG

Seq. ID 3: 5-PH-GGG AAA GCT TAG TTT TCT AAG CTT-3' (1.3 micrograms)
25 and

Seq. ID 4: 5'-PH-GTT GGA ATT CAG TTT TCT GAA TTC-3'{1.3 micrograms),




15 Here the 19 bases formthe sense strand, while the follow ng four bases
(underlined) formthe beginning of the | oop sequence. Phosphoryl ation by
PN ki nase then followed. To obtain 10 m crograns of end prod- uct, 3.9

m crogr.ans. of .CDC2 were.used. Follow ng addition of 5.2 mcrograns of HIl.
pronoters (seq. ID 2) and the 5 phoqu@rylated hai r pi n- shaped

ol i godeoxynucl eo- 20 tides (seq. ID 3 and 4): Seq. |ID 2: ATATTTGCAT

GICGCTATGT GI'T ATCACCAT GAAAT TTGEAT TCT
ATAAGTTCTGF“SJ&%%@.%“ Et%%%%grh B‘esa’gﬁg%ﬁ @A -I_T'F‘?T TCT
?AC\'IC'; CGLX 3' rééultﬁwgfﬁnﬁdttﬁ@bﬁﬁﬁ&lezc%@td@ﬁ&hsﬁ%ﬁted 'Ditlgthé%nzﬁfﬂe@ﬁTDm&%oﬁFﬂ'erﬁé@l TTTt .
m cr.ogr amns ndi vi dua nt s re ligate
i th t he  ardedinel BOUHs Yo BiareRriga SEARE. Wee Strad B R Bt nuct e o
aci ds was u@@@p@pamgwgshﬂ@quamﬁgﬁﬁﬁmDNA pol ymerase. The final product,
t he vector expressing si RNALuc, was purified by colum chroma- tography and
was ready for transfection. 51 Cains 5 1. DNA expression construct for
the targeted inhibition of gene expression by mneans of RNA interference,
consisting of the follow ng conponents: a) a first term nal DNA hairpin
| oop, in which one single strand of deoxy- ribonucleotides is fol ded back
on itself to forma double-stranded re- gion so that the latter exhibits a
cohesive overhang at one end and a 10 single-stranded | oop at the opposite
end, b) a second termnal hairpin |oop that is constructed anal ogously to
the first termnal hairpin |oop, c) at |east one T-shaped DNA structure
W th three doubl e-stranded DNA




arns that are linked via Holliday junctions to each other, whereby 15 i.
one arm contains the sequences to be transcribed and the in- dividual
strands of this DNA double-stranded armare linked to one another at the

- end that-is opposite - to the junction with the other arns by a

- singl e-stranded DNA | oop, and ii. the tyw other arns exhibit cohesive ends,
wher eby one arm 20 exhibits a suitable term nation sequence and the other
arma suitable pronoter sequence. 2. DNA expression construct for the
targeted inhibition of gene expression by neans of RNA interference,
consisting of the follow ng conponents: a) a first term nal DNA hairpin

| oop, in which one single strand of deoxy- 25 ribonucleotides is folded
back on itself to forma double-straqﬁpd Le- gion so that the latter
exhibits one end with a cohesive over and -2- at the opposite end the

i ndi vi dual strands formng the double strand are linked to each other by a

si ngl e- st randed a S ] i ol .S .. tructed
anal ogoésl y tg' t%‘gg%ﬁ?@g’%lg? ec?;ﬁ]&ﬂ%ttfcﬁ';tﬁ%B%Jﬁeféooléﬁlgﬁah%ﬁ%seég%%aﬂgﬁ%@@{ﬁ S’anded
and singl e- 5 stmearded RNAginemferacascaisisting phibe Salpuencenmmnieetst r anscr i bed,
c) a suitable pronoter sequence and a suitable reverse conplenentary

term nati on sequence, which are located in a DNA double strand be- tween
the two terminal hal rgiimt feovipsl R4 dwirpisdoemdewhigh candingle standDfideexypr essi on

construct according t i . i =l C - shaped
DNA st ruct i s ar 6-cdReanedidts WRAE GhorbriRiEh G36R, AT ERL s
junctions. 4. DNA exmiesst that tensttenaxhibite coratieniye tvertieay at one andped A

several gl i near DNA S‘%H%tg%rﬁds%d%l@ %Qﬁ'%ﬁ&ﬁc?s‘i{eieﬂdeaCh case at one end by a

| i nker via Holliday expressi on construct according to
at | east one of the preceding clains,

b) a second terminal hairpin loop that is constructed analogously to the

first terminal hairpin loop,

c) atleast one T-shaped DNA structure with three double-stranded DNA
arms that are linked via Holliday junctions to each other, whereby

15 i. one arm contains the sequences fo he transcribed and the in-
dividual strands of this DNA double-stranded arm are linked to
one another at the end that is opposite to the junction with the
other arms by a single-stranded DNA loop, and

ii. the two other arms exhibit cohesive ends, whereby one arm
20 exhibits a suitable fermination sequence and the other arm a

suitable promoter sequence.

2. DNA expression construct for the targeted inhibition of gene expression by

means of RNA interference, consisting of the following components:

a) a first terminal DNA hairpin loop, in which one single strand of deoxy-
25 ribonucleotides is folded back on itself to form a double-stranded re-

gion so that the latter exhibits one end with a cohesive overhang and




wherein the cohesive ends of individual conponents for the targeted |inkage
Wi th other conponents are selected to be specific and distinct. 6. DNA
expression construct for targeted inhibition of expression of one or sev-
eral genes according to at.least one of the clains 1 to 4, wherein the se-
20 quences to be transcribed code for identical or different genes. 7. DNA
expression construct for targeted inhibition of expression of one or sev-

eral genes according tq at |east o of the clai 1 to 4, ei,n the
T ot eos 't on agai oy 65 oePEREerTe dudv A SHEndR VR, NG S o
short sin- gle-strandgd linkeg ©reaeh otHar 8¢ atshdid-glidnddeaeapiucl eot i des, whi ch
links the two 25 strands of the |inear double-stranded region to each

ot her covalently. 8. DNA expression construct for targeted inhibition of
expressi on of one b sescondrtaimigsnesrpmdoos tHat@s tansaticted anhlogossipto thee

claine 1 to 4, wherein the latter .is -3- attached cqvalently in the short
ol e st 1 andad eqr ditst B! bEhabYap B hASH Hel Shtiad ahd diltfe-
car bohydrat es, anti badiaegedregidraroongist ofdhe Majuende totse frivescaiyed, hesi s of
vectors that after their transfection into eukaryotic <cells inhibit in a

targeted manner the formation of defined proteins by neans 5 of RNA
i nterference, charaptesiitbl rpmble seqli¢rwal argl arstitabie svess:coajplementay of a

e oaouenes” a1 Db AR AuBade oo 185%ed BRIDNSHAIRN Srafily. O

gene sequence or its reverse C enent ar uence an on
signal for RNA pol ynewasethe tendeinsnallhagpid logts deseritesudurioer apai@i bjo 12 base

| ong sequence | oop, which is selected 10 such that opposite bases are never
conplementary to each other and the flanking DNA single strands are |inked
t o ‘each ot her 3t PN ErpressiDNAcdglst @cerrdiagdo adinch véeneibiin sagh cats seit-her end

a shortprotruding T%?LW% )‘%Hﬁ(‘gﬁ%@%’m Whihrib dﬁsoﬁgire[nﬁid%'sagﬁ}%ﬁ% olli-

ol i godeoxynucl eot i de, Its at 1ts en protrudi ng ends
of singl e-strand&d jWNtionsand c) a pronoter with short protrudi ng ends of
si ngl e-stranded DNA,

4. DNA expression construct according to claim 2, wherein several linear DNA
structures are connected in each case at one end by a linker via Holliday

junctions.

15 5. DNA expression construct according {o af least one of the preceding claims,
wherein the cohesive ends of individual components for the targeted linkage

with other components are selected to be specific and distinct.

6. DNA expression construct for targeted inhibition of expression of one or sev-
eral genes according to at least one of the claims 1 to 4, wherein the se-

20 quences 1o be transcribed code for identical or different genes.

7. DNA expression construct for targeted inhibition of expression of one or sev-
eral genes according to at least one of the claims 1 to 4, wherein the protec-
tion against exonuclease degradation is achieved by means of a short sin-
gle-stranded region of three to eight deoxynucleotides, which links the two

25 strands of the linear double-stranded region to each other covalently.

8. DNA expression construct for targeted inhibition of expression of one or sev-

eral genes according to at least one of the claims 1 fo 4, wherein the latter is




wher eby the single-stranded 5 -end of the pronoter can pair with the

hai r pi n- shaped ol i godeoxynucl eotide or with the 10 to 1000 base | ong

doubl e strand, and the single-stranded 3'-end of the pronoter is 20

-.conpl enmentary to the single-stranded 5 -end of the DNA double strand
descri bed under a), and d) followng ligation of the DNA fragnents, e) and
final purification of the vectors synthesised. 10. Method for synthesis
according to claim9, wherein after nethod step b) a 10 25 to 1000 base (=
n) long DNA doulAtEched sh@lesly i g shed #ingly-Sleded £eoion IaPnesi{siererst BeR-udi ng
ends of singl e- sideansteineNéarbshaisted, antbediedyr étB@ids. ngl e- stranded 3' - end
can pair with the single-stranded 5 -end of the pronoter and the

. single-stranded 5'-end is conplementary to the single-stranded 3'-end of

t he hai r pi n- shapgsthed fop el of 9bttdss. thatlaftel theilRirzadtib® ntd Bekadyochesi s

of vectors that after their, transfecti into,eukaryotic cells inhibit in a
Cargot ed manner EHeMNLRE Biveld marmadte [TBREOE’ 49 nRd SRlons By iRgRNS

interfepence, chARNA ipfdrReshcBycHarectécdmyithg foneivimgdnsthepstepg) m xi ng of a
T-shaped DNA doubl e strand that contains a 19 to 23 5 base |ong, singular

copy of a gene sequence. in.th " to 3 direction . and t 1 nat.i on si gnal
for RNA pol'yner ased) Mot AR RS st F saNaig )0 28 B 19%hase

| ong sequence | oop, wiigutaricopsef eajerd segueticd bialts appesi deendianestagr -never
conpl enmentary to one anot herd %d .t he fI.ank% n%@gubll e- st randed. rgq%hans are
linked with each ot hél®16f B “BR&'OEFH%]% LT ANESYMEP 8t 2ThiE GPfér end
exhibits two short pteheedtnhy daNAtsi Dpdse I9hg 8agisncansbpamwhich is selected
oIigodgﬁxynucleotide wh

ose, sequence is conplenentary, to, the, t shqrt
orotrudPny DNA i ngl SUCREALRRROSIRPAFES Aie NG SHOPPMBHBTY 96 ot angs
si ngl e-stranded DNA, thewflahkidg DNA ainhii strinds shapiekedltd gacteotgnus feot ade,
which exhibits at it %l@&goﬁﬁggrand, which exhibits at its other end a short protruding

DNA single strand, with

b} a hairpin-shaped oligodeoxynucleotide, which exhibits at its end short

15 protruding ends of single-stranded DNA, and

c) a promoter with short protruding ends of single-stranded DNA,
whereby the single-stranded 5'-end of the promater can pair with the
hairpin-shaped oligodeoxynucleotide or with the 10 to 1000 base long
double strand, and the single-stranded 3-end of the promoter is

20 complementary to the single-stranded 5-end of the DNA double

strand described under a}, and
d) foilowing ligation of the DNA fragments,

€) and final purification of the vectors synthesised.

10. Method for synthesis according to claim 9, wherein after method step b) a 10

25 to 1000 base (= n) long DNA double strand of a non-coding seqguence with
short protruding ends of single-stranded DNA is added, whereby the single-

stranded 3'-end can pair with the single-stranded 5'-end of the promoter and

the single-stranded 5-end is complementary to the single-stranded 3'-end of

the hairpin-shaped oligodeoxynucieotide.




protrudi ng ends of single-stranded DNA, and c) a further hairpin-shaped

ol i godeoxynucl eoti de, which exhibits at its end short protruding ends of

si ngl e-stranded DNA conpl enentary to the T-shaped DNA double strand from
-a), and 20 d).a pronoter with short protruding ends .of single-stranded DNA
wher eby the single-stranded 5 -end of the pronoter can pair with the

hai r pi n- shaped ol i godeoxynucl eotide fromb) and the single- stranded 3'-end

of the pronoter is c | enentary to the e-stranded 5’ - of the
o choped DA SR ey nieste s Yes ors Pbaten 4 GeTaGHoBinte AdkeRrgle
fragments, and dejis frihnﬁ’ﬂ mrauérdeté‘damﬁﬂerqﬁe fdrates bPa&iney IPretems 35 tneahs.

Met hod for synth rdlngto claim erein ter nethod step c) a
10 to 1000 base C?i"\ﬁ‘*) YBQACQP(S%‘BP%SE?It}ya{hﬁ%lpwg'gﬁ%%‘iﬁﬁeﬁﬁ sequence with

short protrudi ng ends of singl e-stranded DNA i s added, whereby the 30
si ngl e-stranded 3’ apndixbgnofp@iTrshaiptd DMe deubigl srepitirtasideshtains endio @b 2Bhe pro

-5- noter and the SI e-strande -end i s conpl enent lo e single-

St andel 3 mond ot -t HESELe, AREERn Soi B g e do tidia B ATadiel o
step b) and/or the adghdtd @mmipbtien élgnétcforlr@m poBA®RrdsesNand Wﬁi@hﬂ\ﬁ}oml e
strand of a non-codin se ence wﬁ ﬁhor pr ot rudi n e”d'ﬁ%ﬁ 1ngtg
stranded DNA, wher eby’ FHE W@Pég 12RE8% B9 HIHeRH ORI MR (% SERE®Si ngl e-
Ztranged 3 -enfl of thecH- tﬁét&nfpxd:h sﬂ“ﬁaﬁ@bﬂ&n@i@g&bﬁpﬁﬁﬁbrﬁf@ 61 ong! @ncﬁrﬁerranﬁed |
"-end is conpl ement ar 0.t he si ed. 5 -en t rpi - shape
ol i godeoxynucl eot i de oh? ferkeg dg’g@ﬁ' ir)ang‘icgreWh?faq'Pg?d ?{}ﬁt b CE

gccor ditog t]? aL | eas:}byomy llf\lAtsh@glslsaan@s SndaatiRe O\Im:’dﬂdr’ethShgbwhertt he
eglnnlngo the net (0) nt a Sl.Nn e- st naQ.
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hybridisation is i ncayénh@ﬁ@ is Wi dldraéntaMOtoOthe M6 Shdaedeudity a)me@inglegi ons
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with

15 b} a hairpin-shaped oligodeoxynucleotide, which exhibits at its end short
protruding ends of single-stranded DNA, and

¢) a further hairpin-shaped oligodeoxynucleotide, which exhibits at its
end short protruding ends of single-stranded DNA complementary to
the T-shaped DNA double strand from a}, and

20 d} a promoter with short protruding ends of single-stranded DNA,
whereby the single-stranded 5'-end of the promoter can pair with the
hairpin-shaped oligodeoxynucleotide from b} and the single-stranded
3'-end of the promecter is complementary to the single-stranded 5'-
end of the T-shaped DNA double strand, and

25 e) following ligation of the DNA fragments, and

f) final purification of the vectors synthesised.

12. Method for synthesis according to claim 11, wherein after method siep c) a

10 to 1000 base (= n) long DNA double strand of a non-coding sequence

with short protruding ends of single-stranded DNA is added, whereby the

30 single-stranded 3'-end can pair with the single-stranded 5-end of the pro-




each other by Holliday junctions and following this the nethod steps indi-
15 cated are carried out. 14. Method according to at | east one of the
claims 9 to 13, wherein the pronoter is part of a bacterially anplifiable
pl asm.d-that before the m xing of the rele- vant conponents was excised
using a restriction endonucl ease that recog- nises an interface flanking
the pronoter on the plasmd, an interface which 20 does not exist on the

expression construct to he synthesised. _15. Method accordipg,to claim 14,

whorern e’ ror Ut a1l SR SRR uP ST & KaT PR HY cRofe gt

r Iest ri gt i ig e%%ghw$eg¢ tai el h‘é’li'p}rhﬁa@’eﬂn@tg@?ed)ﬁ/ﬁucliéﬂ!deCﬁdz]f memoghe

pl asm d. . t ho cc ing to at lLeast .o t he cl.ains or ,
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purification step. . t according to at |east one of cl ai s to

06, whobei n t he 728H59 PNA i 0R SUBBSEIed Aot SORBaBH B SIS of
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18. Met hod accordigd@edxPniiedtigdfronoiethod S{EJTpQ;)_cI aims 9 to 17, wherein a DNA

dou- ble strand is added to the m xture of conponents, a strand which

results from 5 the partial annealing of a partially self-conplenentary
ol i godeoxynuch2Methed fopsyrithedi®asdording tohbi igastemeyoidied eaimsde s 14, 9vhdveihhod

according to at ,| east one .of. the, clai 9 to 18 erein the hairpin-
shaped 1811 godeoRSTRIE It PRUIBUNG oF 1 PeliRe RALBYY SPTPEI iy siils P gd
restric- tion entigidsixgasdsdtides e lthduidlsed 36 famde dnitee gnadeculd QvikdebyMaehod
according to at | east one of the clai 9 to 19, wherein purification is
cartied out by (HPOIRIESadReP R Rl Eer WPl fdnsPaes fedions
with cohesive ends with the same or different base sequences are linked to
each other by Holliday junctions and following this the method steps indi-

15 cated are carried out.

14. Method according to at least one of the claims 9 to 13, wherein the promoter
is part of a bacterially ampilifiable plasmid that before the mixing of the rele-
vant components was excised using a restriction endonuclease that recog-
nises an interface flanking the promoter on the plasmid, an interface which

20 does not exist on the expression construct to be synthesised.

15. Methed according to claim 14, wherein the relevant ligation step occurs in the
presence of the restriction endonuclease with which the promoter was

spliced from the plasmid.

16. Method according to at least one of the claims 14 or 15, wherein a digestion
25 of the reaction mixture using an exonuclease exclusively specific for 3' or &'

DNA ends takes place before the final purification step.

17. Method according to at least one of the claims 14 to 16, wherein the restric-
tion endonuclease is an enzyme of the group of class Il restriction endonu-

cleases, preferably an enzyme from the group BbsI, BbvI, BbvII,

30 BpiI; BplI, Bsal, BsmAT, BsmBI, BsmFI, BspMI,




21. Kit for the synthesis of vectors that are suitable after their
transfection into eukaryotic cells for inhibiting in a targeted manner in
these cells the fornma- tion of defined proteins by nmeans of RNA

i nterference,- according-to. at |east 15 one of the methods pursuant to
claims 9 to 20, containing at | east onezpro- noter, hairpin-shaped

ol i godeoxynucl eoti des and enzynes. 22. Kit for the synthesis of an

expressi on construct. pursuant_to _one _of the ai 1t copt ai ni ng at

| east ol i godeoxﬁ‘ﬂﬁ@]e(gﬂfdegaﬁitgﬁlo lor @%ﬂor ﬁgﬂ(gon %"ﬁ't egﬁ?ﬁglorhai rpin
| oops, ol i godeoxydiveh&diiotags suitable for the formation of a 20 |inker,
T-shaped DNA structures in which the sequences to be transcribed can be

inserted, and enzynes and neans of carrying out steps in ligation,
splicing, DNAglegtrRsthsdRpdiageh auehdtigpatdfame claims 9 to 17, wherein a DNA dou-

ble strand is added to the mixture of components, a strand which resulis from-
5 the partial annealing of a partially self-complementary oligodeoxynucleotide

or at least two oligodeoxynucleotides.

19. Method according to at least one of the claims 9 to 18, wherein the hairpin-
shaped oligodeoxynucleotides exhibit the recognition sequence for a restric-

tion endonuclease in its double-stranded region.

10 20. Method according to at least one of the claims 9 to 19, wherein purification is

carried out by chromatography and/or using gel electrophoresis.

21. Kit for the synthesis of vectors that are suitable after their transfection into
eukaryotic cells for inhibiting in a targeted manner in these cells the forma-
tion of defined proteins by means of RNA interference, according to at least

15 one of the methods pursuant to claims 2 fo 20, containing at least one pro-

moter, hairpin-shaped oligodeoxynucleotides and enzymes.

22. Kit for the synthesis of an expression construct pursuant to one of the claims

1 to 4, containing at least oligodeoxynucleotides suitable for the formation of

terminal hairpin loops, oligodeoxynuclectides suitable for the formation of a

20 linker, T-shaped DNA structures in which the sequences to be transcribed
can be inserted, and enzymes and means of carrying out steps in ligation,

splicing, PNA degradation and purification.




