
Process for the production of conjugates from polysaccharides  and
polynuclectides The present invention relates to a process for the
production. of  a conjugate from a polynucleotide and a polysaccharide
and to  the conjugates obtainable according to a process of this type.  The
conjugation of pharmaceutical active ingredients in  particular of proteins
with polyrthyleneglycol derivatives  ("DEGyl.ation") or polysaccharides
such as dextra^s or in  particular hydroxyethyl starch ;"HESylation") has
gained in  importance in recent years with the increase in pharmaceutical
proteins from biotechnological research. The effects of a PEGylati.on or
HESylation of pharmaceutically  active compounds such as, for example,
proteins consist, inter  alia, in that by coupling the proteins to the
above-mentioned  polymers such as polyethylene glycol (PEG) or
hydroxyethyi starch  (HES) their short biological half-life too low for the
development of toe full pharmaceutical potential can be  specifically
extended. The antigenic properties of proteins,  however, can also be
positively _.,f uenced by coupling. In the  case of other pharmaceutical
active ingredients, the water  solubility can be considerably increased by
coupling. Examples  of the HESylation of pharmaceutical active
ingredients are for  example described in. International Patent Application
WO  02/080979 A2 or in International Patent Application WO 03/000738
A2. More recent developments in the field of biological target  molecules
of high affinity binding oligonucleotides, such as for  example the
D-oligonucleotides referred to as aptamers or the L- oligonucleotides
referred to as Spiegelmers, also use the  possibilities of the conjugation to
polymers such as polyethy eneg' o': ( q; -Y for r,_ et s!- p~aA:, 1.''s, vo-..
99 ;2032, pages 8898-8902) to change the pharmacofinetic profile and the
bioavaAl.ability in an advantageous way. HES Is the nydroxyer'hyla`_ed
derivative of the 



glucose polymer  amplopeetin present at over 95% in wax maize starch.
Am.ylopectin  consists of glucose units which are present in
a-_,,L-glycosidic  bonds and exhibit a-1,6-glycosidic branchings. HES
exhibits  advantageous rheological properties and is currently used
clinically as a volume replacer and for haemcdllution therapy
(Scmmermeyer _c a!., Kra:.ken}':auspharmaZie, vol. 8 (l987' pages  271 -
278 and Weidler et a'_., Arzneimittelforachung / Drug Res.,  41 (1991)
pages 494 - 498.) In DE 1.96 28 705 and DE 101 29 369 processes are
described  specifically for haemoglobin or ampho_ericin B, as to how
coupling with hydroxyethyl starch in anhydrous  dimethylsulphoxide
(DMSO) can be carried out via the  corresponding aldonic acid lactone of
hydroxyethyl starch with  free amino groups of haemoglobin or
amphotericin B. Since, particularly in the case of proteins, it is often not
possible to work with anhydrous, aprotic solvents, either for  reasons of
solubility but also for reasons of denaturing the  proteins, coupling
processes with HES in a hydrous medium are  also described in the
literature. Thus for example International  Patent_ Application
PCT/EP02/02928 discloses the coupling of  hydrox_yethyl starch
selectively oxidising to aldonic acid an the  reducing end of the chain by
means of water-soluble carbodiimide  EDC
(I-ethyl-3-(3-dimethylaminoprop_yl)-carbodim.ide . Very  often, however,
the use of carbodiimides is linked with  disadvantages because
carbodiimides very often cause later- or  intramo_ecular cross-linking
reactions of the proteins as  secondary reactions. The present inv.e.ntion
is based on the problem o= providing a:  process for the production of a
ccningate from, a polynucieot.de  and a pol_,;sac^^,ar_ide. Acco.rdinc to
the invention, the problem resolved in a first _Ls as by a process or 



the production of a conjugate from a  po_ynucl.eot_ide and a
polysaccharide comprising the steps OL: a) provision of an aidonic acid of
the polysacchas_de or  of a derivative thereof; b) reaction of tae aldoniic
acid with an alcohol  derivative, preferably a carbonate derivative of an
alcohol, to an aldonic acid ester preferably to an  activated aldonic acid
ester; and c) reaction of the aldonic acid ester with the  polynucleot-de,
wherein the polynucleotide exhibits a  functional amino group,
character-'..sec in that the reaction of aldonic acid with  the alcohol
derivative in step b) takes place in w dry  aprotic polar solvent. In one em;
ood_ment, the solvent is selected from the group  comprising
dimethylsulphox-_de, dimethylformamide and  dimethylacetamide. In one
embodiment, the aldonio acid ester " is purified and then is used in step
c). In an alternative embodiment `the __a..--ion charge from szon b  is
used with the aidonic acid ester directly in step c;. :n one embodiment.,
step c) is carried out at a pF, range of 7 to  9, preferably --5 -_c 9 -_, and
more pre-erab_g 8.C to 8.8. In a preferred embodiment, step c) is carried
out at a pH of  approximately 8.4. In one embodiment, the molar ratio of
aldonic acid to alcohol  derivative is approximately 0.9 to preferably
approximately  1.. In one embodiment, the alcohol is selected from t-_-
uraup  



comprising N-hvdroxy-su.ccinimid..e, sulphonated N-hydroxy-
succinimide, phenol derivatives and N-hydroxy-benzotriazole. In one
embodimen_, the polysaccharide is selected from. the group  comprising
dex_ran, hYdroxyetnyl starch, hydroxypropyl starch  and branched starer.
frac'-ions. In one embodiment, the polysaccharide is hyd-cxyethyl starch.
In a preferred embodiment, the hydroxyethyl starch exhibits a
weight-averaged mean molecular weight of approximately 3,000 to
130,000 Dalton, preferably of approximately 5,000 to 660,000. In a further
preferred embodiment, the h_ydroxyethyl arch  exhibits a number average
of the mean molecular weight of  approximately 2,000 to 50,00.0 Dalton 7,
one embodiment, the hvdroxvethyl starch exhibits a ratio of
weight-averaged molecular weight to number average of the mean
molecular weight of approximately 1.05 to 1.20. In one embodiment, the
hydroxyethyl starch exhibits a molar  substitution of 0.1 to 0.8, preferably
of 0.4 to 0.7. In one embodiment, the hydroxyethyl sta_-ch exhibits a
substitution sample expressed as the C2/C6 ratio of  approximately 2 to
12, preferably of approximately 3 to 10. 4 In one embodimen " the
polynuclectidee is a _unctionai nucleic  acid. In a preferred embodimen-, it
is provided t^:at the functional  nucleic acid is an aptamer or a Spieaeimer.
In one embodimen`_, it is provided that _he polynucleotide  exhibits a
molecular weight of 300 to 50,000 Da, preferably  4,000 to 25,000 Da and
more oreferab y 7,000 to 16,000 Da. In one embodiment, it is provided
that the functional amino  group is a primary or secondary amino group,
preferably a  primary amino group. In one embodiment, it is provided that
the functional amino  group is linked to a terminal phosphate of the
polynucleotide. In a preferred embodiment, it is provided that the
functional  



am:_no group is linked to the phosphate group via a linker. In one
embodiment, it is provided that the functional amino  group is a
5-aminohexyl group. In a second aspect, the problem is resolved
according to the  invention by a conjugate of a polysaccharide and a
polynucleotide, obtainable according to a process according to  the first
aspect of the present invention. The present invention is based on the
surprising knowledge that,  rpm hydroxyethyl starch aldonic acids and
aldonic acids of  other polysaccharides, such as, for example, wax maize
starch  degradation fractions, in dry aprotic, polar solvents, such as,  for
example, dime zhylacetamide (DMA;, dimethylsulphoxide (DMSO)  or
dimethylformamide (DMF), with alcohols, in particular with  the carbonates
of alcohols, thus the diesters of carbon dioxide w .-h alcohols, such as, for
-xampi LET-.T ~IXroxy-S~ .~n e the  corresponding a-donic acid, esters
could De produced, which can  he advantageously rea tee in an aqueous
Madiam wcch nu :.eochi i,c.  amino g r of . - p v~ .c1 to more s Cable
am.Ldes. r  saponification of the ai~u.donic acid esters with saner to the
tree  a-ldonic acid and to the free alcohol occurs secondary  reaction.
Surpr_singiy, no activation, of the hydroxyl groups of the  anhydrogluccse
units thereby occurs, but instead suecifical_  the activation of the carboxyl
group of the aldoni.c acids,  provided the molar ratios the reactants is set
in she region  of 1:1, The present invention in this respect turns awa f  y
~~am the  teaching described up until now in the prior art or is based on
the knowledge that the different processes described in the e 



prior art are not suitable for an efficient production: of a  conjugate of a
polynucleotide and a polysaccharide. Thus it was also surprisingly found
by the present inventors  that L-5'-amino-functionalised oligonuclectides
cannot be  reacted with HES aldonic acids via a carbodiimide
(EDC)-mediated  formation of an amide bond with the 51 amino group,
despite  variations in the possible reaction parameters and reactant
ratios. .t is in fact known that compounds containing phosphates and
phosphate groups increase the lass of carbodiimides, often suite
drametica-lv but even 'urge excesses of EDC did not, is the  present case,
lead to measurable reaction product (S.S. Wcng,  Chemistry of protein
Con.7ugatian and Cross-Linking, CRC-Press,  Boca :Caton, Lo ion, New
York, Washington D.C. !i953) page lag  Furthermar , it is known that EDC
can be used in aqueous medium,  to couple molecules containing amino
functions t the erm_i^:a! phosphate group of 0ligonucl.eotider fnrncng _
pnosphcramidate  bond. Under reaction conditions thereby carried out, the
- _ernal phosphate groups d not react. in this way, phosphate  groups in
particular can be sp c;ftcali modifier 1 P>Lncon3ugate  Techniques, Greg
T. Hermanson Academic Press, San Diego, Now  York, Boston, London,
Sydney, Tokyo, Toronto 11996) sage 52)  ='urtnermore, it was surprisingly
found that also other  established coupling methods which arc described
in the  literature for hydroxyeth_yl starch derivatives, Cann= be
successfully used with .-amino-fund onalised L  oligonucleotides: Thus it a
common method to form the  reactive acid imidazolidefrom the acid for the



-. production of  acid amides in the sense of a formation of an amide bond
as  intermediate stage and then, with this active acy rcation agent,  carry
out the reaction of the amine to the corresponding amide  with the release
of imidazole. In the case of HES aldonic. acid, production of the reactive
HES  imidazolide was successful. This .; however decomposed to
imidazc_-e  and HES acid during the reaction in aqueous solution at all pH
values and reactant ratios examined, without involving a  coupling with the
actually more nucleophilic a-amino- functionalised polynucleotiae. As a
further possibi_i'-y, coupling _ was aimed for via an active
hydroxysuccin=Lde ester of the HES acid, , which was previously
produced in anhydrous medium according to literatore  specifications
either via EDC activation or by reaction of the  HIS lact_cne with
hydroxys-iccinimiae in anhydrous mea.um.. Neither  of the two methods,
however, was successfu'. The reaction of FIB via the only reducing end
group with the  amino-functionalised polvoucleotide in the sense of a
reduc7ive  amination was also unsuccessful, despite very long reaction  Ii
limes. The reaction scheme for the production according to the  invention
of a conjugate from a polynucleotde and a  polysaccharide is shown in
Fig. wherein FLg 11'. snow; the  structure of the aldonic acid group of the
aldonic acid of the  polysaccharide and Fig. 1B elucidates the course of
the  reaction. The reaction equations in Fig. 2, which are the  



subject matter of examples 4 to 14, summarise the unsuccessful  attempts
to produce a conjugate from a ool_ynucleotide and a  polysaccharide.
Although the process according to the invention is not, in  principle,
restricted to certain polysaccharides, hydroxyethyl  starch is a particularly
preferred polysaccharide. It is,  however, also within the framework of the
invention that other  starch derivatives, such as e.g. hydroxyprolyl starch,
are used.  Likewise, within the framework of the present invention the
hyperbranched starch fractions described in German Patent  Application
102 17 994, in particular hyperbranched starch  fractions with degrees of
branching greater than 10 mol%,  preferably greater than 10 mo_% and
smaller than 16 molt, can be  used. HES is essentially characterised by
the weight-averaged mean  molecular weight Mw, the number average of
the mean molecular  weight Mn, the molecular weight distribution and the
degree of  substitution. The substitution with hydroxyethyl groups in ether
bonds is thereby possible on carbon atoms 2, 3 and 6 of the
anhydrogiucose units. The substitution sample is thereby  described as
the ratio of the C2 to the C6 substitution (C2/C6  ratio) . The degree of
substitution can thereby be described as  DS (English for. "degree of subs
titution"; which refers is the  content of the substituted glucose molecule of
all glucose units  or as YS (English for "molar substitution"1 by which the
average  number of hydroxyethyl groups per glucose unit is denoted. 8  In
scientific literature, as also herein, the molecularweight  Mw the unit
kDal_on is y_ven as an ibXeviat-ion fc`  h:idrexvethyl starch to,xther with
the degr"_, of subs-.. tuti.on MS_  T fI 0 _ 4 denotes h vd oz -"o yl _ arch
of its Mlectlar  weight MN of 10.000 and of the degree of substitution MS
of 0.4  



_he production of the aLdonic acid esters used according to -she
invention is performed by reacting the aldonlo _ acid of the
polysaccharide or its derivatives in dry, aprotic solvents such  as, for
example, dimethylfo-mamid-e iDMF'r d 'r _ lph ~ -0X1ae  (DMS0) or dime
n,v_S17  rhti'_acetam-cue (DMA) and the carbonates of the alcohol
component. The aldonic acids described herein are known  from the prior
art and can be produced for example in accordance  with the disclosure of
Berman Patent Application DE 1962, 705.  In the reaction of the aldonic
acid with the alcohol derivative,  in part<cula= the carbonates of the
respectively used alcohol,  the molar ratio is approximately 0.9 to 1 . 1 ,
preferably  approximately I.3, because with an excess of carbonate, as is
provided by the alcohol _riva,.ive, W groins of the  polysaccharide are
selectively activated and with less, excess  acid functions are not reacted.
Particularly preferred alcohols within the framework of the  present
invention are N-hyctroxy-succ!nimide, sulphonat_ed N-
hydroxy-succinimide, phenol derivatives and M-hydrexy- henzotriazole.
Suitable phenol derivatives comprise, amongst  others, chlorinated,
fluorinated or nitrated compounds, wherein  these can be activated once
or several times, particularly by  the afore-mentioned elec._rophilic
groups. Corres;>onatnglp it is  within the framewo=!: of the present
invention to. use mono- or  polychlorinated phenols, mono- or
po_-yfluorinate _ d phenols or  mono- poynitrated phenols. The aldonic
acid esters used according to the invention can be  



pre. pitated from the solution )M^' ,by dry 9 isopropanol or acetone and
purified or enriched by repeating the  process vera:l- tines Such aldonic
acid d eatery can then be used  -.I aced in substance 'or coupl-ng to
polysaccharides. The.  so:ut-on OF the reaction products in the inen - can,
however, also be reused directly, w nou_ _ ~r ~ so_ari ,r: of the  active
alaonic acid ester for coupling to poiysacchasices.  Within the framework
of toe present in,enti.on, in principle,  that any type of poiynucleotides is
conjugated w'.t:_ a  polysaccharide. The polynucleotide can thereby be
produced from  1-nucleosides or 1-nucleosides or mixtures thereof,
wherein  these can individually or altogether exhibit other  modifications,
such as for example modifications to increase  stability in biological
systems. A modification of this type is  for example the fluorination at
position 2' of the sugar  Constituent Of the nucleotides or nucleosides. It is
the"eC also wrthi- the framework of the present invention than at least
part of the sugar constituents of the nucleotides forming the
polynucleotide can exhibit a sugar other than ribose or  deoxyribose.
Sugars of this type can, for example, be other  .peatoses, such as, for
example, arabinose, but also hexoses or  tetroses.. Sugars of this type
can also contain a nitrogen atom  or sulphur atom, such as, for example in
an aza- or a thiosugar,  and/or the sugar content of the nolvnucleotidev
can be replaced  at least partially by a morpholino ring. Furthermore, the
polynucleotide can be developed at x ~~ least part; ally as locked  nucleic
acids !LNA) or peptide nucleic acid I:PNA). The O' groups  of the molecule
constituents the the forming th:._, skeleton of  



polynucleotide can be chemically modified by suitable NE2, SE,
aldehyde, carboxylic acid, phosphate, iodine, bromine or  chlorine groups.
It is furthermore within the framework of the present invention  that the
polynuc.eetide is a ribonucleic acid of _.  deoxyribonucleic acid Or
COmz:lnat!O.ti thereof, i.e. individuals  or _ group of n,ucleo des arts p
RNA and the -h` .-  3. J nucleotides t:ormi.ng the nucleic acid are present
as DNA and vice  versa. The term _-nucleic acid is _--rrten used
synonymously  the tezu_ I ~nuc of - 4~. Laa or _-polyruc.eotide and
refers,  amongst- oera, to b o L d.oryribonuc  sic acid an asp L- ribonecl:ic
acid and combinations thereof, -.e. that individuals  or a group Of
nucleotides are present as RNA and the ocher  nucleotides forming the
nucleic acid are present as DNA and vice  versa. It is thereby also
envisaged that in place of deOY.V_ _ri ,.,O Se  or ribose ocher sugars
form the sugar component of the nucleotide. Furthermore is comprised the
use o ^= nucleotides with  other modifications at -position 2' ouch as NI?2,
CO, OFt 6alkyl,  Nralkvl and the use of natural or unnatural nuclecbases
such as,  for example, isocytiw_ne and isoguanosin= ? _ it is thereby also
within the framework of the present invention that the L-nucleic  acid
exhibits so-called abasic positions, i.e. nucleotides in  which there is no
nucleobase. Abasic positions of this type can l  be arranged both inside
the nucleotide sequence of the ._--nucleic  



acid and also at one or both ends, i.e. the _' and/or the 3'  end.
Furthermore, it is within the _amewcr of the present invention  that the
polynucleotide is present as a single strand, wherein  it is, however, also
within the framework of the present  invention that this is present as a
double strand. Typically the  polynucleotide used according the invention
is a single- strand L-nucleic acid which, however, as , a result Of its
primary  sequence can develop defined  .. secondary structures and also
tertiary structures. In the secondary structure, with a  multiplicity of
L-nucleic acids, double-strand sections are also  present. The conjugated
nucle-_c acids described he_N1n are pre'-_'i'-rap ly SO- called
Spiegelmers. As ready mentioned at w she beginning,  Spiegelmers are
functional L-nucleic acids or Ltoel.ynucleotides,  i.e. such nucleic acids
which bind to a target molecule or a  part the-eof, and are the result
contacting a nucleic acid  11 l nary, in p 7 -CUl~r or a star.sticaL nucleic
acid _  with the tar_ger molecule o- _iai )NA libraries are first cf P  S
lec-_Lor oroce s for the ..evelo pment or fu-tct_onal nLlcLa  acids. As a
rule, this is the synthesis of DNA oiigonucleotides  which cer ruby contain
a range of -100 random, :d nucleotides  which are 5' and y' terminal flank
no; by two primer bond regions.  The nroducci.on of combinatorial libraries
of this type is, for  example, described in Conrad R.C., S_v._ L , , Tian., Y.
and  



Ellington, AD 1996, Methods Enzymol., vol. 20, 336-367. Such  a
chemically synthesised single-strand DNA library can be  converted via
the poivme-ase chain reaction to a doubt -strand  library which L n itself
can in fact be used for a selection . As  a rule, however, a separation of
the individual strands can be  carried out with suitable methods so that an
individual strand  _ibrary which 15 used for the in vitro selection process if
it  is a DNA selection (Sock L. C., Griffin, L.C., Latham, Vermaas, E.H.
and Toole, j. 1992, Nature, vol. 333, ~ n64-~66;  can again be achieved. it
is, however, also possible to include  the chemically synthesised DNA
library directly in the in vitro  selection. In addition, an RNA library can, in
principle, be  produced from double-strand DI, if a T7 promoter is
inLroduced  beforehand, thus via a suctabie DNA-dependant poi}~'me
Y'aSe, for  example the T RNA polymerase, It is y possible to produce
libraries of " l0 and more DNA or RNA molecules using the process
described. Each molecule from this library has a different  sequence and
consequently a different three-dimensional,  structure. Via the i__^i vitro
selection process, it is then possible to  soia_e, from. th library mentioned,
through several cycles of  f  ~ selection and amplificat_or. and optionally
mutation, one or  several DNA molecules which exhibit 



a significant binding  property against a given target. The - targets can be,
for example, uses, proteins, peptides, nucleic acids, small  12 molecules
such an metabolism mstaho'ites anarm.a euticay active  _nr "tents or the
metzbo' __es -hereof or cthey r bl _:a- __ or biological componenLs such
_.SGr i ,ell for  efc;mp:e Gold, , e ;k7, B. Ji_enbeck, and Yarus, 1a91,
Anna. Rev. B.iochem. Vol. 64, 763-797  and .. 1~orsch, V.P. and
Szostak, J.W., 1996, Combinatorial Li-braries, Synthesis,  Screening and
application potential, ad. Riccardo Cortese,  Walter de Gruyter, Berlin. The
process _- is carried out such that  bins _ng DNA RN.=_ molecules are
SOlat=`j from the i. 1. bra ri.,~  originally used and are amplified after the
selection step  by means of oolymerase chain reaction. In RNA selections,
a reverse  ~- transcription should be pre-connected to the amplification
step  by polymerase chain reaction. A library enriched after a first.
selection round can then be used in a renewed selection ~- round so  that
the molecules enriched in the first selection round have  the chance to
again succeed by selection and amplification and  go with still more
daughter molecules into a furthe se_ecticn  ,.  round. At the same time,
the polymerase chain reaction step  opens up the possibility of introducing
new mutations during  amplification, e.g. by variation of the salt
concentration.  



After a sufficient number of selection and amp!_ ication rounds,  the
binding molecules have succeeded. An enriched pool is thus  produced,
the representative of which can be isolated by cloning  and then
determined in its primary structure with. the common  methods of
sequence determination of DNA. The sequences obtained  are then
checked for their binding properties with regard to the  target. The process
for the Production of aptamers of this type  is therefore referred to as one
SELEX process and is described,  for example, in iF 0 533 838, the
disclosure of which is  included herein by reference. The best banding
molecules can be shortened by .o_ per inc the  primary y sequences _
their essential binding domain and  t  o.resen_ned by chemical .. or
enzymatic synthesis.  13 F, particular form of aptamers producible _ to
such an extent are  coiled iegelmer which Ere subs.ant '_n that tree are
cons_ruc.ed at least parti.al.] y, preferably  cca pletely of the nor_ natural
_-_:uclectides' F  --,s.s for the  p.roducti r of i egelme.rs of this type are
descrLbed in  _.  PC -?97 ?26, the d sclosure of which r ; included
r.erewLth by  reference The peculiar-_` the process described _herein lies
in the production of enantiomer nucleic acic molecules, i.e. of nucleic acid
molecules which 'bond to a native target, i.e.  -resent in one natural form
or configuration or a tai rye.  structure of this type. The in vitro selection
process described  



above is used to first of all select binding nucleic acids or  sequences
against the enantiomers, i.e. non-naturally occurring  structure of a
naturally occurring target, for example in ' the case where the target
molecule is a protein, against a D  protein. The binding molecules thus
obtained (c-DNA, n-RNA or  corresponding o-derivatives) are determined
in their sequence and  the identical sequence is then synthesised with
.~_-v.`~magG nucleotide building blocks (L-nucleotides or L-nucleotide
derivatives). The mirror-images enant_omer nucleic. acids thus  obtained
,.,-DNA, L-RNA or corresponding L-derivatives), so-called  Spiege_mers,
have, for reasons of symmetry, a mi ror-1"edge tertiary structure and
consequently a binding property for the  target present in the natural form
or configuration. The polynuc_eo*__des, in particular the functional
nucleic acids  such as aptamers or Spiegelmers, as obtained in the
selection  and shortening processes described herein, have a molecular
weight of approximately 300 Da to 50,000 Da. Preferably these  exhibit a
molecular weight of g 4,000 Da to 25,000 Da, more  Preferable 7,000 to
16,000 Da. The target molecules described above, also referred to as
target, can to molecules or structures, thus, for example,  . ruses, viroLds,
bacteria, cell surfaces, c e__ organelles,  n.ro eins, peptides, ru acids,
small molecules such as  1C metabolism meta b:oli tes, Pharmaceutical
active ingredients or The.  m aboiit-s thereof 07 ctne` che.micc'._, nc'^  '
~~_em_ a_ or biological  components. According to the process according
to the invention, the  polynucicotlde exhibits, preferably on a phosphate
group of the  polynucleotide, a nucleophilic grcup with which the aldonic
acid  ester reacts to form the conjugate. in is thereby particularly  



preferred within the framework of the presen invention that  this
nuc'eophil_c group is a functional amino group, preferably  a primary
amino group (NH2 group). It .i.s _..ue, within the  framework of the
invention that the polynucleotide reacted with  the aldonic acid ester
contains a functional secondary amino  group, an imino group. It is
however particularly preferred within the framework of the  present
invention that the nucleephilic group is a primary __ amino  group which is
preferably present bound on a phosphate group of  the polynucleotide.
The amino group is preferably li..; present t on he  phosphate group at
The 5' or at the end, thus the terminal  phosphate groups, of the
polynucleotide. The amino group can  thereby be bound in one
embodiment either directly to the  phosphate group or via a linker to the
phosphate group. Linkers  of this type are known from the prior art.
Preferred linkers are  alkyl radicals with a length of 1 to 8, preferably 2 To
6 C  atoms. In particular, when using a ldon?c acid esters of iv-
hydroxy-succinimide, the nu_leoph:_lic groups furthermore present  in the
polynucleotide, such as the purine or pyrimidine base in  the nucleic acids,
are not reacted. it is within the framework of the present invention that an
oligonucleotide is used in place of a polynucleotide. in one  .. embodiment,
a polynucleotide, as used herein, in an  oliaonucleotide. The present
inve1t.i.on is i'' lascrated by means o : the following  figures and
examples. from which o her all]-es, emk"c.Lmc and  atiantag--" of the
present invention are. o...:=a~neC. These show:  



Fig --. .,.ne chemical stnoc u _a of the al 'onir acid g_r ,uo of the  HES
aldonic acid.; F-g. 1S a reaction scheme for the activation ccordina to t
-_h  invention cf HES aldonic acid with a carbonate  derivative of an
alcohol to an aldonic acid ester and  the reaction thereof w-th a
polynucleotide bearin.a a  functional amino group; Fr g. 2A the reaction
scheme for the production of co_ agafef s  from. a po_ynucleotiae and
HES a,don_~c acid in  accordance w'it thio art, the in part'-cola: in
accordance with examples 4-9; Fig. 23 the reaction: scheme for the
production of conjugates  from a polynucleotide and HES aldonic acid in
accordance with the prior art, in particular in  accordance with example 10;
Fig. 2C the reaction scheme for the production of con-agates  from a Do
`y uc'ectide and HES aldonic acid in  accordance with t:^_e prior art ,t in
particular accordance w-tn examp'..._e 11; Fig. 2C the reaction scheme
for the production of conjugates  from a polynuclectide and 'ES aldonic
acid in  accordance with the prior art, in particular in  accordance with
examples 12-13; E'i 2_ y- the reactor. scheme for the production- of
conjugates  from a pc_vnucleotide and -.E1' in accordance with the  nor
arL, in particular in accordance exump_e 14;  



_1b Fig. 3 a chromatogram of the resu is of a reaction charge "o  the
HES_ylation of a Spiegeimer accordance with the  present invention, in
particular in accordance with  example Fig 4 a chromatogram of the result
of a Further reaction  charge for the HESylation of a Spiegelmer in
accordance  with the present invention, in particular in accordance  with
example 1; and Fig. 5 a diagram of the inhibition caused by HESylated
Spiegelmer or non-HESylated Spiegelmer of Ghrel:in.- induced calcium2'
release. Example 1: Production of a conjugate from a Spiegelmer and
hydroxyethy_ starch HESy ate used HES 10/0.4 with the molecular
parameters Mw 11092 D, MS 0.4 and  C2/C6 >8 which was oxidised to
carboxylic acid at the reducing  chain end, was used. A description of the
production of the HES  acid is disclosed for example in German Patent
Application DE  196 2.8 705. 17 3rod.ucticrr of the NHS ester The R
nyaroxq suc~ini Lde ester of -F - tlaz:. was produced as  follows: 0.2 g
(0.05 mNol) anhydrous HES acid 10/0.4 is dissolved in 1 ml  dry
dimethyifo mamide and reacted with an e.~^ - uimoiar quantity of
N,N'-di.succinimidyl carbonate (12.8 mg) for 1.5 hours at room
temperature. Product i cn_ of the Spiegelmer HESY!aie 5 mg
(corresponding to 1.3 umoli 5' -aminohexyl func!iionalised
RNA-Spiegelmer according to Seq. ID. no. 1 are dissolved in 0.7  ml of a
0.3 molar d.icarbonate solution with a pH of 8.4. The  active ester,
produced as described above, is added directly to  



this solution and reacted at room temperature for 2 hours. The
RNA-Spiegelmer exhibits the following sequence:
5'-aminohexyl-UGAGUGACUGAC-3' (SEQ. =D. NO. '_j  Analysis of the
conjugate produced 1n such a way The conjugate is detected cv
low-pressure GPC. The analysis  conditions thereby ased were the
f_ollowin4Y, the _ analysis resin*_  being shown in Fig. 3: Column:
Superose 12 HR. "10/30, 300 mm x 10 mm i.a.  (Pharmacia, art. no.
17-0538-001 Noblie solvent: Phosphate buffer pH 7.0 12?.38 mM Na,HPG
,-2.52 mM Na:H,PC it 0.2 4 NaCl, 0.6051 NaN7 in TAL waters  Elcwrate:
C.4 mi/sin Detection: UV 280 rim  Running time: 70 min injection volume:
20 pi original charge The reaction charge produced a yield of ego (with
perpendicular  with reference to the chromatogram.! or 77% with `.ailing
peak  evaluation. The above reaction was carried out with another form of
hydrox_yethyl starch (50/0.7) which exhibited the following  molecular
parameters: Mw: 54110 D, M5: 0.7 and C2/C6 -5. With an otherwise
identical reaction procedure, a yield of 53%  was obtained. The
correspcnding GPC cnromatogram for the  reaction product is shown in
Fig. 4. Example 2: Increasing the yield of the conjugate Eased on the
procedure described in example 1, the ratio of  activated aldonic acid
ester added in portions to test RNA- Spiegelmer was increased to 2:1 or
3:1. In the case of doubling  of the ratio, a yield of more than 95% was
obtained and with  tripling of the excess of the activated aldonic acid ester,
a  virtually quantitative yield (> 98 to 99%;- was obtained. Example 3:
Comparison of the inhibition of the Chrelin- 



induced calcium release by Ghrelin-binding  HESylated and
non-HESylated Spiegelmers. Stably transfixed CHO cells which express
the human receptor for  Chrelin (GH3-Rla) (obtained from Eur.oscteen,
Gosselies, _elg`um) a- sown in a n Tier ct 5 - , x Per weli of a b1a_
?6-we-- ra crocicre plate wit-1 a cIaar base (( ~; ne x.~ -) and c. oaltivated
c ariii-gh= at ?7 and 5", CO_ - ' - -- Ul._aC3G rn;:LUm ;Camarez: u,hr,;r
gins in n Lion iO0 u nate!ml nic -.liin. 100 Streptomycin, 400 p9/ml
Gen.et_ic_n and 2.5 pa/ml Fungi_one.  Non-HES_laced and - ES`_llatea
forms produced in accordance with  example - of the Gr_relin-'pi ndinc tie-
.,~lmers with the internal  reference SOT--_li according tc SEQ. are
incubated  together w_th human o r rat Ghrel' (Bachem) i~i Jltra-CHO
Medium  to which 5 mM prcbenecia and 2s mM hEFES have been added
(CHO- U-), nor 15 - 60 rein at RT or 37C in a 0.2 ml "low profile 96- tube"
plate. Tire e stcm!ulatior: solutions are prepared as to ~- n  times
concentrate" solutions in CHC-J+. Sequence of SOT-B": S'- CGU GUG
A'GGCA'-1 UAA AAC UJA AGU CCG AAG  GUA ACC kAU CCU ACA CG
-3' (seg. IUD. nc.2) Before charging with the calcium indicator dve Fiuo-4,
the cell:.  are washed 1 x with 200 p1 respectively CHc-U-. 50 ul of The
indicator dye solution (10 Fluo-4 pM (molecu_ar probes), 0.08%  Pluronic
127 (molecular probes) in '-HC-U+ are then added and  incubated for 60
tin at 37^ The cells are then washed 3 x with  180 l respectively CHG-U-.
90 pie CHC-U+ are then added per  well. Measurement of the
fluorescence signals is carried out at an  



excitation wavelength of 485 nm and an emission wavelength of  520 ma
_n a Fiucstar Optima multi-detection plate reader ;HE-iii .  The stimulation
solutions are added to the cells for accurate  analysis Of the c ourrse of tl
for the  c` at.ges in th ~._"ium  concent_ations caused by Ghre=in. The
wells of a vertical series  96 well plate are measure: icintly for the parallel
measurement of _al mpl the, values  measured v20 are recorded _irst of
ai i_ at an inter ;al of 4 -seconds __  determine the baseline, Measu
_-ment is then discorcinued, she  of ate mo:ec from _ read and with a
mule hannel '.nett,,.  10 al of the st Lmulat_on solutions from the "low
profile 96- ,be"  plate in which the pre-incubat=on was carried out, added
to the  wens of the series to be measured.: The plate is then again
inserted in the machine and measurement continued total of 20
measurements 4 secc-nd apart). From the measurement curves obtained,
the difference between  maximum fluorescence signal and fluorescence
signal before  stimulation is determined for each individual well and plotted
.against the concentration of Ghrelin or, in tests for the  inhibition of
calcium release with Spiegelmers, against the  concentration of
Spiegelmer. To show the e_ficienc_y, of the HESvlated Spiegelmers,
Ghrelin  receptor-expressing cells were simulated with 5 nM S "hrelin or
Gh _elsn whin has been pre ncubated together with afferent  cuantinies of
HESylated or non-HESylated Spiegelmer. The  fluorescence signals
measured were standardised to the signals  which were obtained, without
Spiegelmers. The HESylated  Spiege-mer inhicits the Gh_relin-induced
Cap' release with an ICs2  of approx. 6.5 nM_ whereas the
non-HESylated Spiegelmer inhibits  with an ICsr, of approx. 5 nN. The 



result is shown in Fig. S.  Example 4: Production of conjucates from a
pclynucleotide and  HES aldonic acid using processes according to the
Prior art 0.25 g HES 10;0.= aldonic acid (62.5 Rmc_ is dissolved with
stirring in 1C ml water. 5.99 mg (2.S pmol) RNA-Spiegelmer  according to
SEQ. ID. no. 1 are added to the solution at room  temperature. 52 sic
N-ethy=-N'  -(3-dime _hylaminop_opyl)_  caroodi._mide hydrochloride
;.261 umol) di solved in 1 it wa'te,_-. a h~ added with rriz; in portions over
2 hours _oom  temp, ratur!e A pH of 5 _ ;<ept co ; 7 an,_ by add itior_ of
ooh i Cr1:7 c id r sodium h roxide sclution. Wh-1e tn(  re9 tior comm. 't .he
'- , rGe - Lirt 9r stirred -Cr anC _  ors at room_ ,.emperature. C:ecking c
the reaction charge via  low-pressure GPC gave a reaction conversion of
the 5;iegelmer  used of less than 1 . Example 5: Production of conjugates
from a . pr.,l,_ynnci_ctide and  HES aldonic acid using processes
accordnc prior art _.50 mg ^,DC are added to a mixture of HEE _0/0.4
a_don_ic acid and  RNA-So:eaelmer according to seq. :D. no. I as in
example 4 over  3 hours at rooai temperature and wistirring. No reaction
conversion could be eterm ned by analytical low-pressu--e GP'".  Example
6: Production of con uaa--es from a polynucleot-de and  HIS aldon.-c acid
using processes according to the prior  art 1.0 HIS 10/0.4 aldonic acid
(240 pmol) are dissolved with  stirring in 10 ml water with heat. After
cooling to room  



temperature, 10 ma of the RNA.-S pieg_-mgr are adored t- the charge
according to seq. 1D. no-. 50 no E,DC ;260 mop }z _) dissolved in 1  mL
water are then added in portions with stirring over 2 hours  at room
temperature, toe pH being kept constant at 5 with  hydrochlor-_c acid or
sodium hydroxide solution. ter a further 2 hours reaction times the time,
charge is analysed by  means of low-pressure GPC. Ho reaction t prodsc~
cou_c ore  detec-ed. 22 Example 7: Production of conjugates from a
palynucleotide and  l , ETS a1donic amid using =prop.. according to the
prior a --The charge according to example 6 was repeated, wherein in th;
case 100 me Epr were added over 3 hours. When the reaction was
complete, . M reaction p _>d n._ could be  detected. Example B:
Production of conjugates from a po_ynucleoride and  HES aldonic acid
using processes according to the  prior art Examples 6 and 7 were
repeated at pH values of 4.0 and 6.0.  No reaction product could be
detected in the two reaction  charges by means of low-pressure GPC.
Example 9: Production of conjugates from a polynucl.eotide and  HES
aldor_ic acid using processes according to the  prior art Example 4 was
repeated at reaction temperatures of VC and 370C,  In both cases, no
reaction product was detected. Example 10: Production of conjugates
from a _olyn:ucleoride and  



HES aldonic acid U=g processes according to the  prior art 23 303. ma
(.[.5. :'1ral) suc*a.,_nimi de and 0 .502 HL. IO/,i -r air~nic  acid (^.72 5
mmol' are dissolved 1_^.L Cl m L C'CT'V d"[R _.: ,J-SU!pYlOxl dE'
DM3Oi at room tem~oerature. 5! inq ED,' (0. rt.a_;l are t,^^. e.-. a_ added
~c, the ccjar}- sti_  overnight. 5 m (corresp_)nding to umol RNA-Spi
_egelme _r accc, _ding to  seg- _TD. are d ~ _ved in ' 0 m water and Lhe
be set 8.5 with sodium hydroxide solution. or dissolved in ]C riL 0.3  molar
bicarbonate buffer of pH 8,4. S mL respectively of the above-named
.dimethy1sulp:5oxide solution  are added to the two partial charges, the
pH of the aqueous  solution of _,_e first dart'-al charge being kept
constant at _i,ph  8.5 by the adaicron of sodium hydroxide solution. The
charges were stirred overnighc at room temperature. 1::^_e  a=alycocal
low-pressure GPC did not produce any reaction product  in the two partial
charges. Example 11: Production of conjugates from a polynucleotide and
HES aldonic acid' using, processes according to the  prior art 300 mg (2.6
mmol) succinimide are dissolved in 10 mL dry  imet'r,ylsulo; oxide
(DM55O) and 0.5 g (0.125 mmo1) dried HES  10/0.4 aldonic acid added
at 80C overnight to form the  corresponding lactona. Tne charge reacts
overnight at 70G. The solution is then added at room temperature to 5 mL
of a  solution of S mg RNA-Spiegelmer accord-no to 5-d. ID. no, I in  10 at
0.3 n o_a.y. bicarbonate ffer of pH 8.4 and stirred for 4  hours at room
temperature. No reaction product was found by  means of analytical _o
-pros ure GPC, 



3 4 Example 12: Production of conjugates from a poiynuc=eotide and
HES aldonic acid using processes according to the  prior arz 5.0 g HES
10/0.4 aldonic acid ;1.2 mmol) are dissolved in 30 mL  dry dim hylfo
mamide (0MF! 195 :[Lc (1.2 mmol) carbonyl  diimidazole (CDI) are added
to the solution and stirred for. 2  hours at room temperature. 5 mg
PNA-Spiegelmer according to seq. ID. no. are dissolved in  5 mL water.
10 mL of the above-named solution of imidazolyl-HES  aldonic acid 10/0.4
are added to this solution and the pH set at  7.5 with sodium hydroxide
solution. After stirring at room  temperature overnight, the charge was
examined for reaction  prod',uct by means of low-pressure GPC. Only
traces of reaction  product were determined. Example 13: Production of
conjugates from a polynucleetide and  KES aldonic acid using processes
according to the  prior art 5 mg RNA-Spiegelmer according to seq. ID. no.
1 are dissolved in  12.5 mL C.3 M bicarbonate buffer of pH 8.4. The
charge was  cooled with ice water to 0 and mixed with 8.5 mL of the
solution of HES 10/0.4 aldonic acid-imidazolyl in DMF mentioned  in
Example 12. After 2 tours at 0C and a further 2 hours at  room
temperature, the charge was examined for reaction product.  No product
could be detected. Example 14: Production of conjugates from a
polynucleotide and  HIS using processes according to the prior art 25 1 q
HES 10/0.4 (0.i5 mmc1.i are dissolved in  ai, HzG with hem--.  mg rrespor
dings to 2.Fool; RNA ..ae~mc:r ar ding to  4  no. 1 are addecd to the s
Oiut: or: after cooling and thc pH at 7.i, witH sodium. hvd=oxide solution.
200 bor...e- pyridine complex (S_.graa-Aldrich) are then added and a  rue 



r rre at _:oom 'empe a ure it toe: dark for 1J days. The charge  is the
examined for any reaction products by law-pressure GPC.  Only a
conversics of . 36 based on the Spi.egeln r a ed coul...be'  detected, Tne
fea-ures of the invention disclosed in the preceding  description, the
claims and the. drawings can be essentially both  individual and also in
any combi_na ian to perform the invention  in its different embodiments.
26 LLOYD WISE  Claims Process for the - - proc.'rzct_cn_ or pel
/nucleotide ar a po` v ;acct aside comprising the step<  a) provision of an
aldonic. acid of the polysaccharide on  a derivative thereof; h) reaction of
the aldonic acid with an alcohol  derivative, _.eferably a ~ earn..riat_,
derivative of or,  alcohol, to an aldonic acid ester, preferably to an
activated aldonic acid ester; and c). reaction of the aldonic acid ester with
the  pclynucleotide, wherein the polynucieotide exhibits a  functional
amino group, characterised in that the reaction of the aldonic acid with
the alcohol de::--dative in step b) takes place in a dry  aprotic polar
solvent. 2. Process according to claim 1, characterised in that the  solvent
is selected from the group comprising  dimethylsulphox-de,
dimethylformamide and dimethylacetamide.  3. Process according to claim
_ or 2, characterised in that the aldonic acid ester is purified and is then
used in step c).  4. Process according to claim 1 or characterised 



in that one  reaction charge from step b; is used with the aldonic acid
ester directly in step c). Process according to one of claims 1 to 4,
character.Lsec in  that step c) is carried out at a oh range of to 9,
preferably 7.5 to 9 and more preferably 8.0 B.B. 27 LLOYD WISE  ti.
Process according to claim 5 c:ra  , rac'-e:isec< in na_ step c)  is carried
out at a p__ of approximately 8.4. rotes according to one of ims w to 6,
characterised  that the molar ratio of aldonic acid to alcohol derivative  is
approximately 0.9 to 1.1, preferably approximately 1. 8. Process according
to one of claims I to 7, characterised in  that the alcohol. is selected from
the group comprising N-- hydroxy-succinimide s:al ed phonate
ny_cx_y-succinimide,  phenol derivatives and N-hydroxy-benzotriazole. 9.
Process according to one of claims 1 to 8, characterised in  that the
polysaccharide is selected from the group  comprising dextran,
hydroxyethyl starch, hydroxyprepyl  star--n and branched starch fractions.
10. Process according to claim 9, characterised in that the  polysaccharide
is hydroxyethyl starch. 11. Process according to claim 10, characterised in
that the  hydroxyethyl starch exhibits a weight-averaged mean  molecular
werg^t of approximately 3,000 to 100,000 Dalton,  preferably of
approximately 5,000 to 60,000. 12. Process according to one of claims 10
or 11, characterised  In that the hydroxyethyl starch exhibits a number
average of  the mean molecular weight of approximately 2,000 to 50,000
Dalton. 13. Process according to one of claims 10 to 12, characterised  



in that the hyydroxyethyl starch ex;hib::its a ratio of we' ght- averaged
molecular weight to number average o, the mean  molecular weight of
approximately _.05 to 1.20. 28 LLOYD WISE  14. Process ac crding to on
. of claims to 13, characterised it Chat i c vc-, vetnyi. starch exhibi-- mc1ar
su_os'titut.on ct 0.: to 0 .8, ereferahi.v of C.4 to 0 5. Proce :, accordins; to
one of claims 1 (T _c 14, cha i ,._et: _sed  in tat t hyd,ox_,,et:yi starch
exhibits a substitution  sample expressed as the 22%06 ratio of
aporoximat_elv 2 to  12, preferably of =proximately 3 to 10 iCProcess
according to one of claims to characterised in  that the polynuclectide is a
functional nucleic acid. 17. Process according to claim 16, characterised
in that the  functional nucleic acid an aptamer a Spiegeime:r. 18. Process
according to one of claims 1 to 17, characterised in  that the
polynucleotide exhibits a molecular weight of 300  tc 50,000 Da,
preferably 4,000 to 25,000 Da and more  preferably 7,000 to 16,000 Ca.
19. Process according to one of claims 1 to 16, characterised in  t,^-at the
functional amino group is a primar'y' secondary  amino group, preferably
s. primary amino group. 20 Process according to one of claims 1 to 19,
charac-cerlsed in  that tin runctional amino Group is bound to a terminal
phosphate of the pc_ynucleotid.e. 21. Process according to claim. 20,
characterised in that the  functional amino group is bound to the
phosphate group vn_a a  _inke 22. Process according to one of claims 1
to 21, characterised in  .."'tai, the f:unct-oral amino g--up is a 3-aminohexyl
.group. 




