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 accarding to a process of this type. The

armato—aT

on'ugatio of pharmaceutical‘activegingredjents in particular oj proteins .
with polyrth§ienegfydof deHvatvEs ﬁ@@;ﬂ&ﬁ&ﬁ?%r%W%&@hé(ﬁé%hamdes
such as dextra’™s or in parti’%:rﬁfar% OXy ﬁi}ltét%& ;"HESylation") hz_is
gainedin—importance-in-recent-years-with-the-increase-in phnrmafplltlral
proteins from biotechnological research. The effects of a PEGylati.on or
TP HESaf6H of pHiarhaesutically tactiveccompounds suctpas, Hoe examplescion of
a proteingconsistdater alia i thatiy-equpling the Eroi%'l O . ride ana to
‘h above-,mengoned polymers such as polyethylene glycol (PEG) or
fydro ue(%ﬁyiesstaf)c%t?éﬁ%kﬁﬁei?§ﬁ8ﬁcb}t8l‘?)g | halFiitE T |oW for'the type.
development of toe full pharmaceutical potential can be specifically
TheeXtepded, [he antigeniG properties of proteins, however, can also be, ,
o‘sitivelg%,f uenced by Qou%ling._l?ﬁ ggégs% of other pharmabedficaients  in
ParctivBlifgredRhts, BrE Waters soltibifity caPrbe ebhsideraily incréasetbhy vatives
(" RegupliagiExamples: of mlﬁgﬁﬁﬁigﬁiﬁégqarg@gﬁu“?é acqye%:trlan% or in
' jents are for example described in. International Patent Application ‘
?aﬂvg\/%@%i%%%%yé AZGr inhIX?ernﬁﬁgﬁreﬁ atén?%%‘éﬁ@&ﬁdﬁ*WO 03760038 ned  in
1NPRY BABFE rebentrdersidpmyants in thietfield bEbiologicad sarget melecti@scutical
proafdigh affinity binding-eligonucleatides, sugh as for example the
D-oligonucleotides referred to as aptamers or the L- ollgonucleotldes.
referred to as Spiegelmers, also use the possibilities of the conjugation to
Thepotyriersisuch s polyethylenegho': ©o; -¥ioy La el pd‘ﬁAbﬂa'ﬁné/%é-uhti‘cally
+99:2032xpages 8898:8902) to change g{he garmacofl etic profile and the
ac,bioavaAIl.’%%ility in an advantageous Waey.al-r|n§ 98 tr%rr%? r%%ger'(ﬁ?/ibsiéa’ inter
allaéﬂVéﬂVé%%wheby coupling the proteins to the above-mentioned

polymers such as polyethyleneglycol (PEG) or hydroxyethyl starch
(HES) their short Dbiological half-life too low for the
development of the full pharmaceutical potential can be
specifically extended. The antigenic properties of proteins,
however, can alsoc be positively influenced 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
AZ.

More recent developments in the field of biclogical 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
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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 laed\éaqtagequs rheological rﬂopegies and is1currently used
pocl%cd y as avolume replacdtatd for haemédilutichiherapy:  vol. 99 (2002)
PaBemmérieyer2¢ akoKrankenk:ausphasmazies ¥ol 80987 pades 2721 g the

b1 24&and:-Weidley et @' _amA%%rpiggelfgg%chun / Drug Res., 41 (1991)
pages 494 - 498.) In DE 1.96 28 70% and DE 101 29 369 processes are

despribed specifically for haemoglobin or ampho_ericin B, as to how
HEgoupling-with hydroxyethyl starebdn arhydraus dimethylsylphoxide (polymer

am(BMSQ).¢an be carried out via the cqrresponding aldonic acid lactone o '
hydroxyethyl%tfrch with- re%va?rﬁin%%g’robﬁs%?ﬁa@ﬁb@%b?ﬁ%?m- Amylopectin

“CUmphcteritin B! Sifee particudaririndhe case pl-proteins it isoften: et veosidic

bopassibieto weork with-anhydroys ic solvents, either for reasqns of o
2 59lubility but also for reasons of g%%fagt%%ﬁglthge %r%?é}ﬁé{lggﬁpling%s exbibits
processes with HES n°d hjalousHheditRt afe alserdesciibed intheently  used
cLiiteraiturey Thus for exainple Interiadional Ratents APPHGALON: : 1yt ion therapy
(s RaE/ERAZ/02928 discloses the coupling of hydrox_yethyl starch )
. fe@c£i¥§%$oxi%§ncg to élc?gﬁi%ga}fcelal&gﬁut%%n?e%ﬁaélzrfééénd"(?flthe Cheinty/ ) pages
mearfs'6f Water&otibie tafbodiinide AeEBG imi ttel forschung / Drug Res.,
41 (Itethyl-B-(3-dirmaethylaminoprop_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 ,
I yddetionof He profeinsras SScondary fsactions. Ehe-peasent inyLntighs - -1 peg

s pas based o therproblemHr groviding a; progess far the production of a
cofeningate from, a polynucieot.de and apol_,;s%c’g%gr‘_ll é.nAcc%d.rdiﬁé to t° how
the invention, he problerf Y&S6/8a 7 &lfirst LS B3 b%Pa process or  anhydrous

dimethylsulphoxide (DMS0) can be carried out via the
corresponding aldonicugcid lactone of hydroxyethyl starch with

free amino groups of haemoglobin or amphotericin B.

Since, particularly in the case of proteins, it is often not
pessible to work with anhydrous, aprotic solvents, either for
reasons of solubility but alsc for reasons of denaturing the
proteins, coupling processes with HES 1in a hydrous medium are
also described in the literature. Thus for example International
Patent Application PCT/EP 02/02%28 discloses the coupling of
hydroxyethyl starch selectively oxidising to aldonic acid at the
reducing end of the chain by means of water-soluble carbodiimide
EDC (1~ethyl~3~(3—dimethylaminopropyl)—carbodiimide}. Very
often, however, the use of carbodiimides is linked with
disadvantages because carbodiimides very often cause inter- or
intramolecular cross-linking reactions of the. proteins as

secondary reactions.



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
r aecid \:/Cvitg antalcohol derivative, preferably a carbonate derivative of an

alcohol, to ‘an ald8hit adid estér praferablyto arhactvated atdoaic aCibviding a
Prestef,sanbe) reaetion ofithecaldanis acid ester with.the ﬂ%%n“a0|%°§1dy%uc leotide

anwhereip the polynucleatide 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;
Acgeddment, the salventis selected from.th comprisin , .
aSggggth;gsc,u|Bhox;cdg,sczgm%thg|fo;mamide%%g%igrﬁeth?laégta&r%ﬁ%%nlé‘nea first

embodiment, the aldonio acid estaf B ptitiied arid thén is usedinstep from a
PO%:)V.Y}'H%Jr?al%ér%%tivecémb@dimamkeaga;xe-i@armaig%!{@%ﬁgogpeg}ss of -

used with the aidonic acid ester directly in step c;. :n one embodiment.,

ste%S:) is carried out at a pF, range of 7 to 9, preferably --5-_c 9 -_, and

more pre-efab o°8 L t0°8.8 3 afpréferied embodinienthstep ) iseaied i e oy

°f oyt At aipH of vapproxireately 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-_-
ura ﬁ reaction of the aldonic 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

polynucleotide, wherein the polynucleotide exhibits a

functional amino group,

characterised in that the reaction of the aldonic acid with
the r alcohol derivative in step b)) takes place in a dry

aprotic polar solvent.

In one -embodiment, the solvent is selected from the group
comprising dimethylsulphoxide, dimethylformamide and

dimethylacetamide.

I e j = j ]
n one embodiment, the aldonic acid ester is purified and then

is used in step c).

Il}. an alte ILIQ,J_'\?@ ‘iﬁliti)OCc_.L[LL z.lL,, Liits reac C10n Chargé ffOIL[ SL\——D b)

1s used with the aldonic aclid ester directly in step <)

L one embodiment, step ¢) is carried out at a pH range of 7 to
9, preferably 7.5 to 9 and more preferably 8.0 to 8.8
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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.
In frac'Jonssdn one e i ~the polysaccharide is hyd-cxyethyl starch.

In a preferred emb%}c%%@!e%?ﬁﬁe ’hycﬁg;é(@{/)etﬁ)}l st%?chcg%%ﬁg a Ott at a pH of
ap%\fe?gﬁfgﬁé”rhﬁe%’rﬁean molecular weight of approximately 3,000 to

130,000 Dalton, preferably of approximately 5,000 to 660,000. In a further

preferr Iment, the h %rox ethyl arch exhibits a number average
o oﬁlge %%f%%%?ﬁér \kaé%h?}é '%%%%%&a%,oﬁd%@&o@@%n%ﬁ 72lconol
S BhEémbBdiferite ecHidroxeéthyPstarcheexhibits aratizobbly approximately
1. 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
In of Q4 touPothiore embadiment therhydroxyethyksta: rehyexhibils a + 1o group
conSibstitution sample express the C2/C6 ratio of approximately 2 to

12, p%g%%)ably g]; al%pg:é%i}?ﬁ?atgeglly%%g 10474 one eSrH%BEfﬁ?énte%e N-hydroxy-
SUORMTCI8EHdE RS L ufRfidNaitidtieic 2acid Ninky preferredeembadimens Lit .

is provided t":at the functional nucleic acid is an aptamer or a Spieaeimer.

I e imen” , jt.is provided that he polynucleotide exhibits a
In 'B,Q0 — P 1€ poly
: molecﬁ?{ggrg\;\%gﬁfl 67300 to B D004 BratstabiyS 4 T0POSS 060 T a¢ Sroup

COMRbre bFeterals 7,000 tolBI006 D thy bnesembodiment; dtris previded 1 starcn

andhat the-functional-aming 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
In potynacleotid@smta préferredlembodimentait is provjided thatthe 1 scarcn.
functional
In a preferred embodiment, the hydroxyethyl starch exhibits a
weight-averaged mean molecular welght of approximately 3,000 to

100,000 Dalton, preferably of approximately 5,000 to 60,000.

In a further preferred embodiment, the hydroxyethyl starch
exhibits a number average of the mean molecular welght of

approximately 2,000 to 50,000 Dalton.

In one embodiment, the hydroxyethyl starch exhibits a ratio of
’ welght-averaged molecular welght 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 starch exhibits a
substitution sample expressed as the Cc2/Ccé ratio of

approximately 2 to 12, preferably of approximately 3 to 10.
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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

In pglygucégg;ggﬁrgg%ipatgg ac %rg'nrgltola ocess according to the first ,
aspect of the present inventio%. The p?eseégr%tllﬁ%enjfi%n is b?agéré il nuctelc
s tprising knowledge that, rpm hydroxyethyl starch aldonic acids and
aldonic acids of other polysaccharides, such as, for example, wax maize

T, Starch. adation fractions, in dry aprotic, polar solvents, such as, for
e A R iade (M of inctional
nuGimrethyiforfhahsider( DMERwith alcohoRs ire patticutar 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

T D o e SPo! - ,
* could DEProdtcda  which-tan ie aBVANtAGRBUSH A teRliA arpaduEdus. cotide
~exiMadiamn wechalecedehi i,creamino gorof 36p v «c140 more skablesreferanl ¢
1, @m-Ldesy & saponification of the ai~u.donic acid esters with saner to the
tree a-ldonic acid and to theoﬁge%lfc?o%%ﬁ%%%ﬁrgézocgoon&acfylr6e'a%9|8n.D a-
Surpr_singiy, no activation, of the hydroxyl groups of the anhydrogluccse

In unitetherebydoees, but thstead suecificaly the activation of the carboxyl .
gr Oerlg)upiosf thg aldoni.% acids, provided the molar ratios the reactants is set

‘in'she region 6f 1'1° The preseRt i/enfioh intRisT@speEPtiins awefgrably  a
primagm thelfcachirmyrdescribed up until now in the prior art or is based on

the knowledge that the different processes described in the e

In one embodiment, it is provided that the functional amino

group 1s linked to a terminal phosphate of the polynucleotide.

In a preferred embodiment, it is provided that the functional

amino group is linked to the phosphate group via a linker.

In one embodiment, it is provided that the fdnctional amino

group is a S-aminohexyl group.

In a second aspect, the problem is resolved according to the
invention by a conjugate of a polysaccharide and a
polynucleotide, obtainable accoraing to a process according to

the first aspect of the present invention.

The present invention is based on the surprising knowledge that,
from 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, dimethylacetamide (DMA), dimethylsulphoxide (DMSO)
or dimethylformamide (DMF), with alcohols, in particular with

the carbonates of alcohols, thus the diesters of carbon dioxide
5



prior art are not suitable for an efficient production: of a conjugate of a
polynucleotide and a polysaccharide. Thus it was allso sur_prlsmgly fgund

by the present inventors that L-5'-amino-funptlonallsed lqllgonuclectldes

.cannot be reacted with HES aldonic acids via qcarbodllmldg | | |
m%@D&%ﬁé‘&fﬁéd Yofiafion of & afiideBoAd withithe:Skamino gioupides, the
CO gespite nvariationsdo the passible geaction parameters.and reactant . can

r | tknown that compounds containing ph_osphatgs an .
o ?(t?s%ﬁtatt?ggéj%%éﬁérea%ﬁe falgsaor% camodiimides ofteh &dite: rucleophilic

A arametit89v but'eveh 'uRge- BxeessestofEDC did notpisdhes present caseges. =
sajead fo measutable reaetion product (S. S, Weng, rg‘%@‘ﬁ%%%@%‘ the free
21 &9n-Zugatian angd »ross-Linkitqg, CRQ-Eress, Bocit :Caton, Lo ion, eV\é:condar
York, Washington .C.t!%SSS pageflaﬁ FURHEMRAT it Wp thyat E_B N
regahite used in agueous medium, to couple mplecules colntalnlng amino
functions t the erm_i":a! phosphate group of Oligonucl.eotider fn_rncng _
pnosphcramidate bond. Under reaction conditions thereby carried out, the
sutp relrnépﬁﬁgé,phgtg gratips Wrioteact in tHis wayh pHospiydte groups:in of  the
an‘fpgiﬂ@mamaﬁebe spic;fcalt modifier 1Mn3%\%?k1§§2%%5§%%ﬁ eically
hel. nans cademic Press, San Diego, Now York, B , on,
tnvgygfglj@'lgcfygor?&}%rant&qﬁ%% 55185 ) g“rtﬁ"lLF’ll%rnw%‘re3 it¥as %ﬂj%’sllﬁglyauds,
PrIEhfathatsiss otier Establisheefcoupling saetheds shich arstdescribed region
of ihthe literature for hydroxyeth_yl starch}derivatlves, Cann= _be . .
successfully used with .-amino-fund onalised _L ollg.onucleotldes. Thus it a
common method to form the reactive acid imidazolidefrom the acid for the

The present invention in this respect turns away from the
teaching described up until now in the prior art or is based on
the knowledge that the different processes described in the
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 oligonucleotides cannot be

reacted with HES aldonic acids via a carbodiimide {(EDC) ~mediated

h

.

~ormation of an amide bond with the 5’amino group, despite
‘variations in the possible reaction parameters and reactant

ratios.

It is in fact known that compounds containing phosphates and
phosphate groups increase the loss of carbodiimides, often guite
dramatically, but even large excesses of EDC dig not, in the
present case, lead to measurable reaction product (S.9. Wong,
Chemistry of Protein Conjugation and Cross-Linking, CRC-Press,

Boca Raton, London, New York, Washington D.C. (1993) page 199).

Furthermore, it is known that EDC can be used in agueous medium

to couple molecules containing amino functions to the terminal
6



-. 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

thEEHHiQ%O'e-Jn the czse of HES aldonic. acid, production of the reactive
HES imidaZolids was sutcedSiur Crris & itbiweveicdetomposedtoo spho rami da t o

POjiflidaZE der anthHES agit-duringdhe eaction:in aguequs sojution at all %Il-lE he
invamj_a%g%%{gggr%jgggggngged ngithout involving a “coupling with the ™

o - 8Ctually more nuclegphilic a-amino- unctionafised polyhticieotiae s A§ aPhosphate
1 ?ur?ﬁ‘er p%sgﬁ.ﬁﬁikﬂl&@&pliﬁ@n_ Was ﬁﬁfﬁﬁi@@@am’ aﬁtd)LELf_ied (Bioconjugate
"< hydiorysuccinzkde esterrof-the HiES acid. .whigh was previously Diego, New

yOp}de%%dcg}lgntﬂmrgus medium accarding to literatore specifications
either via EDC activation g?éjﬁ?é/éct%%ké’ﬂhe'rﬂI@W_dﬁeg%h page 52).

hydroxys-iccinimiae in anhydrous mea.um.. Neither of the two methods,
Fuhoweves-was suecessfils The reaction of = via.the only reducing end
eStge(gwggg}[litghdthecamino,-functionaliged poIvgu'\(\‘fleotijtlecéulfw1 he $étfde of @-5©  other

reduc7ive amination Wis afds uttiécessiul cdespite verydeng reaetion lin  the

11 e Ftte redrtion Sghemesfor the produgtion,accerding 1o the snvention, . 4,
Sucgfeasg%jyggte from a gglynucle%(%% and a Sglysacchagide is ,Shéwnl in e
OleFighwhlerein,FLg 11" snow; the  structure of the"&IAGIE Hid yPoas o e L-
aldonic &cid ot the pdiysdcchiFideiand Fig. dBrelueidaties-thescowse of orr  the
regpel reactiondThieneaction aguations,in Fig. 2, Which ae thtehe production of
acid amides in the sense of a formation of an amide bond as
intermediate stage and then, with this active acylation agent
carry out the reaction of the amine to the corresponding amide

with the release of imidazole.

In the case of HES aldonic acid,kproduction of the reactive HES
imidazolide was successful. This however decomposed to imidazole
and HES acid during the reaction in agueous solution at all pH
values and reactant ratios examined, without invol&fnc a
coupling with the actually more nucleophilic 5~an;no—

= : =74 3
tunctionalised polynucleotide.

As a further possibility, coupling was aimed for via an active
hydroxysuccinimide ester of the HES acid, which was previously
produced in anhydrous medium according to ;iterature
specifications either via EDC activation or by reaction of the
HES lactone with hydroxysuccinimide in anhydrous medium. Neither

= \ N
of the two methods, however, was successful.

The tio £ ‘ I
€ reaction of HES via the only reducing end group with the
IS - =
amino-~f ] ' i '
O-runctionalised polynucleotide in the sense of a reductive
aminati £ .
ation was also unsuccessful, despite very long reaction

times.



subject matter of examples 4 to 14, summa(ise the unsuccessful aftempts
to produce a conjugate from a ooI_ynucIeotlo!e a_nd a p_olysqcchande.
Although the process according to the invention is not, in .prlnC|pIe.,
restricted to certain polysaccharides, hydroxyethyl starch is a particularly

I [ ithin the framework of the
Thprefered polysaccharide, It is, howeyer, also |th|tn,t ; 3 .
ﬁwention that other starch derivatives. such as &g, iWdroRyprdni sisrch,t0 e

thare used. Likéwisé, witﬁﬁPﬂi&éﬁﬁéﬁewéﬁk@T therpresenitinventionthe:  and - a
pohyperbranched starch dtastions deseried in German.Patent. éqppﬁg\atlggfows the

j [ ' ith degrees o
102.17.994. in fic erbranched starch ]’;ractlons with d ‘
St%gagﬁiuhﬁﬁg%#ea?ggthgﬁggr%lﬁcJpcriefgr%%‘f)? gréaterthaf 10HMévandt of the

PO ¥FART R4 46 mélktanier usedBHESlis@ssentially characteiseddy of the
re:ﬁhﬁWﬁight-a:wagggamgggnmqj%,glél@g_\élﬁgghtily!w,.Eﬂ%% pyr@ber.%}{ﬁrg}geh%fre fhe
jthe mean molecular weight Mn, the molecular weight distribution and the |
®“Gegree of substitition. Xf%%pél?rfstif}uti(‘iﬁ with -hy8rexyetiyl groupss inmetheress ful
2t 5rRIsSs thereby pdssible on carborzatoms 2:3@and 6 95 ih8iucieotide and a
po BAHYEregiucese units. The substitution sample is th(_-:'reby 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

Al tjtatign’; whieh rgfarsagmea@@geamfgtheclgub%tﬂégttetqu%gﬁomig%lﬁgogt, in
- se uni r as YS (English for "molar substitu ion"1 by |
prlglvhgrlgg g ’ nu%la%%%#%%%ﬁx%@thﬁeg%ﬁﬁg Pty HCGSE tiAft is!aenotéd g amvethyl
St aGntificditerature2as ko herain, the ielecatarweight sMvethe-unit . hIt is,
howkDalr on is yoveniasan ibXeviatign fc, | biidrexvethyl Sgafsgégﬁéfﬁefw%]t other

the degr’_, of subs-.. tuti.on MS_ T fl 0 __4 denotes h vd 07 - oyl_arc
St Stits W actiar weight M OF 10000-&hd B fhetegee oflsubstitition MSe used.

Likgpgge, 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 mols%,

preferably greater than 10 mol$ and smaller than 16 mol%, can be

HES 1is essentially characterised by the weight-averaged mean
molecular weight Mw, the number average of the mean molecular
weight Mn, the molecular welght distribution and the degree of
substitution. The substitution with hydroxyethyl groups in ether
bonds 1is thereby possible on carbon atoms 2, 3 and 6 of the
anhydroglucose units. The substitution sample is thereby
described as the ratio of the 2 to the C6 substitution (C2/C6
ratio}. The degree of substitution can thereby be described as
DS (English for “degree of substitution”) which refers to the
content of the substituted glucose molecule of all glucose units
or as ‘MS (English for “molar substitution”) by which the average

number of hydroxyethyl groups per glucose unit is denoted.



_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'rd 't _ Iph ~ -0X1ae (DMSO0) or dime
~'n,VESTT rhit “acetdifi e (ODMARanditheccatbanates ofthe aleohok i r weighc

Mwcomponent: Th@@ldon@@@ggesgrgbedqq«gyg}p are_known from the prior )
hvgg&&d&%@ be produced for example in accordance with thed%f%él%gé)?&'b? nofor
“Berman Patent Applicatiol DE F362” 705. 't the'fsaction-of the aldonicit ion 15 .

Thagid With thedleohol drerivative, rinpart<culas the carhonates.of the_ molecular
we respeativelyrused aleohol, the-molar ratio is approximately 0.9to 1. 1,
preferably approximately 1.3, because with an excess ot carboniate, 4 it 0-4-
provided by the alcohol _riva,.ive, W groins of the polysaccharide are

Thselectvely dctivated and-with dess; excass, acidfunctions arenot reacted.

inFarticylarly preferred alcohols within the framework of the present -
invention are N-ﬁyctrqfﬁ%ﬁ%cﬁﬁmidte(?%ﬁfplﬁb%atféﬁ Naldonic acid of the
PO hyirGXy Eticdiintide, Priendt derivatives antr-M-hydrexys ReAzZotriazoleen s« «yuos

as Suitahte pbeaskderjvatives.comprse. amangst gthers, chigrinated, . |
(oflorinated or nitrated compounds, wherein ﬂles%%}:%r? be agéjfil\tl“gt%laydﬁc lphoxide
' or several times. particutarly By the dfoté-mentishedsteccraphilicites of the
alﬁbabs-@é‘@@§§§0hat”@1‘ﬁ itas. avithine thedrammewesk,ofithe present ., . .. known

£rdRvertiondo; yse meng; or polychlorinated phe ols,vmono- or
fluorinate _ d pheﬁols or mO%OPég)C/g:}ljiﬁ’é ed pRefdIeTPhéE aldonfccordance

. .PO_-) _d C
T BE161S USH RO Bin ORI EHON Cafbe 2= Lon b2 156 25 05,

In the reaction of the aldonic acid with the alcohol derivative,
in particular the carbonates of the respectively used alcohol,
the molar ratio is approximately 0.9 +o 1.1, preferably
approximately 1.0, because With an excess of carbonate, as is
provided by the alcohol derivative, OH groups ©of  the
polysaccharide are selectively activated and with less, excess

acld functions are not reacted.

Particularly preferred alcohols within the framework of the
present invention are N~hydroxy-succinimide, sulphonated N-
hydroxy—succinimide, phenocl derivatives and N-hydroxy-
benzotriazole. Suitable phenol derivatives comprise, amongst
others, chlorinated, fluorinated or nitrated compounds, wherein
these can be activated ence or several times, particularly by
the afore-mentioned electrophilic groups. Correspondingly it is
within the framework of the present invention to use mono- or
polychlorinated phenols, mono- or polyfluorinated phenols or

mono- or polynitrated phenols.

The i i d i
aldonic acid esters used according to the invention can be

precipitated fro the s ol i
- rom the soclution in DME by dry ethanol,

9



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 -.l aced in substance 'or coupl-ng to
iSﬁ\g{nyosaactzcharides. The. so:ut-on OF the reaction products in the inen - can,

owever. alsd be et dirdttly Al bl ed ~px sonariceof the activeating the

.- of 106 present I 6ntian. I prncble. hat any type of polinUdestdas |t *° =5
is® Q%@reggp S tary z ! .

conjugated w't:_a polyl/gae;cchaC)rlde. The o Auclattide Cari thefdbyBeles - The
>O-ptoddcedTront 'E-nuciaasides op 1atucksosides or mixturesthereoh) o solvent
camhereire these eamindidduallyaraltggether exhinit ather, modfications, .
acSugh as for example P{nggglgcgtlong to increase stability in blolfoglcgl

systems. A modification of tis tyfe B fotexEmple thefiifornation ates -

position 2' of the sugar Constituent Of the nucleotides or nucleosides. It is
widhereCralso withirdhe framework of the present invention than at least =~
., Jart of the sugar constituents of the rt%?cléso%ggs forming ther 17 principle,

polynucleotidé tan exhibit AStigar SHfetthanTibose or deoxyribose: with &

polsugarsiefithis:typeicanfor exaspleheiother . peatoses, such as, for, ., -
Ses or tetroses.. Sugars of this type

1-rexanple; grabingse, but also hexo _ ‘
..can alsolcontain. a nitrqaélncgfoorﬁ “orsulpRdr attht Sticktas, 56F ex&Mple imerein
“NS3% aza-Gi'h thiostghr i andlorthe sugar content of the polvnusleotidey  orner
moccail bereplaced atdeastpartially by.a marpholing ring. Furthermore, the
sc=Ralynucleotide can be developed at x '~~9Teast pgrt;lgﬁycgts{: locked hucleiRcrease
acids IENA) or peptide ntcleivadaTPNA). TRE G igraupsof e molecutepe is
FOrCoMSHRTEntS thelthe f6fmingithatiskeleton Obosition 2 of the sugar

s N :
constituent of the nucleotides or nucleosides. It is thereby

t
t

4

also within the framework of the present invention that 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 othef
pentoses, such as, for example, arabinose, but also hexoses or
te?roses. Sugars of this type can also contain a nitrogen atom
©r sulphur atom, such as, for example in an aza- or a thiosugazn,
and/or the sugar content of the polynucleotide can be replaced
at least partially by a morpholino ring. Furthermore, the
polynucleotide can be developed at least partially as locked

nucleic acids (LNA) or peptide nucleic acid (PNA). The OH groups

ih

o the molecule constituents forming the skeleton of the

polynucleotide can be chemically modified by suitable NH,, SH
aldehyde, carboxylic acid, phosphate, iodine, bromine or

chlorine groups.

It is furthe e ithi r i
' £ more within the framework of the present invention

that » ti i i lei
the polynucleotide is a ribonucleic acid or

jal]

. : 5 3~ A 4 ;
deoxyribonucleic acid or cominations thereof i.e. individuals

or a grou £ C ti a
J p o nucleotides ar the oth

ol
[

T
N
®
w
®
-
rt
w
n
M
z
b
D
o}
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. : - . E2 SE
olynucleotide can be chemically modified by swta_ble NE2, :
gld)éhyde, carboxylic acid, phosphate, iodine, bromln.e or c_hlorlne groups.
It is furthermore within the framework of the pregent |nve.nt|on. that the
lynuc.eetide is a ribonucleic acid of _. deoxyribonucleic acid Or |

MU COmZIRETO P iHer8st, F8cinbividgals orc groupeofaruclendes-ansp and vice
7 RNA ahdshesht.- 13.nlnucleetides tormi -_”94&}3; QHCIQ%%C@S%%% Present, o
+nas DNAand vice . versa, The term _-nqﬁclelggm lis _--rrten u e
‘hiynoﬁ;%{n%uélygfh%\ét%z‘lﬁj%%Uf:égf - 4~ Laa o?%é@%ﬁ:@éﬁé@ andn refers,
ArYeférs, amongst: oeta, b oL d-oAribonuchsicacickan aspli-ribgpeclic, s, 1
r i }acid:and conabinations-thersef, »e« that indiyidyals -or a group Of inglividuals

nqclegtigles are_present as RNA and the ocher nucléofides forming
or '3 r bl

nucleic acid are pr@?gﬁteaostbﬁﬁs’ariﬁr\ﬁcep%r%%ﬂﬁ.isatheréti?xalsod the other
nUehvisagecrthar implace ofde@XVei di a@ $€206MDOSE.0ERELSUGRIS 1ry vioe

[ i ised the
ferm the sugar-¢Q ent,qof the, (C|eot!§| E rthermprejlshcﬂomerlse e
- u@s%r.] E n%%leoﬁ%gg%\%ﬂ% é%fﬁergﬁgﬁﬁi%%tlons gta-%oéﬁloﬂ@ BuchasRprg]r ibos

°F CO; OFt Balkyh  Rifalkvl @iefthe Usemst natival orsunnaturat nuglechases or  cthe
nucslmws%efor%xamﬁe:d@@@)/tm_%ﬁﬁgi%%’aggémgs?e—gflsrtlﬁ%rleebg/tailé%s with

ithi ' [ -nucleic aci
ithi : rk.of the present invention that the L-nuc ‘ ,
Otﬁgxiﬁikﬂgsg gg%’i\%]lg %%Sésﬁ:pp‘ sitions 9. nuclEofittedin MWhichQHere e Oalkyl,

VS hidléobase. Araskepositorsotithis type candabe asrangedihothinside s o o ,
foﬂh&ﬂuﬁ@pgﬂe§@@%§H¥&yﬁgead@“@gw%uanosine. It is thereby also
within the framework of the present invention that the L-nucleic

acid exhibits so-called abasic positions, i.e. nucleotides i

o]

which there is no nucleobase. Abasic positions of this type can
be arranged both inside the nucleotide sequence of the L-nucleic
acid and also at one or both ends, i.e. the 5’ and/or the 3’

end.

Furthermore, it is within the framework of the present invention
that the polynucleotide is bresent 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 to the invention is a single-
strand L-nucleic acid which, however, as a result of irs primary
Sequence can develop defined secondary structures and also
tertiary structures. In the secondary structure, with &

multiplicity of L-nucleic acids, double-strand sections are also

present.

The conjugated nucleic acids described herein are preferably so-
called Spiegelmers. 2Aas already mentioned at the beginning,
Spiegelmers are functional L-nucleic acids or L-polynucleotides,
i.e. such nucleic acids which bind to a target molecule or a

part thereof, and are the result: ©f contacting a nucleic acid
11



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
livyi;gig the frgmewo[K of ghe present invention that this is present as a
doublé strafd. Typicafly thé polynacledtide used-according the inyention, ; ... v,

wii§la single-strand k-hugleic 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
“TEnticteic acitls, ddifblelstrand sections are alsos present . The conjugated .
senuclescoacidswdescribedhe_N1p argprer-_i-raply SO-called” :
ac$piegelmers. As ready mentioned at w sheﬁﬁg&%ﬁing?%p@bﬁrﬁé%éﬁe nucleic
hfunctional L*niicleie acids dr LioeFfRucientidess ie. suiclonacleiciatidsclectides
W o H T
whichesing e &l targetmaelecule eragpart thereaf, gnd are ég% {e%r%gc?uc leotides

wheentagting @nléqlgic?(ciqe]tjml. nary, inp 7 -CUl~r or a star.svtlcaﬁ eic
~acid _ with the tar _ger moleculé g— %}lﬁ?ﬁﬁqibl?é’rie%wﬁepf%@@ﬁ?bgnd regions.

*fect T6t 6rot8™s fOF the Tavels prrait or fu-tetaonad nLleka agids. ASa 5. oy

exalel this isd¢be synthesis of I@Uﬁrgijgpn%_l%qtide% which cer ruby contain
d nucleotides which aré 5" and y"terminaldfank ¥+ and

Elﬁéﬁﬁg"?ﬂ grr?r%er? Bg% Fegions e rroauedon of combia&foriak irazies . such
a orr:ffhlogu't);ﬁéfs\{forsvfégamme;,sdaeiscribeddm&;C&H@QI%C-’mv-—h’b’rggg" Yean be
comnelrted via the polymerase chain reaction to a double-strand
library which in itself can in fact be used for a selection. As
a ru%e, however, a separation of the individual strands can be
carried out with suitable methods so that an individual strand
library which is used for the in vitro selection process if it
is a DNA selection (Bock, L.cC., Griffin, L.C., Latham, J.n.

Vermaas, E.H. and Toole, J.J., 1582, Nature, wvol. 355, 564~566;
can again be achieved. I+ 1s, however
the chemically synthesised DNa library directly in the in vitro
selection. 1In addition, an RNA library can, in principle, be
‘produced from double-strand DNA if g5 T7 promoter is int?oéuﬁad
beforehand, thus via a suitable DNA-dependant polymerase ;;r
example the T7 RNA polymerase. It s possible to p;oduce

libraries of 10% '
and more DNA or RNA molecules using the process

G.V:SC.L.‘ T e L = e o L ,S % -l
P4
Jeq uence alld CcO Se(al]‘o\. - a i 2 2 — ens 1 a

Via the 1 ltr '
€ 1n vitro selection process, it is then possible to

isolate i i ry j
+ from the library mentioned, through several cycles of

selection and amplification and Ooptionally mutation, one or
b [ ey L

several DNA molecules which exhibit a significant binding
property against a given target. The targets can be for

‘ e, f
example, viruses, proteins, Leptides, nucleic acids small
“4L r L
12



Ellington, AD 1996, Methods Enzymol., voI._20, 336-367. Such a _

chemically synthesised single-strand DNA library can be co_nverteq 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, .hqwever, a separatlon of -
" the idividial etrands BaA B tarfed GUtwith stitble riethods so thaban active
Lnrdividear strand _ibrary which 151used<for the-inavitro sglectignprocess jf . al,

H ' iffi ham, Vermaas, E.H.
bidl-isa.DNA selectign (Sock L. Q Grlffm, Ll.g:.ngat am, Verm Ho
d:\%d To%lli, . %92, Nagtgur?%( Vol. 333, = h6A-—=66; can‘againbie achigvedried <o

98 thiowever, 8iso pdssiblé to irfcfide fhe cherticallysyntitesisediDNA s, 1995,

AntibraryrdirectlyBincthiedn vitre cselectiarn. Im(z;@;m;;_cfy}ﬁ _Ia_u?gg(li\lA ﬂ?%@g}ggn, n. 4
inciple, be produc m double-strand DI, if a promoter Is ‘

o ﬁl%k(?ucedg b@fdrehgﬁ%ﬂg%ﬁus v%ogl BUBRADIE DNA-dependant peil~'mévnthesis,

SCRPRBANEr aRAMPRPIEITRNApolymeTase il is y pessiblertoproduce cortese,
Wa libraries-ofc0.and-moge DNA or RNA molecules dl{ﬂ??lg% the process

& L auch that

: ddescribe ach malecule from this library has a }ren‘f squeﬁ&e” _aﬁH |
bmcolnr}s%quen‘;i‘?y & giffévént tireediméiisionar Sﬂ‘@é’[@l?etﬁ\ﬂ.a thedm "iovitro Library
°origglaetioryprosess, itris thenspossible to; seiaze:from .tmglbgagygg%q%%egtep, by

mutation, one or_several DNA moleculés which éxhibit ‘ -
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 renewad selection round so

that the molecules enriched in the first selection round have
the chance to again succesd by selection and amplification and
go with still more daughter molecules into a further selection
round. At the same time, the polymerase chain reaction step
opens up the possibility of introducing new mutations dqring
amplification, e.g. by wvariation of the salt concentration.

After a sufficient number of selectio

]

1 and amplification rounds,

P

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 seguences obtained

are then checked for their binding properties with regard to the

(w3

arget. The process for the production of aptamers of this type
is therefore referred to as the SELEX process and is described,

for example, in EP 0 533 838, the disclosure of which is

included herein by reference.

3

h

O

best binding molecules can be shortened by shorteninc the
primary seguences to  their essential binding domain and

represented by chemical or enzymatic synthesis.

13



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
met;bo es -hereof or cthey r bl _:a- __ or biological componean such
%Grl u&ﬁor e?c“%poefG%lbga%VR? BrIideabeck and Yams, la9lextent are
SR Anfar Revl BiochemaVohed: 763797 and .. daorseh, MBiand o oo

in Szostak, J;}W.,, 1996, ng]plnatorl I-braries, Synthesis, Screening and
cor HP Ilcatlon p(;)tentlal ad. Riccarc o%lgrtese é\%ﬁéf’depéﬂ}ytér“B’erllinﬁéembly

GeSa Y- i8 Tartiedl olPRaEH Hhat>bing - -ngDNARN:ss . molesulessare for the
Pf<8@la¢;<pfﬁr0nbﬂ16 Isbibraenn -Qriginadly u§@gsandt?/g ampllfled a&‘tert e, . in

pcSglection step by means of oolymerase chain reaction. In RNA selections, ©
areverse ~- transcrlptlogn ShotidB& pratcdfinetteditt the amplifidatiorewich by

£ teép Y polyterase ehaimrieaction. A librasy ensicbed afier afirst. c e reis lies

in selectipndaund can ttjg%n be C}g@gcgﬂ&re ewed selectlon ~- round so that
the.molecules enriched in the first selectxlqon r%und Kave” e cRacesty e of

t "again succeed by Selédioitand dmpificatioante ge with stilvmoresrgeat, ..
b regaughter molecules intowa-turtherserecticn ,.cround. At the same time, target

st&@t&@%mg@%‘i@am reaction ste -ORens up the possibility of mtroducmg
new mutations durlng mpll(fllfc%‘aetlogl e.g: by Valffatici of the Bafcsss descrived

ab
O%ﬁméﬁﬂ&ﬁﬁg 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

D

- : s ‘
case wnere the target molecule is a protein, against a

=]

protein. The bigding molecules thus obtained (D-DNA, Dp-RNZA or
corresponding b~derivatives) are determined in their seguence and
the identical sequence is then synthesised with mirror-image
nucleotide building blocks (L-nucleotides or I—nucleotide
derivatives). The mirror-image, enantiomer nucleic acids thus
obtained (L-DNA, 1-RNA or corresponding L-derivatives), so-called
Splegelmers, have, for reasons of symmetry, a mirror-image
tertiary structure and conseqguently a binding property for the

targ i ! £ i
get present in the natural form or configuration.

The polynucleotides, in particular the functional nucleic acids
such as aptamers or Spiegelimers, 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 4,000 Da to 25,000 Da, more

preferably 7,000 to 16,000 pa.

The target mol ri
g lecules described above, also referred to as

target can be
get, molecules or structures, thus, for example,
viruses, viroids, bacteria, cell surfaces, cell organelles
4L CLLeS,
proteins, peptides, nucleic acids, small molecule such as

14



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
maggéeriniged in its primqry structure with. the common methods of

© séquencd dBierftiinatiort of DR Mifeseduences obtained iarertheNents or the

me ghecked for them binding pr@@@r@gsgyw@ﬂ@g@fq tathe . Raérrg%a'gheogrogggﬁOgical
cotthe Rroduction 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

Acmalecules can be:-shortened by .0_ pering.the primary y sequences _ ,
oo their essential binding domain and t o.rqsen_%ed %Cf/ ché?ﬁicaf‘f“é?naon’ the

enzymatic synthesis. 13 7 pariGiiar formrof dptamers prodaciblegrtap of the
PO SR extett are: coileddegelmeravhieh kre subs.apt; athattreeare . . ... 4

es@@ps_,:@é:&@attlga%%ti.@h]ey, referabl _cca letely of the nor_ natural
-_:uclectides' F --,s.s for the pg%lc?u% iar¥6f'i egélme’rs iR typeare icularly

pr%*e%%lgfged%tf_i:pct_bg7 FZEMPecH sclostiretofwhichasdneludetrention  thax

thserewtth byhreference & eculjare .. : ss_described _herein lies

a iggtﬂgég_n;df%\orh of e%%g\'[ffmger_ nﬁclgﬁ:ri;@g%%w%%gcﬁg%ﬁ%. 81‘“88&@0%0&'?%%”

., molecules wi ich '%on%l_to éjnatﬁ{?g%argqét, [€) :reset in‘one Watdral férmnin  the
BetHtigurationor aital rye. i structuirecofithis type. Fhe-inoviroselection: o g s oy,

theprecessrdescrieds cster contains a functional secondary amino

group, an imino group.

It is however particularly preférred within the framework of the
present invention that the nucleophilic group is a primary amino
group which is preferably present bound on a phosphate group of
the polynucleotide. The amino group is preferably present on the
phosphate group at the 5’ or at the 3’ 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 kndwn 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 aldonic acid esters of N-
hydroxy-succinimide, the'nucleophiliC'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 polynuclectide, as used herein, is an

oligonucleotide.

15



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
Thg}nolercéyslem ista rotein, against a D protein. The binding molecules thus
“obtained (c-DNA, FERNA ort Eoriés%bﬁ%im@ ectetivativesharecdetermingd 1 1 owing
L1 fthesr sequencenante theridentical seguenca.is then synthesisedwith .
advarVa 50296 %ée%@gsgt&digglgleogks (L-nucleotides or L-nucleotide
derivatives). The mirror-images enantj&r%%r htiGleft? aRidethusT BBesined o -
,-DNA, L-RNA or corresponding L-derivatives), so-called Spiege_mers,
Fihavepfor reasonsf symmetry, a-miror-1'e  tertiary structure ndr ] .
consequently a hinding property for the targgt‘? pre%?ﬁ%fﬁltﬁeaﬁémﬁagﬁ% ob the
or configuration. The polynuc _€o* __des, in particular the functional
nucleic acids such as aptamers or Spiegelmers, as obtained in the
Figeledgtion andshortening, sses described herein, have a molecular
weight of approximately ?fg:(r)ﬁ%% to B%,Oo%gDa.aﬁréfeVr%bfyoﬁwe%C@)ﬁ%ﬂ‘% to the
molecularwéigfht 0Py 4,000 DE%S 25 8boDarmorec Preferalle 7,000 t6arbonate
16,000 DalsThe target motecuiesdeseribed above, alsoyeferredtoas . -
target, cap,fg molecules or structures, thus, for example, . ruses, viroL'ds;
bacteria, cell surfaces, c e__organe les* ﬁ}.}o 8ind peptidescAr agidspearing a
small moledtifesisichlagmiC meatabolism meta b:oli tes, Pharmaceutical
active ingredients or The. m aboiit-s thereof 07 ctne’ che.micc'._, nc™ '
m: ~~-8Mm_ a_ or biological components. According to the process according
%o t%h% inv%ir?ﬁonjf Lfﬁégt POIVNUECOTE exinbitst preférapliort aphosphatens ugate
group of theepolyauclestitien adivateaphilic greup Wity which,the aldonig . in
acid esterdegetstoform the gonjugate. 1g)nrgfotperecttaj\g t|o’art|(;i%larly

particular in

accordance with examples 4-9;

Fig. 2B the reaction scheme for the production of conjugates
L

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 conjugates

from a polynucleotide and HES aldonic acid in

[

accordance  with +the prior art, in particular in
accordance with example 11;
- .
Fig. 2 r ' !
g D 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 examples 12—13;‘

=
}_x.
Q
[N
3|

the reaction scheme for the production of conjugates

from a polynucleotide and HES in accordanc

0]

with the
- PO : ath ] 3
prior art, in particular in accordance Wwith example
16
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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
Figontains afupstional:secondary-amino n imino group. It is
however particular] refeﬁgd%it%hég%%ﬁgv%orﬁn%f?hereparggé‘r?F charge for
invention that tH%Eﬁ\&géébﬁmc group iSRISHRAREE  amirosgrodp witichvisth the
preferably-presentbound-or-aqhosphate:group af ithe polynucleofide, .o i +p
The aming group is @r/eferably 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

Fiemdodiment eithendirectly-te ther phosphategroup %eriaaa IW&E% fﬁhereaction
phosphatggr%u . Linkers_ of this type are known from the prior art.

any

Preferred Tinkers are- alkyl fadicaiShiitht deRGthPof Pic gepratarably 2crp rdance
6 C atomsi ippaiticutarewhen usingaddon?c asidestersaflivr in accordance

hydroxy-suceinimidg, the ny. legph:_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
Flwligﬁnucléocgi?éﬂsm irc:I ?]tace_t&f_ea p@b{ﬂ;ugliegiileﬁ-t_ig&‘{%edem99(1if@§ﬁ§ylated
a polynu Oléjnf asused herein, in oliagnucleatide. The presen .
invelt.i.onisi" ascrated ﬁfip means éw%ﬁé?&%%inépﬁﬁ%é%ﬁa of Ghrelin-
examples- HonT HhicH dHeiall]-es lemkc.Lmc and atiantag--" of the
present invention are. o....za~neC. These show:

Example 1: Production of a conjugate from a Spiegelmer and

hydroxyethyl starch

HESylate 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 28 705.
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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

.l %@QI to an aldonic acid ester and the reaction thereof w-th a
Mﬁmiﬁénal amino group; Fr g. 2A the reaction
scheme for the production of co_ agafef s from. a po_ynucleotiae and
ThHES 8,don 3¢ acid ip, accordance w'it thig art, the in part'-cola: in ‘
_ a}cicordqgnc?e W?Eh%lg(arﬁ[ﬁggh%; Fig. 23 th%ﬂreg%ﬁoﬁ?%gﬁéﬁlfeefowﬁe produced as
LO|6“ro%i‘fﬁ%tion of conjugates from a polynucleotide and HES aldonic acid in
accordance with the prior art, in particular in accordance with example 10;

o .big., 2Ctheteagtion scheme for the production of con-agates from a Do
‘y l?c'e%:tide arﬂng S 8@0%%%8% iﬁgécc?éiaﬁné@mth‘lt:ﬁ% pricrert tén in 1 ml

Ar sarticlirar acéraanteitan exampsacedd; Fig: 2Cthe seaction scheme ne iy of
N,forihg@ﬁ@@qg{m@fﬁong%gg f{‘:()am lppl nuclectide and.'ES aldonic
tereggi{glrin accordance with the prio?1 art, i?ll p“a}iélcu%(%)in fae%ﬁor%i?.:lr?ceb\ﬁl*‘fljfS at room
examples £2-13; E'i 2_ y- the reactor. scheme for the production- of
conjugates from a pc_vnucleotide and -.E1' in accordance with the nor

Pr@@wé@ﬁgﬁﬂg%aE%Ea%%¥g%QE%§§ug%%§i£@e

5 mg (corresponding to 1.3 umol) 5’«aminohexyi functionélised
RNA-Spiegelmer according to_Seg. ID. no. 1 are dissolved in 0.7
ml of a 0.3 molar dicarbonate solution with a PrH 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 seguence:
5’ -aminohexyl-~UGAGUGACUGAC-2" (SEQ. ID. NO. 1)

Analysis of the conjugate produced in such a wavy

The conjugate is detected by .low-pressure GPC. The analysis
conditions thereby used were the following, the analysis résult

being shown in Fig. 3:

Column: Superose 12 HR 10/30, 300 mm x 10 mm i.d.

(Pharmacia, art. no. 17-0538-01)
Mobile solvent: Phosphate buffer pH 7.0
(27.38 mM NagHPOz;, 12.62 mM N8H2P04,

0.2 M NaCl, 0.005% NaN3z in Milli-Q water)

Flowrate: 0.4 ml/min

t
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_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

Deaecertance with the prgsent 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'
RupgleagetExample 1: Produetien of a conjugate from a Spiegelmer and
hydroxyethy starch HESy ate used HES 10/0.4 with the molecular
arameters Mw 11092 D, MS 0.4 and C2/C6 >8 which was oxidised to
Arbolic 4Cid At the ré@ueﬂthéhafhf@\bl wasogsed. 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
" n;?%og%gg%mlnﬁ&eqes@ BFFCtaZ. WaS blodiicelids follows: Dergendicular

Wlt(b 05?ﬁﬁléﬁ%yé@u§HES@@@@@M&&}SS%@MU/;L mi; dry tailing peak
evadimethyfo, 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
The(comespending#otl:3umolis' -aminchexyl fungliionalised another form of
hyvdR Im cQrdin eg..ID.no. 1 are dissolved in 0.7 ml of a
! 0l?%l}énj%?c;::t}f}glelcargbrcogngatg1 solg%tgé%wgﬂ a pYiPo 4. Phe8difestéfe  following
MO S B AR ABSGT et above, i¢ ad8ed dinsetly @0 7 and C2/C6: ~5.

With an otherwise identical reaction procedure, a yield of 53%
was obtained. The corresponding GPC chromatogram for the

reaction product is shown in Fig. 4.

Example 2: Increasing the yield of the conjugate'

Based 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 guantitative vield (> 98 to 99%} was obtained.

Example 3: Comparison of the inhibition of <the Ghrelin-
induced calcium release by Ghrelin-binding

HESylated and non-HESylated Spilegelmers.

1 £3 ] ‘
Stably transfixed CHO cells which express the human receptor for

Ghrelin (GHS-Rla) {obtained from Euroscreen, Gosselies, Belgium)
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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=préssufe GPEIf andlysis tohditiohd thereby-ased weresthel ack 96-wel 1
i oliowindY, the. analysis resin®.. being shown inFG, BLEPUMN: o1 sy og

Supergs HR, S'10/30, 300 mm x 10 mm i.a. (Pharmacia, art. no.
V1705 8-0(])% N(E)zlié s%ﬁ/%n% Phosphate bUfferiti 7. O"E2%.38 mVENBIMRG which

SO2%5 MM NaH,PEit 024 Nall0.6051 NaNiZ in FAk waters: Elowrates . /m1
s = E=4 mifsia Detection: 1Y 280-um. Running time; 70 min injection volume:
20 pi original charge The reaction charge produ“cé% &5idit of 858 @ithe -
perpendicular with reference to the chromatogram.! or 77% with ".ailing

No pedkSevaluatioanBhe abawvs reaction was carried-out-with apother form of with
e x hydrox_yethyl starch (50/0.7) which exhibited the following molecular N
__parameters: Mw: 54110]:63,%%: 8?%‘&%2?@6@@%%% othefwisée internal
"< iferititat reattioit procediferdyiald ¢f63%:Was obtained. The are incubateq
togerrespending GR& caromategram:for the reeggg% praduct is shown in ‘
¢ o Fig; A, Example 2: Increasing the yield of the (‘:onju'gé%n(e3 Eé‘éqed%%ﬁﬂaém HMedium
| procﬁe(fure described in &xamplé 15 thie'rafld of Eactivatedsidomieacitided  (CHO-
Ut lestéicadded in pottionisitostesRRNA= Spiegelmer was incrgased tg 21 0Ei1e g6-
tukkl. Inthe caserefdoubling .of the ratio, a yield of more than 95% was
. ; Obtained and with t,riplinI%I‘ggc the excess Sf%jh%g&ccfﬂ‘/%te& afdoRit&cd Bétes ten
“TTa VirtGaR qhantitative Jield {598 terogva-Was obtained. Example 3
Comparison of the inhibition of the Chrelin-

Sequence of SOT-Bll: 5 - CgU GUG AGG CAA UAA AAC UUA AGU CCG ARG
GUA ACC AAU CCU ACA CG -3 (seq. ID. no.2)

Before charging with the calcium indicator dye Fluo-4, the cells
are washed 1 x with 200 ul respectively CHO-U+. 50 nl of the
indicator dye solution (L0 puM Fluc-4 (molecular probes), 0.08%
Plurcenic 127 (molecular probes) in CHO-U+ are then added and
incubated for 60 min at 37°C. The cells are then washed 3 x with

180 nl respectively CHO-U+. 90 ul CHO-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

j Fl + ; - o
520 nm in a Fluostar Optima multidetection plate reader (BMG).

The stimulation solutions are added to the cells for accurate
analysis of the course of time for the changes in the calcium
concentrations caused by Ghrelin. The wells of a vertical series
of a 96 well plate are measured Jointly for the parallel

Sasy + o 7 o
measurement of several samples. For this, three measured values
20



induced calcium release by Ghrelin-binding HESylated and
non-HESylated Spiegelmers. Stably transfixed CHO cells which express
the human receptor for Chrelin (GH3-RIa) (obtained from Eur.oscteen,

a-Gosselies,, elg'um) a- sowninan Tierct5 -, x Per weli of a bla_
ars T Trte Fun R ! =he o 1 .

?6-we-- ra crocicre %ﬁécte Wit-1 & claarbasé {( ~-AE XY land &. ohltivatednds to
de CHFTiiigh= dtt?7 anelssl 08 - - Mea thraG3G rmikUmn€amarezidhhhifued, the

plgins inanldendO0 tupatelmy nic.,lin. 109, Streptomycin, 400 p9/ml i
Gen.et_ic_n and 2.5 pa/ml Fungi_one. Non-HES laced and - ES*Mistea PPt

1 O 4 Thne 3§ 9 e o .y 111 . . . .
“"forms produced i ACCordante With: EXaiple 2Bt FeeGH refinZpiatdine tigs--ube
platimers with the internalr referencesSOIn-_li-accerding 16;SEQ- A'®qded to the

we incubated together ‘i"eEh hyénatgao r rat Ghrel' (Baghem) i~i Jitra-CHO | '
Medium to which 5 mM prcbenecia and 28 mM hEFES Ravebeer addéd 292in

FEHG U 6P E5 DB0TEIFaERT GFSTT Fa92 midloniprofile 96- ttbell of 20
ne platesiire s stcnlulationssalytions 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 CCUACACG

From (st IUDarei2pBefore charging withtthercalgiunt ingicator dvefiue-4pe t ween

naztheeell:. argwashed 1.x with 200,p1 rgggect;\gel CHc-U-. 50 ul of The
dye solution (10 Fluo(-%? M (molecu:a‘ruébﬁag)frbc.&%sP?unr%hic pefore

sting;;fattor r}/ j -

127 (MofRCular probeSFM-Cae-UP aresthen aliddd ahdumicubated fen0 plotted

-agaimatt37+The cellscarethen washed:3 xanith 1180 | respectively. CHG-U-- .. 1

:nr3Qpie; CHCU+ are then added per well. Measurement of the ' ‘
fluorescence signals is carried out atan “* - SPisgelmers, against the

concentration of Spiegelmer.

To show the efficiency of the HESylated Spiegelmers, Ghrelin
receptor-expressing cells were stimulated with 5 nM Ghrelin or
.Ghrelin which has been pre-incubated together with different
gquantities of HESylated or non-HESylated Spiegelmer. The
fluorescence signals measured were standardised to the signals
- which were obtained without  Spiegelmers. The HESylated
Spiegelmer inhibits the thelin~induced Ca™ release with an ICsq
of approx. 6.5 nM whereas the non-HESylated Spiegelmer inhibits

"with an ICsy of approx. 5 nM. The result is shown in Fig. 5..

Example 4: Production of conjugates from a polynucleotide and
HES aldonic acid using processes according to the

prior art

0.25 g HES 10/0.4 aldonic acid (62.5 umol) is dissolved with
stirring in 10 mL water. §.95 ng (2.5 pmol) RNA-Spiegelmer
according to SEQ. ID. no. 1 are added to the solution at room
temperature, 50 mg N-ethyl-N’- (3-dimethylaminopropyl) -

carbodiimide hydrochloride (261 pmol) dissolved in 1 mlL water
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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 ¢ ourrse of tl
for the ¢ gtdg%%in th ~._"ium concent_ations caused by Ghre=in. The

a Y 9us -l gl Aty
“wells of a vertical series 96 well pldte dre Rieasuresicinthefor therparallelat room
" “Riestirerhent of_alniipl the, values smeasyred w20 are recorded _irstaf. -

hyairdo cat an-inter ;alof4 -seconds, i detegmi e the lgaseline, Measu
-ment is then discorcinued, she of ate mg:({(;rcof%r%“_ redd atid-With a When  the

fe?hﬁel annél '%%W,%%@al ofthie stEmitation Solutions from theloWor another
< profite 96+ bedoplate-ipwhich the presincubatzop was,carried qut, adde darge vin
1ot the wens of the segréexg,eto Eti)e g\neaasyred.: The plate is then again

inserted in the machine and measuremeht continGéd t6tal gf20the Spiegelmer

US Hedsuréfents Axeckind 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
Ex3@riemirelease WithdSpiegelmers, againsythe CONEEAration of 1 .1 coriae ang

Spiegelmer. To shaw the;g_ficienc_y, of the HESvlated Spiegelmers,
Ghrelin receptor-expressing Cells Were imitated Witos fifl SORRAMGE o the

Gh _elsn whin hBS ieenigre ncubated together with afferent cuantinies of
HESylated or non-HESylated Spiegelmer. The fluorescence signals

15dngasuied were standardised to»the&sigﬁrlals _which were obtained, without
Spiegelmers. The HQE§yIJ§t%da plégermernhitits the’ Gh- felimlifduéed acid and

RN%&B%@%%%%QWHW aRacg2nof apprexs6.5NM_ whereassthe ; n example 4 over
3 mon-HESylated Spiegelmer.inhibits, with,an I%lsg’hOf %@@r??:(lgg'\l -II:Irc])e reaction

conversion could be determined by analytical low-pressure GPC

Example 6: P 1Ct il ]
s Production of conjugates from a polynucleotide and
- HES aldonic acid USing processes according to the prior

art

1.0 ¢ HES 10/0.4 aldeonic acid (240 pmol) are dissolved with
stirring in 10 mL water with heat. After cooling to room
temperature, 10 mg of the RNA-Spiegelmer are added to the charge
according to seg. ID. no. 1. 50 mg EDC (260 pmol) dissolved in 1
mlL water are then added in portiocns with stirring over 2 hours
at room temperature, the pH being kept constant at 5§ with

hydrochloric acid or sodium hydroxide solution

After a f 3 '
tter a further 2 hours teaction time, the charge is analvsed by
= + 1 i

means of low-pressure GPC. No reaction product could be

detected.



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
ExSHEING in.1C mlwater. 5.99 mg (2.S pmol) RNA-Spiegelmer according to
SEQ.ID.no. 1 aré%%%féﬁjtgqh%gofu oA Af To6m terfiperatifel B2usigeotide and
N-ethy=-N' -(3-difhe Hylaminop: opyl)_ucargodirmidedydrachlonide o o che
;-261 umol) di salved,in 1 itwa'te,_-. a h~ added with rriz; in portions over
2 hours _oom temp, raturle ApHof5 ;<eptco ;7 an,_by add itior_ of
ooh i Crl:7 cid r sodium h roxide sclution. Wh-1e tn( re9 tior comm. 't .he
The ,qb?efg_ﬁlrtagwcstnce@@Crc@n@ziamp&@t reomis.eg)ﬁqggggérg; C&%@qg in this
cadbe reac gharge.via gocygl-_g&e%s‘%e Gf(é S.VG a reaction conversion of
the 5;iegelmer used of less than 1 .rExamp & 57 Production of conjugates
from a . pr.,I,_ynnci_ctide and HES aldonic acid using processes

Whaccczcmlﬁc pﬁ_etaﬁI@SOng A.%gig @leedntg agégg{rle@%f HErE dg/CQtA could be
dedon ic acid and RNA-So:eaelmer according to seq. :D. ro. T'asin
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
usi%% pgocesses according to the prior art 1.0 HIS 10/0.4 aldonic acid
20 pmol) are diSSHVEE ith StinfiRpinucrie waferwith heat yAfter eotide and

cooling to roomHES aldonic acid using processes according to the

Ex

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 polynucleotide and

- . . .
HES aldonic acid US1ing processes according to the
prior art

Example 4 was repeated at reaction Temperatures of 4°C and 37°C

In both cases, no reaction product was detected.

Example 10: Production of conjugates from a polynucleotide and

HES aldonic acid using processes according to the

priocr art



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

perature, toe pH being kept constant at 5 with hydrochlor-_c acid or

70 g%rziuﬁr}lfhy?rbgd%%é%%tio% fé&giﬁd?fh%? 2 hiotrstreaktiorftinigs thetties aldonic
2Ctharde iscandlysed by: teansoflbwepressure GRGC. Ho jeaction 4Prodse v o x i ge
(Diesu) core rdetec-egh-22 Example 7: Production of conjugates from a ‘ ‘
- ~ palyn otide and |, ETS aldonic amid using =prop.. according to the
>0 prrfg'{r ﬁ%heqc ‘a%le AcCording 16 exdifiple 6Wvesrepeated;iwherein i th; stirreaq
oveasedk00 me Epr were added over 3 hours. When the reaction was

complete, . M reaction p _>d n._ could be detected. Example B:
5 Production of conjugates from a po_ynucleoride and HES aldonic acid

§ing' Frocessas atesrding o thes prisrart Examples 6and daveresccording to
segepéated at pHivalues of:40and6:0.; No fga%gn@crl%%%ctggglqu% oH set at
g . (detected ip the two reaction. charges by means of low-pressure GPC.

Example 9 Production of &6fjtigates Horta pélynuéleetiderand HESL 0O mL 0.3
molidopP i€ agkPusing proééssescdcantding 4o the prior art Example 4 was

repeated at reaction temperatures of VC and 370C, In both cases, no

5 a%té%n Qrod_uct was detected. Example 10: Production of conjugates
fﬁon]afbﬁﬁiﬁﬁ&%kﬁgaﬁfe above»named‘dimethylsulphoxide solution
are d t :

added to the two partial charges, the pH of the aqueous
SOlu“ i £ =3 B g g —~ - .

-ton of the first partial charge being kept constant at pH

8.5 by the addition of sodium hydroxide solution.

The charges were stirred overnight at room temperature The
—_ .
analytical low-pressure GPC did not produce any reaction product

in the two partial charges.

xample 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 mlL  dry
dimethylsulphoxide (DMS0O) and 0.5 g (0.125 mmol) dried HES
10/0.4 aldonic acid added at 80°C  overnight to form the

corresponding lactone. The charge reacts overnight at 70°C

The solution is then added at room temperature to 5 mlL of a
solution of 5 mg RNA-Spiegelmer according to seg. ID. no. 1 in
10 nL 0.3 molar bicarbonate buffer of pH 8.4 and stirred for 4
hours at room temperature. No reaction product was found by

means of analytical low-pressure GPC.
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HES aldonic acid U=g processes according to the prior art 23 303. ma
(.[.5. :'1ral) suc*a.,_nimi de and 0 .502 HL. 10/,i -r air~nic acid (.72 5
mmol' are dissolved 1 AL CIm L C'CT'V d"[R _.: ,J-SU!pYIOxI dE'
DM30Oi 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
Ex %g%lmée?s_r accg, %{Q tto seg- TD.ared ~ _vedin'0 m water and Lhe
& set 85 with soditum Nydroxide SoltdoR OrdisSoivad i ROHK0I3LAfiare and
bicarbonate buffétof pHi841 S mtirespedtivelypeltheabovenameding o the
.dimethylsulp:@ggd(grsglgtgon 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

5. Ocharges webe stirred overiighe at poom temperature; 1" g Axalyeecal, 3o 1,

low-pr re, GPC did. not pro any regction product in the two partial
d RIESEHE T Q10 N Progy y N prody  parual ;
“charges, E)%%\'mg emff:*lgﬁ)duc?)mf con}jt?zgategﬁom A polynielEdtide &idroony

A iQER akibhic Gdid' usmie prodessestaccbrdings tolthel priorzart: 360 mg £2.6 for 2

houlrgnel) susehimige-are-disselved in 10 mL dry imet'r,ylsulo; oxide
(DM550) 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

-5 mgvéihightat oG rEe solution isithervadded at roomytiemperatureoss Mved in
5 n@f g, s0lutiomef § Mg RNA-Spiegelmer accord-no.to 5-d. ID. no, I jn 10 at
0.3 no_ay bicarbonate ffer of pH 84 %an‘ éstirrsecc)ijfg}:ﬁoﬁoﬁris at'to %ZO?yl AES

2 Amperatare. NY fedttiBh prodrqivas founeby meansof andlytical o set at

7.5-prostire GG, um  hydroxide solution. After stirring at room
temperature overnight, the charge was examined for reaction
product by means of low-pressure GPC. Only traces of reaction

product were determined.

Example 13: Production of conjugates from a polynucleotide and
HES aldonic acid using processes according to the

prior art

5 mg RNA—Spiegelmer according to seg. ID. no. 1 are dissolved in
12.5 mL 0.3 M bicarbonate buffer of pH 8.4. The charge was
cooled with ice water to 0°C 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 hours at 0°C and a further 2 hours at
room temperature, the charge was examined for reaction product.

No product could be detected.

- o - -y -~ 1 -
Example 14: Production of conjugates from a polynucleotide and

HES using processes according to the prior art
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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
1 hamide (QMF! 19 O:[I_zc (1.2 ol) carbonyl diimidazole §CDIT) are added
. to the solution andsstirrbedr?gg]zm h%ﬂr% At ro0Mm-tEMperature "m0 with heat.
- PRA-Spiegémigraccsrding to seq: IDimo. arerdissolved da 13m0 watefrding to
sed0 mb of the abovernamed solutign of imidazolyl-HES. aldonic acid 10/0.4
o1 are added to this solution and the pH set at 7.5 W?tﬁ_ sodium hydroxide’ "< =<
~ solution. Afte stirfing at rodft tBmperatire'sVerright: tiethargéwas 1  borane-
PYexarined forreactiort prod;uct byimeans:-eblowrpressuie GPC.ONY e chay ge
st traces ofreaction product were determined. Example 13; Production of
ie CQQLugates from a polynuc?eetid% alndﬁ]}C(%eS g]‘?}ll(:)%r{lic acid Ejginaéﬁf@ce% g charge

acCording t8HHE Drib artHng RNASsiegelmeraccording tosegHb: ioce GPC |
Onllare dissolvedinnl25 ml €23 Mahicarbgnate,bufter ¢ H 8.4, The. q v .
detGhargg was cooled with ice water to 0 and mixed Vﬁf’l 8% mL of the = ~"+e e

solution of HES 10/0.4 aldonic acid-imidazolyl in DMF mentioned in

Example 12. After 2 tours at OC and a further 2 hours at room
Thetemperaturestheseharge was;examined for reaction product. No product ,
s s0Quld be detected. Example 14: Production o c%nfusgea%es fiom ég” preceding
| polyﬁufﬂeoﬁde Ahd HTS TR stoEBSsesattctdingorthe prier arr25 2 gLy both
TNCHESIY6/D. 4 (Bli5amme Liare disselved iR aai; bizGowith,hemss.,mg,Jrespor, .,
in dingsde 2:E0Ql, RNA.agrmg:rardingto 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
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fa—

PO

- Inucleotide: ar a porv ;acct aside cemprising the steps a) provision of an

rrre 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, Tng | . -
) i ) : , o LOYD WISE

fea-ures of the invention disclosed ng&he, preceding description, the

claims and the. drawings can be essert&f 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

aldanic. acid of the Qlyasgccbaride on a derivative thereoﬁi ‘reaction of "

the aldonic acid with an alcohol Yevafive: * Léférablyar< earndriatne steps:

derivative of or, alcohol, to an aldonic acid ester, preferably to an

activated aldenicsacid ester,and,¢), reaction of éhe aldonic acid ester with

the pclyngcﬂ;legtigig,rwhergin thespolynucfl;eo% & ex ﬁ)itg‘%v fUpRtigRaIccharide or

amino group, charactérised in that fifeofeaction of the aldonic acid with

the alcohol de::--dative in step b) takes place in a dry aprotic polar

solygnt. 2, Progess accarding to claim 1, characterised in that the solvent

is selected from %hggrouﬁ corﬁ%ﬁsinga%?r%%fﬁ?lsuﬁa%%de@th an  alcohol

dimethylfStitariftielaitd dimetfiacstamide. 3:-Rtocessaccesdingde claim o+ 4y,

_or 2, charaeterised in ¢hak the aldoni acid ester s purified and 5lg then o

: ) | . e '
used in step.c). 4. Process according to claim 1 or charactefise =
attivated aldonic acid ester; and
c) reaction of  the aldonic  acid ester with  the

polynucleotide, wherein the polynucleotide exhibits a

functional amino group,

characterised in that the reaction of the aldonic acid with
the alcohol derivative in step b) takes place in a dry
aprotic polar solvent.
Process according to claim 1, characterised in that the
solvent is selected from the group comprising

b i b}

dimethylsulphoxide, dimethylformamide and dimethylacetamide.

Process according to claim 1 or 2, characterised in that the

aldonic acid ester is purified and is then used in step c).

P ‘ lai 1

£rocess according to claim 1 or 2, characterised in that the
reaction T £ tep by i i

eaction charge from step b) is used with the aldonic acid

eéster directly in step ).

Pr o o~ i1 £ !
Trocess according to one of claims 1 to 4, characterised in
i E 4 . N 0
that step c¢) is carried out at a pH range of 7 to ©
o ’
7.5 to 9 and more preferably 8.0 to £.8.
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10.

11.

12,

13.

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, LLOYD wIsE
preferably 7.5 to 9 and more preferably 8.0 B.B. 27 LLOYD WISE ti.

- Progess ageordingtoiclaim &oc:ra 5 rac'$'isess #a fa=.SteR ¢) 1is capried 5oy )

out at ap, .. of approximately 8.4. rotes according to one of ims w to 6,
characte??géd that the molar f’gatiooo%:c eﬂ&é’ﬁi?;%%%g oeé%o%o?derivative is

approximately 0.9 to 1.1, preferably approximately 1. 8. Process according

- to anecefelaims:bto-G.icharastegised i thatthe aleohal. is selected from, .. .

the .group comprising N-- hydroxy-succinimide s:al ed phonate
ny_%ié—sﬁ%gin%gg,r pﬁae%/%?déyrﬁlaﬁ@/@ﬁ and NEfydrok§-behgetazolée pivative
Processrietotding te bnefTldimsi1 to 8peharacterisedinn thatithetely 1.
polysaccharide is selected from the group comprising dextran,

hydroxyethyl starch, hydroxyprepy! star--n and branched starch fractions.

© 10.Procass attordniy ¢ clafin 9rehafacterisetsin tharthé, polysaectiaridesed in

is hyroxyethyl staceihdil. Processaseording to.claim 10, characterised in | o -
thaﬁ%&y@;g&y&@ﬂi starch exhibits ageight-a\/era ed mean molecular ~
werg"t of approximately 3,000 to T00-606 Taron, préferaiily ofy ~succinimide,
approxitiateli 5000t 63,080 17 -Protess adeerding ta anelef claims 10

or 11, characterised In that the hydroxyethyl starch exhibits a number

age of the mean molecular weight of approximately 2,000 to 50,000

av
' Da?{gn. T3°Process ate8rdifg 18'6n& 6f Gaim&40%o 42, Bhardeterisgerised in

that the ©polysaccharide is selected from the group
comprising dextran, hydroxyethyl starch, hydroxypropyl

starch and branched starch fractions.

Process according to claim 9, characterised in that the

polysaccharide.is hydroxyethyl starch.

Prqcess according to claim 10, characterised in that the
hydroxyethyl starch exhibits a welght-averaged mean
molecular weight of approximately 3,000 to 100,000 Dalton,
preferably of approximately 5,000 to 60,000.

Process according to one of claims 10 or 11, characterised
in that the hydroxyethyl starch exhibits a numpber average of

the mean molecular weight of approximately 2,000 ‘to 50,000
Dalton.

Process according to one of claims 10 to 12, characterised
in that the hydroxyethyl starch exhibits a ratio of weight-
averaged molecular weight to number average of the mean

molecular weight of approximately 1.05 to 1.20.
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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 LLOYD WISE
approximately .05 to 1.20. 28 LLOYD WISE 14. Process ac crding to on™" o
14 - oficlaims to 13, characterised it Chat i.c vc-, vetnyi. starch exhibi-- mclar
su_os'titut.on ct 0.0 0.8, groeféDrréﬁi.\? of 6.Eéf‘tbnb’ 51Prot8 :, dccording2fo-erised
one Of cldiffs™ (Ttiee14, ehafoxeetised in tatahyd,0x ezetiyistarch = molar
exhihits; a:substitition= sample @X@r%sseg@%&ea%%"goéf agopl.o o 7.
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
15 funBtienalsnucteic acit. iy . Process according tesclaim 16, characiersed o riseq

in that the, functignal pugleic acid.an aptamer a Spiegeime:r. 18. Process
according to one of clalyms 1 t% 17D§}:haracfaé?icsxéd in" la%’f‘n“es 2 supstitution
polyAlEledtiFe BXAibE A rMdlecilar weight of-300- 4c 56,080 Dm=imately 2 to

preferabiy 41000:t0125,000432 andimare: preterably 17,000 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
165, grirA&Ry anfine grolip: 20-Protesscaccotding4o bnecofidaims:d #adQe rised in

chares-cerisect hatingungtianalaning Group,js.boyn.to.a termingl

phosphate of the pc_ynucleotid.e. 21. Process according to claim. OL

characterised in that the functional amino group is bound to the

17 .phéspivategreupren cdag_inke 22, Pracess,aceorging-to-gne of claimsd .+ che

to 2L-chargeterisgd in. ; al he functoral amino g--up is 4 3raminohexyl
.group.

18. Process according to one of claims 1 to 17, characterised in
that the polynucleotide exhibits a molecular weight of 300
te 50,000 Da, preferably 4,000 to 25,000 Da and more
preferably 7,000 to 16,000 Da.

19. Process according to one of claims 1 to 16, characterised in
. : . ‘
that the functional amino group 1s a primary or secondary

amino group, preferably a primary amino group.

20. Process according to one of claims 1 to 19, characterised in
that the functional amino group 1is bound to a terminal

phosphate of the polynucleotide.

21. Process according to claim 20, characterised in that the

functional amino group is bound to the phosphate group via a

linker.

] o~ | 1
22. Process according to one of claims 1 to 21, characterised in

+

oy

t

the

Hh

a unctional amino group is a S-aminohexyl group.
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