*159159* Process for the production of conju
from pol ysacchari des and pol ynucl eoti des The Wﬁﬂm’llm,’w’m
invention relates to a process for the produc

a conjugate fron1a polynucleotlde and a polysacchaﬂM@e

process of this type., K The _conjugation of

ProRsPRaéent FESI P589P951PﬂgPédF8ﬂﬂ d9pResSphF PR cRPhYSeFcharides
proteins with pol yeRRA§ BREYNYELEOBEFRTat i ves
("PEGyl ation") or polysaccharides such as dextrans or

in particular hydroxyethyl starch ("HESyl ation") has
ai_ned Qrtanc ent years w

the EReERse iy RaF R ER T prot 39 orfe e production of
a cdipieedwokegincal pesgaieheocdhee ebhacts pblasPREEMhatden and to
or HESyl ation of pharmaceuticall active conpounds
the ggpRugstepopPERARPPES PFEPERRBICEASASPTOPABRrOfafhds type.
in that by coupling the proteins to the
above-nentioned polyners such as pol yet hyl enegl yco
The (REG)jwogahiyom oxyet hyphatmechut { EEE) t&mﬂiv&hoﬂhgredients in

biological.half-]life too.low for. t devel.o
partIRBLARI | U RERERET R ol SpoDentTohy i FRCAlRE ] dppyvatives
(“PEEYlanded” ) The rantpglefd £cqiinpeidd ess@th pr atsel Td%,xtrans or in
however, can also be positively influenced ,
PartéSH&PanhYPﬁOFM@thEaseSBPrGPheK Bﬁ%YﬁﬁEéﬂP Ealh%%ti@%lned in

1mpok@g5§g'%H%Sreégﬁtm@EQEs %Qjﬂp'khéylﬁeQeggecqn§'Hﬁ£@§a¥eutlcal
i ncreased by coupling. Exanples of the HESyl ation of

protghasmicent béakegbniplegingtedeenaschre for exanple
described in International Patent Application WO
02/ 080979 A2 or in International Patent Application WO
The O3f D007380fAZ MbhGelaetent clevREsphrRoisni Bt hehdiwhdeutically
of biological target nolecules of high affinity .
aCtlHPn&QRfQHW%ﬁnﬁ%?%o?Fde§°%nﬁ%@%%l?orpr@%ﬁﬁﬁ?eqQH§1St inter

alial- old geRHEl 8ali despIeher ted (A A aFBr $HY &bSvd=mentioned
polymers such as polyethyleneglycol (PEG) or hydroxyethyl starch
(HES) their short biological half-life too low for the
development o©of the full pharmaceutical potential can Dbe
specifically extended. The antigenic properties of proteins,
however, can also 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
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 wuse the

possibilities of the conjugation to polymers such as
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ol i gonucl eotides referred to as Spi egel ners, al so use
the possibilities of the conjugation to polyners such
as 1t rrrrrnl

1ykethyhehebilchbil B! hibebkh SN pnas 13, vol. 99 (2002
po ypo yefhﬁbekgg yc%l (B. VWotzﬁ% et al. PNAS 13, V\C/)ol 99 ( )

page@mﬁﬂa8 mﬁybs 8898h89©2)uhﬁcphmgmachblpeaxqa@mbﬁnéei@nd the
e.and aval abl|lté i n an advant ageous

:
bioallad1abEa Ry % ap o aRe kARl e O P

glucose pol ymer anyl opectin present at over 95%in
mai ze starch. | opectin_ consists of glucose
HES u¥ﬁt§h\ﬁh|1'b¥fi%q>%yf?:¥r eq ndgrivatgrgcss dkee pompesendrolymer

amyl%é@b@hh @r%s@ngl Qo%4$f3§§j”EH“ﬁ§§ m$¥§ée§@épéﬁs ??ylopectln

advant ageous rheol ogi cal properties and Is current
consiséd o ighwatdy asiwsvwhinb pepel gowsenid fora-1,4-glycosidic

bondg AR BN At RAF e, & Cv8F T Bo( 1557) FARRInas) HBYg exhibits

advaamdg\é&uel errl'ﬁol&ﬂgl.ca&r zr;ercspéﬁteié@r sghdng il DraigrRas:1y used
(11991) pages 494 - 498) . In DE 196 28 705 and DE
Cllnmf 29 36YH Protsuws aPBlAEsEr il FepediFqmosliyatign therapy

bidy og;anp hdoGil ow upki n
(Som&??mggggréaze%%yf ??%?gﬁ%?%uggh%§ngéQ, vEPUPEI ML987)  pages

271 di rdthyrsulWshickicde ONBO)/ o@mwmtébﬁbmhmga £ herug Res.,

S ondln | do acid | actone of hydroxyet hyl
41 (ggaﬁg BMnFﬁ ?ee gﬁgﬁo groups of haenogl obin or

anphoter|C|n B. Since, particularly in the case of
[ oteins is often not possible to work with
o B

h)}Lé’rfsou%8 gﬁot?ﬁds&%eﬁpé el t HéP fRFOCEIRDNS LG described

speci@hiblihityrBYt ahsRohobpEgaSEPS QhpHEPatUEiRY Bhe as to how
proteinS, coupling processes wth %ES in a hydrous

coupggaigum areithl so dmNﬁQXMﬁFhYﬂthe Bﬁ@éﬁ@ture iThus famhydrous

at i Pat | C PCHV .
cuncEIBLTEH AP L0 CaLE R CRPARCT B i ene
corrstapchbisgl ecidoreley axidi fiangohe a:bidohydraxydthylt Btarch 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/EP 02/02928 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 (l-ethyl-3-(3-dimethylaminopropyl)-carbodiimide). Very
often, however, the use o©of carbodiimides 1is 1linked with
disadvantages because carbodiimides very often cause inter- or
intramolecular cross-linking reactions of the proteins as

secondary reactions.



reduci ng end of the chain by nmeans of water-sol uble
carbodiimde EDC
(1- et hyl - 3- (3-di net hyl am nopr opyl ) -carbodiimde). Very

0 .t.he .use arhodi i i ' i ke C g
The Sé%%bnfsggyghttéggs L%cggégacar 05|h|g1mqj es],dl\sléér{r yggf ?)é:r?Vldlng a
proceassgamttdre wroduaiti@nodecal @ongugssel ifMdmaga polynucleotide
reacti ons of the proteins as secondary reactions. 2
and ,ROLYERERPAFAGENti on i s based on the probl em of
providing a process for the production of a conjugate
froma pol ynucl eotide and a polysaccharide. According .
Accoggipfe Hnviditt | BRVeRREOPr obhemAOREesb| YedrpRoavedr dn a first

aspe?%pw Qy oQ:re%“seS§o£orth§ahech§ fcgrpno@fdag ggﬂH@Q{:g from a

rom-a pol ynucl eoti de and a pol ysacchari rrsing
polynhelsbepdeohndap prbysstohavidancaidonstnactideoftebs of:

pol ysaccharide or of a derivative thereof; b)

reaction of the aldonic acid with an al coho

degy i Va{ak&&is@éﬁf erably @l LeHhonatedderi wald (M 0fsddftharide or
al cohol, to an aldonic acid ester, preferably to an
of aggeri¥pedvel 86Arecaei d ester; and C) reaction of the
aldonic acid ester with the polynucleotide, wherein
t he pol ynucl eotide exhibits a functional am no group,
char acteacsedni n athat thhe raelabinion ofctiHe atiddni caaci dalcohol

with the.alcohol deriyvative in step b)_ take lace .in

oy 85 BeFEVRe an AN | B bRE el T AR of an
sol venaleshse| eadedahr Giddid Qr 80Pd @@, Si iffeferably to an
di met hyl sul phoxi de, di net hylf or mam de and

di met h§FhtBe BT deldPpioneC EdbedFeEnt2"e he al donic acid
ester is purified and then

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.

In one embodiment, the solvent 1is selected from the group
comprising dimethylsulphoxide, dimethylformamide and

dimethylacetamide.

In one embodiment, the aldonic acid ester is purified and then

is used in step c).

In an alternative embodiment, the reaction charge from step b)

is used with the aldonic acid ester directly in step c).

In one embodiment, step c¢) is carried out at a pH range of 7 to

9, preferably 7.5 to 9 and more preferably 8.0 to 8.8.
3



is used in step c). In an alternative enbodi nent, the
reaction charge fromstep b) is used with the aldonic
acid ester directly in step ¢). In one enbodi nent,
step c) is carried out at a pHrange of 7 to 9,
preferably 7.5 to 9 and nore preferably 8.0 to 8.8. 3
In d npacpeetedr ethbetiodinmentsteyt ep)c)id scearie@dontt @t a pH of

pH. of i proximately 8.4. In one enbodi nent, the nolar
aPPIPZIM3LE: YaPdbnic acid to al cohol derivative is

approximately 0.9 to 1.1, preferably approximately 1.
I n one enbodi ment, the alcohol is selected fromthe
In qreoupmbedi®ensi nghe Hylkarxyratiéei wifn albdorif ppeadt & alcohol
: 0%\ [ : r{ v :
der e oy SRR ory, e ares Sblodt hent -4 iy approwimately
1. polysaccharide is selected fromthe group conprising
dextran, hydroxyethyl starch, hydroxypropyl starch
and branched starch fractions. In one enbodi nent, the

In PBAkYysagebaingdet) s twslr axywainyl star ghickhea prebfrrede group
enbodi nent, the hydroxyethyl starch exhibits a
compygisgRY- aveNaf¥draEdnsSheréeilafenei ghfubPhappEefki mat Brydroxy-

0 : b |
succind§Babl BBUHB0. Trn d FureRer  ar or oy 7 od ErBsar nonta-dLe-
the hydroxyethyl starch exhibits a nunber average of
In oG GODHIEO 15 on SRASIES the YT AT he group

compstiaial edbkbris, a Hpdiskwthyel ghtlararer agedrBRypesbal starch
wei ght to nunber average of the nean nol ecul ar wei ght

and gfraggheexsarePyf¥2651P851. 20. I n one embodi ment, the
hydr oxyet hyl starch exhibits a nolar substitution of

0.1 to 0.8, preferably of 0.4 to 0.7.
In one embodiment, the polysaccharide is hydroxyethyl starch.

In a preferred embodiment, the hydroxyethyl starch exhibits a
weight-averaged mean molecular weight 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 weight of

approximately 2,000 to 50,000 Dalton.

In one embodiment, 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.

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 C2/Cé6 ratio of

approximately 2 to 12, preferably of approximately 3 to 10.
4




In one enbodi nent, the hydroxyethyl starch exhibits a
substitution sanple expressed as the C2/C6 ratio of
approximately 2 to 12, preferably of approximtely 3
to 10. 4 In one enbodi nent, the polynucleotide is a
functional nucleic acid. In a preferred enbodi nent,
In Jrei smpodimded,t hdte t helyunclieohatle niucl @i Cwasitd drsalannucleic
. aptaner or a Spiegelner. In one enbodinent, it is
acidyrovided that the pol ynucl eotide exhibits a nol ecul ar
wei ght of 300 to 50,000 Da, preferably 4,000 to
25,000 Da and nore preferably 7,000 to 16,000 Da. In
In %n@reﬁﬁéa?ﬁerﬂmchtlmegltprowoléé tRERVIdRA f Gheti df functional

nucl@ﬁ‘cngclgr%pahs ?tgfnb?‘i&‘ gr g@?ﬂ& am no group,

preferably a mary am no g ou I'n one enbodi nent,
|t i s provided that the functional amno group is

| inked to . a term nal phosphate,qf ,th | ypucl eot |
I PRea BPEPELPES enbadi mont . PLPVie°Rr obPABd Fhgt PREVRucleotide
exhibiet i @nadoleiiNG ghelghts df nikad t eot e Mdws pivat, e preferably
oup via a linker. In one enbodinent, it is EYOVIde

4r008h59 £he 0P0GnBei 8REI MarPNBregrEaBlys’ a080akPnbhelyP Da.

group. In a second aspect, the problemis resolved
according to the invention by a conjugate of a
In oo¢ysatgositbhniedd andta ipolppovdldeot | teatobilsd ndlohetional amino

oronff Rk 19 405 P0G5E® ASCHLADS L8NS LLESL BREFbranty o

primaasedm@not Beoapr.pri si ng know edge that, from
hydr oxyet hyl starch al doni c acids and al doni ¢ aci ds of
ot her pd y3accharides, such as, for exanple, wax naize

In Sh&r hpAeHadati op ff@‘?tdr%si’de'dn grycapnpl i %un%‘%'l%al amino
sol vents, such as, for éxanple, dinethylacetam de

groupDWﬁ)lldkﬁgthy|gutphmxpdé pnm@pyate of the polynucleotide.

In a preferred embodiment, it is provided that the functional

amino group 1s linked to the phosphate group via a linker.

In one embodiment, it is provided that +the functional amino

group 1s 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,
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



or di met hylf ormam de (DVF), with alcohols, in
particular with the carbonates of al cohols, thus the
di esters of carbon dioxide 5 with alcohols, such as,
. .far l e, hydr oxy-succi ni 4 des. _ o
wi e 30 BESTR o P e R TR (et fP oy seucpinipides,  the
correpohdiany dielcadvwandagdoaskyrseactdd i pe apragueeds which can
nedi um wi t h nucle%%hich am no_ groups

be AR AO S e E Eo ek &bl B et O with nucleophilic

amin®apgebhipsat f 86m of pd hgn @ M Lo i & LSTRIre WstBpWat €kmides. A
to the free aldonic acid and to the free al coho
sapopéédeatagnseéordigr p1aowdet i d SIHHRLSSigHY , Waleer to the free
aldodgt! vatlign gﬁdthﬁohygﬁgxyk QEOUQ§C8RO heoccurs a
anhydroglucose units t eregy occurs, but Instead
reacspeai.fically the activation of the carboxyl group of
the aldonic acids, provided the nolar ratios of the
reactants is set in the region of 1:1. The present
surpicA%ERLON | Aot hagtieapeeh tBENStAWAYh{EBBXYDE groups of the
teaching described up until nowin the prior art or is
anhyggegduspset henkhpwd@devhaPCceHESdi ey edtiSirdcessrgcifically
the d??fi&?@?ohn & etﬂﬂg'g%rQBQXQre%Pgﬁ SQ?anm% fgﬁdgﬂic acids,
efficient production of a conjugate of a
provpdeynutleeotdlder arak opodfstbehaendeéanthugsi tsemasiraltsioe region
of 1s.lirprisingly found by the present inventors that
L-51-am no-functionalised oligonucl eoti des cannot be
reacted wth HES al donic acids via a carbodiimde
(EDC) - nedi ated formation of an am de bond with the
The SPaRPARBLgr buperBbepi t¥! VSt iTGTPSaT t K& IpSssPypE from the
teach8ag! IRBRIRILLY Suftd reaet 80t thEabhk98r bt $Y s based on
fact known that conpounds containing phosphates and
the phoephadege gritgss itier edsfehentossrofess@bodidanmddsd in  the
prio%?t.caeQFg%lﬁrtoete ngﬁa[%uteiltca%lley’ fgzl_it aeryere]flfé[:ggn%xcgrsg Ecngon of a

conjugate of a polynucleotide and a polysaccharide.

s secondary

Thus 1t 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
formation of an amide bond with the 5’amino group, despite
variations 1in 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 quite
dramatically, but even large excesses of EDC did not, in the
present case, lead to measurable reaction product (S.S. 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 agqueous medium

to couple molecules containing amino functions to the terminal
6



present case, |ead to nmeasurabl e reaction product

(S.S. wng, Chemstry of Protein Conjugation and

Cross-Linking, CRC-Press, Boca Raton, London, New

000100 Dy Cookde Sbepage 1891 nFUEL NEREDE o ani d

phos??é%e %%%wﬁpthat g8an ge used in aéﬁgggs nedlﬁﬁé pamidate
bondcou@m@ernﬂbeeulesacbnoalnnquyxﬂnqm@ f bhetebps ¢ar1tied out the
. term phosphate Jgroup f oligon tides_for
lntegnﬁgeg ﬁSPaﬁlgaﬁrougon Ufder” Tte reacf@%ﬁséﬁhﬁﬁt§2£§05phate
groupberiebyp £ 1d1€ith Outant be spdcarfiala IARO SR B G OUPSoddnjugate

not react. In this way, 51phosphate. groups in
TeChBéﬂﬁﬁémzﬁr%%nTbeﬂﬁﬁﬂﬂq%Q%ﬂIﬁcﬁB%W%Fe@ﬁﬁﬁ%uxﬁﬁ%g&ﬁ@go' New

Te es T n Ac P
vork P EBSNSHE QU T BRI E SRR TS P30, e 52

Toronto (1996) page 52). Furthernnre it was

urprisingly found that_ also. ot est abl i shed
Furt§86 Prhg %%odsaﬁhlc% " e l%%é%f¥be5°|n%thesh also  other

estab[LtLehaHur eduplihydr oxyehbys swanch derde/at Hgesribadnotin the
. be successfully used with 5-am no-functionalised L-
litegptysRucli&st | R GRRERYL | o BAEBRIDASHEFRGE VG /f orgAnnot  be

succkB8rufiggctive @eiqd i m dazg] i de f4.omihe acid fMHatieq L-
production of acid amdes in the sense of a formation

oligohuaheatiidesbon@hus iLht eimedhat ecsnage mathothentow form the

S actl e acy | at 0 ar ut the actio
weachtvB S nuREds Prb e FaRbbrHi g “Hidd O A, REodietion of

acidr %1&&5@ OanI rﬂk@z@éﬁsel nft he CfaﬂalaﬁldﬂESoﬂl dGani @mﬂ@é dbond as
production of the reactive HES im dazolide was

lnte§&‘89é§§PuISt&ﬂﬁ SPHOWSDER * débidiposets t BCF iV BaFSi¥d 2y 29ent,

carrfESACI thdurbREt1bE LEAGUHOMhMAGHB0YS S U iddbAlding amide
all pH values and reactant rati os exam ned, w thout

withj §he| vEhgage eduphidgz@ieh the actually nore
nucl eophilic 5-am no- functionalised pol ynucl eoti de.
As a further possibility, coupling was ained for via
In the actdereof HES aldonic acid, production of the reactive HES

imidazolide was successful. This however decomposed to imidazole
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 5-amino-

functionalised 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 literature
specifications either via EDC activation or by reaction of the
HES lactone with hydroxysuccinimide in anhydrous medium. Neither

of the two methods, however, was successful.

The reaction of HES via the only reducing end group with the
amino-functionalised polynucleotide in the sense of a reductive
amination was also unsuccessful, despite very 1long reaction

times.




hydr oxysucci ni mi de ester of the HES acid, which was
previously produced in anhydrous nedi um according to
literature specifications either via EDC activation
or by reaction of the HES |actone with
hydr oxysucci ni m de i n anhydrous nmedi um Neither of
The tmeammjomethndsﬂmhoméver thas suwodessfioh. Heeorekdctd orco the
. HES VIP the on reduci ng._end group wﬂ th the,t. d
ln"eg RB- fuh ctlona?:?lgyﬂig%%?yn G%bt i e W IHESERE B 2309 @
polykadubhirY8e and Nahben was BL§0 unsuekessinl FidaspiAe shows the
very Igﬂg reaction tinmes. 7 The reaction schene for

Struﬁﬁérsr cthon2hdedt @i AGifo ITREP iHveht® oAlgpnac acid of the

poly%QEbHQ%&@efr%'Hda Pﬂg\’nuci@méﬁ@cﬂagtés P%iésa%'ﬁ%' de of the
I's shown in Fig. 1, wherein Fig. 1A shows

reacstpoct uTbeofreh@tmmOrﬂ@mwlsgroup driat he2al dehich are the

aci d of th Xsac harl

1B el uci.dates_the

sub3 BE o etk e CPEAEPESR. Ui bAbt PHRTEGASE GG |inotteesstul
attehp@s 2to Wpreliwaiee bhecorsibjerd Ff&btnefaOfpcﬁ].Wleﬁjiﬁdd) and a

14, sunmmarise the unsuccessful attenpts to produce a
p°1Y§6ﬁFU@5ﬂ€efron1a pol ynucl eotide and a pol ysacchari de.

Al t hough the process according to the invention is

not, in principle, restricted to certain
Althpagysat:hﬁarpmssw@mpyr@tingl tet atled iimwention 1is not, in

prin%%&EICL”fg%éEfgt%%r %d 83 v285cC ?L&%ecchariéés %%droxyethyl

Ver SO W n t he T Fane e inventi
starthat iet her pﬁﬁﬂmﬂmMkﬂﬂyﬁﬂpﬂ&fhrﬁﬁdﬂ1pﬁﬂﬁSiﬁcharlde It is,

droxyproly] starc used. Likewise, withint
howef’%ﬁrm\ﬁ&ﬂ? of L tihin pFEge% an‘“ﬁx‘?’é?ﬁtku dhtlth%e HWSPEFSHcﬁé’@t other

tarshadeh ikhagkkans sdeschished 4 .n By RI8L starch, are used.
i Application 102 17 994, |nd afﬁﬁgulafPhyggkbranched b

Likeyfigpeh Witk die V\AftfﬁmG@@F esObf Hranewiesgngr eapgention the
hypetB2AndfleAP! %o el e AblY; Y Lat §LLPAP.40 TRl %Ny, Patent
ypesna?Perethan f%ﬂav ?% ca:“%L S © an aren
Application 102 17 994, in particular hyperbranched starch
fractions with degrees of branching greater than 10 mol$%,
preferably greater than 10 mol% and smaller than 16 mol%, can be

used.

HES 1is 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
anhydroglucose units. The substitution sample 1is 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 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.



used. HES is essentially characterised by the
wei ght - averaged nean nol ecul ar wei ght Mwy, the nunber
average of the nean nol ecul ar weight M, the
Lsdriguti n de e .
S stututu2ﬁi9%%%g%€%stu%ufﬁgﬁ@mﬁ?%gﬁydr%&Séﬁﬁgﬁecular welght
Mw dmnouphe n ueth:er kxdrds: | sig heJJe&bE;n possi bhe oemblcae‘bbantion for
6 . of the an ose un

|
hyarBHGRENG, R5Btehn st SR e e TR o e P yion S,

ThusOf HEde 167 ot.a t Ben&besUNSididleth (1IC26ER rchatd P) theThIﬁolecular
degree of substitution can thereby be described as

welg@En&w|§ﬁ ﬂ8v0®8egpeeoéfteebee9f9e|eﬁ"§uRﬁFéhuFéper§Stef 0.4.
the content of the substituted glucose nol ecul e of
all glucose units or as M5 (English for "nol ar

The sumﬂudnﬂdmnwﬁ tbemhldhniheaaiérageernwﬂ&ﬂdcﬁccording to the

. hydr oxyet hyl oups gl ucose un| s oted 8.ln

invegFRER | FF o B RIS b Bvag TARCE IRl eFhe P e dtdd Of the

poly@@b@hbrlww|d1tﬁE%L@éi1#£Eﬁ¢@§ if diryen sasrdic solvents such
abbreviation for hy drox%ethyl starch together with

as, tkerde§raBPOP  suBsPRrEOYL6ATNENLdThysDPYES, 10Abmgthylsulphoxide

not es tarc th I I ts
s R AL ol O e o e

alc0094 conpenemdducthiconabdonhe atiddai cdeacirdbeslt dregraigechre known
ording to the (#nventlon |slg actin

fromta% S PIERE aarCI risle JeCIR bep(‘ﬁli/%da o{care Xri’l[?. € 1in ac’ccordance

withdehevaﬁsweesumedby Gapmehi casehvenpplsuebioASDPET DB6 28 705.
exanpl e, di net hylformam de (DVF), dinethyl sul phoxi de
(DMSO or dinethyl acetam de (DMA) and the carbonates

In t@k E@%et@'%OQ&’ﬁHHW%EHHch'EEa&“&KKHCt@&'&ﬁc@ﬁéfragﬁﬁvatlve,
herein are known fromthe prior art and can

in Hﬁﬁﬂﬂﬂu&ﬁﬁcﬁhexgﬁpbenﬁﬁeac@didemeereWPeﬁtnhely used alcohol,

d| ur cat,i @n 196 28 7
n&ﬁhg§re§c Ion o?atﬁgggﬁg%ﬂﬁggg |dbm?thQ%hegefébhogéeferably
apprdeﬁmuabuye:l 0,n pactusdl arithheacaebepaseso Of chhBonate, as is

ectively used al cohol,
8 by %he afcohof derivative, OH groups of the

res
prov1%e
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-hydroxy-succinimide, sulphonated N-
hydroxy-succinimide, phenol derivatives and N-hydroxy-
benzotriazole. 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 electrophilic groups. Correspondingly it 1is
within the framework of the present invention to use mono- or
pelychlorinated phenols, mono- or polyfluorinated phenols or

mono- or polynitrated phenols.

The aldonic acid esters used according to the invention can be

precipitated from the solution in DMF by dry ethanol,
9




the nolar ratio is approximately 0.9 to 1.1,
preferably approximately 1.0, because with an excess
of carbonate, as is prOV|ded by the al coho

. [ u I re -
ioonSFRPL, K, SRR IR IO JEBHIILP B Prppearing che
prockusCieorsadr &imets . réﬁmﬁe@id@nﬂd(aﬁrﬂlqsuﬁmﬁenamdthen be used

: al cqhol.s wit |n the framework of the_ present .

50185 8nt t0n SPESRERGAr ok euBEI R 1o, T8U BORSPEEnAF des. The

solullY8hoX¥r SHEEI NMddd8.onphenedudesi vat ives andri Xy -solvent
benzotri azol e. Suitable phenol derivatives conprise,

can, o ROWGIET 0t , PR hF BRF AL BATCFELYy | HALEQUST Hakadied of the
actl%”B%Bﬂ:?c E’E?H%Qte&h?a” Eéggﬁ?ﬁc%vg@%QESE‘aQK%es.

several tines, particu e af ore-nenti one
electrophlllc groups Cbrrespondingly it is wthin
e framework of the sent i nvention to use nmno-

Wlthﬁ;Bl yCht orflrﬁg’teé“é’r&he% TroRGESER L pat YYFtior S hat éd principle,

thatPhefig) s ekpenOnE opomgyhmeubb@naésphq&ol Scolfg@gatdeni Gith a
acid esters used according to the invention can be

polygpeehprideed TheomAHeuolqrt il | peDMVERBYSlYy bt Hersiuced from
L- nu%lb%QEHQQa”B'r oh-aGe4 ang; and pHE' ffn?.QtQEe ”rF}gQ?QoP)’ wherein

repeating the process several tines. Suc oni c
thesaci d &5t er sivdnvibealby usex |sala©gdthﬂrsub§m@d¢et other

f.or _coupling pol ccharides, The Iutlon of
mod 3k R8sy Saich o A% ERE | REPTERB oM e Sgf o Lncrease
stabhoweyerin alissl g degusegs thmiect Aymowt Ehedt ibAOLE ittt Oftype is
the active aldonic acid ester for coupling to
for p8$9§8é8haFP8esflVPFhPHtﬁﬁé f RAneReFkt 6Pt he' pr%gethe sugar

consith %ﬁghkonof'Qﬁ@g'ﬂﬁbpégtldégatJ@nMuEXQSSQEes It is thereby
pol'ynucl eotides is conjugated with a polysacchari de.

alSOngtpohym@@Ié@mmﬁyqnhwqﬂuﬂhﬂnpnﬁﬁqnﬁxmnxﬂhﬁrqnnthat at least
pae o O P o L OB T SBgLDAE agsa ene
polyatag@eotide can exhibit a sugar other than ribose or
deoxyribose. Sugars of this type can, for example, be other
pentoses, 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 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
of 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 furthermore within the framework of the present invention
that the polynucleotide is a ribonucleic acid or a
deoxyribonucleic acid or combinations thereof, i.e. individuals

or a group of nucleotides are present as RNA and the other
10



nodi fications, such as for exanple nodifications to
increase stability in biological systens. A
nodi fication of this type is for exanple the

fl iLpa i it t t
w1 SUORLOREEER s B98P e il oo ) HEfLgpa vice
versmﬁtmmetﬂuxﬁrﬁﬁmmmﬂéamfathé pse&emblmnwmud(Byndnumqusly with

| east rt of the su constituents of. the

e nidti: e s A o et ad ey 7 o refers,
amon§ggaro@1t1@§£ tha) HRPSerLo0Hecod90XY¥Ehhe58ic SIS @fnd also L-

this type can, for exanple, be other pentoses, such

ribogyclede axamplead aﬁ%worﬁjtt%%@ﬁrexbsees ghat individuals
or ACURRES oPUIHS i AHh s hLype éo 2GONRARN Zhd the other

ni trogen aton1 or su ur ato su for exanple
nuclentadeaziormnng theo&wgaE1c amﬂdnandupnagﬁnt(aﬁnmwﬁ and vice

of he poI nucl eoti.de can be rep I . east
versda, ey HP R HoAIE) (H AT RO et roh K0S gf deoxyribose
or RAYYC] eatidde cangdes devstapednat |seast PAdmpAdaehtas of the
| ocked nucleic acids (LNA) or peptide nucieic acid
nuclepiapte . TH&EtORrgPsapds sompid sel e eisordf i pyelretides with

0 | gt.0 0 cLeot,de b
otheb LEMITEIE BHET SLOB2t IR ZPOLMRICLETNIEE, O ofoe. omn,
NHalkadbanﬁlmmeamaé qﬂunaﬁunai onxnnnatumaﬁnmmckﬁobases such as,

hl is furth t hi he
cor TYEADE, OSOURRL UL LS LA DSLIRLESMLD MATCL. chorany 1o

withpal Yheclfethicd® ks of rdHmid Rir agivkrifich that the L-nucleic
deoxyri bonucl ei c_acid or conbinatigons thereof, i.e
aClqlﬁ%Q&QﬁEﬁsSooFa&lﬁﬁmﬁP%ﬁ1%u@P§é§ﬂ@@§rahé‘bre@@ﬁ@e§§ldes in

whicBNARRd tihe @t herc1d@ohye! egbhdes LR5RERELENS UG &l Coype can

acid are present as DNA and vice versa. The term
be amrnmgbdl@o@@ldns;d&uthq1nun&ﬁqgmﬂﬂnﬂﬂnﬁﬂqpqmqﬁ1th@eL nucleic

acidl 30 L2 P ogpuclgot Lde or L-polynuet ot ide and LEhoLS: the 3
anongs hers ot i deoxyrlbonuclelc aci d°an

end.al so L- ribonucleic acid and conbi nations thereof,
i.e. that individuals

Furthermore, it is within the framework of the present invention
that the polynucleotide is present as a single strand, wherein
it 1is, however, also within the framework of the present
invention that this is present as a double strand. Typically the
polynucleotide wused according to 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 nucleic acids described herein are preferably so-
called Spiegelmers. As 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 of contacting a nucleic acid
11



or a group of nucleotides are present as RNA and the
other nucleotides formng the nucleic acid are
present as DNA and vice versa. It is thereby also

llbrggx'sqg?d BQ%HchTaEl Qf deaxydid hoge nQEléiQO%ﬁnxi library,

er sug rs forn1the sugar conponent of the
withntibeetbirdet Fodtheipwre is conprised the use of
nucl eotides with other nodifications at position 2
such as NH2, Owe, Oet, QGalkyl, NHalkyl and the use of

CombAakbali a0r oMmatiuinia riks eabase;sl]sy@hoa?s alfiorproduced for a
exanpl e, isocytidine and i soguanosi ne. IS therebX )
Sele&Fé@“ mPFﬁFﬁSFhef?¥aH€%br@%ﬂe%QR?%W%séﬁt fHpehipBal nucleic

acidshatad he Lanuicl ehgs @Q'Qh%meﬂgﬁé§¥%(6¥|§@A399§§8nucleotldes
positions, i .e. nucleotides i'n which there is nd

whichucleadlraddy Ammgwanp@suﬁnun$ of 10E0Q@ ypendamisé@ nucleotides
whicﬁllr rﬁ%%g%d %%t(;] é nst | de the_l_ %Otoll :L%O’i u%xglgmeolf‘ %on?hléeglons

& ¢ 2"8cid ant o at- Bhe o

The Flrand/toror hef 3combmdat5ﬁﬁ.hmeﬂfmﬁ%,rllets ISf Wehbsntifpe is, for
framewor k of the present invention that the

examﬁé?ynu@?%%%%%%dl§1br€§éﬁﬁ as B &ingl%V&trand; - wiekdin Y. and

E1lihltbs, ROWEVer,gqRl SqaMHdyn E?x{keynfc!la”EV%1k 0561 hes36-367. such
present invention that this is present as a double

a mramll"pyplsomtmesm@d pai ineuiel wdtriadel ug@&\acbmmng can be

conv teﬁ fvepp Loy '1§,m%r%' ”g'ceh S”aé‘g'c% pyckel ¢ a&éuble strand
mﬁ However, P 830l t rmary se ue

libreafy dmweimnrdelfnsmkjf S@a:ronﬁar yastr bet unrs@m ade ad ss)electlon As
tertiary structures. In the secondary struycture,

a rulemBeyRretity SPPRIAGILS ChctlR, 1agiBlLevat, a?n’f&ands can be

carri@at iANs @ €naksQtaBieseithole §@ntHQ@t@%'ﬂﬂaf¥£dual strand
aci ds described herein are preferably so- called

llbrsgwegmmslsmsa@réaay thentimnedtse cRéebégPAnippcess 1f it

e M e Mo e O N TS
Vermbasa tFartgetamb| Boole, oF.a., paev2 helaeoire ,antblar 33he 564-566)
can 5%%¥J ég gcniggé ngI@ Eg?l %%e%%&? also possible to include
the chemically synthesised DNA library directly in the in vitro
selection. In addition, an RNA 1library can, in principle, be
produced from double-strand DNA if a T7 promoter is introduced
beforehand, thus via a suitable DNA-dependant polymerase, for
example the T7 RNA polymerase. It 1is possible to produce
libraries of 10! and more DNA or RNA molecules using the process
described. Each molecule from this 1library has a different

sequence and consequently a different three-dimensional

structure.

Via the in vitro selection process, it 1is then possible to
isolate, from the library mentioned, through several cycles of
selection and amplification and optionally mutation, one or
several DNA molecules which exhibit a significant binding
property against a given target. The targets can be, for

example, viruses, proteins, peptides, nucleic acids, small
12



11 library, in particular of a statistical nucleic
acid library, wth the target nol ecul e. Conbinatori al
DNA |ibraries are first of all produced for a

moleﬁﬁhEgU§ﬁ%H”%E?ﬁ%&gBBlEPﬁ qg%%%%ﬁq%%%éog>égﬁgé%ygﬂcal active

nucl ei ¢ aci arule, thisis th
ingr@NAeotbgonmcla@@ da&taMﬂhﬂtﬂ&NﬂUhﬂﬁ%DﬁXﬂﬁEﬂrDEh&mngehemical,
b 8 00 rang n&sed nucl eotides . which are 5'Tﬁ nd 3. bed £
1oc SF‘r‘nCﬁ PFan Byt pFP’ﬂEPnS’BEE r8gfBns2S THgScribe or

examphedugt IG@Tlde 1cQnvidiatsyi,ale | i irard @se o, tdi Sartd/pﬁahss, 1995,
for exanple, described in Conrad, R C., G ver,
Annufj gRevy, BRRChem} i ngtbn, /D, 765998 N@pﬁ0d§oEﬁ§9ﬂD|J R. and

Szos%gk 264, W336 3699 SUCQom%ﬁHy%BfE§l|y §¥8E5§§b§ed Synthesis,

singl e-strand DNA I'ibrary can converted via

Screpoliyger asel cfampim@a;oiqmn qutealtdalbl e -egt s arw;0¢amcar yCortese,
mhlch | itself ct be used a _sel ectiqn.

nalchd G \qhiy i, i (S REPHRSS: Lon e T iy such that

blndsh@andmcacnr beszcafnblleauQ@b Whtd Siddladden netldedstEe library
that an individual strand |library which is used for

origipaliy WIgh §@1ﬂe@meonarb%%%is%di pfiter jhe pRpection step by

meanéelo%g1 é)q m(e@%“sié é:lh exga'éctf ildh. Iélgnz RN@%%Et ciré ) 5a5’reverse

tranSG&lEGGpn @@@Ud@aﬂﬁibBrat©®EN@dtedttDStmﬁmﬂﬂHﬁ%fEﬂaﬂlon step
|bIe to_Ji ncl ude chem cal | ynt hesi sed
oy AR SA Ty PRaehetn B 1B Ay CRLF oS na s & fizst

seleaddbhl@bunanclNAdméMWﬁQ/uﬁﬂu ﬂﬂ1aﬂréﬁnwﬂdéséméctlon round so
praoduced_from doubl e-strand DNA if_a T7 pronoter is

thatl At dleeacubef ofadided his (P& of Siittt appéection round have

the MWArAepPendantapal WIRIAR:S B9l se EXARPLR EH%'ERﬂﬂY%lcatlon and
polynerase. it is possibleto produce Ilibraries of

go wigts andl homerDNAagyghRNA vt et less usnhg ehdyntdeassselection
roungefgﬂéb%ﬁe Egggenole %!eﬁ%%o éf § Qéaﬂﬁyﬂﬁ? %eaction step
eren sequence and conse%ueﬁ ? er enff
openkhree- dmﬁenﬁoeﬁﬁbllstyucﬁhrEntrodu01ng new mutations during
amplification, e.g. by variation of the salt concentration.
After a sufficient number of selection and amplification 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 the SELEX process and is described,

for example, in EP 0 533 838, the disclosure of which 1is

included herein by reference.
The best binding molecules can be shortened by shortening the

primary sequences to their essential binding domain and

represented by chemical or enzymatic synthesis.

13



Via the in vitro selection process, it is then
possible to isolate, fromthe library nentioned,
t hrough several cycles of selection and anplification

tj.on tati _..Qn BV l_ec
B oA B 1Y 2 E G SAN BTG br GRer Ly gl netone 2T
the ssafosdni ddargetegdheetar getishcanrebesuborantekaipl echaracterised

. viruses, proteins, tides, nucleic acids, .snmall 12

in {BeECut iRy sk aSCRBEABEEFom Net AifAT egartially, Dreferably

compRBRENGCIK | €Ak TR turdr edl @it Be OF i 418, MBL-8bakkES8S for the
t hereof or other chem cal, biochenical or biologica

prodgefponentos suihiegeldeany i bell f bhisex&iplee iar<Col@ksqribed in

o - | epb a Fus, 19 . :
o R TR 2 Vo e 790 MeRoisonr ey [l ppenien by
refe$zastak The Weculld@G,itQontfi ndteorpadcdsbrédes@sibed therein lies

i QLD S RSPRG54 o

L-nuRN@G@SSadSd Cabliced1@dt WL t Bahd bindiangniNAvOr tBet, i.e.
mol ecul es are isolated fromthe library originally
presgaéd and &P€ aRpFPfRéd APrBr PKe Senétgnvatspep ®y a target

strudEala %ff Fll.%ll%netr e cﬂ?é n gﬁqdfcggseigc% Zﬁi‘&%%%néescribed

a reverse transcription s pre-connect ed
abovehelsanpsedi tat iDinrst epf by lpadelertasieichang neadkien.acids or

A library enriched after a first  selection rou can .
e quipRER 3@ T rEE r EEAEACREF Bot fof 1 GUHY B0 ATy { et ring
strud@heeules enmaahadlily tbechifshgSehegkiton foundxAA¥Ee in the

t he chance to again succeed by sel ection and _
casegnpPefecatP®n BREICHo NRIC &S | I1oke ®&Q@4RL8y against a D

prot@lne.cufﬁec‘ ibrﬂ'lgiﬁlgf %&i%éuﬁ@é eg,liu_gn okg@&yﬂged At(DLBﬁAyc’arEe-RNA or

time, the polynerase chain reaction step opens up the
corrpeponbiihgt p-dérinetoves) ngraecdepetminedsigduthegr sequence and

amplification, e.qg. by varjiation qf the salt . .

® CONGRNtFati oI e 18 SuP Y ci et TS of 158l b FERE-image

nuclabdidapl iphTBAiwg r @ladss t he-badatesgi dos ecres bavecleotide

.succeeded. An enriched pool is thus, ) ,
derivatives). The mirror-image, enantiomer nucleic acids thus
obtained (1.-DNA, L-RNA or corresponding L-derivatives), so-called
Spiegelmers, have, for reasons of symmetry, a mirror-image
tertiary structure and consequently a binding property for the

target present in the natural form or configuration.

The polynucleotides, 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 4,000 Da to 25,000 Da, more
preferably 7,000 to 16,000 Da.

The target molecules described above, also referred to as
target, can be molecules or structures, thus, for example,
viruses, viroids, Dbacteria, <cell surfaces, «cell organelles,

proteins, peptides, nucleic acids, small molecules such as
14



produced, the representative of which can be isol ated
by cloning and then determined in its primary
structure with the conmon nethods of sequence
t [ o) ne ,
et AR e T R A R PR T o ene
metabbéltbargabreﬁﬁecpwaﬁﬂﬂs:fmhemimakncmhmnhemimﬂl or biological
aners of this type is therefore referred to as the
Compggﬁﬁi Sprocess and is described, for exanple, in EP O
533 838, the disclosure of which is included herein
by reference. The best blndlng nol ecul es can be
AccogHdngend® byhshomrafiasf t ReCcPidimgr y EequdiResirgention, the
[ ntd.al; Aindi e
poly b o B IR Rl et WA P A°BEBRPRGRS, Wigup of ene
polyafucdpbanee3 ar mm:udleknlpeutlacsmm vextrenthiarte thdealdonic acid

so-cal | ed Spi rs which are substantiall .
estedn ARRTS | oy TP TR CHEP R voht flet Che 2RPY cagfticularly
prefedfkigal xlli/thﬁﬁeft%reabf){améﬁﬁ'@ke'[cﬁﬂ ytak thes o nahedltion that
L- nucl eoti des. Processes for the production of

thisgplugeondrid ist q1Aup t §peaarfangédorpBecnimo group, preferably
RCILEPO7L04 di gg}k 0S fy whi¢ch i de
a p 9% E é@ Zgre?£g& §§q%e%%gégvr ¢ ? tEﬁLH Qlthln the

er ence. arity o € process
fram@®9¢klh€ﬁ1ﬂheremmehtben thath&hﬁrqﬂhkxdumiadtide reacted with

nti oner nucl eic acid Ies nucl ei ¢ ,
the RRRRETeAdlEE Shfef i fariAStidian TspeEndaty amino
groupl,es@ntmifot Geoapt ur al forn1or configuration or a

target structure of this type. The in vitro selection
process described above is used to first of al

It 1%e|h%‘2$e\}\l_|x”%a‘1&f8ﬁcﬂa%‘1 Zﬂéﬁﬁred SAAUENC EH AR NIl wd HI€ of the

enantioners, 1.e. non-naturally occurring structure
presehtalmaeutabMyt@@¢umhauyuQ¥qyﬁthuq qnaunﬂksia1mtmmary amino
wher.e the nD ecu

grouB rgp 1s E% §e% éou?ﬂprOteln (é?%gke group of

USO
the @B&@NﬁplaoﬁmaeorTh@owmmﬁmnghdup[}skﬁreﬁﬁﬂaﬁxy Pfé€sent on the

phos%%%%%mé¥gi§rgéhekg %Fq%%?cgtaﬁ% 3’ end, thus the terminal
phosphate groups, of the polynucleotide. The amino group can
thereby be bound 1in 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 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 polynucleotide, as used herein, is an

oligonucleotide.
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The

the identical sequence is then synthesised with
mrror-imge nucleotide building blocks
(L-nucl eotides or L-nucleotide derivatives). The

Eerrs%rn'e NBYCa n ENGNT Egnqul%gf“tlr%it(‘eda%ysmggH§ o‘%bttﬁ{.é’]egollowing
L- DNA, L-RNA or correspondi ng L-derivatives),

figugescalndecex B lege| hees, whavh, otberr desongesf, symmatimgnts and
a, mrror-i e _tertiary structure and consequentl .
aavafeRePRo ok Sher Poopop L hbvEhEy bt - Br cBBrETFRARERESY Show:

Fig.

Fig

Fig

Fig

Fig.

Fig.

Fig.

natural formor configuration. The pol ynucl eotides, in
particul ar the functional nucleic acids such as
apfamekieofhepiegbl AeFectase ot aFhedeifonhe deldcgrowe of the
and shﬁggegiggnpgogg§§?s descri bed herein, have a

nol ecul ar wel ght of approximately 300 Da to 50, 000

Da. Preferably these exhibit a nolecular weight of

4_000 Da to 25,000 nor e r ef er abl 7.000 to )
1880007 paeSehoPastemen ki BAE EER b cluarisorgiog to the

referrefvéntasn tafgetHETan bot ecabed Okwvith a carbonate
structures, thus, for exanple, viruses, viroids,
bact er P& 1¥_FEVeuPfad@ds, 2 k@ lorgandr| 8ddonirosiifs ester and

pepti dege UG RIGHACH ISy SFRI tADI £CBLESHEHEB0RSde1bearing a
met abol i sm net abol i tes, pharmaceutical active

i ngr edfentsionat haminetabohpt es thereof or ot her

chem cal, biochenm cal or biological conponents.

According to the process according to the invention,

.tha pohynuclaeatiote exherte t Sorprigfer ppbduonian of conjugates

phosphate group of the _pol ynucleotide, a nucleophilic, _
group WPR Wi chp?}%mé‘FJu%Pﬁ%d%ci 8ndestifS readignig acid in

formthec608hHg8t ewith | ghtherhiwparddul & Y particular in
preferred within the framework of the present

i nvent peRCcrAancet Wi sh nesdeppds | 4cihroup is a

functional am no group, preferably a prinmary am no

group (NH2 group). It is thus within the framework of

.t B8 i nvkat ireadtian tdhehqgod yfivel edie dprodact fdnwidfh conjugates

from a polynucleotide and HES aldonic acid in
accordance with the prior art, in particular in

accordance with example 10;

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;

2D 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;

2E the reaction scheme for the production of conjugates
from a polynucleotide and HES in accordance with the

prior art, in particular in accordance with example 14;
16




the aldonic acid ester contains a functional secondary
amno group, an imno group. It is however
particularly preferred within the framework of the
present invention that the nucleophilic group is a
primary am no group which is preferably present bound
Fig.0B a phosphametgyeap of thke rpeluinuclcgdtad desacthieoraneiorge for

group is preferably present_on th hosphat e gr oup at,

the 5 CBF HESWRECIPromd, 1 MBS THEL TS i RarCoOeRR avith the
groupsprefehhe Nolaucd£ot ide. pdhei i &P GPUAcEBRdance with
t hereby be bound in one enbodinent either directly to

the phsaPR&€elyroup or via a linker to the phosphate

group. Linkers of this type are known fromthe prior

art. Preferred linkers are alkyl radicals with a
Fig.l eéngt haofchrdnm g yemef efabtlye 2 Hesul tC oét aars fulrther reaction

particul ar, en using aldonic acid esters of N,
hydrox?béﬁgﬁrg?ﬁiag? gﬂﬁyﬂﬁE+%%pﬂF|?cS@+%% ﬁmer in accordance
furthegirr et REege8Eent NiAHPENPOLN NULH €04 | €lecu BaENi RSaccordance
the purine or pyrimdine base in the nucleic acids,

are novitkaeredprletlisap@thin the framework of the

present invention that an oligonucleotide is used in

pl ace of a poiynucieotide. In one enbodinent, a
Fig.pél ynuel edttrdeamas ofsedheer einhibigtiam caused by HESylated

ol i gonucl eotide. 15 The pr nt_jnveniion i .

11 Ust PRLEAb)SreaRs oR OB BT bRRng PITIRIBST angf  Ghrelin-

exanpl esqaficem whiehuethee1taatures, enbodi nents and

advant ages of the present invention are obtained.

These show. Fig. 1A the chemical structure of the

al donic acid group of the HES aldonic acid; Fig. 1B a

reaction schene for the activation according to the
Exampdeedti on oPrefschldoniod axi dowjtbasecdityonage Spiegelmer and

derivative g;dggxgégﬁyflségrgw al donic acid ester and

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 1s disclosed for example in German Patent Application DE

196 28 705.
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the reaction thereof with a pol ynucl eoti de bearing a
functional am no group; Fig. 2A the reaction schene
for the production of conjugates froma
prodRekYBHCLeothdenandeEES al donic acid in accordance
Wt the prror_art, tmmparticular in accordance wth
exanpl es 4-9; Fig. ZB the reaction schene for the
duction of conj tes, fro a, cl.eqti de and
The ﬁ%% 4iﬂ§¥ EUSSd n aé?%%ﬂ%ng% mﬁ %?%31 % oragy tPrqqpced as
follpasticul ar in accordance with exanple 10; F|g 2C the
reacti on schene for the production of conjugates from
a polynucleotide and HES al donic acid in accordance
0.2 Wty to%en@fd g dr'dihsOQ-fE.tSi GHi idyo 343095 d&f%‘oWé& in 1 ml
exanp e 11; D the reaction schene for the
dry Ml@mmlcf@rmamm Ayet eseadpenn ul‘pbl ynu@lqemnqi@ramuantlty of
,HES_al doni.c.acid in ord eq r in
NN p§r o] Q%mﬁﬁ haé¥8$)an§é ??g exa |es°iz % Eours gt room
tempthit@atueacti on schenme for the production of conjugates
froma pol ynucl eotide and HES in accordance with the
prior art, in particular in accordance with exanple

Prod%étlo$6oE'ghess§1@EEQH§EOQE§g%QEethe results of a
on of a Spiegelner in

accordance with the present invention, in particular

' cor Wt exanpl e Fig._ t a .
o mh? QESOIBGRA! o SO il Mo AU PO onan s sea
RNA-BpS¢baliner alccar8inggelorsSed n Bocondante arw tdiddtdved in 0.7

esent _i nve t|o in particul i.n accordance
ml J¥ a %.3 mo glcarbgnate éiutlon wfth 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. ID. NO. 1)

Analysis of the conjugate produced in such a way

The conjugate 1is detected by low-pressure GPC. The analysis
conditions thereby used were the following, the analysis result

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 NapHPO,, 12.62 mM NaH,PO,,
0.2 M NaCl, 0.005% NaN3 in Milli-Q water)

Flowrate: 0.4 ml/min
18



with exanple 1; and Fig. 5 a diagramof the inhibition
caused by HESyl ated Spiegel ner or non- HESyl at ed
Spi egel ner of Ghrelin- induced cal cium 2+ rel ease.
Exanpl e 1: Production of a conjugate from a Spi egel ner
and hydroxyethyl starch HESyl ate used HES 10/0.4 with
Detetheéonwol ecul ar pafamd@rmsmMv 11092 D, M5 0.4 and C2/C6
>8 which was oxidised to carboxylic acid at the
reducing chain end, was used. A description of the
Runnfh@dygieon of theo HEH acid is disclosed for exanple
in German Patent Application DE 196 28 705. 17
Production of the NHS ester The N hydroxy-3ucci ni m de

Inje®3i8h 9b1hfe:HESY) gie Preduged follows: 0.2 g
"ISC005 bl ) anhydrgﬁs PEI LI5S s di ssol ved i n
dry di met hylf ormam de and reacted with an

1n
e SN A Wl Mo N LS AN PRl anatcunes

withPresifietdrore otot hthSpicagemarbgldafy| ate 5780 with tailing peak
(corresponding to 1.3 pnol) 51-am nohexyl

evalpghdPPonal i sed RNA- Spi egel mer according to-Seq. |D
no. 1 are dissolved in 0.7 m of a 0.3 nolar
di carbonate solution with a pH of 8.4. The active

The eaberve predydddnas wiescrdaysd egbovait | svidddecarbtrtertt | yform  of

to is solution react ed.at .room.t.enperatur.e fo .
nyacRskiE TRERR s Rgdr S ST HETO o iy Following
molege@Henparambteant NEhexyh 1 UGASIGACUGACT 3dnd SELY C6 D. ~HNO.

1) Analysis of the conjugate produced in such a way
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 quantitative yield (> 98 to 99%) was obtained.

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

HESylated and non-HESylated Spiegelmers.

Stably transfixed CHO cells which express the human receptor for

Ghrelin (GHS-Rla) (obtained from Euroscreen, Gosselies, Belgium)
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The conjugate is detected by | ow pressure GPC. The
analysis conditions thereby used were the foll ow ng,
the analysis result being shown in Fig. 3: Col umm:

are %%r 0% alzmhlﬁaéjplgﬁ 53007m3‘3 ]]O]go AR iweql &f@r (lslél 96-well
no. 17-0538-01) Mbil e solvent: Phosphate bu

mlcrle’r‘:re (R¥aB8 rmMtNa2EPOsled?. 6Rasd NAHZROAT)0. 2nM cultlvated

% JML Fl
overnﬁ%tnaﬁo%etec?l%n U902|86 tt%lrﬁ?#l Eehiig %aﬁ?%ex which

contbk@jpect iiagh vabdpeior0 plooorngmtaé/mhar genIbelneactl av0 pg/ml
char ge produced of 62% (wi th_perpendicul ar
StrethH‘YFéfleréHerﬂszhQGEﬁFbﬁé{‘o@Pﬁn% or L9794 wipRgizone.
tailing peak evaluation. The above reaction was
carried out wth another formof hydroxyethyl starch
Non-HE§K0arEdwaingh %xm%inl@&edwédr@ls mmqwtglcaﬂblietmcacrordance with

ra ters, . Mwv 54110 X [ CB: Wth
examgﬁ oﬂieré\n écgel e lcla rlenac g%le ? uerres gl)%/lhel &]e internal

refe23%reVasoDbB Bl etk c ol iepr rtebspeﬂQI NgIEPQehr cmakegr abhcubated
for the reaction product is shown in Fi 4. Exanp

togeshern atiddsi My meoyi diaF o@hwelrtorﬁ%@a?r@gsaéledﬂ&rﬁt%@ Medium

to dyﬂﬁﬁdyrﬁMdF§BEbH$glana%@aqnjQN@ nEPEsr 8bk@ ¥een added (CHO-
activated aldonic acid ester added in portions to test

'R 35 egebhremimasti REreas8d foim & ¢r-23:mil 'y herofile 96-
&a douhl i_ng i Q yi el d
tubegsélmééeobﬁﬁaeﬁ%d sRrhiTRLGh e Ree oA as cen
timesheocacthvabeddakdbnttoasi dnesHerP+a virtually
guantitative yield (> 98 to 99% was obtai ned.
Sequence of SOT-Bll: 5°- CGU GUG AGG CAA UAA AAC UUA AGU CCG AAG

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 pl respectively CHO-U+. 50 pl of the
indicator dye solution (10 pM Fluo-4 (molecular probes), 0.08%
Pluronic 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 pl respectively CHO-U+. 90 pl CHO-U+ are then added per
well.

Measurement of the fluorescence signals 1s carried out at an
excitation wavelength of 485 nm and an emission wavelength of

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 Jjointly for the parallel

measurement of several samples. For this, three measured values
20



Exanpl e 3: Conparison of the inhibition of the
Ghrelin- induced calciumrel ease by Ghrelin-binding
HESyl| at ed and non- HESyl at ed Spi egel ners. Stably
are ttapsthxgd £HO celds which expggss; Ahe-man, £ egepkebonds to
for Ghrelin (G4S-R a) (obtained from Euroscreen,
deteGogsel iEse B@Isgulurm)e Ie2uger uewic i 1 Sa hlmwberdl@fcosltanwed, the

X 104 hl ack 96-wel cr at e
plate ﬁde\gfr %Se Glle%ﬁiégﬁ al)r{:% L’l va?‘t'e overannn%]t pipette
10 p&t 0357 t@@rmtﬁ%l%om 44 TutaiHO mi&dn umé OanbnepioML@h% tube"
ontains in addition 100 units/m penicillin, 100

PlatPgFﬁ‘l WhekGhe pt oty BF &7 1 268P R 5 AR E%ﬁeﬂaélrﬁeéinc?uf'S IfisH to the

wellBUNGE zene. MNop: EESYlAated ad sHirddESytt e lfQ@mls then again
produced in accordance with exanple 1 of the

inse@iedl imn- mhﬁdumm:fsmeegeéim@wmmqrwe Gonteimzgd (a total of 20
measheh % gnge ,S %’ﬁe ‘%Ig%g ing to SEQ 1D no. 2 are

I‘ncubated human or rat Ghrelin (Bachem
in UtraCHO |\/de um to which 5 nmM pr obeneci d and 20 nivi
HEPES have been added (CHO , for 15 - 60 mn
Fromertpe 373 HAFueny: ZCHFV'EISOV\P’BF%W?% %thetuﬁléffﬁlrﬁt“&e between

maxikifs e AtidAdsdldn@R SAliyd2ans MHE PfERHF &b atcd ensi rﬁéTPS before
concentrated solutions in CHO W+. Sequence of S

stlmg'latd;gg ASG A TNNYAALAAC aagh ARHOCEIVAG WEllA /m plotted
agalns eAgca‘?lg:geng’}agfgrq ép Oﬁ__%flr?efoqe G.Iillar gleggs for the

crumindir cat or dye cell's
1nh1\ba$|ied loX weéahc200 ptelespectwive y SEHOgEtmexE, pl agélnst the
i_ndi cat.or olution (10 pM Fl uo-4 (nol ecul ar
ConcﬁP55€§)lonO068%’léfgﬁi8ﬁf‘c 127 (nol ecul ar probes) in
CHO U+ are then added and incubated for 60 m n at
37" C. The cells are then washed 3 x wth 180 .
To ?%@‘ped‘{he\/ewfm@m—y %prh@@%Y%@Qhéﬁl&@Gé@eﬁén Ghrelin

rece orh gs%%lérsg%mceqflst hﬁefé UQE%E%QESdS'v&&@J S5I AM Ghrelin or

arried out
Ghrelin which has been pre-incubated together with different

quantities 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 Ghrelin-induced Ca'* release with an ICs
of approx. 6.5 nM whereas the non-HESylated Spiegelmer inhibits

with an ICsp 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 upmol) is dissolved with
stirring in 10 mL water. 9.95 mg (2.5 umol) 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 wavel ength of 485 nm and an em ssion

wavel ength of 520 nmin a Fluostar Optinma

nmul ti detection plate reader (BM5. The stinulation
are StCHeLH I 983 §r %1@ﬂdesq: tﬂfltrhge fﬁl lp%rftQBnQCQHf@.I €2 hours at room

anal ysi s of the course time for the changes in the
tempeaktivgm. codncedlt r axfi ords clamselden:ty Gorgtiant They weddigition of

vertical, series _of.a 96 l.ate ar.e measur

hydrOChﬁffleorc?he od al P Weal reﬁé%?eofsgéﬁg?a Ghen the
reac$a6ﬁ|@% dunplidies, the eehaeqsuned fualthes 20 iamed for another

recorded first of all at an interval_ of 4 seconds to

2 hogéeriti e Fhd B TS MERG S ishtoF stheFeaction charge via

low—%&%%%ﬁ&bnqgﬂz %Q@e QiaESaEgﬂgMe%dHVEEéﬁghrsﬁdQﬁmﬁnﬁplegelmer
a multi-channel pipette 10 of the stinulation

useds@EuﬂEQﬁ them the "l ow profile 96 tube" plate in
whi ch the pre-incubation was carried out, added to the
well's of the series to be neasured. The plate is then
again inserted in the machi ne and neasur enent
continued (a total , of 20 neasurenents 4 seconds

Exampigr f .  Fr oif PRECHEGRUPEnBIR) CIF 123 bhPRi fel®!yhecleotide and

di fference ﬁﬁémﬁﬁaonﬂéxbﬁHﬁ‘E%H%@e%ﬁ%ﬁ%%éﬂéykﬁc&ﬁHin to the
fluorescence signal before stimilation is determ ne

for each ingr¥pduartwel | and plotted against the
concentration of CGhrelin or, in tests for the
i nhibition of calciumrel ease with Spiegel ners,

150 a@aim@t arfee aduienRr erd ratmiontwfe Spi et nE0 /0 10 shdonideacid and

i ci ency of the HESyl ated Spj egel nmer Ghrelin
A 8B P e FEECI G Torlq S dbr el L) it atedSwith Seafigle 4 over

3 nh6hesl i fe orrodar eblpelicaRehagndeah 4 edtneidied No reaction
together with different guantltles of HESyl ated or

convesgipBESgPatddbsplegermepedThe anplpEesaéntevspgpasare GPC.
nmeasured were standardised to the signals which were
obt ai ned wi t hout Spiegel mers. The HESyl at ed
Spi egei mer _inhibits the Girelin-induced Ca++ rel ease

Examp th an IC5lgroductlon of conjugates from a polynucleotide and
HES aldonic acid using processes according to the prior

art

1.0 g HES 10/0.4 aldonic acid (240 umol) 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 umol) dissolved in 1
mL water are then added in portions with stirring over 2 hours
at room temperature, the pH being kept constant at 5 with

hydrochloric acid or sodium hydroxide solution.
After a further 2 hours reaction time, the charge is analysed by

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

detected.
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of approx. 6.5 nM whereas the non-HESyl at ed Spi egel ner

inhibits wth an I C50 of approx. 5 nM The result is

shown in Fig. 5. Exanple 4: Production of conjugates
Exampl@Ma pol ypusheotise @ﬂdcoﬁﬁﬁbéiggnfﬁoﬂcédpéf%ﬁgcleotide and

processes according to the prior art 0.25 ¢ S

10/ 0.4 al dohEZ aéfddn{e2asignwisjings posssisgsd agadrding to the

stirring i ter. 9.95 ng (2.5 pnol)

RNA- Spi egel ggoyg%%%rding to SEQ ID. no. 1 are added

to the solution at room tenperature. 50 ngy

N-et hyl - N - (3-di net hyl am noprqgpyl )- carbodiimde . ,
The KPATEChIBITTLIIBIE PnoFImRH S s8] Vad iHePeatedratdiereip in this
casea@ot hgnradded i Lhqshi bLERY3I Aofekti ons over 2 hours

at room tenperature. A pH of 5 is kept constant by

addition of hydrochloric acid or sodi um hydroxi de

S [ : t r t | i s.conpl t e
wnen> Rk, PRacCaBR, 0%  EBAELERR, G RRaRr tep EriiRe% couta be
deteterper at ure. Checking of the reaction charge via

| ow pressure GPC gave a reaction conversion of the

Spi egel ner used of less than 1% Exanple 5:

Production of conjugates from a pol ynucl eoti de and

HES al doni c_aci d using processes according to the .
Examplpof:iart 1BDOdyCEDM a@g aeRbeIaben From ur ot ypMESLeotide and

10/ 0. 4 al dogy j d. .RNA- Spieg ordi :

seq. 1D oty BE0nEEacK Rt P e R sk to che

t enper at ur epainor watth stirring. No reaction conversion

coul d be determ ned by anal ytical | ow pressure GPC

Exanpl e 6: Production of conjugates froma

pol ynucl eoti de and HES al doni c acid using processes

according to the prior art 1.0 g HES 10/0.4 al donic
Exampdeg @ZQdeﬁDW?rﬁréeH?§§8¢VéH Rit halues 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 using 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.

Exanmple 10: Production of conjugates from a polynucleotide and

HES aldonic acid using processes according to the

prior art
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stirring in 10 nL water with heat. After cooling to
room tenperature, 10 ng of the RNA-Spiegel ner are
added to the charge according to seq. ID. no. 1. 50

303.79 ofePC £ 260nppR) ) Hicsseliv8del mda Olsyat gr me 1daN. 4 aldonic
added in portions with stirring over 2 hours at room

acidt difpdrat ol herpHIbesagvkapincd®steintdey gimgthylsulphoxide

drochl ari [ odi um hydr oxi de sol ution. After
(DMsgfo?tggghzgﬁ% ?ga?gggfion time, the charge is

50 mpmalEysed(by25 meard )of atewtprees sadeéeEPGnd\ot ieacthaae stirred
toguct could be detected. 22 Exanple 7: Production
Overgadignj ugates from a pol ynucl eotide and HES al doni ¢
acid using processes according to the prior art The
charge according to exanple 6 was repeated, wherein in
S mghjForgeseorging EPC et enagdéd RNATSBLegrirer Waegording to

t reaction S ¢Q acti d I
seq- & GRG0 B SRR DR P R BB By ac
8.5 awvipal ysodieot ildedand ddHEScahdoonhc caci dissohgegr deess@sml 0.3

accordi to the rior. art _Exanples 6 and 7 were
mOlafegégﬁéggﬁﬁtﬁkgygFgésogfpﬁ.6'3nd 6.0. No reaction

product could be detected in the two reaction charges

by nmeans of |ow pressure GPC. Exanple 9. Production of
5> micdrfaRfatdsy slvorafa P yakeYeorderRd adime HESL st Borpeidei golution

us pr.ace S C ' 0 rio rt. Ex Le 4
ave \SAML DEPEERES BECOLILI0GL 0 Eosdl) oy PGPS aaueons
solultnobotdf casesfinetr pactiiad pledust bwsnglekeptedonstant at pH

o.5 BYPIRLe 10; Product Lon. of, £onl dgates Lioma.

The charges were stirred overnight at room temperature. The
analytical 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
dimethylsulphoxide (DMSO) 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 mL of a
solution of 5 mg RNA-Spiegelmer according to seg. ID. no. 1 in
10 mL 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 al doni ¢ acid using processes according to the
prior art 23 303.7 ng (2.6 mmol) succinimde and 0.502
g HES 10/0.4 aldonic acid (0.125 nmol) are dissol ved
in 10 nL dry di nmet hyl sul phoxi de (DVSO at room
tenperature. 50 ng EDC (0.25 mml) are then added and
the charge stirred overnight. 5 ng (corresponding to

Exam%}% QDI) Rg@bé@&ﬁggknggagér? %éggﬁtgr set E&ngg%eotlde and

|ssolved
Wi th sodi unibydeoxdbdecsaktbi @z iokg qjmm idcddkdilng to the
0.3 nolar blcarbonate buffer of pH 8.4. 5 nL
respect i vel RE5PTt #EC above- naned di met hyl sul phoxi de
solution are added to the two partial charges, the pH
of the aqueous solution of the first partial charge
5.0 lgeibip kaﬁoc%n@lMlgtapm 8152bpmphe @d¢i tdimsadfved in 30 mL

dry Socgjl_rﬁjerg}}%ldf AL d30| u bﬁP% The 4 har i a8 Stidd189  carbonyl

OVEr Ni room erature. ytlcal
diimﬁdﬂ&pﬂéSSMﬂHﬁGPEkdlddﬂ@U pnmdune &mﬂuﬁmﬂﬁlamdps@duebd for 2

in the two partial charges. Exanple 11: Production of
hour@oﬁjuﬁﬁP@stFPﬁﬁFﬁtBSFynucleotlde and HES al doni c acid

usi ng processes according to the prior art 300 ng

(2.6 mmol ) succinimde are dissolved in 10 nL dry
5 mgdiRNSt1Hpisgledimexi @@C(O@NE@)Q &vd @b g Q0.1MP5 hmtg disselved in

S5 m Hﬁ?at%]ﬁ./ 016' gidg@l Ct (% qf%?%%m%t 80 Qh VS n&@h{ Egazolyl -HES
ormthe correspon one arge react
aldoaver aicghkt 18t/ 07@ @reTIwice@i utd arhiiss ddﬂert:aﬂﬂeamcattrt@qm set at

eng rature to | ut.i on of

pi BYSHWBr %Xé???ﬂ?ﬁ;tﬁ? °n-p, Aﬁ5er1 PRITfdngL at room
temp%ratngarObégﬁieﬂﬂatetﬁ%”féﬁaﬁge Pl 4 eaaisklr r edrf ofeaction

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.

Example 14: Production of conjugates from a polynucleotide and

HES using processes according to the prior art

25



hours at roomtenperature. No reaction product was
found by neans of analytical |ow pressure GPC. 24
Exanpl e 12: Production of conjugates froma
1 g RElynueied i de. 2ndnmbiES akdorii6 sativdduSinnG RROCESS8Sith heat.
according to the wprior art 5.0 g HES 10/0.4 aldonic
10 mngi dcprresppbfi}ngr £ai $sol v@pliin B¥Angpigeglmer according to
di-net fo Ld ) ar, I
> G dizol & OB ) 306 AU T o PHe. SOIUELeR andoiin 2nd the
pH =t reed 7.0 Rithowsdiatm r bpdrbdeiger ataingidn .ng200 npl borane-

. RNA- Spi egel mer , accor dj tg seqg. ID. no. ar e
oyrifiBeorb et | 6 Hittieh bic 1 nflesr Sl saaVEl nanda the charge
stirsehukiton¥m itz slrdBES ehdophekagbd 1Q QA /Ar erhe charge

added to this solution and the pHset at 7.5 wth
is tded wHanidieski Ber sanut F6ACtAPRePTOBUELSnPYatl Qvburessure GPC.

t v igh har g j f
on Ly R B By hebneeir ol oarsy crecih ot gy couta ve
detettades of reaction product were determ ned. Exanple

13: Production of conjugates from a pol ynucl eoti de and

HES al doni ¢ acid using processes according to the
The Pfe@itugkl 5ofy RNA Spirggelt®n actiyydidied 0 ed.thd. preceding

no. 1 are dissolved in 12.5 nL 0.3 M bi carbonate
descpiptépnof tha glainph@nchdhge didy’indsol Wie esgentially both
B t I X j L, O At tl :
ind i BUBRY Br A i T aE b TR e Ea A TP oDt ] oy Bvention
in ite Bxdfplkent2empbtémeBthours at O C and a further 2

hours at roomtenperature, the charge was exam ned

for reaction product. No product could be detected.

Exanpl e 14: Production of conjugates froma

pol ynucl eoti de and HES using processes according to

the prior art
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251 g HES 10/0.4 (0.25 mmol ) are dissolved in 5 nL

H20 with heat. 10 ng (corresponding to 2.5 pnol)
RNA- Spi egel ner according to seq. ID. no. 1 are added

to the solution after cooldiRg.and the pH set at 7.5

wi t h sodi um hydroxi de sol atTom— 200 pl borane-

pyridi ne conplex (Sigma-Aldrich) are then added and

the charge stirred at roomtenperature in the dark

for 10 days. _The_charge s .t.hen exam ned for.an

 BEBEPBR priofuct 518y FORBESRT e CPC. 2 onfghidddte  from  a
CPBYEhEEDBoDl d& 3fe baspdl psatbiea Spie gedmpr i sibegl €odll skeps:

be detected. The features of the invention disclosed

in the preceding description, the clains and the

dgawi NgSo6a0: B8 6$SeRt i Al don 0t ei b ndievicdal pand Al Siride or
in any conbination to performthe invention inits

di f f ereht aedboivaenys. ti2éredbins 1. Process for the
production of a conjugate from a pol ynucl eoti de and a

pol ysaccharide conprising the steps: a provision of an

abgoni gcactdonf tdfe pehgsactlhwyride oaciaf awigii vahi vealcohol
thereof; b) reaction of the aldonic acid with an

al cohofeTHERF 4481 v T Hhetadtlabl ¢ aCREPPIMER e AFeriNAdtiiRe ©f an
of an ,aL6RBY!. dP &R al1deRRic agtdqesi®r PreteEablYly to an
to an activated aldonic acid ester; and C) reaction

of theaattvatedazidorsteacitdstare; aodynucl eoti de,

wherei n the pol ynucl eotide exhibits a functiona

am no group, characterised in that the reaction of the

akgoni ecacttlomi t of t hehal cohdbodeei vaddMe | rsste@p bjith  the

takes place in a dr
Bofynuc?eotgdg, 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

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).

Process according to claim 1 or 2, characterised in that the
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, characterised in
that 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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10.

11.

12.

13.

aprotic polar solvent. 2. Process according to claim

1, characterised in that the solvent is selected from

the group conprising dinethylsul phoxi de,

di met hy1f or mam de and di nmet hyl acet am de. 3. Process
according to claim1 or 2, characterised in that the
aPdontesaecdosdiag it driifi éd aﬁcari@ttdxeirsagsseidﬂ ithat step c)

step 0 cording. to.cl 2,
c grgc%e%ﬁée E g?hat ﬁhe£re%§f?%ﬁm% arﬁe fron1step b)
is used wth the al donic acid ester dlrectly |n step

ck. 5. Process according to one of clains 1t
ar

§EF&Er PSEATAANTL (&t %&fep Tc)Chids Meark i &y %utc%i‘r%\c‘b%lsed in

rapge @he’ i ad rPFES €68bLYddn2ct @cd @S M &hol derivative
preferably 8.0 to 8.8. 27 6. Process according to

clai approshmpbeler Ps@dtonlt hatpseépradhlyisproeximately 1.

at a pH of approxinmately 8.4. 7. Process according to

one of clainms 1 to 6, characterised in that the nolar

r akboeok abdomdﬁngckd tomealofohdlaider ilvaid VB, ¢lsaracterised in

approxinmately 0.9 to 1.1, prefer bly approximately 1.
8LRRFotBes ARTHIM ngSt SOIRETGA I EstAet gEpUP comprising N-

chanaskorsaedihMmibbat the dHeidled S SRLEGLLIxFLOMcinimide,
t he group conprising N- hydroxy-succini m de,

sphphohatediXehjdesxgnduichninpyerbephenbl agdel¢ vati ves

and N-hydroxy-benzotriazole. 9. Process according to

one of clainms 1 to 8, characterised in that the
pekysasshacbdedﬁsgsebeehedo&r@dmﬁhs dr aup 8 coripitrsttgrised in

dextran, dr oxyeth starch, .hydro ropyl _starch
P Rebr g Selrertehatfiens 1910 SELERY! eRefur dpe  aroup
t eofbak B g Chanacisy, sedydpokPathyhe spelrsdcchayddsxypropyl

I s hydroxyet hyl starch. 11. Process according to claim
18taERhr abflePragaleA Pharchhgractions.

Process according to claim 9, characterised in that the

polysaccharide is hydroxyethyl starch.

Process according to claim 10, characterised in that the
hydroxyethyl starch exhibits a weight-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 number 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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14.

15.

16.

17.

18.

19.

20.

21.

22.

hydr oxyet hyl starch exhibits a wei ght-averaged nean
nmol ecul ar wei ght of approximately 3,000 to 100, 000
Dal ton, preferably of approximately 5,000 to 60, 000.
12, oBEQESE ALEANY NG tonONse OL16LALME 010 Hr1 31, characterised
characterised 1n'that the hydroxyethyl starch
exhi bi tkat nuiiser avdreggethylt hesheadh noleduldits a molar
“@h%h£19£t§88r8§'ﬂaﬁe£¥ 8 00 £8f391§90 OEBBFQ”t01§:7.
ocess accordrng to one cParns {0°12;
characterlsed i n that the hydroxyethyl starch
exhibits a ratig of weight- avera | ecul ar wej ght )

t 6TAGRBEr 257ErEg@%oft G ﬁ Eﬁ BEultdr Sei b S?graCterlsed
a@ﬁrO%EQ@tQh%a1h9§rb§yét391 2§t4ﬂchpﬁgﬁﬁﬁﬁiﬁﬁcgrdéHBstltutlon
to one of claine™10 t0 13, characterised in that the
hyampxgetdvprestsgdchaexhhdi ©2/& notatrio sebsePprokamasely 2 to

t ef era Process
a%%br F%fgfagi eS%fQ rgXlgiBei% €4t° %gracterlsed in
that the hydroxyethyl starch exhibits a substitution

npl e expressed as the C2/ atio of approximtely 2, ,
BrOTESSpFGFSngPQ bp 8Bﬁr8£ﬁﬁ£?éW§ 3 t9 i% &%aracgerlsed in

PEﬁ§€S§h€C§©&§hGQlEQt988 0§ gl phABL L0481 1®ucleic acid.
characterised in that the polynucleotide is a

functi onal nuclelc aC|d 17. Process accordlng to

Cb? Egé@ & ddf&ﬁ$ai6th%h fggi fﬂé?d in that the

nuc el c acl | aner or a Splege mer
Pfones$oae¢ondcmg1toaoné D§ ghaapsadet cot7a Spiegelmer.
characterised in that the polynucleotide exhibits a
nol ecul ar wei ght of 300 to 50,000 Da, preferably

4pRBReke 326c60QiRg a8pdonwrer preimeabl ¥o 71900k fracterised in
16,000 Da. 19. Process according to one of clains 1 to

Ghaéhéh%naﬁ%x&af%qpt%qﬁne%hﬁb¥lmc@|@ﬁéﬁcaﬁﬁﬁowgﬂgaﬁ of 300
i §02 Phi ABHY B, SEGANEAIM1y 4,000 to 25,000 Da and more

preferably 7,000 to 16,000 Da.

Process according to one of claims 1 to 16, characterised in
that the functional amino group is a primary or secondary

amino group, preferably a primary amino group.

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

phosphate of the polynucleotide.
Process according to claim 20, characterised in that the
functional amino group is bound to the phosphate group via a

linker.

Process according to one of claims 1 to 21, characterised in

that the functional amino group is a 5~-aminohexyl group.
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23.

am no group, preferably a primary am no group. 20.

Process according to one of clains 1 to 19,

characterised in that the functional amno group is
beypgugeca teysm ngl  Rhgsphate Qlad heaRQl yrucl 86t y8€c1eot ide,
21. Process according to claim20, characterised 1n

t patainebleyacepoAangahbne Proopss sapeonding theone of claims
p@o§8h§§e group via a linker. 22. Process according

to one of clains 1 to 21, characterised in that the
functional am no group is a 5-am nohexyl group. 29 23.
Conjugate of a polysaccharide and a pol ynucl eoti de,
obt ai nabl e according to a process according to one of

claime 1 to 22. 30
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