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ABSTRACT

The demicd modification of synthetic oligonudeotideshasreceantly been invegigated to improve their
pharmaalogicd utili zaion. In addtion to chemicd dterations of the backoone and of the heterocyclic
basestheir conjugaion with amphiphylic moieties, sub asthe polyethylene dycol hasbeen proposed.
Thelarge scke produdion of thesemolecues as deandedfor commercial purposesis hampered by the
heterogeneity of the solid-phase processes rad by the low readivity of high-molecuar waght PEGsin
solution. A new synthetic procedue basedon the recetly developedliquid-phasemethod (HELP), has
been set up to overcomethese limitations.

INTRODUCTION

During the last decadéhe useof synthetic oligonudeotides asew therapeuic agents has been widdy
invedigaed (1). These molecdes a&e &le to interact wth ether spedic dngle-stranded RNA
mesengers, as antisense (2), or with double-stranded genomic DNA, as antigene (3), thus inhibiting the
expresson of pahogenic genetic messagesTlhe successf this grategy has increase the demand for a
large scding-up of the oligonudeotide synthess (4). Solid-phase pocesses penit arapd synthess of
even very long sequences, but unfortunately they tend to result in low yields. This limitation is mainly
dueto dffugon problems inside the resn beadsowing to the heterogeneity of the readion; hence, a
large excessof high-cost monomersis requredto adieve high yields. Moreover, commerda supprts
are charaderizedby alow capadty level and alarge anount of supprt, for a single synthetic cycle, is
required to obtain a consistent amount of product. On the other hand, the non-automated solution
synthesis requires laborious purifi cation procedures and very skillf ul operators.

The liquid-phase synthesis was proposed as a nethod to overcome these limitations (5). In this
procedure, the oligonucleotide synthesis is carried out in homogeneous nredia by linking the growing
chain to a soluble supporting polymer. The polymer-bound product is re@vered from the reation
mixture by predpitation, thus alowing the rapid elimination of excess reagent and soluble by-products.
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In a new liquid-phase nethod cdled HELP, polyethylene glycol with a nolealar weight ranging
between 5 and 20 KDa (6) has been employed since it is highly soluble in a large variety of organic
solvents and is eady predpitated by the addtion of ether as a gsolvent. An auomated syntheszer has
been dso developed(7) to cary out the overall process.

The use of synthetic oligonudeotides asnew dugs for human therapy is hampered by their fast
degradéion in vivo causedoy endogenous nudeases, rad by the dfficulty with which these polyanions
cross membranes (8). As a consequence, their stability and the ability to achieve high concentrations of
oligonucleotides at biologica targets isstrongly reduced.

To solve these poblems, seeral chemicd modifications of thesenudeic add deivatives have been
proposed mainly at the level of the sugar-phosphate badbone (9). With this strategy, recognition by
degaddive enzymes appeas reduced ad the penetration through cdlular barriers seens improved.
However, these nodified oligonucleotides often present new disadvantages such as low solubility in
physiologicd meda, toxicity of their metabolites, ad inhibition of the degradéive processof dupexes
brought about by RNase H.

A possble lution to these poblems seens to redgde in conjugaion with molecues that mask their

unfavorable feaures, sub aslong-chain acohols, geroids, dwlic add, pepides,and polymers (10-13).
Among polymers, short- and long-chain PEGs have demonstrated some unique behaviors; in fad, these

non toxic compounds, when covalently bound to substrates, increase their solubility both in organic and

agueous solutions, deaease their immunogenicity and antigenicity, and extend their in vivo lifetime (14).

Owing to these poperties, EEG has been usedfor the prepaation of a seies of biologicdly adive

conjugaes (15).

The introdudion of high-molecdar weaght PEG atthe 3- and 5-end of oligonudeotideshas recatly
been acdhieved. Modificaion of the 3-position is peformed by starting from a PEG-modified solid-phase
support (16). The FEG dhain is introduced atthe 5-end asa post-synthetic modification, or when the
oligonudeotide is bound to the lid supprt, or &fter its rdeag (17-18). The amount of modified
oligonudeotide poducedby these poceduress quite low, owing to the reduced capéy of the solid-
phase pocesses ra dueto scée-up dfficulties. Moreover, in these heterogeneous @nditions, high-
molecuar weght PEGs dsday alower readivity becausef the visaosity of their solutions.

In the previoudy descibed HELP method, PEG was used as alsble polymeric supprt for the large
scde synthegs of oligonudeotides of up to 20 monomers. To obtain a therapeticdly usdul PEG-
conjugée, the HELP procedurehas been modified by introdudng a stable bond between the polymer
and the gowing chain. PEG wasthen used as aysthetic helperin the liquid-phase procedue, as well as
abiologicd carierfor the final oligonudeotide, as destbedin the original article (19).

MATERIALS

Sdventsfor synthesis

Aceonitrile (AcCN), tert-butyl methylether (MTBE) and 1,2-dchloroethane (DCE) were anhydrous
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commerdal produds gored under agon over 4 A molecuar sievesadivated at 350°C, and were used
with lessthan 20 ppn of water peseit, asmeasued by the Karl-Fisher method. The d@hanol (EtOH)
wasin its &solute form.

HPL C solvents and buffers

Aceonitrile was of HPLC grade. Water was double-distilled and filtered through a Milli pore GS
0.2 pm dsterile filter. Triethylamine (TEA) was distilled just before use. Gladal aceaic add and
concentrated ammonia solution were commercial products at high level of purity.

0.1 M TEAAc (pH 7.0): 1.0 M stock solution was nmade up by adding to double-distilled water
(100 ml), frednly distiled TEA (27.8 ml) and acdic acd (11.4 ml). The lution was then diluted to
200 ml and the pH agugedto 7.0 by addtion of eéther TEA or acéic add as requed. Sock solution
wasstored at 4-7°C. Stock solution was dutedto 0.1 M and the pH agugedto 7.0. 0.1 M buffer was
then filteredthrough a Q22 um sterile filter and degassed by sonication (30 min.) before use.

0.1 M TEAAc (pH 70):AcCN = 20:80 ¥/v): AcCN (8 ml) was addedo a recetly filtered 01 M
TEAAC (pH 7.0) (200ml) and the mixture degassely sonicaion (30 min.).

0.5 M NaCl (pH 12.0): 1.0 M stock solution was nmede up by adding to double-distilled water (1.0 I)
Nad (58.44 g, 1 mole); the pH was agdigedto 12 with 5N NaOH. $ock lution was s$ored at 4-7C.
Stock solution was dutedto 0.5 M and the pH agugedto 12. This 0.5 M solution wasfiltered through
aMilli pore GS 0.22 um sterile filter and degassed by sonicaion (30 min.) prior to use.

0.05 M Na@ (pH 120): 0.5 M Nad was dutedto 0.05 M and the pH agugedto 12.The solution was
then degassedtly sonication (30 min.) before use.

Chemicals

Polyethylene glycol monomethylether (MPEG) was a commercial product from Sheawater Polymers,
Inc., Huntsville AL (USA), with avery narrow MW distribution value, and was stored in a desscator
over KOH pdlets. 1Htetrazle was tored atroom temperature in the presace of a desscaor, while
phosphoramidites wee gored at-20°C, in a desgdor. Thes produds were from Pharmada Biotech
Italia, logno Monzese, Mano (Italy). Trichloroacdic aad (TCA), 2,6-lutidine, N-methylimidazole
(NMI1) were used as sbi¢ acdic anhydride was ttilled over anhydrous sodium acdate; tert-butyl
hydroperoxide (TBHP) was a eommercia 80% ®lution in di-tert-butylperoxide. All these chemicds as
well as al anhydrous organic solvents were obtained from Fluka Chimica or Aldrich Chimica Milano

(Italy).
Glasswae and gdasticware

The glasswae usedn eat step of the oligonudeotide ynthess wasfirst diedin an oven (110°C) for a
few hours and then stored in a desgaor over KOH pdlets. All glas appaatus was furnished with
CaCl, tubesto avoid moisture asorption. Polypropylene sringes ad rubber sepa wee sngle-used.
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Prepaation of reagent stutions

0.5 M 1H-tetrazole in ACCN: 1Htetrazle (2 g), in abottle seéed with arubber cap, wasidolvedin
dry AcCN (57.1 ml), injeded with a g/ringe. The lution was sored wnder argn, atroom temperature.

6% TCA in DCE (wh): Detritylation solution was preparetiefore useby dislving TCA (6 g)in dry
DCE (100ml). Unused slution was $oredin a darkbottle at 4-7C.

0.1 M DMT-dN-phosphoramidite in ACCN: Phosphoramidite solution was prepared immediately before
use DMT-dN-phosphoramidite (1 g), in a dak bottle seéed wth a rubber cap, was idlved in the
right volume of dry AcCN, injeded with a grringe. The lution was $ored wnder ar@n at-20°C.

Thin-layer chromatography (TLC)

TLC was peformedon precated dlica gé sheds usng the following dution systems:

Eluent 1. acdone:ahyl acaate:waer= 10:5:1 ¢/v/v), duent 2: n-propanol:30% ammonia:waer =
65:35:10 (viviv). Plates were obseved usng a UV light source ad developed by sprging 60%
perchloric aad:ethanol = 3:2 (v/v) to reved DMT-beaing compounds (dark orange spts). Moreover,
after the addic treament, the dates wereheaed at 100C for 10 min. to adieve the cabonizaion of
the sugarmoiety of the oligonudeotide (dark spots). MPEG-beaing compounds wee dso deeded by
exposure to iodine vapor (brown spots).

METHODS
1. Functionalization Of M PEG

Synthesis of 5'-DM T-dNa (first nudeoside) -3'-BCE-phosphite-M PEG (Coupling)

MPEG 5,000 (1 g, ® mnmole), dacedin a 29 ml threenecked ound-bottom flask povided wth a
threeway stopcock, seded with rubber caps, was aevaporated with dry AcCN (3 x 10ml) and
cardully dried indervacuun. Argon wasflushedthrough the flaskfor 4-5 minutes. To the PEG resdue,
wetted with 1.0 ml of dry AcCN, Q1 M 5-DMT-dN;-3-(BCE)(N,N-iPr,)-phosphoramidite in dry AcCN
solution (5.0 ml, 0.5 mmole, 25 equvaents) and 0.5 M 1H+etrazole in dry AcCN lution (4.0 ml, 2
mmole, 10 eqivalents) werethen smultaneoudy addedby syringesthrough the rubber sepum. The
solution was sirred, under argn atmosphere, atroom temperature, for 5 min. The lution wasice-
cooled and MTBE (90 ml) was $owly added dopwise under vigorous girring. A white powder was
recovered #er filtration through a por.3 Gooch, rapdly wased with ether and dried under vacuum, and
storedin a desgdaor over KOH pdlets.

The pesexce of resdud reagets or soluble by-produds was checked by TLC (eluent acdone:éehyl
acdate:wder = 10:5:1v/v/v). Underthese onditions MPEG and MPEG-derivatives have Rs = 0. The
crude poduct was suspeledinto EtOH (10 ml) and gently wamed upto 38°C; once solubili sed, was
dowly cooled from room temperdure to 4-7C, and left at 4-7C for 1 h. The white doudy powder
formed was regveredby filtration through a por.3 Gooch, ragdly wased with ether and dried under
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vacuum, and doredin a desgaor over KOH pdlets.

The degre of functionalisaion was etimated spetrophotometricdly: a weghed diquot of product was
disolvedin 60% perbloric agd:ethanol = 3:2 /v, 10ml), the resiting orange ®lution wasdiluted 10-

fold and the absorbance at 498nm was measured.The nudeoside loadng was cé&ulated, in pmol/g,

from the equation: [A,9g(10 mm cdl) x 10x 14.3]/mg of weighed supprt.

Acetylation of 5'-DM T-dN1-3'-BCE-phosphite-M PEG (Capping)

1.0g of 5-DMT-dN;-3-BCE-phosphite-MPEG was glvedin dry AcCN (5ml) in a 250 ml round-
bottom flask. 26-lutidine (05 ml), NMI (0.5 ml) and acéic anhydride (05 ml) were addel following
this order, under girring. The lution wasleft to read, at room temperature for 3 min. DMT-dN;-
phosphate-MPEG was pedpitated from the ice-cooled ®lution with MTBE (80 ml), which was $owly
added dopwise. A white ppwder was reovered dter filtration through a por.3 Gooch, extensively
wadhed with ether and dried under vacuun and gored in a desgaor over KOH pdlets. The product
was sored at 47°C.

Synthesis of 5-DM T-dN1-3'-BCE-phosphate-M PEG (Oxidation)

1.0g of 5-DMT-dN;-3-BCE-phosphite-MPEG, dacedin a 2% ml round-bottom flask, was glvedin
dry AcCN (10 ml) and the ice-cooled TBHP solution (0.6 ml) was added while stirring. The solution
was sirredfor 15min. MTBE (90ml) wasthen dowly added dopwiseto the ice-@moled solution, under
vigorous girring. A white ppwder was reavered dter filtration through a por.3 Gooch, wased with
ether and dried indervacuun and goredin a desgaor over KOH pdlets. The pioductwasstored at 4-
7°C.

2. Synthesis Of MPEG-Oligonudeotide

Detrity lation

1.0g of 5-DMT-dN;-3-BCE-phosphate-MPES was dislved in dry DCE (10 ml) in a 2% ml round-
bottom flask. 6% TCA in DCE (wkA, 10 ml) was added dpwise to the ice-moled ®lution, under
vigorous girring. After 15 min. MTBE (100 ml) was $owly added dopwise to the moled orange
solution. The mixture wasfilteredthrough a pr.3 Gooch and the predpitate wased thoroughly with
ether. The white ppwder wasthen dried undervacuum and doredin a desgaor over KOH pdlets.

The extent of deblocking was ontrolled quéitatively by TLC (no orange olour developed by addic
spraying on spot with Ry = 0) and quantitatively by UV analysis. If the déritylation was not complete,
the TCA treament was repeaed following the above procedure. In order to eliminate tracesof TCA,
the fully deritylated poduct was regmstalized from DCE/MTBE (10 ml/70 ml) and dred wnder
vacuum over KOH pdlets.

Coupling
1.0g of 5-HO-dN;-3-BCE-phosphate-MPEG, pacedin a 2% ml threehecked ound-bottom flask
seded with rubber caps ad provided wth athreeway stopcock, was coevaporated with dry AcCN (3 x

Biological Procedures nline « Vol. 1 No. 1« May 14,1998+ www.biologicalprocedures.com



G. M. Bonoraet al 64

10 ml) and cardully dried under vacuum. Argon wasflushed through the flak for 4-5 minutes. To the
PEGbound produd, weted with 1.0ml of dry AcCN, Q1 M 5-DMT-dN,-3-(BCE)(N,N-Pr,)-
phosphoramidite in dry AcCCN lution (5.0 ml, 0.5 mmoles, 25 equvalents) and 0.5 M 1H-+etrazole in
dry AcCN solution (4.0 ml, 2 mnoles, 10 equivalents) were then smultaneously added by syringes
through the rubber septum. The mixture was stirred under argon atmosphere at room temperature for 5
min. The lution was ice-woed aadd MTBE (0 ml) was sowly added dopwise under vigorous
stirring. A white ppwder was reavered dter filtration through a por.3 Gooch, rapdly wased with ether
and diied indervacuum, and doredin a desgaor over KOH pdlets. The pioduct was sred at 4-7C.

The presence of resdud reagets or soluble by-produds was asagained by TLC [eluent acgone:ehyl
acdate:wdaer = 10:5:1(v/v/v)]. Underthese onditions MPEG and MPEG-deivativeshave Ri=0. The
cruck product wassuspeded into EtOH (10 ml) and gently heaed to 38C; once ®lubilised, it was
sowly cooled from room temperdure to 4-7C, and left at 4-7C for 1 h. The white doudy powder
formed was regveredby filtration through a por.3 Gooch, ragdly wased with ether and dried under
vacuum, and doredin a desgaor over KOH pdlets.

The coupling yield wasmonitored spetrophotometricdly: a waghed diquot of product was tlved
in 60% perbloric agd:ethanol = 3:2 /v, 10 ml), the resuting orange solution wasdiluted 10-fold and
the absorbance at 498 nm was measuredThe nudeoside loadng was c&ulated (n pmol/g) from the
equdion: [A,9g(10 mmcdl) x 10x 14.3]/mg of weighed supprt.

Capping

1.0g of 5-DMT-dN,-3-BCE-phosphite-dN;-3-BCE-phosphate-MPEG was dsolved in dry AcCN
(5ml) ina 2% ml round-bottom flask. 26-lutidine (05 ml), NMI (0.5 ml) and aceic anhydride (0.5 ml)
were addedollowing this order, under girring. The lution wasleft to react atroom temperature for 3
min. 5-DMT-dN,-phosphate-dN;-MPEG was predpitated from the ice-cooled ®lution with MTBE
(80 ml) which was slowly addel dropwise. A white powder was reavered dter filtration through a
por.3 Gooch, extensively washed with ether and dried wnder vacuun, and dored in a desgaor over
KOH pédlets. The pioduct was ®red at 4-7C.

Oxidation

1.0g of 5-DMT-dN,-3-BCE-phosphite-dN;-3-BCE-phosphate-MPEG, daced in a 250 ml round-
bottom flask, was dislved in dry AcCN (10 ml) and the ice-cooled TBHP solution (0.6 ml) was added
under girring. The lution was sirred for 15 min. MTBE (90 ml) wasthen sowly addel dropwiseto
the ice-cooled ®lution, with vigorous girring. A white ppwder was recvered after filtration through a
por.3 Gooch, washed with ether and dried under vacuum, and doredin a desgaor over KOH pdlets.
The product was ®red at 4-7C.

These teps wee repeded util the desredlength of the oligonudeotide dain had been obtained.
3. Depotection Of Oligonudeotide-M PEG

Deprotection d phosphate badkbone and N-deaciation of nucleobases
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The following treament removes the c¢yanoethyl-proteding group from phosphates and the N-
isobutyryl- and N-benzoyl-proteding groups from guanosines, gtidines ad adewosines. DM -
oligonucleotide-MPEG was dislved in 30% NH; (5 ml x 20 mg) in atightly closed dass ontainer to
avoid ammonia leakage,and left in an oven, without dirring, at 60C overnight. The lution was
transferred into a large ound-bottom flask in order to avoid loss of product causedy foam, and
evaporatedto dryness, insed wth water and evaporated, and the procedue repeaed until an ammonia
odourless solution was obtained. The resdue wasthen dislved in water (5 ml) and extraded with
ether (4 x 5ml). The aqueus layer wasfreezedried and the resdue s$ored at-20°C, read/ for HPLC
analysis and puifications

Deprotection d terminal 5'-hydroxyl group

This treament removes the dmethoxytrityl-proteding group from 5-temrmina hydroxyl-group. DMT-
oligonudeotidee MPEG previoudy treaed with ammonia was tslvedin glada acdic agd:waer = 4:1
(v/v, 5ml x 20 mg), in a 1® ml round-bottom flask, ad girred at bom temperdure for 30 min. The
resuting yellow solution was etraded wth ether (5 x 5ml) and the aqueus layer evaporated to
dryness.The resdue wasrinsed wth water and evaporated and the procedue repeaded until an aceic
add odorless slution wasobtained. The resdue was tslvedin water and freezedried and stored at
-20°C, reay for HPLC analysis and puification.

Analysis andPurification

Analytical RP-HPLC

Reversedphas HPLC was peaformed usng aVydac C18 olumn. Sanples(4 mg eat) were dssolved
in start buffer (1ml), filteredthrough a Q22 um gerile filter and degassebly centrifugaion. 101 of the
resuting olution wereinjeded. Mobile phaseA: 0.1 M TEAAc (pH 7.0). Mobile phase B: 0.1 M
TEAAcC (pH 70):AcCN = 20:80 ¥/v) Linear gradent: 40-90% Bin 50 min. Flow: 1.0 ml/min.
Temperdure: anbient, UV detedor: 254nm.

Analytical IE-HPLC

lon-exchange HPLC was péormed usng a fharmada Mono Q HR 5/5 olumn. Sanples (4 mg ead)
were dislved inwater (1.0 ml), filtered through a 0.22 um gerile filter and degassetly centrifugation.
20 | of the resuting solution wereinjeded. Mobile phaseA: 0.05 M NaQ (pH 120) Mobile phase B:
0.5M Nad (pH 12.0). Hution gradent: 0% B 2min. hold, 0-85% Bin 23 min., 85-100% Bin 5 min.,
100% B 1min. hold. Flow: 0.6 mli/min. Temperdure: anbient, UV deedor: 254 nm.

Purification of crude M PEG-conjugated digonudeotide by anion-echange HPLC-IE

Puification of the fina crude MAEG-oligonudeotide was caied out usng a fharmada Mono Q HR
5/5 column. Sample (10 mg) was disolved in water (1.0 mi), filtered through a 0.22 pm sterile filter and
degasse by centrifugaion. Sanple was &ited by injedion of 3001 ead time. Mobile phaseA: 0.05 M
Nad (pH 12.0) Mobile phase B: 0.5 M Nad (pH 120). Hution gradent: 30-100% Bin 13 min., 100%
B 5min. hold. Flow: 1.0 ml/min. Temperdure: anbient UV detedor: 254nm.

Desdting of purified M PEG-conjugated digonudeotide by gé-filtration
Desdting of purfied MFEG-oligonudeotide was cared out by gd-filtration ugng a 20 x 100 mm
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column of Seadex P E G
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afforded from IE- Flow-chart of the HELP process

HPLC (1.0 g) was dislved in the minimum amount of water (4-5ml) and extraded wth a large
volume of dichloromethane (4 x 100 ml). The organic layers wth the pioduct were poled, died over
Na,SO, and evaporatedto dryness.The resdue was beckedby UV and TLC.

a®

j

precipitation
and filtration

DISCUSSION

The generd procedurefor the liquid-phase gnthess of oligonudeotides onjugaed with high-molecudar
mass EGs ca be shiematizedby the flow-chart.

As deaty indicaed in the original article (19),the HELP-deiived procedue descibed offers many
advantages for the podudion of these onjugaes, &en in a large scke. Moreover, the recent
development of an automated instrument for the liquid-phase synthesis opens new posshilities for the
indudrial produdion of oligomers and biomolecues when their pharmaamlogicd feaures ae improved
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by conjugation with PEG.

The deailled pocedues desgbed dove ae eady reprodudble on the bench on condition that some

spedal precauions ae taken. In paticular :

1. A caeful dehydration of the starting PEG and of their oligonudeotide-bound intermedates must
always be adieved, espaeally before the upling geps,owing to the hygrosaopicity of the polymer.

2. During the coupling stepit is imperative to avoid any unnecessey dilution of the read¢ion mixture to
avoid arapd decreasen yield. Thus, it is grongly suggeted dways to operde atthe highest
concentration allowed by the solubility of the reacion components.

3. Regading the capjing procedue, as Aead/ underlined in the usué solid-phase apmadies, it is
preferable to cary it out before the oxidaion, to desroy any sde-product that, on the contrary,
would be irreversibly stabili zed by the oxidation step.

4. A further strong recommenddion regads the needfor the @oling down of the organic lution
before its treament with the agdic mixture demandedfor the ddritylation step,to avoid, or to reduce
as much as posshle any depurnation of the piodud. A high percatage of add and repeged
treaments at the begnning of the g/nthess when the ratio between the FEG and the oligonudeotide
is disadrantageous, are denandedto completely remove the DMT proteding groups dueto the eher
units of this supjort, eady protonated, that reducehe dfedive add concentration.

5. A criticd point of the pioposed pocedureis the anount of polymer-bound product reovered atthe
end of the overall processbecauseof several preapitation/filtration steps requred during the
intermediate purifi cation. For a maximum yield it is customary to add the ether solution slowly, under
vigorous girring of the aoled rea¢ion mixture. This procedue musttake atleast ® minutes to be
efficiently completed. It is not convenient to save time by speethg w this step, since any resdual
impurity will be entrapped into the predpitated polymer-conjugate and will be transferred to the
following geps.

6. A TLC analysis must be routinely performed before aty new g/nthetic dep. If there wae evidence
that the ether preapitation did not purify the product ompletely, an addtional crystalli zation from an
EtOH <lution would be grongly remmmended: the FEG-bound crude poduct dislves quite
eady into a10% ®lution ( w/iv ) at 37C, and predpitates quatitatively at temperature below 20°C.
This puification sepmustbe introduced as aule atthe end of ead growing cycle.

The final deblocking procedure is almost identicd to that commonly adopted for smilar solid-phase
processes. The puificaion of the crude, delocked poduct is better adieved by ionic exchange
chromatography. In fad, the lipophylic propertiesof the FEG moiety hamper aty usdul sepaation of
the conjugaes by the standard reverse phase procedue, esen if the terminal DMT group is left on the
chain: a sngle peak waslevays obsavedin our chromatographic conditions, in which are present all the
different PEG-bound oligonudeotidesobtained atthe various $epsof synthess. On the other hand, the
polymer moiety does not mask the oligonucleotide part from its binding to the strong anion-exchange
support, and the dfferent chains are #iciently separtedon the bass of their charge.

The desting of the purfied FEG-conjugae can be sdely pefformed by the gé-filtration procedure As
an alternative, a séedive lvent-cosolvent predpitation of the FEG-bound product can aso be used
owing to the solubility of these conjugates in organic solvents where the inorganic salts are insoluble.
Furthermore, a sdedive extradion of the mnjugaesfrom a very concentrated aqueus ®lution with
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large volumes of halogenated hydrocarbons can be dso taken into acount. In any caseit is convenient
to compare the restts of the dfferent procedues,verifiedon a snall scde, before deading which apgy
to the entire batch.

The piocedurehere reprted may be in principle extended to other high-molecuar weght polymeric
supports whose popetties are isilar to the one of PEG.
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