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ABSTRACT

The chemical modification of synthetic adigucleotides has recently been investigated toargtheir
pharmacological utilizationn addition to chemical altetions of the backbone and of thetdmecyclic
basestheir conjugation with amphipylic moieties, such as the polyethylene glycol has beeropeap
Thelarge scale production of these molecules as demanded for commercial purposes is hampered by the
heterogeneity of theolid-phaseprocesses and by the low reactivity of high-molecular meEGs in

soluion. A new syntheic procedue based on the recently déwpeed liquid-phase nibod (HELP), has

been set up to overcome these limitations.

INTRODUCTION

During the last decade the use of syntheticoolig-leotides as netherapeuticagentshasbeen widely
investigated (1). These molecules are able to interact with either specifidesitgnded RNA
messengers, as antisense (2), or with double-stranded genomicaBaiAigene(3), thusinhibiting the

expression of pathogenic géicemessages. The success of thistsgyaha increasedhe demand for a

large scalingup of the oligonudeotide synthesis (% Solidphase pocesses paiit a rapd synthesis of
even very long sequences, but unfortunately they temdsialtin low yields. This limitation is mainly

due to diffusion problems inside the resin beadsg@wo the heterogeneity of theeaction; hencea

large excessof high-ast monomerss required to achiee high yields. Mreover, commerial suppots

are characterized by a low capacitydeand a large amau of supportfor a single syntheic cycle, is

required toobtain a casistent amount of product. On the other hand, theawomated dotion

synthesis reques labomus purification procedures and very skillful operators.

The liquid-phase syhesis was proposed as a method to overcome {imisations (5). In this
procedure, the oligonucleotidensigesis is carried out in homogeneous media by linkeggrowing
chain to a soluble suppoting polymea. The polymermound pioduct is recovered dm the reaction
mixture by precipitation, thus allowing the rapid elimination of excess reagent and solyledugts.
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In a new liquid-phase method called HELP, polyethylene glycol with a molemdayht ranging
between 5and 20 KDa (6) has been employedince it is highly solole in a large vaety of organic
solvents and is easily precipitated by the addition of ether as a cosolvent. An autsyndiedizehas
been also developed (7) to carry out the overall process.

The use of synthetic olignucleotides as new drugs fornhan therapy is hampered by their fast
degradation in viveaused by endogenous nucleases, and by the difficulty witln wiesepolyanions
crossmembrane$8). As a consequence, their stability and the ability to achieve high concentrations of
oligonucleotides at biological targets is strongly reduced.

To solve these problems, several chemical modifications of these nucleic acid derivatives have been
proposedmainly at the level of the sugar-phosphate backbone (9). With this strategy, recognition by
degradative enzymes appears reduced and the penetration throulgin befiiers seems impved.
However, these modified oligonucleotidegenf present newdisadvantagesuchas low solubility in
physological media, toxicity of their ntabolites, and inhibition of thelegradativeprocessof duplexes
brought about by RNase H.

A possible soltion to these probfas seems to reside in conjugation with molecules that sk
unfavorablefeatures, such as lofahain alcohols, steroids, cholic acid, peptides] polymers (10-13).
Among polymers, short- and long-chain PEGs have demonstratedusiquebehaviors;in fact, these
nontoxic compoundswhen covalently bound to substrates, increase their solubility both in organic and
agueoussolutions,decreas¢heirimmunogenicity and antigenicity, and extend theivivo lifetime (14).
Owing to these propertiesEB has been used for the preparation sesesof biologcally active
conjugates (15).

The introduction of highmolecular weiggt PEG at the 3'- and 5re of oligopnucletides has recently
been achieved. Modification of the 3igiion is performediy startingfrom aPEG-modifiedsolid-phase
support (16). The PEG chain is mtiuced at the 5'rel asa pog-synthetic modification,or when the
oligonucleotide is bound to theo$id suppot, or after its rieas (17-18). The amownt of modified
oligonucleotide poduced by these pcedures is quite low, amg to the reduced capacity of thelid-
phase processes and due to scale-up difficulties. Moreover, in these heterogenetioasgdigh-
molecular weigt PEGs display a lower reactivity because of the visgad their soldions.

In theprevioudy descibed HELP method, PEG was used as algble polymeic support for the lge
scale synthesisof oligonucleotidesof up to 20 monomers. To obtain a therapeutically usefGP
conjugate, the HELP pcedure has been modified by educing astablebond beéween thepolymer
and the grommg chain. EG was then used as a synih@dper in theliquid-phaseprocedureaswell as
a biologcal carrier for the fineoligonucleotide, as described in the angl article (19).

MATERIALS
Solvents fa synthesis

Acetonitrile (AcCN), tert-btyl methylether (MTBE) and 1,2ichloroethane (BE) were anhydous
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commerdal products ored under argon over 4 A molecuigvesactivatedat 350°C, andwere used
with less than 20 ppm of water present, as measured by th€igteer mehod. The ethaol (EtOH)
was in its absohe form.

HPLC solvents and buffas

Acetonitrile was of HPLC grade. Water was double-distiled and filtered throufillipore GS
0.22um sterile filter. Triethylamine (TEA) was dtilled just before use. @&tal acetic acid 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 made up by adding to double-distiitedr
(100ml), fresly digilled TEA (27.8ml) and acetic acid (11.#nl). The soltion was then dilted to
200ml and the pH adjued to 7.0 by addition of either TEA or acetic acid as requirsztkSolution
wasgoredat 4-7°C. Stock ®lution was dilded to 0.1 M and the pH adjasl to 7.0. 0.1 M biter was
then filtered though a 0.22um sterile filter and degassed by szation (30 min.) before use.

0.1 M TEAAcC (pH 7.0):AcCN = 20:80v{v): AcCN (800ml) was added to a recently filtered VL
TEAAc (pH 7.0) (200 ml) and the mixture degasseddycation (30 min.).

0.5M NaCl (pH12.0): 1.0 M stock solution was made up by adding to double-distilled water (1.0 I)
Nad (58.44g, 1 mole) the pH was adjusd to 12 with 5N NaOH. Stoclokition was sored at 4-7°C.
Stock ®lution was dilded to 0.5 M and the pH adjasl to12. This 0.5M solution wasfiltered through

a Millipore GS 0.22um sterile filter and degassed by sonication (30 min.) prior to use.

0.05 M NaC(pH 12.0): 0.5 M NaCwas dilted to 0.05 M and the pH adjed to 12. Thesolution was
then degassed bgmsication (30 min.) Here use.

Chemicals

Polyethylene glycol monomethylether (MPEG) wveasommercialproductfrom ShearwatePolymers,
Inc., Huntsville AL (USA), with a very narrow MW distribution value, amdsstoredin a dessicator
over KOH pellets. 1H-tetrazole was stored at room temperature in the pre$endessicatorwhile
phosphoramities were stored at -20°C, in a dessicaldreseproductswere from PRarmaciaBiotech
Italia, Cologno Monzese, Milano (Italy). Trichloroacetic acid (TCA)6-Iuidine, N-methylimidazole
(NMI) were used as such; acetic anhydride was distilled overdemiy sodium acetate;rteéutyl
hydroperoxide (TBHP) was a commercial 80% #otuin di-tert-buylperoxide. All thesechemicalsas
well as all anhgirous organic solvents were obtained from Fluka ChimaircAldrich Chimica, Milano

(Italy).

Glassware and plasticware

Theglassware used in each step of theawligcleotide synthesis was first dried in an oven (110°C) for a
few hours and then stored in a dessicator over KOH peldtglass apparata was furnished with
CacCl, tubes to avoid moisre absorgion. Rolypropylene syringes and bber septa were silggused.
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Preparation of reagent sdutions

0.5 M 1H-tetrazole in AcCCN: 1H-tetrazole (2 g), in a bottle sealed withtbhaucap, was dissolved in
dry AcCN (57.1 ml), injected with a syringe. The smno was stored under argon, at roomperature.

6% TCA in DCE (w/v): Detitylation lution was prepared bae use by dissving TCA (6 g) in dry
DCE (100 ml). Unusedodution was $ored in a dark bottle at 4-7°C.

0.1 M DMT-dN-phosphoramidite in AcCN: Phosphoramidite solution was prepared immediately before
use; DMT-dN-fosphoramidle (1 g), in a dark bottle sealed with &lper cap, was dissolved in the
right volume of dry AcCN, injected with a syringe. The dmn was stored under argon at -20°C.

Thin-layer chromatography (TLC)

TLC was performed on precoated silica gel sheets using the following elution systems:

Eluent 1: acetone:ethyl acetate:water10:5:1 y/v/v), eluent 2: n-pspanol:30% ammonia:water =
65:35:10 (v/vlv). Plateswere obseared ushg a UV light ource and deveped by sprgng 60%
perchloric acid:ethanol = 3:2 @/to reveal DMT-bearing congunds (dark orange spots). Moreover,
after the acidic treatré, the plates were heated at 100°C for 10 min. to aehlge cdoonization of
the sugarmoiety of the olignucleotide (dark spots). NEe>-bearing compunds were also detected by
exposure to iothe vapr (brown spts).

METHODS
1. Functionalization Of MPEG

Synthesis of 5'-DMT-dN 1 (first nucleoside}3'-BCE-phosphite-MPEG (Coupling)

MPEG 5,000 (1 g, 0.2 mmole), placed in a 28Dthreenecked oundbottom flask povided with a
three-way stopcocksealedwith rubber caps, was coevaporated with dry AcCN (3 xnip and
carefully died under vacuum. Argon was fhesd though the flask ford-5 minutes.To the PEGresdue,
wetted with 1.0 ml of dr AcCN, 0.1 M 5-DMT-dN-3-(BCE)(N,N-iP)-phosphoramiditén dry AcCN
solution (5.0 ml, 0.5 mmole, 2.5 equilents) and 0.5 M 1Hetrazole in dy AcCN lution (40 ml, 2
mmole, 10 equiMants) were thenisultaneouly added by winges though the rbber septumThe
soluion was stirred, under argon atmosphere, at room temperature, for 5 min. Ttien seas ice-
cooled and MBE (90ml) was owly added dopwise under vigarus sirring. A white powder was
recovered after filtridon through a por.3 Gody rapidly waked with ether and @d undervacuum,and
stored in a dessicator over KOH pellets.

The presence of residual reagents or delby-poductswas checkedby TLC (eluentacetone:ethyl
acetate:water = 10:5:1,wy¥). Under these coittbns MPEG and MPEG-derivativeshave R= 0. The
crude poduct was suspended into EtOH (I0l) and gently waned up to38°C, oncesolubilised, was
slowly cooled fom room tenperature to 4-7°C, andfieat 4-7°C for 1 h. The white cloudy powder
formed was recovered by filtian through a por.3 Gody; rapidly waked with etheranddried under
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vacuum, and stored in a dessicator over KOH pellets.

Thedegreeof functionalisation was estiniad spectwphotometically: a weided aliquot of ppduct was
disolved in 60% petaloric acid:ethaol = 3:2 ¢/v, 10 ml), the redting orange slution wasdiluted 10-

fold andthe aborbanceat 498 nm was measured. The nud®doading was calcuiad, in umol/g,

from the equation: [fg(10 mm cell) x 10 x 14.3])/mg of weighed suppor

Acetylation of 5'-DMT-dN 1-3'-BCE-phosphite-MPEG (Capping)

1.0g of 5-DMT-dN-3-BCE-phosite-MPEG was disdved in dy AcCCN (5ml) in a250ml round-
bottom flask. 2,8utidine (05 ml), NMI (0.5 ml) and acetic anhydie (05 ml) were addedfollowing
this order, under stirring. The san was left to react, at room temperature for 3 min. DMT-dN
phosphate-MBEG was precipitated from the ice-cooled solu with MTBE (80ml), which was sloly
added dopwise. A white powder was recovered after filom through a por.3 Gody extengvely
wasedwith etheranddried under vacuum andaed in a dessator over KOH pellss. The poduct
was stored at-Z°C.

Synthesis of 5'-DMT-dN 1-3'-BCE-phosphate-MPEG (Oxidation)

1.0gof 5'-DMT-dN;-3-BCE-phosphite-MPEG, placed in a 25 roundbottom flask, was disdved in
dry AcCN (10ml) and the ice-cooled TBHP solution (Or) was added while stirring. The solution
was sirred for 15 min. M'BE (90 ml) was thenl@wly added dopwise to thece-cooledsolution, under
vigorous sirring. A white powder was recovered after fittom through apor.3 Good, wadhed with
ether and ded under vacuum andosed in a dessator over KOH pells. The poductwassoredat 4-
7°C.

2. Synthesis Of MPEG-Oligonudeotide

Detritylation

1.0g of 5-DMT-dN-3-BCE-phosphae-MPES was dis®lved in dry DCE (10ml) in a 250ml round-

bottom flask.6% TCA in DCE (w/v, 10ml) was added dpwise to the ice-cooledokition, under
vigorous sirring. After 15 min. MBE (100ml) was $wly added dopwise to the coole@drange

soluion. The mixture was filtered tbugh a por.3 Godcand the precipita washed thaughly with

ethe. The white powder was then dried under vacuum and stored in a dessicator over Kt3H pelle

The extent of deblocking was cordfled qualitatively by TLC o orange colour deloped by acidic
spraying on spt with R =0) and quantitatively by UV analgs If the detritylation wasiot comgete,
the TCA treatmentwasrepeatedollowing the above procedure. In order to eliminate traces &%, TC
the fully detntylated poduct was regstallized from DCE/MTBE (10ml/70ml) and dred under
vacuum over KOH pelts.

Coupling
1.0g of 5-HO-dN-3-BCE-phosphae-MPEG, placed in a 250 threenecked oundbottom flask
sealed with rbber caps and provided with a three-way stopcavelscoevaporateavith dry AcCCN (3 x
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10ml) and carefully ded under vacuum. Argon was fhesl through theflask for 4-5 minutes.To the

PEGbound product, wetted with 1.enl of dry AcCN, 0.1 M 5-DMT-dN-3-(BCE)(N,N-iPr)-

phosphoramitie in dry AcCN lution (5.0 ml, 0.5 mmoles, 2.5 equilemts) and 0.5 M 1Hetrazole in
dry AcCN solution (4.0ml, 2 mmoles, 10 equivalents) wetleen simultaneouslyaddedby syinges
throudh the rdober sefum. The mixture \as stirred nder argon atmospere at room tenggature for 5
min. The ®lution was ice-cooled and MBE (90ml) was $owly added dopwise under vigaus
stirring. A white powder was recovered after fittom through a por.3 Gody, rapidly waked with ether
and dred under vacuum, andosed in a dessator over KOH peliss. The poduct was ®red at 4-7°C.

The presencef residual reagents or sble by-poducts was ascertained by TLC [eluent acetone:ethyl
acetate:water = 10:5:1 ()]. Under these cormibns MPEG and MEEG-derivatives have & 0. The
crudeproduct was suspendedhto EtOH (100ml) and gently heated to 38°Gnce slubilised, it was
slowly cooled fom room tenperature to 4-7°C, andfieat 4-7°C for 1 h. The white cloudy powder
formed was recovered by filtian through a por.3 Gody; rapidly waked with etheranddried under
vacuum, and stored in a dessicator over KOH pellets.

The coupling yield was monitored spegphotometically: a weidied aliquot of psduct was dissgved
in 60% perdbloric acid:ethaol = 3:2 ¢/v, 10ml), theresuting orangesolution wasdiluted 10-fold and
the ab®rbanceat 498 nm was measured. The nucleglesloading was calculed (n pmol/g) from the
equation: [Agg(10 mm cell) x 10 x 14.3]/mg of weighed supipor

Capping

1.0g of 5-DMT-dN-3-BCE-phosphite-diN3-BCE-phosphae-MPEG was ©solved in dy AcCN

(5 ml) in a 250ml roundbottom flask. 2,8utidine (05 ml), NMI (0.5 ml) andaceticanhydide (0.5 ml)
were added following this order, under stirring. The tsmtuwas left to react at room temperature for 3
min. 5-DMT-dN,-phosphate-dNMPEG was precipitatedfrom the ice-cooled sdlion with MTBE

(80 ml) which wasdowly addeddropwise. A white powder was recovered after fitican through a
por.3 Good, extensvely washedwith ether and ded under vacuum, and stored in a dessicator over
KOH pellds. The poduct was ®red at 4-7°C.

Oxidation

1.0g of 5-DMT-dN-3-BCE-phosphite-dN3-BCE-phosfhae-MPEG, placed in a250ml round-

bottom flask, was dissolved in dry AcCN (&) and the ice-coole@BHP solution(0.6 ml) wasadded
under sirring. The slution was srred for 15 min. MTBE (90ml) was then lswly addeddropwiseto

the ice-cooled sotion, with vigorous stirring. A white powdeavasrecoveed after filtration through a
por.3Good, wahedwith ether and ded under vacuum, andosed in a dessator over KOH pelles.

The poduct was ored at 4-7°C.

These steps were repeated until the desiredHesfghe oligopnucleotide chain had been obtained.

3. Deprotection Of Oligonudeotide-MPEG
Deprotection of phosphate bakbone and N-deacylation of nuteobases
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The following treatmet removes the cyandleyl-protecting goup from phosphatesand the N-
isobutyryl- and N-benzoyl-protecting goups fom guanomes, cytidines and adenoss. DM -
oligonucleotide-MPEG was dissolved in 30% N3 ml x 20 mg) in a tightly closed glass container to
avoid ammonialeakage,and left in an oven, without stirring, at 60°C overnight. The Bolu was
tranderred into a lage moundbottom flask in order to avoid loss ofgoluct caused by foam, and
evaporated to gness, insed with water and evaporated, ahd procedue repeatedintil an ammonia
odourlesssoluion was obtained. The residue was then dissolved in wate) (&nd extracted with
ether(4 x 5ml). Theaqueos layer was freeze-dried and the residue stored at -20°C, ready for HPLC
analyss and puifications

Deprotection of taminal 5'-hydro xyl group

This treatmat ranoves the dintkoxytntyl-protecting goup from 5'teminal hydioxyl-group. DMT-
oligonucleotide-MIEG previously treated with ammonia was dissolved in glacial acetic acid:water = 4:1
(v/v, 5ml x 20 mg), in a 10@nl roundbottom flask, andtsred at nom tenperature for 30 minThe
resulting ydow solution was extracted with ether (5 xn8) and the aqueousylr evaporatedo
dryness. The residue was rinsed with water and evaporated and the proepdateduntil an acetic

acid oarless soltion was obtained. The residue was dissolved in water and freezeaddstbredat
-20°C, ready for HPLC analgsand puification.

Analysis and Puification

Analytical RP-HPLC

Reversed-paseHPLC wasperformed using a Wdac C18 coln. Samfes (4 mg each) were dissolved
in start bdfer (1 ml), filtered though a 0.22um derile filter and degassed by ceifigation. 10 | of the
resuting solution were injected. Mbile phase A: 0.1 M TEAAc (pH 7.0). abile phag B: 0.1 M
TEAAcC (pH 7.0):AcCN = 20:80 \{v) Linear gradiat: 40-90% B in 50min. Flow: 1.0 ml/min.
Temperature: ambient, UV detector: 254 nm.

Analytical IE-H PLC

lon-exchange HPLC was performed usingharfacia Mono Q HR 5/5 catin. Samfes (4 mg each)
were dssolved in wate(1.0 ml),filtered througha 0.22um derile filter and degassed by cefugation.
20| of theresuting solution were injected. Mbile phase A: 0.05 M Nd(pH 12.0) Mobile phase B:
0.5M Nad (pH 12.0). Hution gradiet: 0% B 2 min. hold, 0-85% B in 23 min., 85-100% B in 5 min.,
100% B 1 min. hold. Flow: 0.6 mtfin. Tamperature: ambient, UV detector: 254 nm.

Purification of crude MPEG-conjugated oligonucleotide by anion-exchange HPLC-IE

Puification of the final crude MBG-oligonucleotide was carried out using haPmacia Mono Q HR
5/5 column. Sample (10 mg) was dissolved in water (1.0 ml), filtered thQg?pum sterile filter and

degasse by centifugation. Saple was eluted by injection of 300 | each timeolde phase A: 0.05 M
Nad (pH 12.0) Mobile phag B: 0.5 M NaQ (pH 12.0). Bution gradiet: 30-100% B in 13 min., 100%
B 5 min. hold. Flow: 1.0 mhin. Tamperature: ambient UV detector: 254 nm.

Desdting of purified MPEG-conjugated oligonucleotide by gelfiltration
Desdting of puified MPEG-oligonucletide was cared out by gekltration usng a 20 x 100 mm
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column of Sephadex P E G
G25-F resin. Sample — . o 1os
(50 mg) was disslved coupling

in water (1 ml). Mobile @D

phase: watermMillipore and filtration

grade. Elution: 8- .

cratic. UV detector:
254 nm. Alternatively, b recipitation

the excess of salkan ~& ¢ filtration

be removed by a
selective pecipita-

tion: MPEG-oligo-
nucleotide afforded
from IE-HPLC (0.2 g)

was suspended in E tO H

acetone or methanol recrystalliz.

(5 ml) and left, under @
stirring for 30 min. The

resdue renaned undis- precipitation

solved, was filtereénd e fitratien

the sdution with the
product wasevaporat- @
ed to dryness. The

amount of MPEG-
oligonucleotide was as- extraction

cettaned by UV and

TLC. A further b urification

possibility is given bya

selective  extraction:

MPEG-oligonucleotide

afforded fom IE- Flow-chart of the HELP process

HPLC (1.0 g) was dissolvedin the minimum amount of water (45 ml) and extracted with a large
volume of dichloommehane(4 x 100ml). The organic Igers with the psduct were pooled, @d over
Na,SO, and evaporated to dryness. The residue was checked by UV and TLC.

precipitation
and filtration

DISCUSSION

Thegeneraprocedure for the liquid-phasgrgéhess of oligonucleotides conjugated with highmolecular
mass EGs can be schetized by the flowchart.

As clealy indicated in the aginal aticle (19), theHELP-deived procedue descibed offers many
advantagedor the production of these conjugates, even in a large scale. Moreover, the recent
developrent of an automated instrument for the ligphase sythesis opens new pogities for the
industrid production of olig@mersand biomolecules when their pharmacological features anm®vegp
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by conjugation with PEG.

The detded procedures described above are easily reproducible on ritie de condion that some

special precautions are taken. In particular :

1. A careful dehydration of thetarting FEG and of their olignucleotide-bound intemedides must
always be achied, especially dere the coupling steps, avg to the hygroscopicity of the polyme

2. During thecouplingstep it is imperative to avoid any unnecessarytidituof the reaction mixie to
avoid arapid decrease in yield. Thus, it iFady suggeted always to operate at the highest
concentration allowed by the solubility of the reaction congmts.

3. Regardihg the capping procedure, as already underlined in the usuajpbabé approaches, i#
preferable tocarry it out before the oxidation, to destroy any sicedpct that, on the contrary,
would be irreversibly stabilized by the oxidation step.

4. A further strong recommendation regards the need for the cooling down of the orgati@nsolu
before its treatmet with the acidic mixtte demaded for the detritylation step, to avoid, or to reduce
as much aspossibleany depunation of the poduct. A high percentage of acid and repeated
treatmentsat the beginning of the synthesis when the ratio betweenB@ednd the olignucleotide
Is disadvantageousye demaded to comigtely remove the DMT potecting goups due to the ether
units of this suppdar eady protonated, that reduce the effective acid concentration.

5. A critical point of the poposed pocedure is the amati of polymerbound pioduct recovered at the
end of the overall process because of verecipitaionffiltration stepsrequired during the
intermediatepurification. For a maximum yield it is customary to add the ether solution slowly, under
vigorous stirring of the cooled reaction miseu This procedure must take at leastndfutesto be
efficiently competed. It is not convenient to save time by speedinghigpstep,sinceany residual
impurity will be entrapped into the precipitated polymer-conjugate and will be éreggto the
following steps.

6. A TLC analyss mustbe routinely performed before any new synthetic step. If there were evidence
thatthe etherprecipitdaion did not punfy the product competely, an additional grstallization from an
EtOH olution would be sondy recomm@ded: the PEGound crude mduct disolves quite
easily intoa10% soldion ( wA/ ) at 37°C, and precipitas quantitatively at teperature dew 20°C.
This purification step must be introduced asla ati the end of each graw cycle.

The final deblocking procedure is almost identical to that commonly adopted for solidyphase
processes. The pfication of the crude, deblocked quuct is b&er achi@ed by ionic exchange
chromaography.In fact, the lipphylic properties of the PG moigy hamper any useful sepdian of

the conjugats by the standardreverse-phaserocedure, even if therrainal DMT group is & on the

chain: a sintg peak was always observed in aaromatographicondtions, in which arepresentall the
different FEG-bound olignucleotides obtained at the various steps of synthesis. @hgehand,the
polymer moiety does not mask the oligonucleotide part from its binding to the strong anion-exchange
suppot, and the different chains are efficiently sepadaon the bas of their charge.

The deshing of the puified PEG-conjugate can befdy perfformed by the gefiitration procedure. As
an alternativea selective solvent-cosolvent precipitation of tl&GFPbound product can also be used
owing to the solubility of these conjugates in organic solvents where the inorganiareattsoluble.
Furthermore,a selectiveextraction of the conjugates from a very concentrated aqueou®sokith
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large volumesof halogenatetdhydrocarbons can be also taken into account. In any case it is convenient
to compare the results of the different procedure#jeceon a small scale, fire deciding whib apply
to the entire batch.

The pocedure here repmd ma be in pmnciple exteded to other higinrolecular weigt polymerc
suppots whose prpeties are snilar to the one of PEG.
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