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Abstract: Two sinple procedures for the preparation of DNA fragmnts 
covalenfly and specffically linked to a solid support are presented. 
The first mathod consists of the preparation of a nucleoside prier 
which serves as the initfative site for conventional synthesis of olf- 
gomers in either 3' or 5' direction. The second procedure involves the 
direct attachant of fndepesdent?y synthe$fzed and purified oligaers 
to a functfonalized solid support. The accessibility of such )upported 
oligodeoxynucleotides to enzymes is checked with restriction endo- 
nucleases. 

Several physical and chemical mthods for coupling nucleic acids to a solid support1 have 

been described. Polynucleotides can be fabilized by adsorption or entrapment within a matrfxg, 

or covalently linked to an activated support by N-hydroysuccfnimfde, carbonyldiimfdazolc or cyano- 

gen bromide3. These methods involve multipoint attachncnt of 'long fragmants (100 bp) by the aro- 

matfc bases rather than by a specific linkage 4. Therefore, major regions of the DIMS are mavai- 

lable for base hybrfdfration and other reactfoes. Another rthod consists of the chemical polymerf- 

sation of 5'-phosphate monotnicleotides with DCC and esterificat1en via their 5'-phosphate ends to 

cellulose pouder5. Such supports are used as solid state prfmro or tmlatn for ligaser and 

polymerases, allcuing the covalent attachment of homopolymers to a matrix 5,7 ; the loading capaci- 
ty of such supports is about 10-100 nHo1 of chain ends per ag of cellulose. Recently, an enzymatic 

method for linking IdA)-tailed ssDNA to oligo(dT)-cellulose and its application for in vivo synthe- 

sis of DNA probes have been reported5. 

We rewrt in this paper two procedures allowing simple access to olfgonucleotfdes covalently 

attached to a solid support by a single specific linkageg,lO. 

The first method involves oligomers classically synthesized from a nucieoside primer (Scheme 

1). 
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The first nucleosfde is attached by the heterocyclic moiety to the polymer support via a spacer 

arr and serves as the initfation site for conventional synthesis in either 5' or 3' direction 

(routes a and b). Unlike the conventional supports. the spacer link is stable to deblocking 

conditions and the deprotected synthesized oligonucleotide remains attached by a covalent linkage 

to the solid support. The use of 8 rfborwcleosfde as anchor allows the release of the olfgomer 

from the support by a chemical or enzymatic reaction with substantfal yields (route cl. 

In a second procedure, we describe the direct attachRent of independently synthesized and purf- 

fled olfgomers to a functfonalited solid support via a long spacer 1fnR (Scheme 2) 

Scheme 2 

This technique Is sultable for the ltnlrage of double-stranded DNA on a solid support, unlike the 

previously reported methods for coupling oligonucleotfdes. 

Such supported oligonucleotfdes provide convenfent tools for the molecular bfologfst and could 

serve as affinity hydrldfzatfon columns for both detection and isolation of cmplementary polynu- 

clelc acids or blnding protefns. 

1 - PREPARATIOW OF OLIWNUCLEUTIDES BOUND TO A SOLID SUPPORT BY CHEMICAL SYNTHESIS FROM A PRIMER 

1.1 Attachment of the inltfal nucleostde to a polymar support 

The solid support system described in Scheme 1 requires the attachment of an fnfttal nucleo- 

side. the primer, via its heterocyclfc mblety (Schema 31. 

la-5a : lb-5b -- -- 
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Scheme 3 

The preparation of such a primer requires two prelfmfnary steps: the actlvatlon of nucleoside 

and the functionalization of the polymer support with amfno groups. Preliminary experfmsnts in 

solution with model alkyl diaofnes (ethylenediamfne, l,lO-diamfnodecane. spernfne) and base 

6-14 _- 
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activated nucleotfdcs led to monosubstitution products. 

Activation of the hcterocyclfc moiety at the C-4 positions of thyaina and uracfl and. the C-6 

posftim of guanine was performad with 1.2.4-trfazole and O-chlorophenyl-phosphodf&Forldate in 

anhydrous pyridine using a reported procedurell-12. The protected nucleosfdes 2 to 2 

were converted into the 4-(or 6-)-trfazolyl derfvatfvcs g to 2 with Qood yields (Schcr 3). 

Ye have tested different polymrs cmnly used in olfgonucleotfde synthesis: silica gel, poly- 

acrylamfde and controlled 'pore glass (CPG)'3114. The functfonal1zatfon of these supports with 

spacer ams of different lengths bearing an amino group was carried out by standard methods: 

reaction of silica gel with either trfethoxysflylpropyla~fne or dichlorodflethylsilane followed by 

anfnoethanoll5; treatment of cross-lf-nked polyacrylsorpholfde (Enzacryl gel K2) with ethylenc- 

diamfne, l,lO-dfamfnodecane and spermine16; or, in the case of glass beads, use of a coolcrcfal 

support, the long chain alkylaafne controlled pore glass (LCM-CPG, 500 il. 

The next step is the substitution of these different functfonalfzed supports with activated 

rfbo- or deovribo-nucleotides. This reaction was performed in dfoxane or pyrfdfne. All non-reacted 

silanol groups (after functfonnalfzation with spacer arms) and residual amino groups were then 

capped with isobutylchlorofonuate followed by trimethylsflylchlorfde before any coupling step. The 

absence of primary amino groups was verified by the ninhydrfne assay. The loading with nucleosfdes 

lb to 5b was estimated by the spectroscopic analysis of the dfmethoxytrftyl cation (MT) released -- 
by acidic treatm?nt (2x BSA in CH3OH/CH2Cl2 or 3% TCA in CH3CY) of an alfquot of the 

support. The loading of supports 6-14 varied bebeen 9 and 94 rMol/g (Table). 

TAME: Functfonalization of supports 6 to 14 with activated nucleosfdes - 

Supeort 
n 

6 

7 

8 

9 

10 - 

11 - 

12 - 

13 - 

14 - 

Polymer 

Polyacryl- 
morpholide 

Polyacyl- 
morpholfde 

Polyacryl- 
morpholide 

Polyacryl- 
morpholfde 

Polyacyl- 
morpholide 

Sflfca 
.Merck 9 

el 7734 
63-200 u) 

Silica gel porasi 
Maters (37-7 u) 
LCAA-CPG 500 ii 
Pierce (125-177 v) 
iCM-CPG 500 R 
Pierce (125-177~1 

Spacer am 

1 ,lO-df amino&cane 

l,lO-dfamfnodfxane 

1, lo-di ml nodecane 

1,2-dfamfnoethane 

spetufne 

3-amino-1-propanol 

3-amino-1-propanol 

long ~2;: alkyl- 

long ~2;: alkyl- 

Nucleoside Substltutlon 
uaole/g 

63 

71 

29* 

32 

94 

85 

16 

25 

10 

l The loading was estimated after coupling with MTOH. 

1.2. Stability of the nucleoside-support 

The stability of the primer-support linkage under deblocking conditions (0.3M 

N~,N2,N3.N4-tetrathylguanidinfum P-pyrfdfne-aldoxfr in 1:l dioxane-water overnight 

followed by concentrated arnonfa hydrovde at 50' for 5hl was checked for each support by spectro- 

scopic analysfs of the released OMT. After such a treatment. no change in the loadfng of the CPG 

and polyactylaaide supports was detected. Hawcver after an overnight treatment at 50. with concen- 

trated NH@H, a loss of capacffy (about 10%) was observed for the polyacrylwde supports as 

compared to the CPG support. These results were confled by analysis of the supematants by HPLC. 

Thus, CP6 appears'>0 be the best support and was chosen for further experfrnts. 

1.3. Olfgodeoxynuc~eotides synthesized froa the prfrr-CPG support 

The proposed linkage leaves the 5' and 3' OH available for chain elongation from either end. 

Ye have tested the CPG support for the synthesis of a 18-rr (15) following the phosphotrfester 

method with a classfcal 3'-5' elongation 14 (Ffgure 1). The support 1J (200 4. 5 c(nol) loaded 
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with bwas detrftylated ufth 2% BSA. The synthesis was performed from the 5' OH ends ufth trfller 

blocks ufth a.825 average coupling yfeld. At the end of the elongatfon, the support bound olfgomer 

was s&mftted to deblockfng condfttons (TM-PM). RH4OHl. The presence of the elongeted cbafn on 

the support was checked by acid hydrolysfs; HPLC analysfs of the supematant fndfcated that the 

three bases are present In the expected ratio. 

Ye have also synthesfzed two long fragmants from support 13 (Figure 11 using two chemfcal - 
methods: a 35-rr (16) prepared accordfng to the phospbotrfester method ufth manual addition of - 
trfmer blocks and a 34-mer (171 with the phosphoramfdfte method using an automatfc synthesizer. - 
The overall yield was about 26%. The presence of endonuclease sites RsaI and Hpa II, 

34-ar sqtmnces respectively, allows the control of the elongated chain Instead 

hydrolysis (cf 5 31 

In the 35- and 

of using acid 

=--@ 
15 - TCG.GGT.TTT.'Pl'T.TTT.TT.m~CB, 

509 95% 71% 899 89% 94% 

13 m'=Be - 16 CAA.TAT.AGT.ACA.GAA.ACT.GTA.TCA.ATA.ATA.GC.GT.m'C - - 

Iiparx 

l7 - TGGCCGGGGTTTACGGACGATGACCGAAGACCAdk - 

Figure 1 

1.4 Release of the synthesfzed ollgodeoxynucleotfde from the solid support 

In order to check whether a covalently bound fragment could be cleaved from our support by a 

specfffc chemical reaction, we have used as a prfmer on 08 a protected urfdfne (support 14). We - 
presulDe that, If the elongation is performed from the 3'-end of a rfbose residue, an alkaline 

hydrolysfs should penit the release of the anchored olfgomerI7. 

In order to test this hypothesis, we have synthesized a thymidfnyl-tetramer from support 14 

(35 mg) folloufng the phosphotrfester arethod. The first coupling wfth 5'-dlmethoxytrftyl thymidf: 

gfves a 3'-3' linkage with the 5'-end available for a classical 3'-5' elongation. The next step Is 

the condensatfon of a trfmer of 1's. After cmlete deprotectfon, the supported olfgomer 18 Is - 
treated wfth 1N NaOH at 50.C for 10 mfnutes. HPLC analysis reveales the presence of the tetramr 

(Tpl3T In the supernatant, Identical to the sams olfgomsr synthesfzed with the standard succfnyl 

linkage. 

1.5 Elongation fn'efther the 3' or 5’ direction 

As described before, the proposed lfnkage leaves free the 3' and 5' OH and allows chafn elonga- 

tion from both ends. In order to fnvestfgate this possfbflft,y, we decided to synthesize a 15- mer 

from the 3'-end of a prfmer nucleosfde (support 141 In either 3'-5' (olfgcwr 191 or 5'-3' (olfgo- - - 
Bcr 20) dfrectfon (Scheme 4). The use of a rfbonucleosfdeI7 as primer allows vfsualfzatfon of - 
the synthesfzed olfgcmers. Thus, after removal of the protecting groups, the two solid supported 

olfgusers 19 and 20 were subjected to an alkaline hydrolysls. me supernatants were analyzed by - - 
polyacrylamfde gel electrophoresfs (Ffgure 2). 
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Scheme 4 
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Figure 2: Autoradlogram of 2M polyacry- 

lamidc gel electrophorcsis (8 H urea) 

showing crude olfgorrs obtained after 

alkaline trcatrnt of supports 19 (lane 1) - 
and 20 (lane 2). - 

In 3'-5' elongation (route a), coupling steps with the trirr blocks were followed by a capping 

reaction (acetic anhydride in pyridfne). In the 5'-3' elongation (route b), the synthesis was 

carried out in absence of capping the unreacted phosphate grcups and led to the foraation of mny 

by-products, as shown on Figure 2. Purification of the crude oligcmers was perfornad by HPLC. The 

5'-tritylated oligomer was obtained with 22% yield from the support 19 and the 3'-trftylated oligo- - 
mer was obtained with 12% yield from the support 20. Detritylation of the two tritylated oligoAers - 
with 80% acetic acid for 4 hours led to the identical 15-nar. 

This first procedure described above allaws access to long fragments anchored to a solid 

support with good yields following the phosphotriester or phosphoramidite approach and the machine 

synthesis using such supports. The use of a cytidine residue as anchor permits the release of the 

partially or fully deblocked synthesized olfgonucleotide from the support under mild conditions 

independently of the deblocking reactions. 

Recently, a new solid support usingi'a long spacer an terminating in a primary hydroxyl has 

been describedIE. The proposed linkage is stable under deblocking steps and allows the release 

of the fully blocked oligomers. However this system does not permit chain elongation in both direc- 
tions, since the 3' or 5' teraini is linked to the support. 

2 - DIRECT ATTACHlENT OF A UNIQJE OLIGONUCLEOTIDE TO A SOLID SUPPORT 

The smthod described above suffers one drawback: accumulation of shorter chains in addition to 

the desired product. If these by-products are too numerous. they could constitute a handicap for 

the use of such supports as affinity columns for binding proteins. 

To avoid the presence of truncated failure sequences and the possible resort to a solid suppor- 

ted enzymatic digestionI8.I9, we have investigated another lrthod for direct attachment 

to a solid support of an oligoar independently synthesized and purified. 
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This procedure consists of synthesitfng olfg#crs whfch contafn a reactive am (Y) at any sfte of 

the sequence, follartd by the forutfon of a covrltnt bond between thfs arm (Y) and a support 

functfonaltred wttb a caqlea!ntary nactfvc group (A) (Schrr 2). 

The fncorporatfon of a modfffed nucleosfde such as the 5-at&l-I-trfarolyl-pyrfmfdfn-t-ene- 

1-~-D-2'-deoxyrfbofuranosfde'"'2'*22 In the sequence occurs at ar(r C stte by manual or automtfc 

synthesfs. The reactton with a bffunctfonal chafn such as 1.6-dfamfnohexane gfves the expected 

reactfve at% The synthesfzed olfgoaar Is then &protected and purffted accordfng to classfcal 

technfquc (HPLC or gel electrophorests). The rerctfon of thfs spacer arm wfth a convenfent support 

can be perfond In aqueous phase or organic mixture. 

The chofce of the activated support depends on the kfnd of bond to be formed, as well as the 

coupling rdfum. We have chosen the kpharose-48 support bearing an hexanofc add ana (CH-Sepharo- 

se-48). The activation by the W-hydroxysuccfnfmfde group Is acconplfshed wfth 1,3-dfcyclohexyl- 

carbodffmfde In anhydrcus dfoxane 3. The couplfng reaction Is performed at 4. overnfght In 0.1 M 

NaHC03 pH 8 wfth 0.5 M NaCl according to dcscrfbed procedures. 

Ye first fnvestfgatcd the attachrnt of heptamers 21 and 22 contafnfng a reactive arm at the 5' -- 
and 3'-termfnf, respectively (Scheme 5). 

tTGCGCGC CGm5CGCGtT 

I 
m(CH2)6m2 

CGm5CGCGm5C 
22 - 

4 
CH2)fjCOm(CH2)6Hbl 

AXCGCGC 

c ~(cH2)6=o(cH2)6--@ 
cGm5cGcGn15c 

Scheme 5 

To the trfazolyl heptaers were added 5 equfv. of 1,6-dfamfnohexane in dfoxane. The functfonalfzed 

olfgorrs were then subjected to deblockfng conditions (0.3 M TM&PA0 overnight; cont. NHqOH at 

50' for 5h) and purfffed by HPLC on Zorbax ODS. The two trftylated heptwrs 21 and 22 were dfssol- - 
ved in the couplfng buffer (0.1 M NaHC03 pH 8. 0.5 14 NaCl) and added to the actfvated CH-Sepharo- 

se-46. A blank assay was carrfed out In the same condftfons with an hexaer without the alkylamfne 

chain. d(C613. After stfrrtng overnight at 4'. the supports were washed ufth the coupling buffer. 

The coupling reactfon was monftored by W measurmnt of th? DMT cation released by acfd treatment 

of loaded supports. The efficiency of coupling for the heptarrs g and 21 was about 80% whereas 

less than 2% of the hexamer d(G)3 remained In the blank (non specfffc linkage). The loading was 

estfrted to 2 ~Mol of heptrcrs per g of Sepharose. The presence of the olfganers was checked by 

HPLC anrlysft after acfd and enzymatic hydrolysis (PDE I) of the loaded supports. 

Ye also tnvestfgated tbe attachant of a long fragment (35--r) bearing the same amino spacer, 

annealated with its coqlementary strand (34-mer). to the activated CH-Sepbarose-4B. The coupling 

reactfon was monttored with the 32P labeled 35-mer as tracer. The efficfency of coupling was 

about 352 In this experiment. The presence of these oligorrs linked to Sepharose was controlled by 

enzylstfc cleavage of the anchored duplex accordfng protocol described In § 3. 

Recently, DNA afflnlty supports using modlffed olfgonucleotfdes covalently attached to nylon 

membranes have been reported in a congress by Ruth et a1.23. The anchorage between the support 

and the ollgonucleotide occurs at the C-5 position of a pyrfmfdfnc ring via a spacer arm. 
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3 - RESTRICTIOW EMIMKZLEASE CLEAVAGES 

The use of restriction cndonuclease allows the control of the presence of long sequences ancho- 

red to the support and, using the resultfng fragrnt frw the enxymtlc cleavage, tba estimrtlon of 

their accessibility to these ems. 

Figure 3 illustrates the cleavaga by &aIJof the anchored 34-rr on CP6 (16). In a first step, 

the supported 34-eer (161 was 61-32~ labeled using ~-~~P-ATP and T4-polynucleotide 

kinase34. After incubation at 37' for 30 min. and heat danaturatlon, the support was washed 

with kfnase buffer until no radioactivity was detected in supernatant:After hybridization with the 

capleaentary 33--r, the reaction mixture was tncubated with the corresponding endonuclease. The 

efficiency of cleavage was l stlmted by counting the radioactivity in the supernatant (6oz yield). 

Polyacrylauide gel analysis confimd the presence of the expected l-mar In the supematant, resul- 

ting froa the cleavage by HprII of the anchored 34-Iw. 

WllCLUSIol 

We have presented the preparation of DNA fragmnts specifically attached to a matrix via a new 

link between a nucleotide base and a solid support. 

The anchored oligoaar cm be obtaimd by chemical synthesis from a priaer following standard 

procedures. The use of a ribonucleoside as primer allows the release of the synthesized anchored 

oligomer fron the support under mild chemical conditions, independently of the deblocking 

reactions. Autorratlon of the synthesis is easily achieved. 

The solid-supported DNA fragmznt can also be obtained by direct attachment of a uodlfied oligo- 

nucleotide to an activated support. 

The supported DNA systea is accessible to enzymes such as T4 polynucleotide kinase and restric- 

tion endonucleases. 

The use of such supports as a primer for llgase allowing access to long fraglnents or as an 

anchored coaplementary strand for the detection and the purification of polynucleic acids will be 

presented elsewhere. The use of these solid supported DNA fragaents as affinity colullns for the 

purification of binding proteins is In progress. 

Figure 3: Autoradiograra of 2Og polyacryl- 

aside gel electrophoresis (8 M urea) 

showing fraqant resulting fra the 

cleavage by HpaII of the anchored 34-rr 

(16) hybridized with the complementary - 
33-mr (lane 3); the tar reaction without 

the 33-mer (lane 4); fragments of 8.4 

(lane 1) and 6 (lane 2) units as length 

taarkers. 
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-AL 

Uaterlals 

Enzacryl Gel K2 was purchased from Aldrich, LCM-CPG (500 A pore Size) from Pierce and Sepharo- 

se-46 fron Phanacia. Machina synthesis of ollgodeoxynucleotides were performad Using an Applied 

Biosystems Model 38OA Synthesizer with phosphorcrfdites. High Pressure Llquld Chnnatography was 

carried out using Zorbax ODS 9.3 rm (B - 10-2 li trlethylamonium acetate pH 7.5 and A = 54X B + 

50x acetonitrile, gradient lo-50% A in 20 min.1 and HS5 Cl6 (gradient 5-252 of acetonitrile in B in 

20 min.1 columns. T4 polynucleotide klnase, restriction endonuclease HpaII and T4 DNA lfgase were 

purchased from Amarshan. 

Functionalizatlon of solid supports (6 to 141 with activated nucleosidas (lb to 5bl. The preparl- 

tfon of the support 5 is given as an exalrple; 200 mg of Enzacryl functfonallzed by l,lO-diamlno- 

decane (0.44 Wiol/g)IO and 150 mg (0.25 W&l) of 5-methyl-4-triazolyl-pyrimidin-e-one- 

5'-0-diaethoxytrltyl-3'4btmoyl-8-0-2'-deoxyribofuranosidcII were left in suspension in 

dloxane or pyridfne at room temperature for 2-10 days. The support was filtered and abundantly 

rinced with pyridine. nethanol and dichloromathane. The residual amino groups of the support were 

capped by trestrrnt with acetic anhydrlde (200 ~1) in pyridine (2 ml). In the case of glass beads 

(500 mgl, fsobutylchloroformate (200 ~11 in pyrfdine (3 ml1 for 15 min. were used according to 

standard procedure25. The loading of each support was estilnated by spectroscopic measurement at 

507 nm of MT released by detritylation with 2% BSA of an allquot (Table). 

Synthesis of an anchored ollgodeoxynucleotlde from a primer nucleoside. As an example, the synthe- 

sis of a 15-mar from the 3'-ends of the cytldlne prfmar 14 was described (Schema 41. 

In the 3'-5' elongation (route a), the first step consisted of a 3'-3' coupling with the 3'-end of ---_--_---_- 
the support and the 3'-OH of a 5'-dimethoxytritylated thymldine. 100 mg (1.0 uMol1 of 14 were - 
detritylatad with 2% BSA, then acetylated with acetic anhydride. The support was then 3'-decyano- 

ethylated with 1 ml t-butylamine-pyridine (l/9, v/v) for 20 min. and reacted with 60 equlv. 

DMTT In presence of 100 equiv. of TPSNT (1.3,5-triisopropylbenzenesulfonyl nitrotriazolel in 

anhydrous pyridlne (61% yield). The following coupling steps with DMTT6, DMTGAC. DHTCAC, oHTA6T, 

TrCCC ware accompllshed wlth the classical 3'-5' elongation. Each coupling reaction was followed by 

a capping step of the unreacted 5'-ends. The supported ollgomer was then subjected to deblocking 

conditions (2 ml 1 M TM&PA0 overnight, 2 ml cont. NH40H at 50' for 5 hours). 

In the 5'-3' elongation (route b), the oligaaar was prepared by 5'-3' coupling with trimar blocks. ------------ 
150 mg il.5 $iol) of support 14 were decyanoethylated with 1 ml t-butylamine-pyridine and then - 
reacted successively with 28 equlv. of "OCCC, H"AGT,Ho CAC, HoGAC and H"GTTTr in the presence 

of an excess of TPSNT (90 equlv.). Each coupling step was preceded by the dacyanoethylatfon of the 

anchored intermediate ollgomer. At the end of the synthesis, the anchored oligomer was deprotected 

(1 M TMG-PAD overnight, cont. NH40H at 50' for 5 hl. 

The expected sequences remained 3' or 5'-tritylated in order to facilitate HPLC purification of the 

released oligomars or to achieve solid supported enzymatic purification (unreported results). 

Release of the synthesized oligomer from the support. After completion of the synthesis, the 

partially deprotected ollgorrs anchored to the support were submitted to an alkaline hydrolysis. 

50 mg of supports 19 and 20 were treated with 0.5 ml 2 N NaOH at 60' for 10 min. After neutraliza- -- 
tion with Oowex 50U-pyrldinium, 1.6 00 and 2.0 00 of the released products were Isolated from 19 

and 20 respectively. The crude olfgoners were then purified on Zorbax ODS (gradlent of acetonitrile 

in 10-2 M triethylaaznonium acetate pH 7.21. 0.35 OD of the 5'-tritylated 15-mer (22%) and 0.23 

OD of the 3'-tritylated 15-mzr (11%) were isolated. 
Synthesis of the modified oligodeoxynucleotfdes 21, 22 and 23. The ollgcemrs bearing a linker arm 

were obtained by Incorporation of a 5-rcthyl-4-trlazolyl-pyrimldin-2-onc-l-~-D-2'-deoxyribo- 

furanoside during the elongation of the chain. 

The synthesis of the heptarrs 21 and 22 was performad in solution following the phosphostriester - - 
mathodI4. The incorporation of tT as monmr was accomplished In the last coupling step. 

After purfficatfon on silica gel, the heptarcrs were treated with 5 equiv. of l.C-hexancdiamlne in 

dioxane (0.15 to 0.20 Ml. After completion of the reaction (CCM), the ollgomars were subjected to 

deblocking conditions (0.3 H THG-PA0 overnight, cont. NH40H at 50' for 5 h). The dimethoxy- 

trltylated oligoner were then purified by HPLC on Zorbax ODS. 
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The synthesis of the 35-mer was performed folloulng the phosphoramidfte chemistry using an Applied 

Bfosystems Model 3BOA synthesizer. The modified nucleoside tT was incorporated as a extra step 

fra a functionalized cartridge with the phosphotriester chemistry. The machine elongation was 

accomplished from this prfller. To the synthesized supported oligoaer (30 mg, 0.2 #ol) was added 10 

equlv. of 1.6-diaminohexane in pyridine (0.15 Ml for 48 h. The olfgomer was then deprotected 

(TMG-PAO, #l4QH, CH3COOHl and purified by electrophonsis on 15% polyacrylamide gel (15 001. 

The collplementary strand was prepared using the synthesizer and purified according to standard 

methodsI4. 

Attachamnt of a modified olfgonucleotide to an activated support. To 200 mg of swollen activated 

CH-Sepharose-4B (Pharmacfal were added 500 nMo1 (2 mgl of heptamer fi or 22 dissolved In 1 ml of - 
the coupling buffer (0.1 M WaHC03. 0.5 W HaCl). After stirring overnlght at 4'. the gel suspen- 

sion was treated according to described procedure 3. The efficiency of the reaction was estimated 

by UV maasurement of the DMT cation released by acid treatment of loaded Sepharose (about 80%). 

The same quantity (3 001 of strands 23 and 24 was rasured and mixed in 50 ul 0.5 H NaCl. After - - 
heating at 90'. the hybridized oligorrs were added to activated CH-Sepharose-4B according to 

described procedure (Phatmacial. The efficiency of the attachmnt was estimated by adding an 

alfquot of 32P-labeled 35-mar to the hybridized oligomars (35% yield). The presence and the 

accessibility of the anchored duplex were checked by enzymatic cleavage (Figure 3). 

Cleavage by a restriction endonuclease. An allquot of deprotected oligoaer bound to the support (1 

mg of CPG-support. l-10 nMo1 5'-ends) was labeled in a 30 ul reaction mixture containing 

Y-32P-ATP (14 pMol1 and 74 polynucleotlde klnase (13 U) at 37' for 30 min. according to 

established procedures24. The enzyme was denaturated by heating at 68' for 15 mfn and the 

support was washed abundantly with kinase buffer. To the the 5'-labeled anchored olfgcmar were 

added 200 pMo1 of the colplemantary strand in 20 ul TA buffer (33 rM Tris-acetate pH 7.9, 10 ti 

magnesium acetate, 66 dl potassiun acetate and 0.5 W OTT). The reaction mixture was heated at 90. 

for 2 min. and cooled slowly to room temperature over a 1 h period. The restriction endonuclease 

(18 U) was then added. After incubation at 37' for 3 h. the supernatant (6 ~11 was loaded onto a 

20% polyacrylanida gel (8 M urea) for analysis. 
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