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ABSTRACT affinity tags. The commonly used trityl-on oligonucleotide
separation on reversed-phase columns offers the possibility to
isolate fragments with intact-nds. However, the' Jart of
depurinated and cleaved molecules notoriously contaminate oligo-
nucleotides purified by this method.

A mild basic system has been proposed for partial deprotection
and cleavage of apurinic sites with the oligonucleotides still
bound to the solid support. In this manner therisls of
depurinated molecules can be discarded before the oligonucleotides
are released from the support, followed by isolation of molecules

The synthesis of oligodeoxynucleotides is marred by
several problems that contribute to the formation of
defective molecules. This in turn seriously limits the
usefulness of such reagents in DNA diagnostics,
molecular cloning, DNA structural analysis and in
antisense therapy. In particular, depurination reactions
during the cyclical steps of synthesis lead to strand
scission during cleavage of the completed molecules
from the support. Here we present a remedy to this

problem: a novel disiloxyl linkage that connects
oligonucleotides to the support withstands reaction
conditions that allow the removal ofthe 5 ' parts of any
depurinated molecules. This ensures that all molecules
that preserve the 5 ' protecting group when cleaved
from the support will have both correct 3
We demonstrate the application of the support for
synthesis of padlock probe molecules.

'-and 5'-ends.

with intact 3-ends 6). In practise, this strategy was accompanied
by a substantial loss of products, due to inadvertent release of
oligonucleotides from the support during cleavage of depurinated
sites. It is desireable to have a linkage function far more stable
than the standard ester under the conditions required to cleave
abasic sites. Such functions have been described but they have
either proven too stabl€,8), or they yield 3phosphorylated
oligonucleotides9,10).

Holmberg has proposed the use of a siloxyl group as a linker in
oligonucleotide synthesi4), as this linkage is inert during the
INTRODUCTION synthetic cycles and resists conditions that cleave apurinic sites.

In the course of a project to detect specific nucleotide sequendgds linker is finally cleaved with tetrabutylammonium fluoride
using padlock probed); that is linear oligonucleotides that can(TBAF) to obtain, after reversed-phase isolation of dimethoxytrityl-
be specifically ligated into circles that remain bound to their targ€PMTr-) containing material, an oligonucleotide with both 3
sequence, we were confronted with the difficulty of synthesizingnd 3-ends intact. Synthesis of this support was laborious and
full-length oligodeoxynucleotides. The ligation-based test idnconvenient. Moreover, the nucleoside loadings on the support
sensitive to the presence of shorter oligonucleotide fragments tH4re consistently low. _ , ,
compete for target sequences but cannot be ligated. The problerfffé® we have applied a commercially available 1,3-dichloro-
of oligonucleotide purity is, however, a general one as exemplifigkL-3,3-tetraisopropyl disiloxane to improve the above methodology
by the requirement for high quality products in molecular cloningY introducing a disiloxyl group as a stable linker function. We
(2,3), diagnostic applications, in physicochemical and structurg€monstrate that synthesis on these supports yields oligonucleo-
DNA studies §), and in antisense therags).( t|fjes of dramatically increased purity, and with intdetahd

The production of defective oligonucleotides has two prominert-€nds.
causes: (i) depurination reactions that take place during the
synthetic cycles are followed by strand scission during deprotectiddATERIALS AND METHODS
and (ii) premature termination of synthesis, followed by cappingh eagents
results in 5truncated molecules. Preparative gel electrophoresis
provides the best resolution for purification of oligonucleotidesAll commercial chemicals were of synthesis quality and they
The method is laborious, however, often leading to considerablere used without further purification. 1,3-Dichloro-1,1,3,3-tetra-
loss of material, and it is poorly suited for automation angopropyl disiloxane was synthesized according to Markiewicz
scale-up. By contrast, chromatographic separation offers (42), 2-cyanoethyN,N-diisopropylamino phosphochloridite
potential for efficient automated purification. The limited resolvingaccording to Bhaet al (13), and the phosphorylating reagent
power of chromatographic systems has been addressed by usiagtaining TrS moiety, 3-triphenylmethylmercaptoethoxy 2-
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cyanoethoxyN,N-diisopropylaminophosphine according to flash column chromatograpi{d-NMR (CDChk): 0.85-1.05 (m,
Connolly (L4). Controlled-pore glass (CPG; 1000 A; CPG Inc.28 H), 1.43 (s, 3 H), 2.25-2.42 (m, 2 H), 2.85 (s, broad, 1 H),
Fairfield) was aminopropylsilanized according to Poal (15).  3.27-3.52 (dd, 2 H), 3.54-3.76 (m, 12 H), 3.79 (s, 3 H), 3.80-3.85

Dry pyridine was obtained from Merck, triethylamine was(m, 2 H), 4.09 (m, 1 H), 4.68 (m. 1 H), 6.40 (t, 1 H), 6.83 (d, 4 H),
dried over solid KOH, followed by distillation, discarding the first7.23—7.40 (m, 9 H), 7.63 (d, 1 H), 9.19 (s, broad, 1 H).

and last 10% of the distillate. The next three nucleoside derivatives were obtained in a similar
manner.
Analytic and preparative methods N4Benzoyl-50-(4,4-dimethoxy)trityl 2deoxycytidynyl '30-

; ,3,3-tetraisopropyl-disiloxyl-3)-(1-O-3,6,9-trioxa)undecan-
Proton nuclear magnetic resonance (NMR) spectra were recor o1 B My N
on a Joel INM-FX200 spectrometer at 200 MHz using TMS gs--0! ©) (B=C™. Oll, yield 69%R; = 0.55 (system AFH-NMR

- Cly): 0.82-1.17 (m, 28 H), 2.12-2.75 (m, 2 H), 3.28-3.55 (dd,
an internal standard. Phosphorus NMR spectra were recorde 3
a Varian Unity 500 operating at 202 MHz relative to 709 H), 3.58-3.76 (m, 14 H), 3.82 (s, 3 H), 3.83-3.92 (m, 2 H), 4.17

phosphoric acid as an external standard. (m, 1 H), 4.66 (m, 1 H), 6.30 (t, 1 H), 6.85 (d, 4 H), 7.16-7.43 (m,
Thin-layer chromatography (TLC) was run on glass silica ge1lO H). 7.50 (d, 2 H), 7.59 (d. 1 H), 7.91 (d, 2 H), 8.30 (d, 1 H).
plates (Kieselgel 60 254 Merck) using the following solvent N&.Benzoyl-50-(4,4-dimethoxy)trityl 2deoxyadenylyl '30-
systems: system A, methanol in chloroform (1:19 viv); system B1,1,3,3-tetraisopropyl-disiloxyl-3)-(1-O-3,6,9-trioxa)undecan-
methanol in chloroform (1:9 v/v); system C, n-hexane@pitri-  11-ol ) (B=AP3. Oll, yield 78% R = 0.61 (system A}H-NMR

ethylamine (45:45:10 v/v). (CDClg): 0.83-1.26 (m, 28 H), 2.45-3.05 (m, 2 H), 3.20-3.45 (dd,
Preparative silica gel flash chromatography was performeziH), 3.50-3.75 (m, 14 H), 3.77 (s, 3 H), 3.81-3.90 (m, 2 H), 4.28
using Kieselgel 60 (Merck, art 9385). (m, 1 H), 4.82 (m. 1 H), 6.52 (t, 1 H), 6.79 (d, 4 H), 7.14-7.60 (m,

Oligonucleotide syntheses were performed either on an ABI 394 H), 8.12 (s, 1 H), 8.72 (s, 1 H), 9.86 (s, broad, 1 H).
DNA Synthesizer or a Gene Assembler Plus (Pharmacia) instru» : . ;
ment. Analytical liquid chromatography of oligonucleotides Wai Benzoyl-50-(4,4-dimethoxy)trityl 2deoxyguanylyl '30-

. : : ,1,3,3-tetraisopropyl-disiloxyl-3)-(1-O-3,6,9-trioxa)undecan-
performed on a Hitachi-Merck La Chrom HPLC system, equipp _~BA N
with a LiChrospher RP 18 (m) column and using a linear ol €) (B=G™). Oll, yield 649%R; = 0.47 (system AFH-NMR

gradient of solvent A:acetonitrile 5% v/v in 0.1 M triethylammo-(CDCb): 0.80-1.10 (m, 28 H), 2.39-2.95 (m, 2 H), 3.12-3.45 (dd,

nium acetate, pH 7.0, and solvent B:acetonitrile 40% v/v in 0.1 H), 3.53-3.93 (m, 12 H), 3.65 (s, 3 H), 3.70 (s, 3 H), 4.17 (m,

triethylammonium acetate, pH 7.0. Preparative separations w 5')' 4.75 (m. 1 H), 6.24 (dd, 1 H), 6.75 (d, 4 H), 7.12-7.52

made on an FPLC system (Pharmacia) using a reversed-phase p14 H), 7.83 (s, 1 H), 8.81 (s, broad, 1 H).

RPC 10/10 column and the above solvent gradient.
Oligonucleg)ztliades to be analyzed by electrophoresis were

&?ﬁ:ﬁg c\JI:‘”g]O m|\>|j SII(rEC,pg_)g w&e&gﬁ kjll_r(])ari?\/llrll'ﬁéﬂ— OH?:::Ct(ISE 5'-0O-(4,4-Dimethoxy)trityl thymidylyl '30-(1,1,3,3-tetraisopropyl-

7.5), 10uCi [y-32P]ATP (3000 Ci/mmol) and 20 U polynucleotide diSiloxyl-3)-(1-O-3,6,9-trioxaundecan-11-oxy)-(2-cyanoethoxy)-
kinase (Amersham) at 3C for 30 min. The labelling reaction was (N.N-diisopropylamino)phosphing)((B=T). The thymidine de-
stopped by desalting on a Sephadex G-50 spin column, folIowE?j
by incubation at 68C for 5 min. All oligonucleotides analyzed by 0
electrophoresis in this study were synthesized wittpadsphate
to ensure that cleaved apurinic oligonucleotides, haviphds-
phate groups, would label with the same efficiency as t
full-length molecules through a phosphate exchange reacti
After separation on a denaturing 6% polyacrylamide gel t
radioactivity was recorded by autoradiography (Amersham Hyp
film) or scanned on a Phosphorlmager instrument (Molecul
Dynamics) for quantitative measurement of band intensities.

gonversion of the nucleosides to phosphoramidites

ative ) (1.50 g, 1.53 mmol) was dried by coevaporation with
uene (20 ml) and dissolved in anhydrous,Chl (15 ml). To
this magnetically stirred solution dry triethylamine (0.85 ml, 6.0
mmol) was added, followed by 2-cyanoethyN-diisopropylami-
ophosphochloridate (710 mg, 3.0 mmol). After 15 min stirring at
;{%UOC, TLC (system C) showed consumption of all starting
hrg'aterial and formation of a single product. The reaction mixture
was quickly partitioned between saturated aqueous sodium
jcarbonate and Ci€l,, and extracted with GI€I, (2 x 50 ml).
he residue obtained after evaporation of the organic phase was
dried by coevaporation with toluene and purified on a short silica
) ) " ) gel column, prepared and eluted with LCh:triethylamine 9:1
Synthesis of nucleosides with' gleavable linkers v/v. Fractions containing the desired product were combined,
evaporatedn vacug coevaporated with dry triethylamine, and
5'-O-(4,4-dimethoxy)trityl ~ thymidylyl '30-(1,1,3,3-tetra- dried in high vacuum to yield 1.57 g (87%) of an Rjl= 0.78
isopropyl-disiloxyl-3)-(1-O-3,6,9-trioxa)undecan-11-@) (B=T).  (system C)31P-NMR (CDCk + 2 drops of triethylamine) 148.61
5'-DMTr-thymidine () (1.30 g, 2.3 mmol) and imidazol (0.32 g, p.p.m.
4.8 mmol) were dried by coevaporation with dry pyridine and The remaining amidites were prepared in a similar way.
dissolved in 20 ml dry pyridine. 1,3-Dichloro-1,1,3,3-tetraisopros; : : .
pyl disiloxane 2) (0.75 g, 2.4 mmol) was added and the mixturxi\f'lBg %Z?e)ilr;?o(?f?'mgﬁxxﬁ;%ozgzogﬁfiiﬂﬁbeggn
was stirred at 20C for 3 h to achieve complete consumption ofy'" ">~ 5. P tﬁy N l\)l/d ,I ™~ hosohi
the starting material. Tetraethylene glycol (3.9 g, 23 mmol) w _OX%’) (2-cyanoethoxy)-(N,N-diisopropylamino)phosphing) - (
: : =CB3. Yield (93%) of an oilR; = 0.75 (system C$P-NMR
added to the formed compouldénd the mixture was stirred for CDCh + 2 d f triethviamine) 148.59
6 h. Pure compound) was isolated as an oil (1.62 g, 72%),( 3 rops of riethylamine) -9 p-p-m.
R = 0.52 (system A), following standard bicarbonate work-ug\N6-Benzoyl-50-(4,4-dimethoxy)trityl 2deoxyadenylyl '30-
extraction with CHCI,, evaporation of the organic phase and1,1,3,3-tetraisopropyl-disiloxyl-3)-(1-O-3,6,9-trioxaundecan-
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11-oxy)-(2-cyanoethoxy)-(N,N-diisopropylamino)phosphiné)  ( level was analyzed based on DMTr-cation release as described by
(B=AB2, Yield (73%) of an oilRs = 0.82 (system C$IP-NMR  Gaitet al (16). CPG (4) derivatized to the extent of @nol/g
(CDCl3 + 2 drops of triethylamine) 148.54 p.p.m. was selected for further experiments. This support could be used

for direct derivatization with phosphoramiditd,(carrying the
NZBenzoyl-50-(4,4-dimethoxy)trityl  2deoxyguanylyl '30- clea\lable disli\llox; mloietv)\,l_l phosp ditg), (carrying

(1,1,3,3-tetraisopropyl-disiloxyl-3)-(1-O-3,6 9-trioxaundecan-  pacently, attention has been directed at the appearance of
11—ox3é)—(2-cyanoe(tJhoxy)—(N,N-dl|sopropylam|no)phosph|né) (slightly shorter products, so called- 1 andn — 2 fragments,
(B=GP9. Yield (80%) of an cilRy = 0.68 (system CF!P-NMR  ing oligonucleotide synthesid718). Since most of the
(CDCls + 2 drops of triethylamine) 148.56 p.p.m. so-calledn — 1 products have been reported to occur during the
first five cycles of synthesis, we introduced the cleavable function

Synthesis of reagents for derivatization of CPG supports only after the incorporation of 10 residues of thymidilic acid on

, i ) the supports. Several DNA synthesis columns were loaded with
Ethyl-6-(3-hydroxypropionamido)hexanoatel0)(  6-Amino- support 14) (10 mg each), and they were subjected to 10
hexanoic adeé() (13.1 g, 0.1 mol) was magnetically stirred with ¢ pjing cycles with a thymidine amidite, followed by coupling
ethanol (99.5%, 250 ml) at 20. Thionyl chloride (3 ml,  4f one of the nucleoside amidited.(Supports 16) prepared in
41 mmol) was carefully added and the mixture was stirred fhis manner were used in most oligonucleotide syntheses.
16 h. The residue obtained after evaporation of all volatile matterg,yever, by direct comparison between oligonucleotides syn-
was coevaporated with toluenex(30 ml) to remove all traces hesized on supports with and without the ten thymidilic acid

of free HCI, and dissolved in dry ethanol (30 ml). Triethylamingnyer, no difference in the appearancenef 1 sequences was
(28 ml, 0.2 mol) ang-butyrolacton (17 ml, 0.2 mol) were added gpserved (data not shown).

and the mixture was refluxed for 16 h. The cooled solution was
evaporated, then coevaporated with toluene, and the residualégl
was flash chromatographed to yield pure hydroxyedt@) (
(17.5 g, 71%). This ninhydrin-negative material Wi~ 0.39  The CPG supportf) described above was used for oligonucleo-
(system B) was visualized after spraying with a dilute solution afde synthesis. All couplings were performed using amidites
permanganatéH-NMR (CDCh): 1.24 (t, 3 H), 1.35-1.99 (m, protected by benzoyl (dA, dC) and isobutyryl (@@)ups at the

8 H), 2.13-2.44 (m, 4 H), 3.07-3.29 (q, 2 H), 3.58 (t, 2 H), 4.18xocyclic amine functions, under conditions recommended by
(9, 2 H), 6.49 (t, broad, 1 H). the manufacturer for 0.2mol scale synthesis. The final trityl
groups were left on the synthesized oligonucleotitidst¢ aid

in subsequent separations.

lid-phase synthesis of oligonucleotides

Triethylammonium 6-(3-O-dimethoxytritylpropionamido)hexa
noate (2. The hydroxyester1Q) (1.8 g, 7.3 mmol) was
coevaporated with dry pyridine (20 ml) and dissolved in pyridin _ L . .
(20 ml). Dimethoxytrityl chloride (2.5 g, 7.3 mmol) was adde;Deprotecnon and purification of oligonucleotides

and the mixture was stirred magnetically until TLC analysi\ syringe filled with a mixture of triethylamine:ethanol, 1:1 v/v,
demonstrated that the starting material had disappeared (4 s connected to the column. Treatment of the support with base
Ester (1) (R = 0.76 in system B) was hydrolyzed upon additiofhroceeded for 3 h at 2@, with the occasional addition of a new
of methanol (10 ml), triethylamine (2 ml), and sodium hydroxidgiquot of the solvent to the column. The column was washed with
solution (2 M, 21 ml, 42 mmol) to form the salt @2 with Rt ethanol (2 ml) and water 2 ml), dried with acetonitrile (8
=0.16 inthe same TLC SyStem. After standard Wprk-up and ﬂa%h m|), and after Opening the cassette the solid Support was
column chromatography the pure triethylammonium salt2f ( transferred to a Sarstedt screw-lock tube. TBAF 0.5 M in dry THF
was isolated in the form of a yellowish solid (0.94 g, 84%)200pl) was added and the mixture was incubated for 4 I*&.20
H-NMR (CDCh): 1.21 (t, 9 H), 1.22-1.43 (m, 4 H), 1.60 (M, 2 Ajternatively, the disiloxyl linker could be cleaved using R00
H), 1.91 (m, 2 H), 2.22-2.33 (m, 4 H), 3.01 (q, 6 H), 3.05-3.18 5 M TBAF in dry DMF at 65C for 30 min. To this mixture
(m, 4H),3.78 (s, 6 H), 5.68 (t, 1 H), 6.82 (d, 4 H), 7.16-7.45 (Myoncentrated ag. NH2 ml) was added and the mixture was
9 H). placed in a 65C oven for 12 h. After partial concentration the
oligonucleotides were desalted on a NAP 10 Sephadex column
Construction of a hydroxyalkyl-derivatized CPG support (14)  and analyzed by HPLC on an RP 18 column. Preparative runs
) _were done on an FPLC system using a reversed-phase Pep RPC
Compound12) (0.62 g, 1.0 mmol) was dried by coevaporatiorcolumn. Rather than fractionating the hydrophobic trityl-contain-
with dry acetonitrile and.d|SSO|Ved n dry tetr-ahyd.rOfUran (9 ml)ng product, the whole peak was collected to simulate bulk
and diisopropylethylamine (0.5 ml). To this stirred solutionseparation on disposable RP cartridges. After evaporation, DMTr
isobutyl chloroformate (16fl, 1.0 mmol) was added and the groups were finally removed using 80% ag. acetic acid for 20 min
mixture was stirred for 1 h at 20. Different volumes of this at 2¢°C, with subsequent evaporation of the acid. Oligonucleo-
SOlUtlon, Contalnlng anhydrld&:i), were withdrawn and added tides phosphory|ated at theimsition by the Tr-S phosphory|at_

to the aminopropyl-CPG (500 mg), previously coevaporated Withg reagent were finally deprotected according to a published
toluene and suspended in the mixture of dry tetrahydrofurggtocedure 14).

(83 ml) and diisopropylethylamine (0.1 ml). Derivatization of
supports proceeded for 30 min with occasional shaking. Tr@
residual amino functions were capped by addition of acetic
anhydride (1 ml) and 4-(dimethylamino)pyridine (50 mg) inA 91mer oligonucleotide (M13C91; '-pGCCTGCAGGTC-
pyridine (5 ml). After 2 h incubation, supports were washed 0BACTCTAGA(T)sg?CGGCCAGTGCCAAGCTTGCA-3 was

a filter with pyridine, methanol and diethyl ether. The substitutiosynthesized to use as a padlock probe, that is to circularize in the

rcularization of oligonucleotides
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Schemel. Synthesis of monomeric building blocks. 19)

presence of a DNA ligase and an oligonucleotide template,
complementary to its two ends (M1350compT BT TTCTA- Scheme2. Funtionalization of CPG su . ,
. pporé)thionyl chloride, ethanolbj
'CI'BTAT(EFT(%G/?ESH—QC;SQIGS;QESSvg?%g:f;l;’(r;n(e;gﬁg:é;ggcl::)(r;n-gl o fy-butyrolacton,ct) DMTYCI, (d) OH, (e) isobutyl chloroformatdy,N-diiso-
™) : ropylethylamine, fj aminopropylated CPG.
5'-labelled probe and 5.5 pmol of template in a volume qfl10 PropyiETy ! PropY
20 mM Tris—HCI (pH 8.3), 25 mM KCI, 10 mM Mg&ll mM
NAD, 0.01% Triton X-100, and 10 Uth DNA ligase (kindly
provided by Dr Francis Barany). The samples were subjected to oBelid supports
two or three cycles of 9€ for 15 s and 558C for 10 min. The . ) . )
reactions were cooled on ice and stopped by addipdla8ding Our strategy requwed a support functionalized with hydroxyl
buffer containing 50% formamide and 10 mM EDTA, followed bydroups that are linked to the support through non-hydrolyzable

incubation at 65C for 10 min. The reactions were analyzed on £0nds. Derivatization of CPG proceeded according to Scheme 2.
denaturing polyacrylamide gel. Since no silanizing reagent for direct introduction of hydroxyal-

kyl functions was readily available, the CPG was activated
RESULTS starting by conventional aminopropylsilanizing. Prior to further
derivatization, the amino CPG support was treated with trichlo-

Synthesis of reagents roacetic acid in CpCl, according to Pomet al (15) to avoid

) i _ _ . coupling yields in excess of 100%, otherwise frequently observed
The readily ayallable h(_)njob|funct|onal reagent 1,3-d.|chloear|y in oligonucleotide synthesis. Compoul®) (vas prepared
ro-1,1,3,3-tetraisopropy! disiloxar®) fas found broad applica- in high yield starting from the inexpensive 6-aminohexanoic acid
tions for the selective protection of ribonucleoside hydroxyhndy-butyrolacton. It was conveniently converted to the mixed
groups. In this work, we have applittleosidesd), derivatized  anhydride {3) in a reaction with isobutyl chloroformate, and
at their 3position with this reagent to provide a base-stable “nkanmediately used for coupling to CPG. By adding different
function between a nucleoside and a solid support. The link&fmounts of 13) to solid supports, loadings ranging from 15 to
containing phosphoramidit&)(was synthesized in a three-stepgo umol/g were obtained and a suppad)(with 28pmol/g was
reaction (Scheme 1). Silylation of appropriately protectedglected for further experiments. The derivatized support was

nucleosidesl) was performed using only a slight excess of th@xhaustively capped with acetic anhydride and silanized with
reagent Z), in order to avoid the requirement to '50|atetrimethylsilyl chloride (TMSCI).

intermediate ). All reactions proceeded cleanly, despite the
theoretical possibility of formation of a symmetrical disiloxyl-3
3'-bis nucleoside as a side-product. The addition of an exces
an 13 atoms-long chain diol (tetraethyleneglycol) resulted in tHa order to investigate the stability of the disiloxyl bond under
formation of an assymmetrical disiloxyl-derivativ®),(used conditions of chemical oligonucleotide synthesis, the model
subsequently for the synthesis of phosphoramidjte ( compound %) was synthesized in a one-pot reaction between

SS&?blllty of the disiloxyl linker
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5'-protected thymidine and a slight excess of the reag@gnt ( Partially deprotected, 3rS-substituted oligonucleotides were
(Scheme 1). The intermediat®) formed in this reaction was analyzed and isolated by HPLC. Products from both supports
further reacted with the next hydroxyl bloakhutyl alcohol, to  were detritylated,'32P-labelled, and separated by electrophore-
give compound4). After removal of the DMTr group5 was  sis in a denaturing polyacrylamide gel. The results, presented in
formed in 86% overall yield. This model compound was found tBigure2 clearly show the superiority of the new method over the
be quite stable to acids, giving less than 5% of decomposititraditional one. This superiority was already evident by compar-
products with 1% trichloroacetic acid in g, during 36 h at ing the HPLC tracings (Fi@A). The considerably broader peak
room temperature. Treatment with 3% dichloroacetic acid inbtained in standard synthesis reflects the presence of many
dichlorethane for 36 h gave a similar result. The subsequestiorter and therefore more hydrophobic tritylated fragments. By
stability studies revealed full compatibility of the nucleosideontrast, the products synthesized according to the present
3'-disiloxyl linkage with all reagents used in oligonucleotidemethod are practically free of and 3-truncated sequences (Fig.
synthesis. In particular, the new linkage proved stable to tf&8-D).

alkaline conditions used in oligonucleotide deprotection. Due to

the limited solubility of ) in conc. agq. ammonia, these studiesPadlock probes

were performed in a 1:1 mixture of dioxan:coag. ammonia.

temperature for 24 h, and only 1-2% of thymidine was found aft%fn hybridize in j_uxt_apqsition on a target sequence _and be joined
through enzymatic ligation. This highly specific reaction circular-

6 h when the incubation was done at®5 : h bes. linking th hi
Silica-particles have limited stability under alkaline conditions'Z€S the probes, linking them to target sequences. In this manner

irffile probes provide sensitive and specific detection of localized

sites without concomitant destruction of CPG. In analogy with /9et sequencesl)( Typically padlock probes areBOmer
previously described experimef},(a CPG-bound oligonucleo- © !gonucleotldes. Any molecules Iaqkmg nuc_leotldes at enher end
tide (L7, 5 T20AT15) was synthesized and depurinated, and thwill occupy target sequences bu_t without being able to_contrlbute
cleavage of the oligonucleotide at the apurinic site was studiddthe signal, as they cannot be ligated and are lost during washes
using the following reaction conditions: (i) 1 M lysine, pH 10.0US decreasing the signal. The template-dependent circulariz-
at 60°C (6); (ii) conc. ag. ammonia:ethanol 1:3 viv at i) ation of probe molecules thus serves as a sensitive measure for the

methanolic half-sat. ammonia afZD (iv) triethylamine:ethanol  Ntegrity of both oligonucleotide ends.
1:1 viv at 20C; (v) diisopropylamine:ethanol 1:1 viv at°Zg) We performed ligation reactions with a 91mer padlock probe

and (vi) piperidine:ethanol 1:1 v/v at“2D. Among the investi- and an excess of template oligonucleotides under conditions
gated procedures, triethylamine:ethanol proved superior Y{'€re all circularizable molecules should form circles. The
cleaving depurinated sites without destroying the support. WESUItS Of the ligations were analyzed on a denaturing polyacryl-
conclude that a 3 h treatment at @0with this reagent suffices 2mide g€l (Fig3) and clearly show that all full-length oligo-

to cleave any depurinated sites with <10% loss of intadUCleotides are ligatable as are most of the so-calledl
oligonucleotides. products, as expected if the missing nucleotides are distributed

throughout the sequence. When overexposed, the autoradiogram
also shows the presence of many still shorter products that can be
Synthesis of a purine-rich oligonucleotide ligated and thus must have intdetehd 3-ends. These molecules
therefore probably lack several contiguous internal nucleotides.
In order to examine the ability of the new procedure to eliminate The gel reveals one class of products with an apparent size of
depurinated sequences, an 81mep(®G)4oT sequence was n + 1 that will not ligate. These molecules also fail to act as
synthesized using either standard CPG or the novel CPG-bageuiners for extension by terminaldeoxynucleotide transferase
support 16), where a disiloxyl function was incorporated after(data not shown). We therefore believe that they represent
the initial addition of 10 T residues. The synthesized oligonucledull-length products with a rest of the disiloxyl group at theri.
tides were deprotected manually.(Riy. These molecules are estimated to make up 3% of the purified

DMTr-O
B =T, Ce, As:, Ge:

DMTr-O

2 Q Y Y
Q) o#-o-[TTTTTTTTITH o0-F-o{\_ojs-o-5—0 (16)
A A
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Figure 1. Supports for oligonucleotide synthesis: the structure at théSpjifstrates functionalization suitable for polystyrene particles. The next two structures
represent fuctionalization suitable for CPG particles, bef@ead after 17) oligonucleotide synthesis.
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Figure 3. Circularization of a 91mer padlock probe. The oligonucleotides were
32p_labelled at the'®nd, and ligated using an excess of a complementary
oligonucleotide as template. The reactions were performed using a thermostable
ligase in several cycles of denaturation and ligation. Lane 1, no ligase; lanes 2,
C 3 and 4: 1, 2 and 3 cycles of ligation, respectively. All full length
oligonucleotides were circularized during the first cycle of ligation.

n-1 We have successfully applied two padlock probes synthesized
according to the present procedure in a fluorestrerditu
hybridization study of centromeric sequences on human chromo-
somes 13 and 21, distinguished on the basis of a single nucleotide

position (manuscript in preparation).

DISCUSSION

D

We have demonstrated a support and method for the synthesis of
oligonucleotides of superior quality. The procedure ensures that
both ends of the isolated material are correct. It is particularly
useful for the synthesis of long oligonucleotides, as these are
susceptible to increased depurination and purification by HPLC
or gel electrophoresis is difficult. We have applied the support for
the synthesis of purine-rich oligonucleotides and padlock probes.
The method was also found suitable for synthesis of oligonucleo-
tides with strong intra- and intermolecular interactions. HPLC
separation of such molecules under nondenaturating conditions

Figure 2. Synthesis of a purine rich B(AG)40T oligonucleotide.f) Reverse oﬁgn fe\/ea|$ several peaks, re_g"?‘rdless of their puty&ince
phase HPLC chromatogram showing the trityl-containing material. The pUl'lflC_atlon In our procedure is IndEPendent of the chromato-
products from a standard support appear as a much broader peak with a largeaphic profile, we could successfully isolate a pup§GGC) 4
proportion appearing later compared with the sharp and symmetrical peak ffOfﬁIigonucIeotide in good yield (data not shown).

the novel supportB) An autoradiogram showing material from a standard The 3-ends of oligonucleotides Synthesized on supports

support at the top and from the novel support below. Products collected from . "
PP P o onstructed as described here are defined by the cleavable

the peaks i\ were deprotected, fabelled and separated on a denaturing ' o by
polyacrylamide gel &) Phosphorimager densitometry scan of the gel-separatedfunction. Therefore, syntheses initiated from illegitimate start

material from the standard support, abjiffom the novel support. sites on the suppor2@) can still contribute to the production of

correct oligomers.
Large-scale synthesis of oligonucleotides often requires pro-

longed detritylation time and thereby increased risk of depurina-

padlock probes. While we never observed more than tracestimi. Chromatographifractionation as a means to purify large
such products in syntheses of shorter oligonucleotides, a gradaalounts of oligonucleotides is expensive and unreliable. This
increase in frequency was observed with increasing length of thepport should therefore be useful in applications such as the
oligonucleotides. synthesis of antisense oligonucleotides.




4640 Nucleic Acids Research, 1996, Vol. 24, No. 23

In the present version this method is slightly more laborious afganér and Fredrik Osterberg provided excellent technical
time consuming than standard synthesis, although both thssistance. This work waupported by grants from the Beijer
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