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ABSTRACT Mucleobase  dCP7,daABZdGO™  gCBPA gaBPA GGERA
A novel method for the deprotection of oligodeoxy- Depratectant NHg NH3  CHgNHz
ribonucleotides has been developed. Gaseous amines Phase Ag, Gas Ag. Gas Gas
such as ammonia or methylamine were employed Temperature  58°C G 85°C aEC

under pressure to achieve mild and rapid deprotection
conditions. For example, oligodeoxyribonucleotides
having a ( tert-butyl)phenoxyacetyl group for the
protection of the exocyclic amino function of cytosine,
adenine and guanine were released from controlled-
pore glass supports and fully deprotected by ammonia
or methylamine under gas phase conditions, at room
temperature, within 35 or 2 min respectively.

Time [min)  G0D 15 120 GO0 /s 2

The automation of oligonucleotide synthesis via the phospho-
ramidite approachl(2) has had a tremendous impact on the
progress of biomedical sciences, and led to the creation of ¢
world-wide industry dedicated to the production of oligonucleo-
tides @). The high demand for synthetic oligonucleotides has A B
provided the impetus to improve the chemistry involved in
post-synthesis oligonucleotide processing. In particular, rapid
removal of oligonucleotide protecting groups has attractedigure 1. Completeness of the deprotection of oligodeoxyribonucleotides
considerable attention and has necessitated the developmenﬁ@gg}goﬁz'ecéelgcggcfggie grf‘gtlegiﬁsngogf%liﬁzebydafﬁrigiz #g‘fé élgsAghase
novel base-labile blocking groups for nucleobages)( Con- COTATCT(:AGCGAT)p on a 20% pol{1acrylamide—7 M urea gel at pH 83 (1
centrated solutions of ammonia in water, methanol or ethanglge puffer). Bands were visualized upon staining the gel with Stains-all.
have generally been used for the cleavage of these protectigg Comparison of oligomer deprotection (Table 1, entry 2) performed under
groups 2,4-8). More recently, an aqueous solution of methyl-gas phase conditions (middle and right lanes) against that effected by
amine and ammonium hydroxide has been employed for theoncentrated IarfrtlrlnoniumshydroxideAfo[JanfexteI_nded perri]od _oftimelat (lejlevated
deprotection of those oligonucleotides having the exocycliﬁ?tgggé“;ecé;diﬁg?fgmfymse ;ST(ab)lelf OF oligomers having nucleobases
amino function of cytosine protected exclusively with an acety
group Q). In this context, the use of ammonia or methylamine
under gas phase conditions for the release of nucleobasmetyl (BPA) group §10) for the protection of the exocyclic
protecting groups has not, to our knowledge, ever been reportachino function of cytosine, adenine and guanine (Expédite
Herein, we describe a convenient method which uses theBerSeptive Biosystems). Upon completion of the syntheses, the
gaseous amines under pressure to generate rapid deprotectiotirgf CPG columns were placed in a stainless steel pressure
oligodeoxyribonucleotides at room temperature. container (Barrskogen, Inc.) for deprotection. The vessel was
For our preferred experiments, oligodeoxyribonucleotidesvacuated briefly and then pressurized with either ammidita (
were generally synthesized on controlled-pore glass (CP®jr at 25C, MathesoH) or methylamine [2.5 bar at 25C,
supports (0.2 or Jumol scale) by the use of commercial MathesofR) (11). After 35 min (NH) or 2 min (CHNH,) the gas
phosphoramidite monomers having theeftputyl)phenoxy- cylinder was closed off, and the deprotection vessel was
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Table 1.Deprotection of oligodeoxyribonucleotides carrying various nucleobase protecting groups by ammonia or
methylamine under agueous or gas phase conditions

Time for Oligedeoxyribonucleotide Post-synthesis Processing
{Release from CPG and Deprotection) in Minutes
Ammonia Gas Methylamine Gas
(ca. 10 bar at 25°C) {ca. 2.5 bar at 25°C)
Release Step | Deprotection Total Release and Total Release and Tatal
Entry| dC | dA | dG | fromCPG | Step at 25 °C | Processing | Deprotection | Processing ] Deprotection | Processing
Time ¢

nggg:fg%"rs:u pa | Concentrated Ammonium Hydroxide

at 25 °C Time b Steps Time € Steps
] | Bz | Bz | iBu 60 z1004.e | 2180 ~420.f ~421F - -
2 | Bz | Bz | bmf 60 208 500 120 121 - -
3 |BPA|BPA|BPA R 120§ 140 35 36 2 3
4 | BPA|BPA| IPA - - - 20 21 -

aAbbreviations: Bz, benzoyl; iBu, isobutyryl; DmN,N-dimethylformamidino; BPA, 4tért-butyl)phenoxyacetyl; IPA,
isopropoxyacetyl (5).

Pincludes a minimum of 20 min for evaporation of ammoniacal solutions and reconstitutionpihcd3@@ater.

%One minute is usually required to elute an oligonucleotide from a column withl 3d@vater.

dSee also ref. 14.

€00 min at 58C is an alternative deprotection step.

fEstimated from the half-time of the deprotection reaction which was determined by HPLC analysis of nucleolytic hydolysates
at various time points.

8Sixty minutes at 6% is an alternative deprotection step (8).

hDeprotection was performed in the presence of the solid support (6).

iFifteen minutes at 3% is an alternative deprotection step (6).

depressurized in a well-ventilated fume hood. The fully depro- dCBEpBE 4By GCBRA GRBPA GEBPA  muclachase
tected oligonucleotides were isolated by flushii@0 pl of Concemtrated NHaOH  CHyWHz Gap  Deprotectant
water back and forth through each column using two syringes. B5'C (500 min} I5°C (2min)  Tempernture
The efficiency of oligonucleotide release from CPG under gas TR TR T TR, T
phase conditions was measured by UV spectroscopy. A complete ; ; c
cleavage of oligonucleotides from CPG was achieved within 15
min with ammonia or 2 min with methylamine. In addition, the
completeness of oligonucleotide deprotection under these condi-
tions was compared with that achieved with concentrated
ammonium hydroxide for an extended period of time (10 h) at
55°C, and evaluated by polyacrylamide gel electrophoresis (see
Fig. 1). For example, when a benzoyl group was used for the
protection of the exocyclic amino function of cytosines and
adenines, antl,N-dimethylformamidino &,12,13) for that of
guanines (see Table entry 2), treatment of oligodeoxyribo-
nucleotides carrying these nucleobases with ammonia under gas
phase conditions for 15 min at °Z5 led to an incomplete Figure 2. Electrophoretic analysis of an amplification experiment performed

: : ; : f with a B-primer [d(CATTTCCGTGTCGCCCTTATTCCC)] and &f&imer
deprotection (see FigA, middle lane). A partial deprotection [J(ATCAGTGAGGCACCTATCTCAGCGAT)] for ampicillin resistance

affects the mass—charge ratio of a given oligonucleotide angbne. These primers were synthesized from deoxyribonucleoside phosphor-

decreases its electrophoretic mobility. It required at least 120 mimidites carrying nucleobase protecting groups as shown, and deprotected

under these conditions to effect complete removal of the&nder Standar% gggﬁg&orésn a;xvljellzgscléw;rngaasn%hizz cjccmdlivtic(:)g&rgai%?rﬁcgd

mfldeObase protecting groups (Flg, compare the right lane gzﬁrgﬁfr;awgég bp fragment. Amplifications were performed in pl 6lume

with th? left lane)' However, when BPA .Served aS. a nUCIeObaﬁging Tag polymerase XL (Perkin-Elmer) and different amounts of plasmid

protecting group (see Table entry 3), oligodeoxyribonucleo- DNA as template. An amplification cycle consisted of 30 s 2694 min at

tides were completely deprotected within 35 min with ammonig&4°C and 6 min at 7Z. The products of 32 cycles of amplification were

or within 2 min with methylamine (sce Figh, compare the _ Sevosnoaee .2 0% e gl Toe 0 wes s i i

middle or right lane re.SpeCtlvely_Wlth the I_eft lane)_‘ A rapid size markers consist of a mixturedoHindlll and @X174 Hadll digesté.

deprotection [(7 h) of oligodeoxyribonucleotides having stan-

dard nucleobase protecting groups was also accomplished by

gaseous ammonia when compared to that effected by concemmonia or methylamine under gas phase conditions, chemically

trated ammonium hydroxide which required 36 h for completioimdistinguishable from those deprotected under standard condi-

at the same temperature {£3 (see Tabl4, entry 1). tions. Complete hydrolysis of these oligonucleotides by snake
Itis important to note that oligodeoxyribonucleotides with BPAvenom phosphodiesterase and alkaline phosphatase did not show

nucleobase protecting groups were, upon full deprotection loetectable nucleobase modification according to HPLC analysis
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of the digests (data not shown). Furthermore, these oligodeox3P-NMR spectroscopy (data not shown). Thus, it is likely that
ribonucleotides were equally effective as primers for PCRhe gas phase deprotection methodology would be particularly
experiments as those deprotected under standard conditions @tctive to academic and commercial oligonucleotide synthesis
Fig. 2). facilities because it can substantially accelerate the production of
The gas phase method described herein allows rapid asyhthetic oligonucleotides.
simultaneous deprotection of a large number of oligodeoxy-
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