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Abstract—A synthesis of labeled oligonucleotides incorporating a new chemically cleavable linker (III) via a two-step method is
described. The labeled oligomers obtained after cleavage and deprotection reactions [treatment with anhydrous tert-butylamine
and dry methanol, 1:1 (v/v) for 12 h at room temperature, and lyophilization followed by subsequent reaction with aq NH,OH
and methylamine (40%), 1:1 (v/v) for 5 min at 65 °C] were analyzed by RP-HPLC. A distinctive feature of this protocol is that free
oligomers can be recovered from their labeled analogs under mild conditions (0.2 M NaOH containing 0.5 M NaCl over 30 min at
room temperature) and are comparable to the corresponding standard oligonucleotides (HPLC).

© 2005 Elsevier Ltd. All rights reserved.

The introduction of reporter groups during solid phase
synthesis of oligonucleotides has attracted attention
over the past two decades. In response to hazards asso-
ciated with the use and disposal of radionuclides, non-
isotopic reporter groups have been increasingly utilized
for detection of synthetic oligonucleotides.! Labeled oli-
gonucleotides and nucleic acids have found various
applications in detection of amplification products of
polymerase chain reactions,” solid phase DNA sequenc-
ing,> hybridization probes,*”’ etc. Conventional ap-
proaches for the synthesis of labeled synthetic
oligonucleotides involve introduction of a nucleophilic
functional group during the synthetic scheme and reac-
tion with an appropriate electrophilic reporter moiety.
Also, a few reporter phosphoramidite reagents and engi-
neered supports exist, which allow one to label either the
5’- or 3’-end. The literature reports a few methods for
permanent attachment of reporter moieties to oligonu-
cleotides,® 13 albeit, in these protocols, the linker and/
or the label cannot be selectively removed to generate
the free oligonucleotides from their labeled analogs.
We reasoned that a cleavable linker would be useful
for manipulation, purification or analysis of chemically
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synthesized oligonucleotides. A report in this direction
relates to incorporation of, for example, a disulfide link-
age into a linker between biotin and an oligonucleotide
which is then cleaved by a reducing agent such as
DTT.!* However, the method is associated with the
limitation that, during cleavage of the label from the
oligomer, part of the linker is left attached to the oligo-
nucleotide, thus returning a modified oligonucleotide.
In Rothschild’s method, formation of a thymine—
thymine photodimer under UV-irradiation is a point
of concern.!>!® Fang and Bergstrom!”'® have reported
two fluoride cleavable biotinylating phosphoramidites
for 5'-labeling, which can be further used for affinity
purification of oligonucleotides. These methods suffer
from the disadvantage of base specific multi-step synthe-
sis, which further limits the strategy to a single reporter
group (biotin). Another method from the same group
results in 5’-phosphorylated DNA wupon fluoride
treatment.'®

In view of the apparent limitations of the existing
methods, we now report a new method for 5’-labeling
of oligonucleotides employing commercially available
reporter phosphoramidites, which are not base specific.
This is based on a 5'-0-(4,4'-dimethoxytrityl)-3'(2')-
O-benzoyl-2'(3")-O-(2-cyanoethyl- N, N-diisopropyl)uri-
dine phosphoramidite which was synthesized, and
subsequently attached at the 5'-terminus of the growing
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oligonucleotide chain, followed by coupling with the
desired reporter phosphoramidite (Biotin, HEX, FAM
phosphoramidite, etc.). The oligonucleotide sequence
was then deprotected by treatment with anhydrous
tert-butylamine and dry methanol, 1:1 (v/v) for 12 h at
room temperature, then lyophilized and treated with
aq NH4;OH and methylamine (40%), 1:1 (v/v) for
5min at 65°C to yield the labeled oligonucleotide.!?
The usefulness of the linker was demonstrated effectively
by subjecting the labeled oligomer to the mild cleavage
conditions reported earlier from our lab,° to afford
the label-free analog whose authenticity was ascertained
by HPLC.

The linker (III) was prepared from (I)?! through reac-
tion with DMTrCl at room temperature to give (II)
(82% vyield, characterized by IR, "H NMR and low-res-
olution MS??), which was phosphitylated using 2-cyano-
ethyl-N,N,N’,N’'-tetraisopropylphosphoramidite to yield
(IIT) in 89% yield (Scheme 1). The projected protocol for
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Scheme 1. Preparation of the cleavable universal phosphoramidite linker.
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obtaining labeled and label-free oligonucleotides using
linker (III) is outlined in Scheme 2.

While designing this strategy, we were encouraged from
our earlier work on universal supports for oligonucleo-
tide synthesis, where we reported fast deprotection con-
ditions for the liberation of free oligomers from a cis-
diol group bearing universal polymer supports.”’ We
considered that introduction of linker (III) at the 5'-
end of a polymer-bound oligomer, followed by coupling
of the desired reporter phosphoramidite, would result in
a labeled oligomer displaying cleavable properties.
Apparent advantages of the above process are: (i) it en-
ables the use of a reporter group of choice and (ii) it
obviates the need to prepare a large number of phospho-
ramidite reagents of the reporter groups bearing cleav-
able linkers or the reporter group bearing nucleosides.
To demonstrate the above protocol, we synthesized a
number of oligonucleotides on a Pharmacia.LKB Gene
assembler Plus.”® The syntheses were performed on a
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Reagents and conditions: (i) (a) Bu,SnO, reflux, MeOH; (b) BzCl, TEA, rt,

10 min; (ii) DMTrCl, py, rt, 24 h; (iii) 2-Cyanoethyl-N,N,N’,N'-tetraisopropylphosphoramidite, tetrazole, MeCN.
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Scheme 2. Methodology for the synthesis of labeled- and label-free oligonucleotides. Reagents and conditions: (i) Reporter phospharamidite
(X = FAM) and tetrazole; (ii) anhydrous tert-butylamine and dry methanol (1:1 v/v), 12 h, rt; (iii) ag NH;OH-MeNH, (40%) (1:1 v/v), 5 min, 65 °C;

(iv) aq 0.2 N NaOH containing 0.5 M NaCl, 30 min, rt.
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Figure 1. RP-HPLC profiles of (a) crude oligomer, FAM-U-dT; (b) co-injection of FAM-U-dT and standard dT; (c) co-injection of cleaved dT and

standard dT.

0.2 pmol scale using labile nucleoside phosphoramidites
(dAP#®, dGP*¢, dC*). In order to examine the effect of
fast deprotection conditions on the cleavage of labeled
oligomers, a model experiment was designed in which
the last coupling was performed with universal linker
(IIT) on a standard dT support followed by coupling
with the reporter phosphoramidite (X =FAM) with
an extended coupling time (5 min). It was then subjected
to the above deprotection conditions followed by ana-
lysis by reverse phase HPLC. The labeled dT analog’s
elution profile is depicted in Figure la. The identity of
the eluent was established by co-injection with dT, as
shown in Figure 1b. The peak with the retention time,
tr = 9.94 was found to be the desired labeled oligomer
which eluted in almost quantitative yield.

For tethering FAM at the 5’-terminal of the synthesized
oligomer, an oligomer d(CTA GTA CTA CTA CTA)
was assembled on a standard dA support on 0.2 pmol
scale using labile protecting groups. Labeling of the oli-
gomer was accomplished in two steps using an auto-
mated DNA synthesizer,>> by coupling the universal
linker (IIT) to the polymer support-bound oligomer fol-
lowed by coupling of the desired reporter phosphorami-
dite (X = FAM). Cleavage of the labeled oligomer from
the support and removal of the various protecting groups
(from nucleic bases and internucleotidic phosphates)
were affected by treatment with anhydrous zerz-butyl-
amine and dry methanol, 1:1 (v/v) for 12 h at room tem-
perature followed by aq NH4OH and methylamine

(40%), 1:1 (v/v), 65 °C, 5 min in a standard experiment.
After usual work up and desalting, the labeled oligomer
was concentrated using a Speed Vac and subjected to
HPLC purification then lyophilized. The purified mate-
rial was redissolved in water, divided into two portions
and lyophilized again. One portion was dissolved in
0.1 M ammonium acetate buffer, pH 7.1 and analyzed
on reversed phase HPLC.?* The elution profile of the
purified oligomer (IV) is shown in Figure 2a. The identity
of oligomer (IV) was ascertained by co-injection with the
standard oligomer d(CTA GTA CTA CTA CTA),
whose elution pattern is shown in Figure 2b. The second
portion of oligomer (IV), on treatment with 0.2 M
NaOH containing 0.5 M NacCl (200 pL) for 30 min at
rt, led to cleavage of the universal linker from (IV), quan-
titatively?® (Scheme 2). The resulting solution, after neu-
tralization with acetic acid, was concentrated in a Speed
Vac, redissolved in 0.1 M ammonium acetate buffer and
analyzed by HPLC. Again, the free oligomer (V) [Fig. 2¢]
eluted with a lower retention time as compared to the
labeled oligomer (IV). The identity of the released oligo-
nucleotide was confirmed by co-injection with the stan-
dard oligomer, d(CTA GTA CTA CTA CTA), its
elution pattern is shown in Figure 2d. In an analogous
manner, Biotin and HEX-phosphoramidite were at-
tached to the oligomer sequence bound to the polymer
support after coupling to the universal linker (III).

In conclusion, a universal linker based on a uridine
nucleoside has been designed and synthesized, which
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Figure 2. RP-HPLC profiles of (a) oligomer, FAM-U-d(CTA GTA CTA CTA CTA) (IV); (b) co-injection of FAM-U-d(CTA GTA CTA CTA
CTA) (IV) and the standard d(CTA GTA CTA CTA CTA); (c) d(CTA GTA CTA CTA CTA) (V) obtained after treatment with 0.2 M NaOH
containing 0.5 M NaCl for 30 min at rt; (d) co-injection of d(CTA GTA CTA CTA CTA) (V) with the standard d(CTA GTA CTA CTA CTA). ‘U’

denotes chemically cleavable linker (III).

can be used to incorporate cleavable properties into
oligonucleotides.
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