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Abstract: A procedure is described for the preparation of oligodeoxynucleotides tethering reporter groups or other
labels to the phosphate backbone in a stereospecific manner.

The development of a number of nucleic acid diagnostics and therapeutics may require the ability to covalently
attach reporter groups or other entities to specific sequences of DNA.! In addition to end-labeling procedures? and the
incorporation of modified nucleosides? to facilitate the covalent attachment of fluorophores and other agents, the
phosphodiester backbone* offers an attractive site for the introduction of an appropriate tether for such labeling
procedures. Backbone labeling does not typically require the synthesis of a modified nucleoside, and since the tether of
interest is introduced during the assembly of the DNA sequence, it can be placed at virtually any sequence position.
Backbone labeling has been accomplished to date by the formation of a single phosphoramidate linkage at a specific site
within an oligodeoxynucleotide of interest, with the nitrogen of the phosphoramidate tethering the reporter group of
interest. In some cases the reporter group itself is attached during the assembly of the DNA sequence,3 while in other
reports only the tether is introduced to facilitate post-synthetic modification of the oligodeoxynucleotide.6 In addition to
phosphoramidate linkages, phosphorothioate linkages can also be employed in post-synthetic labeling procedures.”
Labeling of the internucleotide phosphorus residue results in two diastereomers about phosphorus. In general, the
diastereomers are not easily resolved, although in some cases derivatization will enhance chromatographic resolution. In
the present report we describe the use of a simple tether that is incorporated into the sequence during assembly, but its
presence then permits resolution of the two phosphorus diastereomers during standard isolation procedures.

In the present procedure we have employed N-triphenylacetylcystamine as the backbone tether. Reaction of
cystamine with triphenylacetic anhydride produced preferentially the N,N'-bis(triphenylacetyl)cystamine derivative.’
However, the desired monoamide could subsequently be generated in reasonable yield by a disulfide exchange reaction
employing cystamine and catalyzed by 2-aminoethanethiol.? After purification, N-triphenylacetylcystamine was
converted to its hydrochloride salt and azeotroped from toluene for storage. As needed, small quantities of the
hydrochloride salt (30 mg, ~60 umol) were dissolved in dichloromethane and extracted with sodium carbonate. The
organic phase was evaporated to dryness, coevaporated from anhydrous pyridine and finally dissolved in anhydrous
pyridine/carbon tetrachloride (1:1, 200 pl).

The current method exploits the chemistry originally reported by Todd and coworkers!C and is similar to other
recent reports.>6 An internucleotidic hydrogen phosphonate linkage was generated at the desired sequence position
which was subsequently oxidized with carbon tetrachloride in the presence of N-triphenylacetylcystamine and pyridine.
After completion of the synthesis, the 5'-DMT protecting group was removed and the sequence underwent standard conc.
ammonia deprotection. Sequences containing the triphenylacetamide linker could be easily resolved by HPLC from failed
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Figure 1. Purification of the diastereomeric sequences (a) d(CGCAXAAAAAGCG), and (b) d(GCGXAAAAGCGC-
GCTTTTGCG) where X = N-triphenylacetylcystamine tethered to the internucleotide phosphorus. The isolation
employed 2 9.4 x 250 mm column of MOS-Hypersil in 20 mM KH;PO4 with a 60 min gradient of methanol (0 - 70%).
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Figure 2. (a, b) HPLC analysis of each diastereomer of d[CGCT(NHCH2CH2SSCHyCHINHCOCPh3)TTTTTGCG]
after treatment with Py nuclease, snake venom phosphodiesterase and calf intestinal alkaline phosphatase. (c) Autheptic
diastereoméric mixture of AfT{NHCH2CH2SSCHCHNHCOCPH3)T]. (d, e} Analysis of (a) and (b) after unmasking
the thiol-containing tether by treatment with DTT. (f) Authentic mixture of d{T(NHCH2CH2SH)T].
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sequences lacking the oxidation product in much the same manner as a 5'-terminal DMT-containing oligonucleotide can be
resolved from failed sequences. However, by incorporating the hydrophobic triphenylmethyl moiety at the stereogenic
center, the two phosphorus diastereomers could be easily separated (Fig. 1). The ability to resolve the diastereomeric
sequences was successful for sequences as long as 20 nucleotides, but with longer fragments such resolution will
incrementally diminish.

We initially observed that the yields of oligodeoxynucleotides containing this linker were reduced significantly
relative to those obtained simply using the cystamine linker.6b Additionally, we noted a peak in the HPLC chromatogram
corresponding to an oligodeoxynucleotide containing the N-acetylcystamine linker®® - under the described conditions this
derivative would not be expected. The presence of this material suggested that the acetic anhydride "capping" step
resulted in some transacetylation of the N-triphenylacetylcystamine linker, thus reducing the yield of the desired product.
In subsequent syntheses we have eliminated the capping step from the synthesis cycle and this change resulted in
enhanced yields of the triphenylacetamide-linker DNAs. By using the triphenylacetamide-containing linker as the basis
for HPLC purification (Fig. 1), it is possible that some contaminating materials would copurify with the desired product.
Such contaminants would contain the oxidation product (the triphenylmethyl-containing linker), but would not have been
fully elongated and would vary in the nature of the 5'-terminus of the sequence. However, after cleavage of the
triphenylmethyl-containing linker (see below), we were unable to detect the presence of any DNA materials using HPLC
or PAGE analyses, other than the desired product.

A portion of the isolated DNA products (isomer I and isomer IT) was analyzed using HPLC,!! after digestion to
the nucleoside constituents by treatment with P1 nuclease, snake venom phosphodiesterase and calf intestinal alkaline
phosphatase.12 Each chromatogram exhibited peaks corresponding to the common nucleosides present and a much later
eluting peak corresponding to one of the two isomeric dimers of d[Tp(NHCH2CH»SSCH,CH,NHCOCPH3)T] (Fig. 2a,
2b). The dTpT dimer containing the linker was prepared as a standard essentially as described previously6b but using N-

HCGCAPAAAAAGCG) (F
N ]
1
HCGC ca) M A _O

o0

HCGCAPAAAAAGCG)

Absorbance (260 nm)

Retention time (min)

Figure 3. (a) Analysis of dodecamer (Isomer IT) tethering a masked thiol. (b) Analysis of the material in (a) after
treatment with DTT.13 (c) Analysis of the material in (b) after treatment with iodoacetamidobenzophenone (retention time
> 40 min). HPLC conditions as described in Figure 1. H = hydrolysis products of iodoacetamidobenzophenone.
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triphenylacetylcystamine and this diastereomeric mixture was employed as an HPLC standard (Fig. 2c). Treatment of a
portion of each digest with DTT altered the retention time of the later eluting peak to a position corresponding to each
diastereomer of d[Tp(NHCH2CH,SH)T] (Fig. 2d, 2e) based upon comparison with the appropriate standard (Fig. 2f).

The thiol-containing tether from either of the DNA diastereomers can be unmasked by reaction with DTT and
subsequently reacted with an appropriate reporter group.!3 In one example, a dodecamer (isomer II) containing the
masked thiol tether (Fig. 3a) was treated with DTT to reduce the disulfide linkage and generate the free thiol (Fig. 3b).
The thiol-containing tether was then reacted with a simple benzophenone photoaffinity agent obtained as the
iodoacetamido derivative (Fig. 3c).
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