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Abstract: Preparation of S6-cyanoethyl-6-thioinosine and its incorporation into
oligoribonucleotides, using standard phosphoramidite methods, is described. Evidence for
binding between the minimal RNA recognition sequence (minSLIIB) and the cognate HIV-I-
GST- Rev protein was obtained from the changes in the unique circular dichroism band at 320
nm of 6-thioinosine.

We are developing methods for the incorporation of sulphur-containing bases into
oligoribonucleotides, recently reporting the incorporation of 4-thiouridine.! The replacement of a keto
oxygen atom with sulphur provides a probe for the study of protein-nucleic acid and nucleic acid-nucleic
acid interactions with 4-thiopyrimidines and 6-thiopurines being used in post-synthetic modification?
and photo-cross-linking34 studies. These bascs absorb light in the region 320-350 nm which is well
removed from the maxima of protcins and RNA/DNA, making them potentially useful as circular
dichroism and uv spectral probes. The incorporation of 2'-deoxy-6-thioinosine into
oligodeoxynucleotides has been previously reported.4> Woisard et al.4 demonstrated that 2'-deoxy-6-
thioinosine could be photo-cross-linked to pyrimidines in good yield. Milton et al.5 formed an
interstrand disulphide bridge between 2'-deoxy-6-thioinosine and 4-thiothymidine in a self
complementary oligodeoxynucleotide.

We report a synthesis of the phosphoramidite derivative of $6-cyancethyl-6-thioinosine and its
incorporation into the 29 nucleotide minimal Rev-responsive element, known as minSLIIB (Figure 1).6
This sequence encompasses the minimum recognition target for the HIV-I-GST Rev protein (Rev),
which is a single-stranded "bubble” flanked by Watson-Crick base-paired stems. The circular dichroism
spectra of a 6-thioinosine-containing variant (ORN-1) were recorded with and without Rev in order to
determine the importance, if any, of position-73 in the bubble.

The scheme used to prepare the fully U
protected phosphoramidite derivative of 6 U 3
thioinosine (88T) (2) is shown in Figure 2. A IG (I: (I; (I: IIJ (I; Cli ? il\
6-Thioinosine was prepared in a similar ACGCGAC C G Uy
manner to 2'-deoxy-6-thioinosine using G
the method described by Robins and Figure 1. Secondary structure of minSLIIB (X = A] and analogues
Basom.” Treatment of 6-thioinosine with 5173 [X = %51 (ORN-1)} and dI-73 [X = dI (ORN-2)]"°

3-bromopropionitrile and potassium
carbonate in DMF afforded §9-cyanoethyl-6-thioinosine in high yield.3 Preparation of the fully protected
phosphoramidite derivative was achieved using standard methods for tritylation8 and silylation. %10 The
phosphitylation reaction was carried out over 18 h in the absence of a catalyst, usually DMAP or N-
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mémylhnidazole, affording 2 in high yield (90%). We observed no 2'—3’ isomerisation of the TBDMS
group under these conditions.1l NMR data are listed in the References and Notes. 12
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(i) BrCH2CH,CN, K5COa, DMF (i) 4,4"-dimethoxytrityl chloride, pyridine
(iiiy TBDMS-CI, pyridine (iv) iPrNP(CI)OCHCH,CN, iPr,NEt, THF, 18 h

In a preliminary experiment, 6-thioinosine was incorporated into the trimer USSTU using the methods
described below for ORN-1. An overall yield, after HPLC purification, of 360 pg (37%) was obtained.
TBDMS deprotection was achieved with NEt3.3HF, using TBAF (1 M in THF) gave a drastically reduced
yield [ca. 30 ug (3%)]. The UV spectrum (Figure 3) and base composition analysis confirmed that the
major product was USSTU.

Incorporation of 2 into ORN-1 was carried out on an ABI 391PCR-Mate DNA synthesiser (Applied
Biosystems). Phosphoramidites were from Chemgene Inc., Waltham, Mass., the bases being benzoyl-
protected for C and A and isobutyryl-protected for G. CPG-uridine and -benzoyladenosine were from
Millipore. Deprotection of the S-cyanoethyl group was achieved with 1 M DBU in acetonitrile for 100
min.2.13,14 Cleavage from the support and deprotection of the exocyclic amino and O-cyanoethyl groups
was achieved in a sealed container with freshly prepared methanolic ammonia (methanol at 0°C purged with
NH3 for 30 min} at 30°C for 16 h. After evaporation to dryness, the residue was dissolved in DMSO (100
ul) and then 2'-O-TBDMS deprotected for 7 h with NEt3.3HF (1 ml).13> DMSO was required as ORN-1
was virtually insoluble in NEt3.3HF, a result we have previously observed for a number of other
oligoribonucleotides.1:16 Deprotection with TBAF in THF gave none of the required oligoribonucleotide.
The coupling yield of 651 was similar to that of the commercial phosphoramidites with the overall yield of
ORN-1, based on trityl assays, being 65%. All oligoribonucleotides were purified by HPLC16 using a
linear gradient of acetonitrile from 2-10% over 40 min. Buffer A was 0.1 M ammonium acetate pH 6.5,
buffer B 50% acetonitrile and 0.05 M ammonium acetate, pH 6.5. The desired oligoribonucleotide (ORN-
1) was identified by its unique UV spectrum, with maxima at 258 and 324 nm, and base composition
analysis.17 The final yield, after HPLC purification, was ca. 600 pg (12%).
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Figure 3. UV spectrum of USSTU in HPLC buffers Figure 4. UV spectrum of 651-73 minSLIIB variant
(ca. 2% acetonitrile in 0.1 M ammonium acetate) (ORN-1) in HPLC buffers (ca. 2% acetonitrile in 0.1

M ammonium acetate)



The importance of A-73 (Figure 1) in the binding of Rev to minSLIB has previously been studied
by both gel retardation assays and circular dichroism spectroscopy.19 In gel retardation assays,
substitution of adenosine with 2'-deoxyadenosine has no effect on binding whereas substitution with 2'-
deoxyinosine completely abolishes binding, which is consistent with a base-specific effect. However, a
specific change at 260 nm in the circular dichroism spectra of each variant upon addition of Rev is
observed. These data suggest that the ORN-2/Rev complex has a faster dissociation rate than the wild-type
complex. The lack of a unique circular dichroism transition prevents a determination of the region of
minSLIIB which has undergone conformational change. By substituting 681 at position 73 we are able to
exploit its unique circular dichroism transition to determine whether this residue was in the region
undergoing the conformational change.20 As Figure S shows there is a small but clearly measurable
change in the circular dichroism spectrum at 320 nm, indicating a change in the environment of 65I-73, this
could come from either a direct contact to the protein or a protein-induced conformational change. We are
currently preparing a number of other derivatives in an attempt to distinguish these possibilities.
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Figure 5. Circular dichroism spectra of 551-73 minSLIIB variant in the presence and absence (bold) of Rev

We are currently utilising the photo-cross-linking properties of 6-thioinosine to probe RNA-RNA
and protein-RNA interactions.
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