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Abstmct: An%3 cthylthiil-modifii uridinc has beam syntbsizcd and iocapaotcd thmugh solid-phase 
@pbs&mm;diliitie 5’- and 3’-tamhi of an RNA baiqii to provide hmcased confarm&maI 

The mmarkable conformational diversity of RNA is 

manifested in the variety of its biological functions, such as 

in transfer, messenger and ribosomal RNA, and ribozymes. 

Hairpin loops contribute signXcantly to these smtctures and 

have been implicated as sites for protein binding and 

nucleation of RNA folditq+ In particular, tetranucleotide 

HO OH HO OH 

midhe N-3 Ethylthiol urihe 

loop sequences UNCG and GNRA (where N is any nucleotide and R is purine) frequently occur in RNA 

hairpins and confer extraordinary stability to these structures.s~~~ The UUCG tetraloop is found frequently 

within the mRNA of bacteriophage T4,s and has been speculated to he a potential protein binding site for a 

variety of systems.5 To facilitate examination of the roles of hairpin loops and duplex major groove 

accessibility to protein recognition and binding,~ we have incorpora ted a disulfide cross-link at the terminus of 

an RNA hairpii using au N-3 alkylthiol-modified uridine and demonstrate that this cross-link imparts added 

conformational stability.raJ* Cross-linking at the terminus does not disrupt Watson-Crick base-pairing,12 and 

unlike cross-links positioned within the duplex 1s does not potentially interfere with protein binding and 

hydration in the major groove. 

The N-3 ethylthiol-modified uridine was synthesized by alkylation of transiently protected uridiner4 to 

provide 1 in 63% yield (SCHEME I). Following tritylation 1s of the S-hydroxyl group the thiobenxoate was 

converted to the z-butyl disulfide,r%rr with subsequent monosilylationts to yield a mixture of 2’- and 3’-O- 

silylated intermediates 2 in 40% yield for three steps. The 2’- and 3’-isomers were separated by flash 
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chromatography’* and the 2’-silyl ether 3 was converted to the 3’-phosphoramidit@ 4 in 82% yie1d.m To 

incorporate the mcdifkd midine at the 3’-terminus of an RNA oligomezr requires pmparation of the appropriate 

nucleoside-modified resin. This support was synthesized by treatment of the 3’-silyl ether 5 with succinic 

anhydride and activation of the free carboxylate as the pentachlorophenyl ester, 6.2’ Reaction of 

aminoakyh~tcd controlled-porn glass (500 A) with 6 provided the desired resin, 7, with a loading of 30 ml/g. 
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SCHEME I. (a) TMSCI. Et3N. DMF; @) NatI% DMF; (c) PTsOCH~CH~SBG (d) fIF(aq.); (e) DM’MX 
m; (r) l+~lthi&yd&ne-l,2-dk&oxmo@oli&, LiiH. MeOH; (g) t-BDMSCI, in&W&, DA@ 0 
flash chrommgraphy; (i) 2-cyanoethyl-NJf-diisopropylchlorophosphoramiditc. 2.4.6~collidine. n- 
tncthylimidazale. TIIP. (ii rua%ic tmhydr& DW, pyridiw Q wtt~hlaopbcnd, DX DW. IbfeQz: 0) 
CPG resin. BQN, DMF. 
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The RNA sequence S-UJGACUUCGGUCUJ (UJ = N-3 ethyl-r-butyldisulfii uridine) was chosen 

d~e~~a~~~~~c~~~ ~~~~t~~~A~~m 

(S-~A~~U~).’ Previous crysuBzatio~~ of this sequence rcsukd in a b&g& dupk~x due to the 

requisite high salt and RNA cuncemations utilizt&= fIZ&bmational homogeneity czdbmsd by the disulfide 

cross-link will potentially address this p&km for structuz determination. The RNA was synthesized via 

solid-phase p~~h~itc chemistry on a Millipom Expedite syntheskr, followed by cleavage of the 

oligomcr from the resin with anhydwus ethanolic ammoniaatroomtcmpcratnrcandremovalofthebascand 

phosphodiester protecting pups at 55 l C for 12 II. Treatment of the basc-depmtcctcd oligomcr with 

tetrabutylammonium fluoride (1 M in THP) at room temperature fat 18 h to remove the 2’-sibyl groups and 

desalting on a Qiagen so0 cartridge yielded the folly dcpro@~tcd f-b#yl disul&ie RNA hairpin. lotion 

from failed sequences was achieved by anioncxchange HPLC with a Pa&sphere SAX c~hnnn, cluting with a 

gradient of 15 mM to 300 mM KHzPO4 @H 6.3) containing 204k, CH3CN. Subsequent desalting was 

performed with a Waters C-18 Sep-Pak, cluting with aCH$N step gradient, obtaining the pure. RNA hairpin in 

roughly 45% overall yield (based on a llunole scale synthcsis).23* 

The r-butyl thiol pmteciing groups wue rcmovcd by treatment of the t-butyl disullide RNA haitpin with 

dithiothteito~(100 equivalents) at pH 8.40 % for 12 h (monitond by moused-phase HPLC on a Vydac C-4 

column, eluting with a CH3CN gradient in 0.1 M Et@HOAc, pH 6.6). This dcpmtcction was followed by 

Qiigen cartridge purification which yielded the ~l~i~-~~~ RNA hahpin. Air oxidation of this mate&l 

(5 hours, pH 8) under conditions which favor hairpin formation (100 mM NaH904.1 mM in RNA) provided 

the disulfide cross-linked hairpin as verified by a negative Ellman’s test and native and dcnatuting 

po&acrylamide gel e1cctrophoxesis.t~ Enhanced stability due to the disulfide is indicated by comparison of 

the W thermal dcnaturation curves far the cuss-linked and unmodified RNA hairpins; T,,, for the disulBde 

cross-linked hairpin is 90 ‘C (10 mM NaH904. pH 6.0), almost 20 ‘C gmaaz than for the unmodifkd hairpin 

(72 l C)?* Notably- the Tm for the tetrsloop hairpin with the terminal r-butyl disulfide modified uridines is 

virtually identical with that for the wild type sequence, su~~ting that the texminus of the RNA helix can 

accommodate a remark&k dew of steric bulk without advez&y at&&g its stability.l*a 

In conclusion we have synthesized an N-3 ethylthiol-modifkd u&line and &orpora tcditatboththcS= 

and 3’-termini of an RNA hairpin to provide a disulfide cross-link. We have demonstrat& that &is cfoss-li& 
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