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m: The modifications of oligcdeoxyribcnucleotides include replacement of the other 
chain either the whole-PS (SOENS) group, or group end-capped with PS (SC-OENs) at both 
3'- and 5'-ends. The melting temperature of the duplexes for one normal chain with 
modified ~phorothioate oliqcmers indicates diminish& hybridiratia capability of the 
whole phosphorothioate oligimers relative to both the unmodified phosphodiester 01iganers 
and the partially phosphorothioate-diester oligcsers. In the assays of HIV, oliqcmers (S- 
Owns) with complete replacement of the phosphcdiesters with phosphorothioate groups were 
faund to bs very active. Finally of particular interest are the oligcmers ccprplementary to 
ths HIV sequences (S-ENS-rev or tat, 15 and 2Gmers) which possessed higher anti-HIV 
activity than the hcmaoligcmers (S-dC2S or S-dC2U) itself. 

Recently, oligmrucleotides ccmplementary to viral RNA have been m to inhibit 

viral replication in cell cultures with rous sarcana virus', human innnmodeficiency virus 

(HIW2'3, vesicular stcnkatitis virus 4r5, herpes simplex viru~~~~, and influenza virus8#'. 

Experiments with normal (phosphcdiester-bonds) antisense oligcdeoxyribo-nucleotides as 

~~i~sha~i~i~~ that these relatively short oligonucleotides can be taken upby 

cells in culture and may also bs effective in producing modulating of gene expression. The 

relatively short half-lives of normal oligonucleotides in serum and in cells due to the 

presence of nucleases, and lcw permeability of these char-g& molecules into normal cells, 

limit their potential usefulness in vim. To mercme these problems, some of antisense 

oligonucleotides have been modified on the backbone as ~~yl~s~~s4 or phosphoro- 

thioates (S-OKWS)~, S--CENshave bsen shcwntoinhibitthede ~OVCJ infectionof susceptible 

cells by the HIV and to inhibit viral expression and proliferation in already infected 

cell~~~~~'~-'~. Matsukura et al. have reported that the inhibition of de nova infection by 

S-ODNs is both ccmposition-dependent and length-dependent: as examples, S-%8 iS a better 

inhibitor than S-dAz8 or S-OLNs (Z&mar, coding exon I of art&r!3 gene in HIV). n, study 

the dependence of both ccmpceition and length of the phosphorothioates for anti-HIV 

activity, we have synthesized the phosphorothioate oligodeoxyribonucleotide analoWas. We 

herein report the synthesis of cne normal chain and the other chain either of whole-PS 
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group, or group end-capped with PS at both 3'- and 5'-ends in the sequences of anti-rev14- 

l6 ard tat 2Gmer~'~-'~ (See Fig. I), as well as their physiccchemical properties (melting 

temperature and CD spectrum) and anti-HIV assay.20 

The ability of oligonucleotides to hybridize to a canplementary DNA or RNA strand is 

important for their use as antisense oliganers. We have measured the melting temperature 
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Fig. 1. General molecular structure of normal (X=0; OaJs), 3',5'-phosphorothicate end 
capped oligomer (X=S,O; SO-ODNs) and phosphorothioate (X=S; S-ODNs). The chemical 
structures of oligomers are shown at the top and their sequences corresponding to 
ccmplementary regions of the HIV gencm? are shmn. The phosphorothicate regions are 
underlined. 

Table 1. Melting tmperature and enthalpies duplexes of F?NA with mcdifisd and unmciiified 
DNA. 

Duplexes TW"cl -@H(Kcal mo1-I) 

oRNs/ms 48.1 67.7 

oF?Ns/so-orNs 45.5 44.4 

oFws/s-oIxJs 35.5 33.1 

The duplexes are 5'AP3'(ORNs)/rev-ts-5' T"(OCNs); 
5'AuGccALx;AA ~3'(ORNs)/rev-ts-5'TsCs~3'(SO-ODNs), and 5'AEGCA- 
~3'(ORNs)/rev-ts-5'TsCs~sCsGsCsTsTCsTs TsCsCsTsGsCsCsTs(S-ODNs). 

of the duplexes of the analogues phosphorothioates and unmodified oligonucleotide, 

hybridized to their ccmplementary FWA strand (Table 1).21 Ttn is depressed frun unmodified 

phosphodiester oligcaner to partially phosphorothioate-diester oligcmer to whole phosphoro- 

thioate oliganer. The depression Tm par modified kmd, Al'tn, for a rev-ts-2Gmer is ca. 0.5 
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‘C for the wfiole &osphorothicate oliganer (S-OlMs) and cd. 1.6 'C for the partially 

&osphorothioate-diester oliganer (SO-OlXs). The whole Fhosphorothioste oliganer leads to 

markedly decreased values of &I as empared to the unmcdified oligawr. ‘I% reason for the 

- ORNsODNs 

.-.- ORNsSO-OONs 
____.---.- ORNs/S_O,,,.& 

200 220 240 280 280 300 3;o 

Wavelength (nm) 

fig. 2.Circulardichroism spectra for 5'A UGGCPMaAGAFMX;GAGA3'(ORNs)/rev-ts-5'TCmXmIC- 
!lxmEcmT3'(ms); 5'AP3'(ORWs)/rev-ts-5' TscsTcccrrcrrccn;crusAsT3'(so- 
ODNS), and 5'A~'(O~s)/rev-ts-5'TsCsTsCsC~sCsTSKlsTSTsCsCsTsGsCsCsTs 
(S-OMs) performed in 10 IIN sodium caccdylate (pH 7.0) containing 140 M NaCl. 

delpession of them of phosphorothioates analogues may be an altered conformation of the 

backbcm due tothe sulphur atans aml their stereoisaneric species. 

The CD spectra of oligonucleotides are presented in Fig. 2.22 We note a few 

interesting featuresin theseC!Dspectra. TheCDspectrumof the unmdifiedpkmsphodiester 

oligamx (OEM), the partially @mqhorothioate-diester oliganer (SGOLNs) and the whole 

pbosphorothimte oligcmx (S-OLNs) showed the regular A type CD spectrum, almost no 

difference is found in the major absorption band. However, in S-ODNs, the sing of Cotton 

effect at the 255 nm changed to the positive bard from the negative in ODWs. This can be 

explainedbyassumpticn thatS-CD& has stereoi scmricspecies.Ontheotherimnd,SO-OENs 

amd ODNs gave Cottcn curves of the same profile. The result, including ?m's is apparent 

that all oligomers having the &osphorothioate baxd showed a significant decrease in 

duplexes stability. 

Oligonucleotides with chain lengths of 20 bases, cunplemehtaxy to two sites in HIV 

RNA were shown to k targets of inhibition, and were tested for inhibition of HIV 

replication. These sequences were a region at the start of trahslaticn (ALE) of rev-RNA 

and a splice accepti site used to generate rev and tat RNAs (Fig. 1). Fig. 3 shmms the 

results of the antiviral effect and cytotoxicity of oligcmxs of different phosphate 

bacldmne~.~~ We could not detect any inhibitory effects of either the umodified oligmers 

(ODJs-rev-ts) or the 3',5'-capped @os@-mothioate subetituted-oliganers (SO-OtN+rev-ts) 

ataroncentrationcd0.5~.TheODNsorSO-ODNs2~canpl~t;uytoasequenceof~ 
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i-ODNs-dCZO 
I 

:-ODNs-dC21 

pis. 3. Inhibitory effects of various oligcmers. Filled columns represent virusexposed 
cells and hatched columns represent non-virus exposedcells. 

HIV tat gene were also used in the anti-HIV assay and gave similar results. 

On the other hand, the whole phosphorothioate oliguners (SOENs-rev-ts or sa and tat- 

sa) tested shcwed very potent anti-HIV effects and exhibited significant inhibition of the 

cytopathic effect of HIV. The oligcfners at a concentration as lcw as 0.02-0.5 uM gave 

complete protection against the virus induced BE. The S-ODIs-tat-& and rev-ts or sa were 

found to be more effective than the S-dC2S (2Smer) and S-dC20 (2Omer) at the same molar 

concentration of nucleotide unit. Furthermore, even at a concentration of 5 lJM, no 
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cellular cytotoxicity was observed (data not shckJn). However, the %X28 (28mer) and S- 

dC20 (2Omer) which were active, ark3 activity was of the sama order as for the antisense 

phosphorothicate oliganers with chain length of 20 (S-CCNs-rev or tat) at 0.02 uM tut at 

0.5 MM showed low activity and some toxicity. In the above assay, only whole 

@osphorothioate oliganers (S-ODNs-rw or tat) &owed anti-HIV activity, and which is 

probably due mainly to the relative resistan= of S-OENs to nucleases that keepe them 

intact relative to S-ODNs and allows them to reach and remain at the target site. 

Surprisingly, the 3’,5’-capped P-S oligcmers did not ti any anti-HIV activity in our 

assay. This finding suggests that they are digested by the enzyme in an endonucleolytic 

manner rather than exonucleolytic cleavage. In addition, the anti-HIV activity of 

antisense oliganers are influenced by the resistance of oligonucleotides to nucleases than 

the stability of RNA-CNAduplexes (TmandCDdata). 

Finally, the different chain length of oligonucleoside @osphorothioates ware studied 

ard the tax-get site on HIV RNA was used as with a splice acceptor site of HIV rev gene. 

The oligcxucleoside phosphorothioate with drain length of 15 (S-OlXs-rev-sa-15) was 

equally active as the phosphorothioate oligansr with chain length of 20 (S-OIZNs-rev-sa-20) 

~ttheolig~ucl~ideplaosphomthioatewith &ainlengthoflO (SOENs-rev-sa-10) showed 

no activity. Of particular interest is S-CD&+rev-sa-15 which was active, ard activity was 

of the same order as for the phos@xothioste oliganer with chain length of 20 (S-ocNs- 

rev-sa-20). mer, the oligcxner chain length should had greater effect on the antiviral 

activity, with longer ccmpcW&beingnrxepotent. 

A mechanism of action other than antisense competitive hybridization might be 

operational. In addition, these findings open interesting questions concerning the 

mechanisn by which the anitisense oligcmers (20mer)inhibitHIVin this cellar system.'Ihe 

fact that antisense oligomers (20mer) should be considerably useful than the 

hanooliganers. 
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