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Figure 1. Selective inhibition of thelac UV-5 and trp EDCBA

The single-stranded DNA template at the initiation site of promoters by L-lll and T-lll oligonucleotides. Concentrations of
RNA synthesis in transcriptionally competent open complexes inhibitory pentanucleotides are indicated. Transcription directdddby
formed with RNA polymerase provides a unigue target for the UV-5, lanes ae: lane a, control; lanes b, and c, L-lll synthesized
design of gene-specific inhibitots® Here, we show that the  with propynyl U; lanes d, and e, T-lIl. Transcription directed toy
open complexes formed bschericia coliRNA polymerase EDCBA, lanes f-j: lane f, control; lanes g, and h, T-lI; lanes i,and j,
(RNase) with thdac UV-5 andtrp EDCBA promoters can be L-1ll synthesized with propynyl U. Reactions were initiated by the
selectively inhibitedn vitro by nuclease-resistant and nonex- addition of 100uM each of ATP, CTP, GTP, and UTP witt-*P-
tendible pentaribonucleotides complementary to sequen8es UTP to a solution oflac UV-5 or trp EDCBA andE. coli RNA
to +2 Of the temp'a‘te Strand of each promoter_ Promoter pc_)lymeras&_a which had been .ir.]CUbated for 20 min and.then for 5 min
specific targeting of scission to the template strand by penta- With heparin (2ug/mL). Conditions: pH 7.9, 80 mM Tris; 200 mM
nucleotides linked to the chemical nuclease 1,10-phenanthro-KCl: 6 MM MgCl, 0.1 mM DTT, and 20Qug/ml BSA; total volume
linecopper (OP-Cu) confirms that hybridization to the template 1004L: T = 37 °C. Comparable inhibition is observed if the RNA
strand is responsible for the observed inhibitfon. polymerase is added last.

The scission targeted by UGGAA linked to OP-Cu and its  gcheme 1. Hybridization of UGGAA tolac UV-5 Open

the 8-end with P2y-ATP have demonstrated that this pentari-  Cleaved by OP-Conjugate

bonucleotide (5UGGAA-3) complementary to sequenee3
to +2 of thelac UV-5 template strand, but not its deoxyoligo- . e ,

nucleotide analog (STGGAA), hybridizes to the open complex 2,1?1211 3+l EZ(CJng((;:g ?:;:;;I:ate
formed withE. coli RNA polymerase (Scheme %) Since the \CAfACCT'l‘AA /7

utility of complementary pentanucleotides which can arrest - 5
transcription of targeted genes in biochemical and pharmaco- S'UGGAA
logical studies will depend on their hydrolytic stability and . . . .
potency, in addition to their specificity, we have investigated @nd a nonextendible terminal-@eoxyribose to block thi situ
the tolerance of hybridization sites created in the open complexesdeneration of elongated produétsTo establish gene-specific
of E. coli promoters for structural variation within the pentamer  inhibition, we compared the kinetic effects of a UGGAA analog
by preparing RNase-resistant pentamers frofrO-nethyl (L-111) and a CGCAA analog (T-1ll) on transcription from the

precursors containing 5-propynyluridines to enhance biriding 'ac UV-5 andtrp EDCBA promoter$ (Figure 1; see structures
below). We chose these promoters because both are relatively
* Author to whom correspondence should be addressed at the follow- strong and neither requires activator proteins for maximal
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= direction of transcription

d'Histoire Naturelle, 43 Cuvier-75231 Paris Cedex 05, France. complementary torp EDCBA, inhibited transcription from this
44é1) Engel, J. D.; von Hippel, P. Hnnu. Re. Biochem1986 53, 389~ promoter more effectively than that directed lag UV-5. In
(2) Gralla, J. D.Cell 1991 66, 415-418. each case, the oligonucleotide analogs inhibited their targeted
v |(323£(;:ham5)—egi1n’ M. J. IHarvey LecturesWiley-Liss: New York, 1993; promoters greater than 85% at & but the nontargeted
ol. 88, pp . 0, i i i
(4) Mazumder, A.; Perrin, D. M.; Watson, K. H.; Sigman, D.FBoc. prompter only 15-25%. This assay prOVId_eS a (_:hallenglng test
Natl. Acad. Sci. U.S.AL993 90, 8140-8144. of stringency because L-IIl and T-IIl are identical at three of
(5) Perrin, D. M.; Pearson, L.; Mazumder, A.; Sigman, DG8ne1994 five positions 2, 1, and 2).
149, 173-178.
(6) Perrin, D. M.; Mazumder, A.; Sadeghi, F.; Sigman, DBBchemistry UGGAA
1994 33, 3848-3854. .
(7) Wagner, R. W.; Matteucci, M. D.; Lewis, J. G.; Gutierrez, A. J.; S'NIN2-N3, R;= H; R,=H; R;=OH
Moulds, C.; Froehler, B. CSciencel993 260, 1510-1513. o—p L-I
(8) Grachev, M. A.; Zaychikov, E. F.; lvanova, E. M.; Komarova, N. I.; 2 R;= CHj3; R,=H; R;=OH
Kutyavin, I. V.; Sidelnikova, N. P.; Frolova, I. Nucleic Acids Resl984 0—A L-1I
12, 8509-8524. R,= CH3; R,=OH; Ry=H
(9) All pentanucleotides were purified either on a Perkin-Elmer oligo- o OR L-III
nucleotide purification cartridge while still bearing thedmethyltrityl o—P 1
group or by 20% nondenaturing acrylamide gels. They were pure as judged 7 So .
by HPLC. Sodium and potassium counterions were carefully avoided during A CGCAA
the purification. Characterization was achieved by matrix-assisted laser 0 . .
desorption ionization (MALDI). Samples were made approximately 100 R;= CHy; R;=H; R;=OH
uM and contained 1% triethylamine (TEA). Results were within the error Ry R; T-11
limit of 0.2%. T-Ill: expected 1767.3; found 1768.3, 1764.1, and 1765.8 R;= CHj; Ry=OH; Ry=H
in three runs. L-Ill: expected 1762.3; found 1763.9, 1762.7, and 1761.5 in T-1

three separate runs. All nucleotides werettBophosphorylated using . ific bindi f oli leotid RNA pol
chemical phosphorylation and Beaucage reagents (Glen Résearch). Cleavage SiNce nonspecific binding of oligonucleotides to A poly-
and deprotection were carried out overnight in JO# at 55°C. merase could account for a component of the observed inhibition
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(typically 15-25%) of the noncognate promoters, we sought 1rpEDCBA JacUV-5

additional verification for the sequence-specific hybridization — T 1. 2.5.MO0P-UGGAA-2'0M

of the pentanucleotides to their complementary template strand Y _ _ 4 o o4 2'5" Y e he
- e 3 3 : 2.5uMOP-CGCAA-2'0Me

sequences. The targeted scission of the template DNA within N - =t 25uM0p

the open complex by pentanucleotides L-ll and T-ll covalently 2 %2 & ++ 4+, 3 3 ++ : 25MC*

modified with the chemical nuclease OP-Cu provides adirect 8 5 = 4+ 4+ 2 3 = 4 4+ : 25mMAscorbate

test for the sequence and site specificity of this interaction within i'__v—_j L ST RNA Polymerase

the open comple&!2 The OP-linked pentanucleotides were '.'..'

prepared with 20-methyl nucleotides, '2deoxy termini, and
unmodified uridine$:1314 Selective hybridization is demon-
strated (Figure 2) by showing that OP-UGGAA cleaves the
template strand ofac UV-5 (lane 14) but OP-CGCAA (lane
15) does not. In contrast, OP-CGCAA cleaves the template - - -n
strand oftrp EDCBA (lane 8) but notac UV-5 (data not
shown). The cleavage sites of OP-CGCAA correspond to those
generated with the cuprous chelate of 3,4,7,8-tetramethyl-
1,10-phenanthroline, a scission reagent with preference for the
open complex of thérp EDCBA promoter. This chelate also
cleaves thdac UV-5 open compleX¥:®> The cleavage of the
open complex by the cuprous chelate of 5-phenyl-1,10-phen- 12 3 4 5 6 78 910111213 1415
athroline confirms the formation of the open complex while Figure 2. OP-rCGCAA-Directed, oxidative scission of tirg EDCBA
DNA polymerase (DNase) | footprinting (Figure 2 lanes 3 and open complex demonstrates gene-specific association wittrphe
4 and lanes 10 and 11) proves that RNA polymerase binds EDCBA promoter and not thiac UV-5 promoter. Lane 11rp EDCBA
quantitatively to thetrp EDCBA andlac UV-5 promoters, promoter fragment labeled on template strand. Lanes 2 and 3: DNase
respectively. Targeted scission is observed at concentrationgfootprint of the promoter and open complex respectively. Lanes 4 and
of UGGAA and CGCAA analogs 10-fold less than those needed 5: 3.4,7,8-tetramethyl-1,10-phenanthrolinecopper footprint oftte
to observe inhibition. These results are consistent with competi- EDCBA promoter and open complex, respectively. Lane 6: copper
tive binding between the pentanucleotides and the NTPs whichcontrol (2uM), Lane 7: OP-Cu control (2:52 uM). Lane 8: site-
were not present during targeted scission. specific scission directed by 281 OP-rCGCAA-(2-OMe),_s to trp

The advantage of directing these pentanucleotides to DNA EDCBA. Lane 9:lac UV-5 promoter labeled on the template strand.
as opposed to mRNA in this new, mechanism-based approach-2nes 10 and 11: DNase footprinting of tiz UV-5 promoter and
for the design of gene-specific transcription inhibitors is that Ofer? Clomplex' respectively. dLanes 12 anclj 130B-Cu .fo?tp”m'ng ,
recognition of only one or two target sites is sufficient to block ©' i€ 1ac UV-5 promoter and open complex respectively. Lane 14:
gene expressio¥:1” Although triple helix forming oligonucle- Eﬁggﬁ_?gi‘g&%ﬁ:iﬁe&g‘gU%:Jgsgfgmiltr:f tfgn:ylﬁ‘%eg;;ve
DNA. seqences form stable (rpiexes, and suoh ain approachiiic) Sie-speciic scission drected by 81 OP-1CGCAA-(2-

' OMe),-s to thelac UV-5 promoter. Scission in lanes®, 14, and 15

cannot preferentially target actively transcribed DNAIN a5 initiated by addition of sodium ascorbate and continued for 25
addition, since deoxyoligonucleotides 15 nts long are required min at 37°C.

for high affinity binding and specificity, their transport across )

cell membranes is limitet. However, the formation of these stable heteroduplexes should

Statistically, a pentaribonucleotide would be recognized each Not be expected since R-loops formed with RNAs less than 44
1 kB within duplex B-form DNA if it could spontaneously ~ Nts are unstable even under optimal conditions for the formation
displace the DNA sequence of identical sequence and form 40f these structure’s. The key to the mechanism of transcription

stable heteroduplex DNA under physiological conditions. inhibition by the pentaribonucleotide is that RNA polymerase
: : createsa single-stranded DNA at the start of transcription of
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