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Domain: 3’-D-Toop 4 Triplex \, 5'-D-Toop
pTX 5'-..ACGCTGAATTCTGCATGCTATCCCCTTTTCTCTCCTTTCTATCAGCTGCAGATCCTTAGE..
3" -..TGCGACTTAAGACGTACGATAGGGGAAMAGAGAGGAAAGATAGTCGACGTCTAGGAATCE..

3*-TCCCCTTTTCTCTCCTTTLT

1
Receied May 2, 1997 2 3’-TGCGACTTAAGACGTACGAT
3.7 3" -TGCGACTTAAGACGUACGATTCCCCTTTTCTCTCCTTTCT

3°-TAGTCGACGTCTAGGAATCG

. : 4
The use of oligodeoxynucleotides (ODNSs) to control gene 5 8 3 TECEETTTTETCTECTTICTTAGTCRACRUCTAGGAATCG

expression at the DNA level is hindered by sequence recognition _ ) ) .
strategies. Triplex formation by Hoogsteen hydrogen bonding Flgure _1. (A) Schematic of strand invasion of_douple stran_ded DNA by
of the ODN to purines in a homopurine fuis most often used,  chimeric ODN. (B) Model system for evaluating triplex-guided D-loop
but this critical target sequence requirement limits the applicability ormation. Partial pTX sequence is at the top, with regions for triplex
of this approach. ldeally, one would like to be able to target any g”g D-loop formlatlongmgmate(c = S-Eethyl-z-?zea{gxycytuq(;_ne, L_J—3
desired site in DNA. Although RecA protein can catalyze binding -(d-ammoprodpy- or 3 ronroacetamu ?prOpY)h oxyurt 'ns (in3 h
of ODNs to complementary sequences in DRtAjs method faces a{;sriigr;kaTateBd rbes;;e;:;lgesy). Arrows denote the guanine bases in the
challenges for implementation in cells. The versatility of Wat- P Y Y ’
son—Crick sequence targeting could be realized by displacement
loop (D-loop) formation, which, in principle, places no limits on
targeting sequence. It does, however, present significant ther-
modynamic and kinetic barriefs.These might be overcome if
(a) the rate of D-loop formation could be accelerated and (b) the
D-loop could be stabilized. Fiqure 1A
DNA strand invasion has been observed with homopyrimidine igureé LA. N . .
peptide nucleic acids (PNA) at DNA homopurine rdnshere ODNSs are listed in Figure 1B. The triplex gmd_e sequence
tightly bound PNA-DNA complexes are formed. Certain PNA presegt n these ODNs was des!gned to form a pyr|m|d|ne mopf
oligomers can directly invade DNA to give WatseGrick triplex® with a 20-base homopurine run engineered into plasmid

duplexe$ ODNs targeted to a cruciform in supercoiled DNA PGFIBL to give plasmid pTX. The D-loop region of the ODN
form stable D-loop&,and D-loop formation can be promoted by Was.targeted to sequences flanklng either one §|de or the.other
a nuclease conjugated to the ODNAdditionally, Kobets et al. of this homopurine run. ODHN contains only the tr!plex domain
have shown that certain areas of chromatin may be available toanSSODsthgnd4 con_t?llnhong ithe Déloop.dcimslrzf.a %DSMS
Watson-Crick recognition and that this modification is eliminated an afef |merrells W.'tl the d 0oop domain '85\'8 (;]8 o

by pretreatment with S1 nucleadale sought to induce D-loop ~ F€SPectively, to the triplex guide sequence. nde are
formation in double stranded DNA using phosphodiester-based identical to ODNs3 and5 but contain a reactive bromoacetamido

o . _ :

oligonucleotides and report here a new method for doing so. This group on a d_Urd In the D Ioop domain. Fo_r a target, we

method uses ODNs containing a triplex-forming guide sequence prepared linearized (lin), superconegl (sc), and hl_ghly supercoiled
(hsc) form&! of pTX because negative supercoiling reduces the

* To whom correspondence should be addressed: Telephone: (425) 485-kinetic and thermodynamic barriers to D-loop formatfértc To

8566. Fax: (425) 486-8336. E-mail: meyer@epochpharm.com. control for sequence specificity, we used a highly supercoiled
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*Present address: Kimeragen, Inc., 300 Pheasant Run, Newtown, pa (hsc) preparation of plasmid pGFIB1, which lacks the homopurine

adjacent to the D-loop-forming domain. The guide sequence
anchors the D-loop domain in proximity to its complement on
the double stranded DNA and allows strand invasion to occur.
Additionally, a reactive group in the D-loop domain permanently
fixes that structure once formed. This strategy is diagrammed in
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Figure 2. Complexes formed by chimeric ODNs and pTX. THe end-
labeled ODNs (3.6 nM) were incubated 42 h at room temperature with ) 3
36 nM control (con) hsc pGFIB4 or with either hsc, sc, or I pTX géﬁlg;n
forms. Nondenaturing electrophoresis was through 0.8% agarose gels in
either (panel A) 90 mM Tris acetate, pH 6.0, and 1 mM Mg(OQAd# 173
h at 20 V) for detection of triple-stranded complexes or (panel B) 90 * - =
mM Tris-borate, pH 8.0 and 2 mM EDTA (1.5 h at 100 V) for detection - ;
of D-loop complexes. The plasmid DNA forms were identified by staining go':r’r;'a"iﬁp }. =
a separate gel with ethidium bromide (data not shown). =
ey
(Figure 2A), existence of the triplex was confirmed: ODNS, 140 - -
and5 formed stable complexes with hsc pTX but did not bind to 131 “ g
hsc pGFIB1. ODN2 and4 (D-loop domains only) did not show
complexes with any plasmid when assayed at this pH. At pH :, j

8.0 (Figure 2B), stable D-loop complexes would be detected under _ ) o o
conditions where the triplex did not exist. In this gel, chimeric Flgure _3. A. Targeted alkylation and inhibition pf Pvu Il restriction by
ODNSs 3 and 5 were bound to hsc pTX, indicating the strand chimeric ODNs. ODNs7 and8 (820 nM) were mcubatéé'wnh 3.85 '
invasion complexes, but not to hsc pGFIB1. No other complexes "M control (con) hsc pGFIB1 or pTX (forms hsc, sc, and lin; molar ratio
were observed. Although the guide sequence (ODNalso of ODN to pla§m|d= 212:1). Reactions were diluted into 10 mM Tris,
formed a stable triplex with supercoiled and linearized pTX at {id W (VRS © B TOr L PRt R S R e
pH 6, ODNs3 and5 did not (Figure 2A). This could indicate .

. - . three fragments 131, 173, and 3632 bp in length. Fragments were
that the D-loop domains of these ODNs destabilized the triplex. visualized after end-labeling, treatment with hot piperidine for 20 min at

Since these D-loops may be transient in the absence ofgqec yophilization, and 6% denaturing PAGE. Targeted alkylation of
superhelical strain, we attached_ a reactive bromoacetamldc_)propylpTx by ODNs7 and8 occurs at guanine residues 193 and 228 of the
group to the D-loop domain in ODNg and 8 to trap this pyrimidine-rich strand, whereas Pvu Il restriction occursfpositions
potentially short-lived intermediate with a covalent cross-link. We 53, 226, and 357. B. S1 nuclease cleavage of D-loops. ODN&V(3
have previously shown that this side chain, on a deoxyuridine in were incubatetf with 30 nM sc or hsc pTX, followed by 2.5 units of S1
a 5-UGC context, efficiently alkylates the guanine residue in the nuclease for 15 min. Products were isolated by addition of EDTA to a
complementary '5GCA sequencé®® The site of alkylation is final concentration of 50 mM, then extraction with phenol/chloroform
readily demonstrated by heat/piperidine-induced strand sci¥8ion. and ethanol precipitation. Primer extension (primelCGCTGGCGC-
Each of the two D-loop domains contained the requisH&€6A CGCTTCTTTGAG, 104 nt upstream from tldR| restriction site used
sequences. ODN&and8 were incubated with pTX and analyzed for inserting the triplex-forming region, of the purine-containing strand
by restriction with Pvu Il and denaturing PAGE after heat/ Wwas with Sequenase (Amersham Life Science Inc., Cleveland, OH) in
piperidine-induced strand scission (Figure 3A). The cleavage the presence ofef:-*SJATP. Lanes are labeled with the pTX form and
patterns indicated that both ODNs alkylated only the targeted OPN used; no= no ODN.

guanine residues of pTX and did so with exceptional selectivity. containing no ODN indicates that this highly supercoiled plasmid
Cleavage at the ODN target site generated a 140 base fragment. s indeed double stranded in the region shown in Figure 3B.
The cleavage product of the ODBltarget site (a fragment 175 These results show that appropriately designed ODNs can
bases in length) was obscured by a Pvu Il restriction fragment of invade supercoiled double stranded DNA at sites apparently
nearly the same length. As an additional indication of D-loop undistinguished by unusual primary or secondary structure. These
formation, however, the D-loop domain of OC8\tovered a Pvu  chimeric ODNs form sequence specific complexes composed of
Il site (5-CAGCTG) and inhibited restriction of the displaced adjacent triplex and D-loop regions. Our design allowed triplex
strand at that point. This generated the fragment 304 bases information to orient the WatserCrick domain of the chimera so
length seen in Figure 3A. Both ODNSs reacted most strongly with that it is poised to hybridize with its complementary strand in
hsc pTX, alth_ough there is an indicat.ion of reaCtiO_n with sc pTX the adjacent dup|exy perhaps during DNA breathing_ D_|00p
Further evidence of D-loop formation was provided by the S1 formation was demonstrated by gel mobility, affinity alkylation,
nuclease cleavage pattern shown in Figure 3B. Brief (15 min) and S1 nuclease cleavage. The unrestrained superhelical state
treatment of the complexes formed between chimeric GOy of transcriptionally active gen&smay render them particularly
5and either supercoiled or highly supercoiled pTX gave cleavage susceptible to targeting in this manner. This approach may
only in the homologous strand and only at the sites correspondingexpand the recognition repertoire and application breadth of DNA-
to the D-lOOp domains of the respectlve ODN. This is indicative targeted ODNs, especia”y if imp|emented with short trip|ex

of the single stranded character of the homologous strand at thesgjomains and enhanced binding affinity in both domains of the
sites. Even though sc pTX did not show a D-loop with ODN 3 chimera.

or 5 in the gel shift assay (Figure 2B), the S1 nuclease cleavage
shows the ODN 5 forms a D-loop with th&-8omain. Thiswas  JA971397I

also seen in the cross-linking pattern of ODN 8 with sc pPTX ™ (13)(a) Jupe, E. R.; Cartwright, I. EMBO J.1993 12, 1067-1075. (b)
(Figure 3A). Lack of detectable cleavage in the control lanes Ljungman, M.; Hanawalt, P. QNucleic Acids Resl995 23, 1782-1789.




