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ABSTRACT

To evaluate an endonuclease resistance property of
oligodeoxynucleotides (ODNS) containing 5-(  N-amino-
hexyl)carbamoyl-2 '-deoxyuridines (Hs) and to eluci-
date whether a duplex consisting of the ODN analogue
and its complementary RNA induces RNase H activity,
the ODNSs containing the deoxyuridine analogues, Hs,

at intervals of one, two, three, four and five natural
nucleosides were synthesized. From partial hydrolysis

of these ODNs with nuclease S1 (an endonuclease), it
was found that the ODNs became more stable towards
nucleolytic hydrolysis by the enzyme as the number of

H increased. Furthermore, to examine whether the
duplexes composed of the ODNs containing Hs and
their complementary RNAs are substrates for RNase H

or not, the duplexes of these ODNs and their comple-
mentary RNA strands were treated with  Escherichia
coli RNase H. It was found that cleavage of the RNA
strands by the enzyme was kinetically affected by the
introduction of Hs into the duplexes.

INTRODUCTION

of the amino-linkers and the distal position of the amino group
would be important in protecting against nucleolytic hydrolysis
by nucleases and in stable duplex formation.

Recently, we have developed a new and convenient post-
synthetic modification method for the synthesis of ODNs having
various amino-linkers using 5-methoxycarbonytd2oxyuri-
dine () or 5-trifluoroethoxycarbonyl-2deoxyuridine ) as a
convertible nucleoside1f-15). On treatment of the ODNs
containingl or 2 at specific positions with several diamino-
alkanes, the desired ODNs containing\Nsafninoalkyl)carba-
moyl-2-deoxyuridines can be readily obtained. By this method,
we can find an optimum length of the linker for a desired function
without synthesizing a number of mononucleoside units with a
variety of linker lengths separately. Consequently, we found that
the ODNs containing S\-aminohexyl)carbamoyl‘2leoxy-
uridines Hs) effectively stabilized duplex formation with both
the complementary DNA and RNA strands. Furthermore, the
ODNs containingHs showed good resistance to nucleolytic
hydrolysis by snake venom phosphodiesterasex@uclease)
and was also stable in medium containing 10% fetal calf serum
(FCS) (L3). These properties make the ODNs contairtitey
leading to a candidate as a novel antisense molecule.

It is known that ribonuclease H (RNase H) catalyzes the

Antisense oligodeoxynucleotides (ODNs) have been applidydrolysis of the RNA in a DNA-RNA heteroduplex in the
extensively to the regulation of cellular and viral gene expressidgtiesence of divalent cations such as’Mor Mr?* (16). This

(1-3). They hybridize to mRNA targets by Watson—Crickeénzyme is widely present in various organisms and plays an
base-pairing and inhibit translation of the mRNA in a sequencémportant role in DNA replication1(). Although the role of
specific manner. One of the major problems encountered wh&iNase H in the antisense strategy is not clearly understood, it has
using naturally occurring phosphodiester ODNs as antisenbeen postulated that antisense activity of antisense ODNs is due,
molecules is their rapid degradation by nucleases found in cell least in part, to cleavage of the RNA strand in a DNA-RNA
culture media and inside cells-g8). To overcome this problem, duplex by RNase H.E3). Furthermore, it has been suggested that
several types of backbone-modified ODNs such as methylphdbe phosphodiester ODNs are degraded more rapidly inside cells
phonates, phosphoramidates and phosphorothioates have begrendonucleases than the corresponding backbone-modified
synthesized and used for antisense studies) ( ODNs (3,17,18).

BacteriophagepV-14 DNA is known to contain up to 50% As a part of a continuing study of the ODNs contairtigyas
a-putrescinylthymine in place of thymine, and to be moreantisense molecules, in this paper we examine the endonuclease-
resistant to DNase | and snake venom phosphodiesterase thesistance properties of the ODNs contairtiteyand their ability
unmodified DNAs 6—10). This modification also causes a higherto elicit RNase H activity. For thidds were introduced into
melting temperatureTf,) than that expected for unmodified heptadecanucleotides at intervals of one, two, three, four and five
DNA on the basis of the GC conter,1(0). However, short natural nucleosides (Fid). The thermal and thermodynamic
synthetic ODNs containing-putrescinylthymine were found to stabilities of duplexes composed of these ODNs and their
reduce the thermal stability of duplexes as compared with theiomplementary RNA strands, the resistance of the ODNs to
parent ODNs in our laboratory¥). We thought that the length nucleolytic hydrolysis by nuclease S1 (endonuclease), and whether
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control: 5'-CTTGTATTTGTTTTTCT-3" Unmodified DNA heptadecamer (control) and heptadecamers
gap 5: 5'-CTHGTATTHGTTTTHCT-3' containingHs which replaced natural nucleosides at intervals of
gap 4: 5'-CHTGTAHTTGTHITICH-3' one, two, three, four and five nucleosides, were synthesized on a
gap 3: 5'-CHTGHATTHGTTHTTCH-3 . . . 0 .
gap 2: 5'-CHTGHATHTGHTTHTCH-3' DNA synthesizer. The average coupling yiel8 wfas 96% using
gap 1: 5'-CTHGHAHTHGHTHTHCH-3' a 0.12 M solution of the amidite derivative in &N and a 360 s
target RNA: 5'-AGAAAAACAAAUACAA-3' coupling time. The fully protected ODNs linked to the solid

support were deprotected and purified by the same procedures as
for the purification of natural ODNs. Each ODN produced
showed a single peak in reversed phase HPLC analysis. The
nucleoside composition of the modified ODNs was analyzed by
HPLC after complete digestion with a mixture of snake venom
phosphodiesterase and calf intestine alkaline phosphatase de-
scribed previouslyl(3). The identity of the peak corresponding

to the modified nucleoside was confirmed by coelution with an

Figure 1. Sequences of ODNs synthesized. H =N&ninohexyl)carba-
moyl-2-deoxyuridine.

3)
o o R°NH \/W\N.H o
R'0 [ NH O NH

o951 ° . o o) ° authentic sample. The nucleoside composition calculated from
- the peak’s area was close to the predicted value (data not shown).
HO R0

1: R'=CHy R?= H H: RP=R%= R'=H Thermal and thermodynamic stability

2: R'=CFyCHy, R2= H 4 RE=DMTrR-CFGO,R'=H , Stable duplex formation with mRNA is one of the most important

3 RI-CFiOH, RE- ONTE "[ 5. R 2 DMTr, o= GFLCO, R - ~pr NP factors in antisense study. Therefore, stability of duplexes formed
O(CHa),CN by these ODNs and their complementary RNAAGAAAAA-

6 R2=DMTr, B = GF4CO, R = Y\/Ok CAAAUACAA-3' (target RNA), was studied by thermal

L) ot denaturation. The UV melting profiles of all the duplexes

exhibited helix to coil transitions whose shapes were similar to

that of the unmodified duplex. The thermodynamic parameters
Scheme 1(a) (1) NHx(CHp)eNHo, pyridine, room temperature, (2) §FOOET, (AH°, AS° and AG®°) of the duplexes were determined by
EtN, DMF, roon_1_ temperaturebx2—.cyanoethyN,Ndiisopropylphosphor_ami— calculations based on the slope of '&n'l)(/ersus |n(G/4) p|0t,
dochlorldeN,Ndusoprgpylethylamme, CHClp, room temperatureg) succinic where G is total concentration of single strandg;s and the
anhydride, DMAP, pyridine, room temperature. parameters are listed in TahleTheT,, and negative free eneragy
(-AG°37) values of all the modified ODNs containikts were
greater than those of the corresponding natural ODN. The values
of Ty and -AG°37 became greater as the number of the modified
nucleoside increased. From these results, it was found that the
duplexes containings were, both thermally and thermodynami-
RESULTS AND DISCUSSION cally, more stable than the corresponding unmodified duplex.

Synthesis

the duplexes of the ODNs containidg with their complementary
RNA strands elicit RNase H activity were examined.

- . . . Circular dichroism
The ODNSs containingls were synthesized with a DNA synthesiz-

er using a suitably protected MN-&minohexyl)carba- To study the conformation of the duplexes, CD spectra of the
moyl-2-deoxyuridine phosphoramidit®, The synthesis db is  duplexes composed of the ODNs containiig and their
shown in Schemé@. 5-O-Dimethoxytrityl-5-trifluoroethoxycar- complementary RNA strands were measured. As shown in Figure
bonyl-2-deoxyuridine B), prepared by a previously described?2, all the spectra showed a positive band at 260 nm and negative
method (4,15), was easily reacted with 1,6-diaminohexanebands at 210 and 245 nm. The shapes of all spectra were similar.
Without purification of the product, the amino group was protecteHowever, the spectra of the duplexes containing the modified
with trifluoroacetyl group to givé. The modified nucleosidewas  nucleosidesHs, showed slightly enhanced cotton effects in both
converted to the protected nucleoside phosphorangiditethe  negative and positive bands as compared with the spectra of the
standard method of ODN synthesis421). To incorporatéd into  corresponding unmodified duplex. This suggests that the amino-
the 3-end of the ODNg} was further derivatized to its8uccinate  hexyl groups introduced into the 5-positions of thdébxyuri-

6, which was then linked to controlled pore glass (CPG) to givedine residues might slightly affect the conformation of the
solid support containing (36.0umol/g). duplexes.

Table 1.Melting temperaturesT{,s) and thermodynamic parameters of ODN—RNA duplexes

ODNs Tm (3uM) (°C) AH° (kcal/mol) AS® (cal/Kmol) AG° 37 (kcal/mol)
gap 1 57.8 -121 -339 -15.9

gap 3 51.8 -125 -356 -14.4

gap 5 50.8 -115 -327 -13.3

control 42.8 -149 —446 -11.1
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4x10* e S similarly hydrolyzed by the enzyme (F). On the other hand,

when only 0.5 U RNase H was used, the initial rate of RNA
\ ] cleavage in the duplexes containktgwas evidently lower than
V\ : that of the control duplex (Fig). The rate of RNA cleavage
- became lower as the number of the modified nucledssle
increased.
Escherichia colRNase H has been crystalliz&tP{24), and
the substrate specificity and kinetic properties of the enzyme have
been studied26-27). Its preferred substrate is a DNA-RNA
heteroduplex. The presence of both thay2iroxyl groups and
phosphate groups in the RNA strand is essential to its activity
(28,29). 2-Methoxy modifications of the DNA strand have been
reported to inactivate the enzynis,(30,31), while substitution
of an uncharged methylphosphonate for the phosphate group
produces a substrate that is not cleaved by the en2a@ndte
Ny 3 minimum length of a DNA—-RNA hybrid required for cleavage by
- v b the enzyme is four nucleosides from the study using ‘chimeric’
b ODNs (30,31).
. f L] Furthermore, the active site of the enzyme is thought to make
X0 T T T Se0.0 contact with the minor groove of its substrate dupks.(The
aminohexyl-linkers in the ODN analogues should be accommo-
dated in the major groove when the analogues form duplexes with
Figure 2.CD spectra of ODN-RNA duplexes at’IDin 0.01 M NaCl, 0.01 M complementary RNAs, since the 5-position of thdebxyuri-
E?SH;T cacodylate ép;,\f -AO)- (—) control-RNA; (- - - -) gap 1-RNA; (- ) 9ap dine in a duplex is located in the major groove. Therefore, the
i(=--)gap : enzyme should not interact with the aminohexyl-linkers of the
substrate duplex directly.
Inspection of the CD spectra showed that the conformation of
. . duplex was slightly affected by the introductionHs into the
Nuclease resistance of modified ODNs ODNSs. Therefore, cleavage of the RNA strand by RNase H might

In a previous study, we found that the ODNs contaikiagvere bese_ltﬁeg_ted :J{jminutte changes tinc}_he conform?tié)r:k?fttr;ﬁ dL;]pIegi
more resistant to nucleolytic hydrolysis by snake venom phos->'t€-CIrécted mutagenesis studies suggested that e handle

phodiesterase (@xonuclease) and more stable in the presence Bf9ion OfE.coliRNase H (residues 84-99), a region rich in basic

10% FCS than the unmodified ODN3), Therefore, in this 2Mino acid residues, is necessary for effective binding to the
study we examined the resistance of the hepta’decamerssHpstrate?&).Thls suggests thatelectrosta;mmteractlpn between
nucleolytic digestion by nuclease S1 (an endonuclease). TH Phosphate backbone of the nucleotide and this cluster of
modified heptadecamers and a control, referred to as gap 1, g5!tive charges is involved in substrate binding. Therefore,
2, gap 3, gap 4, gap 5 and control, were labeled3frat the clcavage of RNA strand by RNase H might be influenced by an

dpteraction between the amino groups of the aminohexyl-linkers

5-end and incubated with nuclease S1. The reactions w e .
analyzed by denaturing polyacrylamide gel electrophoresis (Fighd the Phosphate anion in the phosphate backbone in the duplex.

3). The half-lives of these ODNs are summarized in Figurbe
values of the half-lives increased with the number of the modified ONCLUSION

nucleosides. The ODN containing eight moleculdd ®{Ty/, = - - .
. X v DNs containing deoxyuridine analogds at intervals of one,
(2-?1::[] )3Véa§1iiﬁvg?o%mtizsrgorfsﬁﬁsblﬁ \t,c: : fg'fng%naﬁgf%gtﬁ 0, three, four and five natural nucleosides were synthesized to

o : ’ . Study the resistance to endonuclease activity, and to determine
containingHs were more stable not only towards the nUCIGOIyt'?Nhe%er or not a duplex consisting of the ODtyN analogue and its
hydrolysis by 3exonuclease but also by endonuclease than ﬂ%%mplementary RNA induces RNase H activity. Duplexes that

radaaa s

HLIC I N I e e LIt It e (O

IR A R B |

corresponding unmodified ODN. containedHs were more stable, both thermally and thermo-
) dynanically, than the corresponding unmodified duplex. When
Degradation of the target RNA by RNase H ODNs containingHs were treated with nuclease S1 (an

It has been postulated that the antisense activity of antisen rédonuclease), It was found tha_t the ODN analogues were more
. : ble to nucleolytic hydrolysis by the enzyme than the

ODN s is due, at least in part, to cleavage of the RNA strand o di dified ODN. Eurth : found th

DNA-RNA duplex by RNase H1£3). Therefore, we next corresponding unmodihie - Furthermore, it was found that
. o the kinetics of cleavage of the RNA strand by the enzyme were

examined whether the duplexes of the ODNs contaiimgnd affected by the introduction &fs into duplexes

their complementary RNA strands induce RNase H activity. The Y P '

duplexes consisting of each ODN containifty and its

complementary RNA labeled witA2P at the 5end were MATERIALS AND METHODS

incubated withEscherichia coliRNase H. The products were .naral experimental data

analyzed by denaturing polyacrylamide gel electrophoresis (Figs

5 and6). When 6.0 U RNase H was used in the reactions, thehin-layer chromatography was done on Merk coated plates

RNAs in the duplexes containihkts and the control duplex were 60F54 The silica gel or the neutralized silica gel used for column
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Figure 3.Polyacrylamide gel electrophoresis 68&P-labeled ODNs hydrolyzed by nuclease )lgép 1;b) gap 2; €) gap 3; ¢) gap 4; €) gap 5; {) control. ODNs
were incubated with nuclease S1 for 0 min (lane 1), 10 min (lane 2), 20 min (lane 3), 30 min (lane 4), 60 min (lane Shiarfhie®). Experimental conditions

are described under Materials and Methods.
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Figure 4. Half-lives of ODNs treated with nuclease S1.
Figure 5.Polyacrylamide gel electrophoresis 6B&P-labeled RNA hydrolyzed

- N by E.coliRNase H (6.0 U). ODN-RNA duplexes were incubated titwoli
chromatography were Merk silica gel 5715 or ICN silica 60A, RNase H for 20 min at 3€: lane 1, RNA; lane 2, RNA + enzyme; lane 3, RNA

respectively. ThéH-NMR spectra were recorded with a JEOL *9ap 1;lane 4, RNA + gap 2; lane 5, RNA + gap 3; lane 6, RNA + gap 4; lane
7, RNA + gap 5; lane 8, RNA + control; lane 9, RNA + gap 1 + enzyme; lane

EX-270 or a Bruker ARX-500 spectrometer with tetrame.thyl_ 10, RNA + gap 2 + enzyme; lane 11, RNA + gap 3 + enzyme; lane 12, RNA +
silane as an internal standard. Chemical shifts are reported in paggﬁ, 4 + enzyme; lane 13, RNA + gap 5 + enzyme; lane 14, RNA + control +
per million @), and signals are expressed as s (singlet), @nzyme. Experimental conditions are described under Materials and Methods.
(doublet), t (triplet), g (quartet), m (multiplet), or br (broad). All

exchangeable protons were detected by the additiop@fCD

spectra were measured by a JASCO J720 Spectropolarlmeterbrine_ The separated organic phase was driedS®®, and

5'-O-Dimethoxytrityl-5-N-trifluoroacetylaminohexyl)carbamoyl- concentrated to dryness. The residue was coevaporated with
2'-deoxyuridine (4)1,6-Diaminohexane (536 mg, 4.61 mmol) toluene and dissolved in DMF (15 ml). Triethylamine (0

was added to a solution of-6-dimethoxytrityl-5-trifluoroe-  4.62 mmol) and ethyl trifluoroacetate (550 4.62 mmol) were
thoxycarbonyl-2deoxyuridine {4,15) (1.01 g, 1.54 mmol) in added to the solution, and the mixture was stirred at room
pyridine (15 ml), and the mixture was stirred overnight at roontemperature. After 1 h, further amounts of triethylamine (1.28 ml)
temperature. The mixture was concentratagcuoand taken in  and ethyl trifluoroacetate (1.1 ml) were added to the solution, and
CHCls, which was washed with aqueous saturated®® and the mixture was stirred at room temperature. After 1 h, the
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(a) {b) =) to the mixture, and the whole was further stirred for 10 min. The
1 2 3 45 61 2 3 45 61 2 3 4 5 6 mixture was concentrated and taken in GH®hich was washed
- xc with aqueous saturated KIPIO, and brine. The separated organic
phase was dried (M80Oy) and concentrated. The residue was
L I T T I 2 e L L L purified on a silica gel column (1712 cm) with 0-8% EtOH in

CHClz to give6 (193 mg, 85%, as a white foam): FAB-M2867
(M*+1); 1H-NMR (CDCk) 6 9.52 (br s, 1H, NH-3), 8.74 (s, 1H,
H-6), 8.54-8.50 (m, 1H, GEONHCH,"), 7.41-6.81 (m, 13H,
- DMTT), 6.54-6.52 (m, 1H, -CHNHCO-), 6.06 (dd, 1H, H'1Jy >4
=5.7,J1 2p = 7.9 Hz), 5.33-5.11 (m, 1H, H}34.21-4.19 (m, 1H,
H-4'), 3.79 (s, 6H, -OCh}, 3.46-3.44 (m, 2H, H'&,b), 3.38 (g, 2H,
- gpa CRCONHH&CHby-, JanH = Jap = 7.0 Hz), 3.26 (dt, 2H,
-CHoCHLNHCO-, Jy cH= 6.7,Jc g = 6.3 Hz), 2.72-2.55 (m, 4H,
3'-OCO0H,CH,COO0-), 2.37-2.11 (m, 2H, H&b), 1.41-1.29 (m,
8H, -(CHs-).

_ _ _ Synthesis of the controlled pore glass support
Figure 6. Polyacrylamide gel electrophoresis 6£38P-labeled RNA hydro- containing 4
lyzed byE.coli RNase H (0.5 U) in the presence of complementary ODN 9

strands: §) gap 4; b) gap 5; €) control. ODN-RNA duplexes were incubated ;

with E.ccﬁ?lgNgse El) (%éJ U) %r 0 min (lanes 1), 10 mig (lanes 2), 20 min (IanesAmmopr0py| controlled pore glass (312 mg.’ 281mol,

3), 30 min (lanes 4), 60 min (lanes 5) and 120 min (lanes 6). ExperimentaﬁSmeovgv CPG Inc., NJ) Was_added to a solutiof (43 mg,

conditions are described under Materials and Methods. 0.104 mmol) and 1-ethyl-3-(3-dimethylaminopropyl)carbodiim-
ide hydrochloride (21 mg, 0.104 mmol) in anhydrous DMF
(2 ml), and the mixture was kept for 25 h at room temperature.

mixture was concentratéd vacuoand taken in EtOAc, which After the resin was washed with anhydrous pyridine, a capping

was washed with aqueous saturated Naki@a brine. The Solution (1 ml, 0.1 M DMAP in pyridine:A0O = 9:1) was added,

separated organic phase was dried8@), and concentrated to and the whole was kept for 2 h at room temperature. The resin was

dryness. The residue was purified on a neutral silica gel colunfshed with EtOH and acetone, and dried under vacuum. The

(2.8 16 cm) with 0-5% MeOH in CHglto give4 (890 mg, ~amount of loaded nucleosidéo the solid support is 36.nol/g

75%, as a white foam): FAB-M&/z 769 (M*): IH-NMR  from calculation of released dimethoxytrityl cation by a solution

(CDCl3) 88.71 (br s, 1H, NH-3), 8.61 (s, 1H, H-6), 8.54 (t, 1H,0f 70% HCIQ:EIOH (3:2, Vv).

CRCONHCHy-, J = 6.4 Hz), 7.42-6.82 (m, 13H, DMTr),

6.56—6.53 (M, 1H, -CHINHCO-), 6.16 (t, 1H, H-1J1: 2a=J1 2  Synthesis of ODNs

= 6.5 Hz), 4.34-4.29 (m, 1H, H)33.98 (dt, 1H, H-4Jy5a= 5N were synthesized on a DNA/RNA synthesizer (Applied
J3 4 =4.5,Jp4 5p = 5.4 Hz), 3.80 (s, 6H, -OGH 3.49 (dd, 1H, Bi Model 392) by the phosph it
H-5'a, J5.a 56 = 103,z 5a= 4.5 Hz), 3.42 (dd, 1H, H5, J5 5 56 iosystem Mode ) by the phosphoramidite metlﬂ@cﬂ@.
~ 103 Ja’ _ ~a ’ A The fully protected ODNs were then deblocked and purified by
= .3,J4 5p = 5.4 Hz), 3.39 (g, 2H, GEONHCHa;CHby-, e

A _  the same procedure as for the purification of normal ODNs. That
JaNH=Jap= 6.4 Hz), 3.29 (g, 2H, -CHEHHLNHCO-, JycH= h ODN linked 1o th ! d with q
Jeq= 6.6 Hz), 2.47 (ddd. 1H, H Jya o5 = 13.6,1 24 = 6.5 is, eac inked to the resine was treated with concentrate
Jc: ot H'z) A (dd’ H B 2 T 6.3 =65 NH4OHat 55C for 16 h, and the released ODN protected by a
|_|223'31 58-1.35 (m, 8H, -(Chly) 2a2b= 220120 = B2 DMTr group at the Send was chromatographed on a C-18 silica

T ’ T ' gel column (Ix 10 cm, Waters) with a linear gradient of 4CHN

3'-O-[(2-Cyanoethyl){,N-diisopropylamino)phosphinyl]:80- from 0t0 30% in 0.1 M TEAA buffer (pH 7.0). The fractions were
dimethoxytrityl-5--trifluoroacetylaminohexyl)carbamoyl-2 concentrated, and the residue was treated with aqueous 80%
deoxyuridine §). After successive coevaporation with pyridide, ACOH at room temperature for 20 min, then the solution was
(910 mg, 1.19 mmol) was dissolved in £Hp (15 ml) containing concentrated, and the residue was coevaporated with water. The
N,Ndiisopropylethylamine (41Qul, 2.38 mmol). 2-Cyanoethyl residue was dissolved in water, and the solution was washed with
N,N-diisopropylchlorophosphoramidite (390, 1.78 mmol) was EtO, then the KO layer was concentrated to give a deprotected
added to the solution, and the reaction mixture was stirred for 30 nf#PN gap 1 (8.1), gap 2 (12.6), gap 3 (44.7), gap 4 (38.6), and gap
at room temperature. The mixture was diluted with GHEId 5 (44.0). The yields are indicated in parentheses as OD units at
washed with aqueous saturated NaH@@d brine. The separated 260 nm starting from famol.
organic phase was dried ($£)) and concentrated. The residue
was purified on a neutral silica gel column (3.210 cm) with  Thermal denaturation and CD spectroscopy
25-50% EtOAc in hexane to gi%€0.88 g, 76%, as a white foam):
31P-NMR (CDCp) & 150.36, 149.61 (85% 4ROy as an internal
standard).

Each sample containing an appropriate ODN and a complemen-
tary RNA in a buffer of 0.01 M sodium cacodylate (pH 7.0)
containing 0.01 M NaCl was heated af80for 10 min, then
5'-O-Dimethoxytrityl-3-O-succinyl-5-N-trifluoroacetylamino- cooled gradually to room temperature, and used for the thermal
hexyl)carbamoyl-2deoxyuridine §). A solution of4 (200 mg, 0.26  denaturation study. Thermally induced transitions were moni-
mmol), succinic anhydride (52 mg, 0.52 mmol), anbtiMNdime- tored at 260 nm on a Perkin Elmer Lambda2S. Sample
thylamino)pyridine (DMAP) (6 mg, 0.05 mmol) in pyridine (3 ml) temperature was increased CImin. Thermodynamic para-
was stirred overnight at room temperaturgDK10 ml) was added meters were derived by the reported metl3&)l Gamples for CD
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spectroscopy were prepared by the same procedure used in theBeaucage, S. L. and lyer, R. P. (1983yahedror9, 6123-6194.

thermal denaturation study, and spectra were measuretiGat 10 8
The ellipticities of duplexes were recorded from 200 to 320 nmg
in a cuvette with a path length of 1 mm. CD data were converted

into mdeg-mol of residuescnT?. 9
10
Partial hydrolysis of ODN with nuclease S1 11

Each ODN labeled witP?P at the 5end (10 pmol) was incubated
with nuclease S1 (0.2 U, Takara Shuzo Co., Ltd) in the presence
of torula RNA (0.27 OD units at 260 nm) in a buffer containingi3
30 mM sodium acetate (pH 4.6), 0.28 M NacCl, and 10 mM
ZnSQy (total 20ul) at 37°C. At appropriate periods, aliquots of 14
the reaction mixture (4l) were separated and added to a solutio
of EDTA (5 mM, 10pl), then this mixture was heated for 5 min
at 90 C. The solutions were analyzed by electrophoresis on 20%
polyacrylamide gel containing 8 M ure&4]. Densities of
radioactivity of the gel were visualized by a Bio-imagingl
Analyzer (Bas 2000, Fuji Co., Ltd) and the cleavage rates were
determined. 18

Hydrolysis of duplexes withE.coli RNase H 19

A mixture of RNA labeled witf2P at the 5end (10 pmol) and 20
unlabeled RNA (40 pmol) was incubated whltoli RNase H
(Takara Shuzo Co., Ltd) in the presence of the complementary
ODN (50 pmol) in a buffer containing 10 mM Tris—HCI (pH 7.9), 22
10 mM MgCh, 50 mM NaCl, 1 mM DTT, 0.01% bovine serum
albumin (total 2Qul) at 30°C. At appropriate periods, aliquots of
the reaction mixture (4dl) were separated and added to a solutio®
of 9 M urea in 2 TBE (5ul). The mixtures were analyzed by 24
electrophoresis on 20% polyacrylamide gel containing 8 M urea
(34).
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