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Abstract: A 20mer RNA (1), characterized as a duplex with two A*A mismatch basepairs and four
tandem GelJ wobble basepairs, was targeted at the first A*A internal loop by nonameric 5'-Polyarene

DNA-conjugates. For comparison, its DNA counterpart (10), which was found to form a hairpin wilh one

AsA mismatch and a four nucleotide loop, was targeted at the single stranded loop starting from the AsA
internal loon, The secondarv structure of the dimlex RNA (1) conld not be rhcnmmd hu the DNA-
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conjugates while the hairpin DNA (10) was found to hybndlze successfully, thereby showmg the intrinsic
ability of RNA (compared to DNA counterpart) to fold into a tertiary structure that is kinetically difficult

to access for hptpfndnnlpv formation by an antisense ODN, © 1999 EBlsevier Science Lid. Al rights reserve
VR XAEGuawn Uy dul antiser 1777 CSCVICE \)L«l nce Q. ﬂll llglllb LCSCL VCU-
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Introduction

One of the primary pitfalls of the antisense strategy lies in the selection of the kinetically

annacorhla tneont anstamana honnsian Af tha canmedaw: amd ey otemrmtizeann ~f " TINT
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nucieotide RNA transcript of the Ha-ras gene as the target, it has been shown' that the folded nature
of the RNA structure profoundly inhibits duplex formation with an antisense oligodeoxynucleotides
(ODN). Different methodologies?8 have been used in identifying potent antisense target sequences
for heteroduplex formation. Southern and co-workers have used a DNA array with 1938 different
ODNs to measure the potential for heteroduplex formation with the first 122 nucleotides (nt) of rabbit
B-globin mRNA .2 Essentially, only one of these ODNs annealed efficiently to the target and showed
good inhibition in a translation experiment, showing that the kinetic availability of the target RNA

seauence is very few. Different randomized libraries of antisense
e of 1SC
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Eckstein and co-workers® used a randomized ( %) ODN (10mer) library to find only six accessible
sites in the in vitro RNA transcript (fragment 550-2149) of human acetyicholinesterase. Lima et alt
directed backbone optimized ODNs generated from randomized (41%) ODN (10mer) library against
two folded RNA fragments (200 and 370 nt long) spanning the 5'-region of a hepatitis C viral RNA

0040-4020/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
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hich caused in vitro translational arrest. l:.ssenuauy the same approacn

h

heteroduplex hybridizaiion
was used by Ho ef al.® in identifying eight accessible regions in the 1253 nt angiotensin type-1
receptor (AT}) mRNA using a semirandom (4x4%) chimeric library of methoxyribonucleotides and
ODNs (10mer). Phosphorothioate ODNs (10mer) directed against all eight identified regions by this
approach inhibits the expression of AT} receptor not only in cell culture but also in an animal model.
Toulmé and co-workers® have targeted nucleic acids by antisense ODNs using an in vitro
selection approach. Using this approach they have identified 19 aptastrucs (i.e., aptamers against an
RNA structure) from a library of oligomers (66mer with a window of 30 random positions in the

middle, i.e., about 10" different molecules) that bind to 59 nt long TAR RNA element of HIV-1 with

P PP PR S, Py e ko PPV, [P gy .

a dissociation constant in the nanomolar range. Another ppro dLnB used Dy Strauss and Lieber was
the generation of a library of human growth hormone (hGH) mRNA specific ribozymes with random
sequences of 13 nt on both sides of the hammerhead using a expression cassette for the ribozyme
gene (10° plasmid clones). They found that ir vitro out of 156 potential cleavage sites of the hGH
target RNA (1,600 nt) only seven were cleaved by the library of ribozymes.

We have been interested in evaluating how different RNA structures, i.e., a duplex vis-a-vis
hairpin, differ in their behaviour towards being hybridized by an antisense ODN such as the 5'-

ates.?19 In this report, these DNA-coniugates were targeted to a palindromic

polyarene DNA-coniug mese 2AIES targeted 1o
r o T = T

20mer RNA (1) (Fios, 1 & 2) which formg a dunlex with tandem Gell wobble 13 ,nq AeA
iV VIV Sy L Ve Fa N \‘I A& .‘.604 E R S 2 &, VY ALAVAL AVLIRILIY @& “uy‘vd\ YYiWdl AR Ao AV RV PRy [+ NS LV Sy Fart

\ na lLinaken v vvsoashl

nomntnhl? Loacacatoe o A it wne at < 1 -
uiat un NN Wsol- \l} wdb Mncupauy ulnwcamuxc 1

mismaich ~ basepairs, and it was foun
hybridization. On the other hand, the DNA counterpart (10) (Figs. 1 & 2) which forms a hairpin with
a four base loop and a A*A mismatch!>'® was successfully capable of being hybridized at its loop by
the DNA-conjugates. The secondary structures of both RNA (1) and DNA (10) are conclusively
identified using concentration dependent thermal studies, PAGE and CD.

1: 5-r(UUAACAUGUUUGGACAAGUU)3' 10: 5-d(TTAACATGTTTGGACAAGTT)3'

2: 5-r(UUAACAUGUUUGGACAAG)3' 11: 5-d(TTAACATGTTTGGACAAG)3'
3: 5-[(AACAUGUUUGGACAAGUU)3' 12: 5'-d(AACATGTTTGGACAAGTT)3'
4: 3-r(UACAAACCL)-5' 13: 3-d(TACAAACCT)-5'
5: 5'-r(CAUGUUUGGA)-3' 14: 5'-d(CATGTTTGGA)-3'

{Hs N:\\(G"(Cﬂz)ZOH

(NI chy0m AN
S N2 @
6 7

DNA-conjugate 8-9: 3-d(TACA A A CC T)-5-0P0,)-X)
(X = corresponding alkoxy moiety of the alcohols 6-7)

Fig. 1 DNA and RNA single strands shown with the DNA-conjugates used.
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Thirteen different DNA constructs reported'® from our laboratory have been targeted against
sSRNA to test their use in the antisense strategy. The ability of these DNA constructs to form DNA-
DNA duplex has also been evaluated in order to compare with those of DNA-RNA hewroduplex.9’16
A small 20mer RNA was chosen to test the efficiency of these DNA constructs in disrupting the
secondary structure of the target. We envisioned that the choice of a relatively small ssSRNA would
enable us to identify its structural features (through temperature dependent UV/VIS, CD and PAGE),
which make it an accessible or inaccessible target. The second consideration for choosing a smaller
RNA target was that it provides an easy means to prepare its mutants by standard solid-phase
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hairpin. Hence, we chose a palindromic RNA

PR P

nomouuplex or to mu*ammcumany I (l o ftorm a
sequence (1) (Fig. 1), 5-r(UUAACAUGUL UGG ACAAGUU)3’, whose secondary structure was
8, which is parametrized on the basis of “nearest-

q

theoretically analyzed using the mfold algorithm!”
neighbour” thermodynamics.

(A) (B)
A
SXXAACPXGXXXGGACA? GXx X7 ssxxAAc xaxX x
N T A A O I I R N I -
3(XXG ACAGGXXXGX CAAXX)-S 3 ACA_. U
A A A G
(C) UV VAACAVAVYVYVAMNANDAAMNY V2
FAXXGAACAGGXXXGXACAAXX)S
iad 2 Ponccihle ctahle cacandaru etrmictirac of 2dmar taraat RNA 1 =TIN 2 NNA 10 (Y —
LiGe & USSIOIC §1a0:0 SCCONGAry STUCiuies O LUl Walgll UNA 2 (A = U)X /INA AV A = 1.

(A) Characterization of RNA (1) as a duplex.
Three possible sccondary structures can be envisioned for 20mer RNA (1) (Figs. 1 & 2):
Duplex (A) with two A*A mismatch basepairs and four successive G*U wobble basepairs along with
twelve fully matched basepairs and two 5'-dangling uridines. The solution structure of A®*A mismatch

has been reported by NMR.'* GeU basepairing has been shown by NMR!! and by X-ray

ArvetallagranhulZ 13 (0 n a0 oonhhla frmn of basenairing wi e 1 on the global structure of
vi _yal.a.uu Qal ll] L4 w a.uupt a WUUUILIC LUl uL u pauu15 willl uu.lc cqu vl u 5[ SLLULVLULL Ul
the A-RNA. The second possible structure for RNA (1) is a hairpin (B) (Fig. 2) with one A’A

mismatch along with six fully matched basepairs in the stem part and a four nucleotide hairpin loop.
The 5'-end of hairpin (B) has two dangling uridines. Duplex (C) could also be possible with eight
fully matched basepairs in a row without any mismatch interruptions with two and ten nucleotide
residues dangling at the 5'- and 3'-ends respectively in each strand. The secondary structure adopted
by RNA (1) was resolved by a series of studies involving concentration-dependency of Tp,
estimation of thermodynamic stability, PAGE and CD.
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Table 1. Concentration dependent thermal melting (T
in° C) of 20mers RNA (1) and DNA (10).

1uM 5uM 10uM
20mer RNA (1) 38.9 42.0 3.6
20mer DNA (10) 45.5 45.8 46.2

g.

(a) Concentration dependent study of thermal stability of RNA (1).
INA (1) existi

mer RNA (2) (Fig. 1) showed more destabilization than the isomeric RNA (3) (Fig. 1) as
compared to the parent 20mer RNA (1), implying that the two uridine bases at the 3'-end of RNA (1)
are contributing significantly (by being involved in basepairing) towards its stability. This suggests
that (A) or (B) in Fig. 2 are the likely secondary structures for RNA (1).

35.9° C) (Flg 1) in which two uridine bases were removed from 3'- and 5'-ends respectively. The
i8
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Figure 3. Fraction co1l versus tempemture proﬁle of 20mer RNA hairpin (1)
(Panel A) and 20mer DNA duplex (10) (Panel B) at varying oligo concentrations: 1

UMol (———), 5 UMol (eumem. ) and 10 uMol (- - - =) in 1.3 ml of buffer A.

s et d £ 2mer RNA (1) was performed iii
HICENUaLOn acpenacii 1m stuuy O1 2uinifT RINA (1) Was PETonmea i

in 20
M NaCl buffer at pH 7.3 (buffer A) with the temperature range 15° - 70° C. All melting curves
showed a clear monophasic dissociation (Fig. 3). The 20mer RNA (1) showed significant change in
thermal stability (Table 1 & Fig. 3, Panel A) with change in concentration. This rules out the adoption
of hairpin (B) structure by RNA (1), suggesting that it takes up most probably the duplex structure
(A) (since the hairpin structure follows first-order kinetics,!%%°
second order!®

~AA DM 1N
I V.lrU4", 1.V

whereas duplex melting follows the
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(h) Calrulatad thormadvnamic etahilitioc AnF DNA 77)
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t 25" C of the three contributing structures of the 20mer RNA (1)
(Fig. 2) calculated using RNA mfold algorithm (ver 3.0) (based on the nearest-neighbour
thermodynamic parameters determined by Turner and co-workers®!) were as follows: duplex (A): -
18.4 kcal/mol, hairpin (B): -3.0 kcal/mol and duplex (C): -12.7 kcal/mol. Here RNA (1) is predicted
to exist as duplex (A) which is its experimental structure as determined by this work.
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Figure 4. (A) 15% native PAGE pattern showing electrophoretic mobility of RNA duplex (1)
(lane a), DNA hairpin (10) (lane b), DNA duplex (13)¢(14) (lane c) and RNA duplex (4)¢(5)
(lane d). (B) 15% native PAGE pattern viewed under UV light of 254 nm showing
electrophoretxc moblhty of 5'Pzn 9mer (8) (lane a), mxxturc of RNA duplex (1) & S'Pzn 9mer

g PN P prTpy [ it 1M O £ D ace 7O M. v DATA 1. 1. ~

(8) (lane b), a complex of DNA hairpin (10) & 5Pzn-Smer (8) (lane c), RNA duplex (1) (lane
d) and DNA hairpin (10) (lane €). (C) 15% native PAGE pattern viewed under UV light of 366
nm showing electrophoretic mobility of 5Pzn-9mer (8) (lane a), mixture of RNA duplex (1) &
5'Pzn-9mer (8) (lane b) and a complex of DNA hairpin (10) & 5'Pzn-9mer (8) (lane c¢). (D) 20%

Aanatireinas DAME AfDANA doanlae 71 nra ol nmd TYNTA hotania (10 Taws k)
Utliaiulilly I ALY UL YA UUpPICA \1) \ldllC a) diid unn flalpii { 1V) ialic v).

(c) PAGE of RNA (1).

The secondary structure of RNA (1) (Fig. 4, Panel A, lane a) were further confirmed by
running experiments on 15% polyacrylamide gels under native conditions?? at 5° C. 9+10mer RNA
duplex (4)*(5) (Fig. 4, Panel A, lane d) was also run for comparison. RNA duplex (4)*(5) [i.e., 17
phosphates] showed faster electrophoretic mobility than RNA (1) in its native form [i.e., 38
phosphates in the duplex form (A) and 19 phosphates in the hairpin form (B)], thereby implying that

the seconda.ry structure of RNA (1) has more charges than 9+10mer RNA duplex (4)*(5), which
. 2223 1oy

rala
wues ut

1509



1510

N. Puri, J. Chattop padhyaya / Tetrahedr

0 )
yava rahedro! Z77)

electrophoretic mobilities of isomeric DNA t‘;)iiSng in u l]_ml or the di pEEX forms or as ir
equilibrium mixture.
Wavalanat
"u'wlvlls\ll
4 i 4 4 4 H v ¥
40
8.0 A _ — B - SV
. \
H \
4.0} P \
: i N
/ \

00 [eeit S e N

N
. ~/
AN - - '40
-4.0
1 L 1 1 ) 1 1 1 1
240 260 280 300 240 260 280 300
Iiaura & N gnoartra af Mmar DNA Anmlay (1) (Danal AY and 2Naane MATA halenin
CIgUre S. L/ s Ua U1 2uiliCl nuvn GUPIEX (1) (raii A dil0 JulliCl A naiipin
o o
(10) (Panel B) at 7 C () and 55° C ( ). CD spectra of RNA duplex
(4)*(5) (- =--) (Panel A) and DNA duplex (13)¢(14) (----) (Panel B) are also

shown for comparison.

(d) CD spectra of RNA (1).
To characterize the structure of 20mer RNA (1), its CD spectra (Fig. 5, Panel A) was recorded
at 10 umol concentration using same buffer conditions as for the thermal study. Fig. 5 also shows,

for comparison, the CD spectra of an RNA duplex ( 4)’( 5) (Panel A) representing A-RNA form. The

CD spectra (Fig. 5, Panel A) of RNA (1) showed that its conformation was more characteristic of A-

RNA conformation showing a large positive molar clhpttc ity above 260 nm. This was also concluded

A A A
5'-r(UU1Ix.|A? U(IHIJUUGGTAIC]A (|}IlJIU)3 S-dTTAAC TGTT T
| Pt I O T I
3‘-r{UUGAACAGGUUUGUACAAUU)-S' 3‘-(TTG—AACAGG

[u—y

10
Fig. 6 Determined stable secondary structures of 20-mer target RNA 1 & DNA 10.

(B) Targetmg RNA secondary structures by Antisense ODNs.

From the coicentration depende Af oL 21 otnliilie oo DAMT O
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conciude that it adopts a secondary siructure as in dupiex (A) (Figs. 2 & 6). The effectiveness of

disruption of the secondary structure of RNA duplex (1) by our reported DNA constructs'® was
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hydroxyethyl)phenazine (Pzn) (6) and 9-(2-hydroxyethoxy) phenantharene (Phn) (7) (Fig. 1),
tethered through the 5-phosphate of 9mer DNA-conjugates (8) and (9) respectively, were used for
further investigations as they had shown®!? the best stabilizations with both 10mer RNA (8) and
DNA (14) complementary targets (Fig. 1).

In a recent review,?* Toulmé and co-workers have highlighted taking advantage of unpaired
bases (as in bulges, loops) to minimize the thermodynamic penalty of disruption of the target
structure. Also complementary DNA has been found to be able to invade duplexes in ribosomal RNA
using internal lnn within the helic 25 To use this information our DNA-conit gates were targeted

to the 20mer Du (1)

< o at tha AeA micmatrh o nd alano the ¢tom containing the tandam
ummlb L WIN 4% LR LIADILIAWN L olw ﬂ-l 1 m\)llé LI OWAELL vulluLllullE LI MARENSALLL

Ge*U wobble basepairs. A solution in buffer A of 1:1 mixture of the DNA-conjugates and RNA (1)

P

was heated to 70° C, then slowly cooled to 4° C and incubated overnight. Their melting curves

WU MU Uil K

showed a clear monophasic dissociation exactly like the one showed by the melting of just the RNA
duplex (1). Hence, it was difficult to confirm the formation of the heteroduplex.

To investigate the formation of the heteroduplex, a 1:1 mixture of 5'Pzn-9mer (8) and RNA (1)
was incubated (as reported above) in buffer A (25 W) and PAGE was run under native conditions
(Figs. 4, Panels B and C, lane b). For comparison both 5Pzn-9mer (8) (Fig. 4, Panel B and C, lane
a) and RNA (1) (Fig. 4, Panel B, lane d) were also run in separate lanes after incubation. Under UV

light of 254 nm, it was seen that the electrophoretic mobility of the visible mixture of 5Pzn-9mer (8)
and DRNA 71\ (T Danal B lana hY oo tha A ap thot FAr DANTA /1) alana fCia A Danal D lana
alg AN L) K] 5 y L 1CL D, 1aliv v) wmo 1 ad llldl IUL ININAA () UL \l. i “, 1 diiUl D, ldiik
AN A . TYLY %' L. _ O AIrsL PR alb . i -4} o IS n_ 7O\ L

a). AlISOunder vy 2Nt 01 500 nm, 1[ was Llﬁd.l‘ly séen tnai ine > Pzn-Ymer \0) nau not complexeu

with RNA (1) (Fig. 4, Panel C, lane b) and had a electrophoretic mobility close to that of pure 5'Pzn-
9mer (8) (Fig. 4, Panel C, lane a). It was also observed that the electrophoretic mobility of 5'Pzn-
9mer (8) was smeared out (Fig. 4, Panel C, lane b) when run as a mixture of 5'Pzn-9mer (8) and
RNA (1) possibly because of a dynamic equilibrium of weak associations and dissociations between
them. Clearly the DNA-conjugates (8) and (9) did not form a heteroduplex structure with 20mer
RNA (1) owing to the high thermodynamic stability of its folded structure.

(C) Differences in the folding states of a DNA and an RNA with the same primary

scyucuce.

The kinetic inaccessibility of RNA (1) to DNA-conjugates prompted us to evaluate the ability of

its DNA counterpart (10) (Fig. 1) to form a homoduplex with 5'-polyarene DNA. We argued that
this might highlight the role of 2'-hydroxyl group in the ribose sugar in RNA (1) in disallowing
disruption of its tertiary structure by antisense ODNs.2® The secondary structure of DNA (10) was
analyzed using the mfold algorithm. Like in the case of RNA (1) three possible secondary structures
can be envisioned for DNA (10) (Fig. 2): Duplex (A) with two A*A mismatch basepairs and four
successive G*T wobble basepairs along with twelve fully matched basepairs and two 5'-dangling

= B i ———4

norted by NMR 15,16 GeT

64
ructal gtrintien analucic ta adnant a wnahhl
i v [3)1
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structure for DNA (10) is a hairpin (B) (Fig. 2) with one A®A mismatch along with six fully maiched
basepairs in the stem part and a four nucleotide hairpin loop. The 5-end of hairpin (B) has two
dangling thymidines. Duplex (C) (Fig. 2) could also be possible with eight fully matched basepairs in
a row without any mismatch interruptions with two and ten nucleotide residues dangling at the 5'-
and 3'-ends respectively in each strand. The correct secondary structure was resolved by a series of
studies involving concentration-dependency of T, estimation of thermodynamic stability, PAGE and
CD of DNA (10).

() Conrontratinn Adenondont ctudy nf thormal ctahilitice nf DNA ( }
W) NrUTEL T Issi sy l‘c’lblw'bl Olm" VJ ST T FTHRAY DALY VJ ASLVLN (&v]o

The adoption of the structure (C) by DNA (10) was eliminated by comparison of its thermal
ctnkilie. 7T __ A7 7° ol sl man aecrm Qe TNRTA . 711\ AC N 1 s e &°
Staouity (4m=57.7 \_,) with those of two 18mer DNAs (11) Um--’l < L) ana \1&) \1m— 30.0

C) (Fig. 1), in which two thymidine bases were removed from 3'- and 5-ends respectively of DNA
(10). Since the 18mer DNA (12) showed thermal stability closer to parent DNA (10), the two
thymidine bases at the 3'-end are contributing towards its stability, suggesting that (A) or (B) in Fig.
2 are the likely secondary structures for DNA (10). A concentration dependent T study of 20mer
DNA (10) was carried out in buffer A with the temperature range 15° - 70° C. All melting curves
showed a clear monophasic dissociation. The 20mer DNA (10) showed no significant change in the

thermal stability (Fig. 3, panel B & Table 1) as the concentration was changed, implying that it ig

wWIinal SIQULly (Fig. 2, palg B 1anC UG CONCLINIALON was clhatiged, HNPpIying Jal B2 s
‘Allavring firct_nrdar Finating in farming ite conandary otrmintiire Tt ran ha damusAd feam tha ahava that

LONUWILE 1IS1-UTGCT RAGCUCS 11 IUITIIINE 1S SCCUNGAly STUCLUIT. it Cdil o UCIIVEQG 110II ulib avUVve dlat

TAYNTA 730 Lmnnn v v el i dwnlnan Al bl g b Y T A O LN

LJINA (1) 101115 4 hall 1 ad UTPICICU 111 UIT SU UL \D)\r1g8. 2 X U}

(b) Calculated thermodynamic stabilities of DNA (10).

For 20mer DNA (10), the calculated free energy of folding for the contributing structures (Fig.
2) at 25° C were determined by DNA mfold program (ver 3.0) (using parameters determined by
SantaLucia?®), duplex (A): -9.0 kcal/mol, hairpin (B): -3.2 kcal/mol and duplex (C): -11.7 keal/mol.
Here the lowest energy structure predicted for DNA (10) was duplex (C). As DNA (10) exists in the
hairpin form (B), hence the possible reason for the discrepancy could be owing to the reason that the

mfold algorithm does not take into account of the 3'-dangling single stranded ends on both the
strands of Gupicx (C)
(c) PAGE of DNA (10).

Further confirmation of DNA (10) (Fig. 4, Panel A, lane b) adopting the hairpin structure (B)
was performed by PAGE experiments under native conditions®® at 5° C. DNA duplex (13)¢(14)
(Fig. 4, Panel A, lane c¢) was also run for comparison. The electrophoretic mobility (Fig. 4, Panel A,
lane b) of DNA (10) was faster than that of RNA (1) (Fig. 4, Panel A, lane a), thereby showing the
combined effect of the phosphate charges as well as the 2°-OH group effect in the folding of the
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3)*(14) (Fig 4, Panel A, lane c) showed the same electrophoretic mobility as DNA
(10) (Fig 4, Panel A, lane b). This implies that DNA (10) [i.e., 38 phosphates in the duplex form
(A) and 19 phosphates in the hairpin form (B)] has approximately the same number of charges as
DNA duplex (13)*(14) [i.e., 17 phosphates]. This data corroborates the adoption of hairpin structure
(B) by DNA (10) (Figs. 2 & 6).

(d) CD spectra of DNA (10).
To characterize the structure of 20mer DNA (10), it CD spectra (Fig. 5, Panel B) was
recorded at 10 pmol concentration. Fig. 5 also shows, for comparison, the CD spectra of DNA

... ey 12\ a1 A\ Momal MDY cnmnonmiio s NTA Chcenn T o Sean e ) » P, | ~£ TYARTA
P A (1) 1%) (ralKi D] IUPIUBCIIU.UE .D 1 A 101, 1n0é \.,U Speiud \f‘lg J, rdici D) OL LJINA

(10) was very similar o the DNA dupiex, in having positive and negative molar eliipticity of
moderate magnitude at wavelengths above 220 nm and a crossover point between 248 nm and 262
nm, characteristic of the B-DNA conformation.? It is difficult, in general, to distinguish between the
hairpin and the duplex structure of a DNA using only CD as a technique, since both of them have
double-stranded regions in the B-DNA form. 3 This has been proven by a combined NMR and CD
studies on an equilibrium mixture of duplex-hairpin forms of a mismatched duplex
[5'd(CGCGATTCGCG)3'], where the NMR showed various populations of hairpin versus duplex

forms at different salt concentrations, while their CD was remarkahly gimilar, thereby implving that
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the loop part of the hairpin contributes very insignificantly to the CD spectrum of B-type of DNA
1y 30

duplex.
(D) Targeting of DNA hairpin (10) by antisense ODNs.

Our DNA-conjugates were targeted in the DNA hairpin (10) starting from the A*A internal loop
in the ascending stem site and covering the complete single stranded loop. A 1:1 mixture of the DNA-
conjugates and DNA (10) was incubated (as reported for RNA (1)) in buffer A ovemnight. Their
melting curves showed a clear monophasic dissociation exactly like the one showed by the melting of

iust the hai rlmn (10). Hence uging UV spectroscopy it was difficult to ascertain the formation of the

vo B2 e cult
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5'Pzn-9mer (8) and DNA (10) (as reported above) was incubated in buffer A (25 pl) and PAGE was
run under native condition. For comparison, both 5Pzn-9mer (8) (Fig. 4, Panels B and C, lane a)
and DNA (10) (Fig. 4, Panel B, lane e) were also run in separate lanes after incubation. Under UV
light of 254 nm it was secen that the electrophoretic mobility of the visible complex of 5S'Pzn-9mer (8)
and DNA (10) (Fig. 4, Panel B, lane c) was considerably retarded than that for the DNA (10) alone
(Fig. 4, Panel B, lane e). The hybridization of 5Pzn-9mer (8) to DNA (10) was clearly seen under
UV light of 366 nm where fluorescent band due to Pzn of (8) was visible at the same electrophoretic

mobhilitv (Fis. 4 Panel C, lane ¢) as the UV ahsorntion bhand for the 5'Pzn-Omer (8) and DNA (108)
nodiity (f1g. 4, Panel ¢, lane €) as the UV adsorpty ¢ 2 PZn-Ymer (&) ang DINA (10)
Anmmnlawr Cia A Danal B lama Y Olaacly thio chawe tha affantiua anmnalavatinn Af tha NN A
compiex (rig. 4, ranci o, lanc ¢). Licany ins sinows Wic eliecuve compicxation o1 the DINA-

—
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Discussion

The observed complexation of DNA-conjugates with the DNA hairpin (10) supports the model
where the loop structure promotes hybridization on the 5' side of the loop.! However the inability of
the DNA-conjugates to bind to the RNA duplex (1), which is as small as a 20mer, was likely due to
the kinetic inaccessibility of the folded RNA target in its single-stranded form or due to the inability of
the DNA-conjugates to strand invade the RNA duplex (1). This is the smallest RNA so far reported

that has its own thprmnd\mammn“v nreferred 3D structure that cannot be di
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The reported free-energy incremenis for internal GG/UU=" and GG/TT”" wobble basepairs are
-0.4 kcal/mol and 0.7 kcal/mol respectively. One explanation why the RNA (1) forms a duplex
whereas DNA (10) forms a hairpin is because of the fact that tandem GeU wobble basepairing
stablizes the free energy of the RNA structure as a duplex by 2.6 kcal/mol while tandem G*T wobble
basepairing in DNA destabilizes it by 2.4 kcal/mol. Clearly the thermodynamic stability of the GeU
wobble basepairs in RNA (1) does not allow the antisense ODN to bind to the target. The differences
in the stability and form of the tertiary structures taken up by DNA and RNA could be the effect of the
2'-OH on the sugar in RNA and the C-5 methyl group on the thymine base in DNA. The C-5 methvl

LI Ot A2 AN QU R LS R BV A AL A AR Vst A Y 2234 vy

group in DNA has been hown26 to stabilize duplex by 0.17-0.28 kcal/mol by increasing the base

ataxnl i s ez nemcazr Ll ncssnernes : ALz nials 4 noonno ela o COfi _.I. e ofi ALl W MNIT . DARTA 71\ o0 d
StdCKi 1 proLicicivy. noweyvar, 1> UHTICULL B dddOD l.IlC LU I-l OUuoin 01 uiC £ -un il RNA (1) allu
C-5 methyl group in dT of DN. ( 10) towards the formation of their respeciive tertiary structures.

Though less than the regular Watson-Crick basepairs, the prevalence of G*T/U basepairing in
nucleic acid secondary structures is significant.>> Hence they would be useful target sites for
antisense ODNs. However from this work it can be derived that targeting nucleic acid tertiary
structures with large stretches of tandem GeU basepairing by antisense ODNs is not kinetically
viable.

Conclusion

SRR R sas AR

Earlier studies from many laboratories have clearly highlighted on how very few sites (~ 2-10)

are actually accessible on a large RNA (200-1600 nt) even when a large library (4“’) of antisense
ODN are targeted onto it. The present analytical methods can not address the issue of how those large
RNA targets are actually folded or why so few single stranded sites are kinetically accessible. In this
work, we selected a small 20mer RNA system where it has been possible to show that it forms a
duplex vis-3-vis its DNA counterpart, which forms a hairpin. It has been demonstrated that this
20mer RNA is not kinetically accessible to form a heteroduplex with the antisense 5'-polyarene DNA-
conjugatf:s, whereas its DNA counterpart can successfully form a homoduplex, thereby showing the

H ~ titnda Af DNJA tn fald into a romnlay tharmads ynom:nn“ v ctahla tartiary ctmonme that ie
INrnsic aptituge of xUNA {0 1016 Into a CompiCX WMCrmodynamiCaiy Stao:C raary Suuciure uiai is
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Experimental

The synthesis of RNA (1) was performed by solid-phase amidite chemistry.33 The reversed-
phase HPLC purification of the 20mer RNA (1) did not give a clear separation; hence RNA (1) was
purified using 20% polyacrylamide gel electrophoresis. The gel fragments with the purified RNA was
extracted ovemlght usmg 025 M CH3C00Na buffer. The extracted RNA was filtered and desalted

by centrifugation using Centricon™ concentrators and then passed through Dowex H+. The synthesis

and purification of DNA (10) has been reported earlier.? Melting measurements were carried out
using a PC-computer interfaced Perkin Elmer UV/VIS spectrophotometer Lambda 40 with PTP-6
peltier temperature controller. The CD spectra were recorded using a JASCO M1-A
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Spectropolamnetcr
Gel Electrophoresis. Native and denaturing PAGE were carried out on gels (15 X 20 X 0.15
cm) at 5° C and rt. respectively. The 15% polyacrylamide native gel (obtained from a solution of 19%
acrylamide, 1% bis(acrylamide), 10 mM Tris.HCl, 10 mM Boric acid, 0.1 mM EDTA and 0.07%
ammonium persulfate, pH 7.5) in TBE buffer (10 mM Tris.HCI, 10 mM Boric acid, 0.1 mM EDTA,

pH 8.0) were e carried out at 10 mA and 5- ‘é'Vlc':rﬁ«ﬁe-&gn;tﬁnng g;f was obtained from a solution
containing 19% acrylamide, 1% bls(acrylam1de), 7M Urea, 10 mM Tris. HCl 10 mM Boric acid, 0.1
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TBE buffer. For both native and denaturing gels 0.1% bromophenol blue and 0.1% xylene cyanol
blue solutions in water were used as references mixed with 50% glycerol and formamide
respectively

overmght at4° C.
Melting measurements. UV melting pro

5 1INV

tpmpprmnm with a hnahng rate of 1.0°C/min in the temperature range 15 - 70°C (entries # 1 & 2
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Table 1).. The Ty, values were calculated from the first derivative of the melting curves with an

accuracy of :t0.2° C. The duplex and hairpin melting experiments were carried out in buffer A: 20
mM NayHPO4 / NaH,POy4, 1.0 M NaCl at pH 7.3. The extinction coefficients for oligonucleotides

1-5, 8-14 were calculated with the nearest-neighbour approximation.34 In the case of the tethered
oligomers 8 & 9, the contribution of the aromatic moieties towards their extinction coefficients at 260

nm were estimated from the UV spectra of 1umol solutions of polyarenes 6 & 7.
Circular Dichroism Spectra. All CD experiments were recorded from 320 to 220 nm in 0.2 cm

path length cuvettes using 10.4 mM strand concentration in 600 ml of buffer A. For CD spectra of the
d“ lex_w and hair r! the temperature was maintained at 10° C by circulating thermostated water
through the cuvettc holder. The samples were equilibrated at the required temperature for 10 min

before recording the spectra. Each spectrum was an average of two scans with the buffer blank
subtracted, which was also an average of two scans at the same scan speed (10 nm/min). The time

1 AN n_’)

onstant and the sensmvuy used were 16 sec and 20 x 10« m%cm respecuvely nacn poml in the

ag mnnnn"v fed into the Profit software in a acintnch where the ¢
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and 500 MHz Bruker DRX NMR spectrometers.
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