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Abstract

The presence of various modifications within oligomers changes their thermodynamic stability. To get more
systematic data, we measured effects of 5- and 6-substituted uridine on thermal stalfiity@I™°*AGAU), and
(AUCUAGAUMed),. Collected results lead to the following conclusiofig:5-halogenated and 5-alkylated substituents
of the uridine affect thermal stability of the RNA duplexes differently. Moreover, the 5-fluorouridine changes stability
of the RNA duplexes opposite to remaining 5-halogenouridiiés;for oligomers containing 5-chloro, 5-bromo or
5-iodouridine stronger hydrogen bond formed between oxygen-4 of the 5-halogenated uracil and 6-amino group of
the adenine is presumably responsible for stabilizing eff@icd; placing of A-UR base pairs closer to the end of the
duplex enhance thermal stability relatively to oligomer with central position of this base(pairtthe effects of 5-
substituents are additive, particularly for substituents which stabilize RNA dupléxe$-methyluridines(N1 and
N3 isomerg as well as 3N-methyluridine present at internal position of Y2 inhibit duplexes formatiohs-
methyluridines(N1 and N3 isomersas well as 3N-methyluridine placed as terminal base pairs stabilize the duplexes
mostly via 3-dangling end effect© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction up to 20% of the tRNA nucleotides population.

] The modifications are the results of the post-
_The secondary and tertiary structures of the transcriptional process in the biosynthesis of the
ribonucleic acids(RNA) are important for their  {RNA. The functions of these modifications are
functions [1,2]. The RNA, beside four natural not completely understood, however, it has been

nucleotides, contains over 90 differently modified postulated that they affect the enzyme recognition
ones[3]. They are particularly often found in the znd the structure of the tRNA.

transfer RNA(tRNA) where they can contribute  There is not much systematic information about
*Corresponding author. Tel.:- 48-61-852-85-03x143; fax: gffects of modlflcatlo_ns on thermodynamic stabil-
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influence of 5-alkyl substituents of-2leoxyuridine
and 2-deoxycytidine on the thermal stability of
DNA duplexes. Sagi et al. reported that the
(dUPR-dA),, substituent with increasing length of
n-alkyl up to n-pentyl gradually enhanced the
stability of the DNA duplex[4]. The same effect
was observed for 5-alkyl of 'Zeoxycytidine in
duplex (dC°R-dG@)g. For both DNA duplexes, the
n-alkyl substituents longer thamhexyl very dras-
tically reduced the thermodynamic stability. More-
over, the presence of the double or triple bond
within the 5-substituents very significantly
increased stability relatively to the same size of
the alkyl substituent. Froehler et al. and recently

K. Ziomek et al. / Biophysical Chemistry 97 (2002) 233-241

(ii) condensation of 5-substituted uracil areOr
acetyl-2,3,5-tri-O-benzoylB-p-ribose using
silicone Hilbert—Johson method and SpCl
as a catalystfluoro, methyl, ethyl andi-propylur-
idine derivativeg [12]. The 6-methyluridine(N3
isomep) was obtained by condensation of the 6-
methyluracil and T0-acetyl-2,3,5'-tri-O-benzoyl-
B-p-ribose in the presence of SnC[13]. The
thermodynamically more stable N3 isomer was
almost exclusive product of the synthesis. The 6-
methyluriduine (N1 isome) was synthesized by
condensation of the 6-methylcytosine andOt
acetyl-2,3,5-tri-O-benzoylg-bp-ribose in the pres-
ence of SnCJ . The product-6-methylcytidine was

Barnes et al. reported a very significant increase transformed into 6-methyluridine by chemical

in stability of the duplexes due to the presence of
5-propynyl groups in 2deoxyuridine and 2
deoxycytidine[5,8—-1Q.

In this paper, we report the effect of seven
different substituentsfluoro, chloro, bromo, iodo,
methyl, ethyl ands-propynl as well as hydrogen
placed in position 5 of the uridine on the thermal
stability of the self-complementary RNA duplexes.
The formed A-UR base pairs are placed within
(AUCUSRAGAU), as internal(in the tandem posi-
tion) and (AUCUAGAU®R), as terminal base
pairs. The other group tested derivatives include
6-methyluridines(both N1 and N3 isomejsas
well as 3N-methyluridine, for which thermody-
namic stability was tested for oligomers at the
same position within oligoribonucleotides as 5-
substituted derivatives.

The purpose of our experiments was to obtain
more general information about the influence of
the interesting modifications on thermal stability
of RNA duplexes and, based on this knowledge,
to be able to modulate the thermodynamic stability
of RNA by applying different types of
modifications.

2. Experimental

2.1. The chemical synthesis of the oligoribonucleo-
tides containing substituted uridines

The 5-modified nucleosides were synthesized in
two ways: (i) substitution of uridine at 5-position
(chloro, bromo, iodouridine derivative$11]; and

deamination of the cytidine derivative. Finally, the
3N-methyluridine was obtained as a product of
methylation of the uridine.

The substituted uridines were converted into 5
O — dimethoxytrityl - 2 - O - tetrahydropyranyl-
5-substituted uridines by analogy to the early
published procedure$l4]. The last derivatives
were transformed into corresponding-(3-phos-
phoramidites and used for synthesis of the oligo-
ribonucleotides on a solid support as described
earlier [15—17. The deprotection and purification
of the oligoribonucleotides were performed as
published earlief15-18. The purity of the oli-
goribonucleotides was analyzed by TLC or HPLC
and was found to be higher than 95%. In order to
check the base composition several oligoribonu-
cleotides were digested by nuclease P1 and snake
venom phosphodiesterag8VPDE), followed by
dephosphorylation with calf intestine phosphatase
(CIP). The reaction mixture was analyzed by
HPLC on reversed phase column C-8 and was
found to contain all expected nucleosides in a
proper ratio[19].

2.2. UV melting of the oligoribonucleotides

The oligoribonucleotides were melted in 1.0 M
NaCl, 20 mM sodium cacodylate and 0.5 mM
Na,EDTA, pH 7.0. Oligoribonucleotides single
strand concentrations were calculated from high
temperature(>80 °C) absorbancies and single
strand extinction coefficients approximated by a
nearest-neighbor moddR0,21. Absorbance vs.
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Table 1
Thermodynamic parameters of helix formation by oligoribonucleotides withR?A-U at the internal p8sition
RNA duplex Average of curve fits Tyt vs. log Cr plots
AUCUR AGAU —AH° —AS° —AG°s; Tw® —AH° —AS° —AG°s; Tw®  AAG°3,
UAGA RUCUA  (kcal/mol) (eu) (kcal/mol) (°C) (kcal/mol) (ew (kcal/mol) (°C) (kcal/mol)
R=F 57.1+3.6 161.3t11.0 7.1+0.2 449 49.¢12 137.6:t41 7.0+0.0 45.2 0.3
R=CI 61.8+4.6 171.6:13.8 8.6+0.3 52.4 52.913 1441342 82+01 52.6 —0.9
R=Br 58.2+5.7 160.A418.1 8.4+0.2 52.0 56.421 155.3:6.5 8.2+0.1 51.8 -0.9
R= 57.9+4.4 161.1%#13.5 7.9+0.3 49.7 51.6¢1.7 139.6+5.5 7.740.1 50.0 -04
R=H 58.6+2.5 165.2:7.9 7.3+0.1 46.1 59.%05 166.9:-1.7 7.3+0.0 46.0 0
R=Me 53.8+8.7 149.'A4-27.8 7.4+0.2 47.3 52526 145.8:8.2 7.2+0.1 46.6 0.1
R=Et 54.1+4.9 1544155 6.2+0.2 399 57.934 1671112 6.140.1 39.6 12
R=n-Pr 57.5-3.1 164.5+9.7 6.4+0.1 412 54215 154.2+t4.8 6.4-0.0 41.2 0.9
y3hmee 28.5+10.7 82.438.6 3.1+1.2 11.0
yeMeNbd 9.8+43.8 14.5+18.3 5.3+19 27.1
yeMeNse 58.2+57.0 177.2192.4 3.3t2.7 24.9

UR-the uridine derivative with R substituent at position 5.

aSolutions are 1 M NaCl, 20 mM sodium cacodylate and 0.5 mM Na EDTA, pH 7.

b Calculated for 104
¢ 3N-methyluridine.

d 6-Methyluridine with N1-C1 glycosidic bond.
€ 6-Methyluridine with N3-C1glycosidic bond.

M oligomer concentration.

temperature melting curves were measured at 260melting curves and dependence of the melting

nm with a heating rate of 1C/min from 0 to 90
°C on a Gilford 250 spectrometer controlled by a
Gilford 2527 theromoprogrammé2?2].

3. Results and discussion

To get required information we synthesized

temperature(7,,,) and logarithm concentration of
the oligomers indicate the two-state melting tran-
sition of the oligoribonucleotides containing 5-
alkyluridine. For 5-halogenated oligomers this
correlation is weaker. The enthalfpAH®) and
entropy (AAS°) parameters calculated by both
methods are different by 13—15%gxcept oligo-

and measured the thermodynamic properties of mers containing 5-bromouridineHowever, in the

the several octamefAUCUSRAGAU), and
(AUCUAGAUSR),, where R=F, Cl, Br, I, H, Me,

Et and n-Pr. The A-€R base pairs were placed as
internal (in tandem positioh and terminal base
pairs. The other group of the octamers includ-
ing (AUCUSMeAGAU),, (AUCU3NMeAGAU),,
(AUCUAGAU®Me), and (AUCUAGAU 3N\Ve),
contained A-U'°Y  base pairs at the internal and
terminal position as well.

3.1. The internal A-U°® base pairs

The thermodynamic data concerning influence
of A-U®R base pairs within a model duplex
(AUCU®SRAGAU), on the thermodynamic stability
are collected in Table 1. The comparison of the
thermodynamic data obtained from fitting of the

literature that differenc€AAH® and AAS® > 15%)
is still considered as representative of two-state
transition[23].

The tested 5-substituted uridine derivatives can
be classified into two categories of the substituents.

The first group, which includes the halogenated
derivatives, is affected by different electron with-
drawing properties and size of substituents. Both
features of substituents are changing in opposite
directions which complicates the interpretation of
the results. The analysis of the thermodynamic
stability of the duplexes containing 5-halogenated
uridine demonstrates that 5-fluorouridine destabi-
lizes the duplex(AAG°;;=0.15 kcaf/mol per
modification). However, the most electron with-
drawing character of the fluorine atom among all
halogens would allow the opposite effect to be
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Table 2
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Thermodynamic parameters of helix formation by oligoribonucleotides withRA-U at the terminal p8sition

RNA duplex  Average of curve fits Tyt vs. log Cr plots
AUCUAGAUR —AH° —AS° —AG°;; Tw® —AH° —AS° —AG°3;  Ty® AAG°s, AAG®57
RUAGAUCUA (kcal/mol) (eu) (kcal/mol) (°C) (kcal/mol) (ew (kcal/mol) (°C) (kcal/mol) (kcal/mol)
R=F 52.2+5.1 146.6t159 6.740.1 43.2 51.¢13 1459%4.2 6.7+0.0 432 06 11
R=ClI 549+19 153.5:6.2 7.3+0.1 465 56.41.3 158.3t4.1 7.3:t0.0 46.2 0.0 0.5
R=Br 60.5+2.3 169.4t6.9 7.9+0.1 49.0 57.412 159.8:39 7.8+0.0 49.0 -05 0
R=1 58.1+2.6 162.%8.9 7.8+0.2 49.0 71.814 205.4+46 8.1+0.1 479 —-0.8 -0.3
R=H 58.6+2.5 165.2t79 7.3t0.1 46.1 59.%05 166.9:-1.7 7.3:0.0 460 O 0.4
R=Me 61.2+1.9 171459 7.9+0.1 49.1 57.30.7 159.5+2.4 7.9+0.1 49.3 -0.6 -0.1
R=Et 59.1+5.6 166.418.0 7.4-0.1 465 61.%14 175946 7.4:0.1 459 -0.1 0.4
R=n-Pr 597424 168.6:t7.8 7.4-0.1 46.2 60.-2.2 169.8:t6.9 7.4+0.1 46.0 —0.1 0.4
yshmec 49.5+4.9 138.5+16.2 6.6£t0.1 429 55%41.7 158.4:55 6.5+0.1 419 038 1.2
ysmeNnd 43.3+7.7 121.3+25.8 56+0.2 37.0 42423 119.47.8 55+0.1 359 138 2.3
ysmeNs e 45.8+5.6 130.6£18.4 5.3t0.1 345 47.215 1355:51 52+01 339 21 2.6

UR-the uridine derivative with R substituent at position 5.

2 Solutions are 1 M NaCl, 20 mM sodium cacodylate and 0.5 mM Na EDTA, pH 7.

b Calculated for 104 M oligomer concentration.

¢ 3N-methyluridine.

d 6-Methyluridine with N1-C1 glycosidic bond.

€ 6-Methyluridine with N3-C1 glycosidic bond AAG°;.c-calculated according to Xia et dR7].
expected. The presence of the 5-chloro, 5-bromo stable by 0.5 and 1 kcanol relative to

and 5-iodouridine within oligoribonucleotides
increases stability of the RNA duplexes and free
energy changes by-0.45, —0.45 and —0.20
kcal/mol (per modification for chloro, bromo and
iodouridine derivatives, respective(gee Table 1L

The second group of the oligoribonucleotides
includes the 5-alkylated uridines:methyl, ethyl and
n-propyl derivatives. The presence of the 5-methyl
substituent does not affect the thermal stability
(AAG°;;=0.05 kcafmol) of (AUCUAGAU®R),
relatively to unmodified oligoribonucleotide. How-
ever, the presence of the 5-ethyl andi-Bropyl-
uridine within core duplex decrease stability
(AAG°;;) by 0.60 and 0.45 kcgmol (per modi-
fication), respectively(see Table 1

As discussed so far, RNA duplexes contain two
A-U®R base pairs in the center of oligome(tan-
dem position. To obtain more information on how
position of the modification within oligonucleotide

affects the thermodynamic parameters, we placed 3N-methyl inhibits formation of A-G\Me

5-chlorouridine  and  5-ethyluridine  within
(AUC'CUAGAU), and (AUE'CUAGAU ), with A-
US¢ and A-UPEt at the internal position, but sepa-

(AUCUC'AGAU), (AUCUEAGAU), (Tables 2—

4). The reason for this can be less steric hindrance
of the b5-substituent of the uridines within
(AUC'CUAGAU), and (AUECUAGAU),. The
similar phenomenon was observed for single RNA
mismatches(U-U and A-A) when they were
placed at different positions within the duplex.
Moving the single mismatches more to the end of
the duplex gradually increases stability of the helix
[24].

We also tested the influence of the 6-methyl-
uridines (N1 and N3 isomepsand 3N-methyluri-
dine on the thermodynamic stability of
[AUCUSMeNDAGAU],, [AUCU®MeNSAGAU],
and (AUCU3NMeAGAU), (see Fig. ). The results
showed the single stranded character of the melting
curves. The obtained results are easy to explain
for oligomers containing 3N-methyluridine since
base
pairs. For 6-methyluridines the results are a sur-
prise, but can be explained by syn conformation
of the glycosidic bond of the 6-methyluridines,

rated by five base pairs. Both duplexes are more which also does not allow the hydrogen bonds
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Table 3
Thermodynamic parameters of helix formation by oligoribonucleotides with?&-U

RNA duplex Average of curve fits Tyt vs. log Cr plots
—AH° —AS° —AG°s; Tv® —AH° —AS° —AG°s; Tv®  AAG°y;
(kcal/mol) (eu) (kcal/mol) (°C) (kcal/mol) (eu) (kcal/mol) (°C) (kcal/mol)

GUCUAGAU  68.7+17 196.8t53 7.740.1 463 70.8&15 201.0t49 7.7+01 463 0
UAGAUCUG
GUCUAGAUF 63.5+2.1 182.4t6.7 6.9+0.1 432 69.217 2024t53 6.9+0.1 428 0.8
FUAGAUCUG
GUCUAGAU® 66.9+16 191.151 7.6£t0.1 462 69.906 200919 7.6:0.1 460 0.1
SUAGAUCUG
GUCUAGAU® 65.2+5.0 185.6:15.6 7.6£0.2  46.7 66.220 1911463 7.74+0.1 46,6 0.0
BUAGAUCUG
GUCUAGAU' 65.2+17 185757 7.6£0.1 46,6 73932 2131101 7.8:01 461 -0.1
'UAGAUCUG

UF, U®, U, U'-the uridine derivatives with F, Cl, Br and | at position 5.
aSolutions are 1 M NaCl, 20 mM sodium cacodylate and 0.5 mM Na EDTA, pH 7.
b Calculated for 10* M oligomer concentration.

between 6-methyluridine and adenosine from a on thermodynamic stability of helixes in the liter-
complementary strand to be formézb]. ature [4-7]. These available data mostly concern

As mentioned earlier there is little information DNA duplexes, which exist in B-form and the
concerning the effects of 5-substituted nucleotides observed effect can be different than for A-RNA

Table 4
Thermodynamic parameters of helix formation by oligoribonucleotides with?A-U
RNA duplex Average of curve fits Tt vs. log Cr plots
—AH° —AS°® —AG°s; Tvw® —AH° —AS° —AG°s, Tv®  AAGs;,
(kcal/mol) (euw (kcal/mol) (°C) (kcal/mol) (eu) (kcal/mol) (°C) (kcal/mol)
AUCUAGAU 58.6+2.5 165279 7.4+£0.1 46.1 59.%+0.6 166.9+1.8 7.3+0.1 46.0 0
UAGAUCUA

AUCUSAGAU  61.8+4.6 171.6:13.8 8.6t0.4 524 52914 144142 8201 526 -09
UAGASUCUA
AUCUSAGAU  54.1+50 154.4t155 6.2+0.2 399 57.334 167.4112 6401 396 12
UAGA EUCUA
AUCCUAG--AU  66.5+3.1 186.8:10.0 8.6:0.1 511 75035 21374110 8701 503 —14
UA-GAUCCUA
AUECUAG-AU  62.3+38 1777124 7.200.1 446 66.316 190.#50 7.1+01 440 02
UA-GAUCEUA
AUCICUSAG-AU 67.4+2.2 186.9:6.8 9.4+0.1 553 67.0:24 1858:75 9.4+01 552 -2.1
UA-GASUCC'UA
AUECUFAG-AU 582+23 167.6:7.3 6.3:0.1 402 59.815 172748 62:t01 400 1.1
UA-—-GAEUCEUA
AUCCUSAG-AU 56.4+2.4 158.8:7.6 7.1+0.2 452 71.%3.4 207.6:10.7 7.3:t0.1 442 0.0
UA—-GAEUCCIUA
AUECUTAG-AU 64.2+2.8 179.9:89 85+0.1 510 67.23.3 189.3t104 85:01  50.7 —1.2
UA-GACUCEUA

UC!, UE-the uridine derivative with Cl and Et at position 5.
aSolutions are 1 M NaCl, 20 mM sodium cacodylate and 0.5 mM Na EDTA, pH 7.
b Calculated for 10* M oligomer concentration.
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o that can be present for Af8 at the internal
position (particularly at tandem positionand,
particularly, the electron withdrawing character of
NH N X the halogen should affect thermal stability of the
‘ duplex. Among 5-alkylated uridines, only the 5-
methyl substituent stabilizes RNA duplex by 0.30
kcal/mol, whereas the ethyl ang-propyl practi-
ib cally do not affect the duplexes stability.
1 2 The new expended thermodynamic parameters
have been published for the near-neighbor model
Fig. 1. The structures of 6-methyluridines isomers: (41 and [27] The authors improved the parameters for the
N3 (). near-neighbor model and introduced a new param-

. . eter for the terminal A-U base pair. After including
form. However, comparing our results with those _ . .
{h|s parameter in our measuremenr(f§able 2,

reported by Sahasrabudhe et al. demonstrated tha o
the influence of the 5-fluorouridine on thermal column marked asAAG®;;) for S-halogenated

stability of the RNA duplexes is simild26]. The  oligomers theAAG®;; value changes in the follow-
presence of two internal base pair AU  at adja- iNg order: 0.55, 0.25, 0.00 anet0.15 kca/mol
cent positions does not significantly affect the (Per modification for fluoro, chloro, bromo and
thermal stability of the RNA duplex. A similar iodouridine oligomers, respectively. The same par-
small thermodynamic effect was observed when ameters for 5-alkylated oligomers are0.05, 0.20
four A-USF base pairs were placed in the row at and 0.20 kcalmol for methyl, ethyl and:-propy-
the internal position of the oligomer. However, luridine derivatives, respectively.
oligoribonucleotides containing at the internal  The 6-methyluridine$N1 and N3 isomepsand
position two A-UF but separated by two base 3N-methyluridine were also placed as terminal
pairs increases stability by 1.2 k¢abol. This base pairs A-¥°%  within(AUCUAGAUMod),,
observation is similar to that presented herein for The melting profiles of the oligomers showed
5-chloro and 5-ethyl substituted oligoribonucleo- double stranded character of the transition, how-
tides placed at the internal position but separated ever, the thermal stability is lower than for the
by several base pairs. reference oligomer<AUCUAGAU), (see Table
2). The comparison of the obtained thermodynam-
ic parameters with the effect of 6-methyluridines

Modified A-U°R base pairs were also placed in (N1 and N3 |sqmemand 3N-'\r;1§thylur|d|ne as'3
the core oligoribonucleotideAUCUAGAU®R), dangling end_s IUCUAGAUM ), de_monstrates
but in the terminal position. The A% destabilizes that 3-dangling effects of the terminal A<
RNA duplex by 0.30 kcalmol (per modification, base pairs are mainly responsible for observed
which is twice as big as that observed for the thermodynamic changes. For example, for
internal A-UF base pairs(see Table 2 The  (AUCUAGAU3"Me), and (UCUAGAU3NVe), free
remaining 5-halogenated uridines placed at the energy (AG°;;) are —6.5 and —6.5 kcal/mol,
terminal position within(AUCUAGAU®H?), sta- respectively. This supports the assumption that 3N-
bilize duplex. However, the order of stabilization methyluridine at the terminal A-8®¥M* base pair
is opposite than for duplexes with A2UF' at stabilizes the duplex via the 3N-methyluriding 3
internal position. The free energy change is 0.00, dangling end effect. For 6-methyluridines, we have
—0.25 and —0.40 kca)mol (per modification had similar results, however, in this case a greater
for 5-chloro, bromo and iodouridine within stability (AAG°;;=0.40 and 0.25 kcdmol for N1
(AUCUAGAUS®Ha),  respectively. The terminal and N3 isomers, respectivelyvas obtained rela-
position of A-UPR reduces the steric interactions tive to the 3-dangling ends effect only.

CHj o}

A—2Z —

3.2. The terminal A-U°® base pairs
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3.3. The thermal stability of G-U°H within
oligoribonucleotides.

239

The effect of 5-ethyluridine on duplex stability is
different. TheAAG®°;, for (AUCUSE'AGAU), and
(AUSECUAGAU), are 1.2 and 0.2 kcamol,

The scheme of the hydrogen bond interactions whereas for(AUSECUSEAGAU), the AAG®3; is
of A-U and wobble G-U base pairs demonstrated 1.1 kca)/mol. However, in general we can say that

that oxygen-4 of the uracil is not involved into G-
U base pairing28,29. The presence of the elec-
tronegative halogens at position 5 of the uracil

an additive character of 5-substituted uridine in
duplexes remains the same.
Oligoribonucleotides containing four A<8

ring should change the hydrogen bond ability of base pairs demonstrated that the effect of the 5-
the closer functional group, i.e. oxygen-4. To test substituted uridine closer to the end of the helix
this hypothesis we synthesized and measured thedominates over the effect of the 5-substituted

thermodynamic stability of several oligoribonu-
cleotides containing G-ty
are collected in Table 3.

uridine located in the center of the duplex. The

base pairs. The results second feature indicates that the 5-substituent

which stabilizes the duplex additive character is

The data demonstrate that the GFU base pair better. This last conclusion was confirmed by
again does not fit to other halogen substituents measurement of the thermal stability of two oli-

and destabilize RNA dupleéGUCUAGAUF), by
0.40 kcaymol relative to the core duplex contain-
ing G-U base pairs. FofGUCUAGAU®"),, the

goribonucleotides containing one stabilizi{§-
chloro) and one destabilizings-ethyl) substituent
within the oligoribonucleotide both placed at the

change of the stacking interaction is presumably reverse positions. For examplAAG°;; between

responsible for destabilization.

For the remaining 5-halogenated oligoribonu-
cleotides with G-U" base pairs, the thermal
stability is very similar and does not depend on
the nature of the halogen. The stability of the
oligoribonucleotides containing the Gt , G-
U®B" G-U® are practically the same as for the G-

U base pair. Presumably, for these three uridine

calculated(as the sum of the effects of the single
substitutiong and experimentally measured is 0.20
kcal/mol for (AUSC'CUSEAGAU ), and 0.45 kcal
mol for (AUSECUSCAGAU)..

4, Conclusions

The thermodynamic results presented herein for

derivatives, stronger hydrogen bonding between the first time concern several 5-substituted uridines
oxygen-4 of the 5-halogenated uridine and 6-amino which are placed at internal or terminal base pairs
function of adenosine is responsible for increase within the same core oligoribonucleotide. As we

of stability of A-U>"@ containing RNA duplexes.

3.4. Additive character of 5-substituted uridines
on thermal stability of oligoribonucleotides

can see from the results, the thermal stability of
duplexes is a function of several factors such the
character and size of the substituents as well as
their position within the oligoribonucleotide.

The collected results lead to several conclusions.
To study the effect of two 5-substituted uridines The results demonstrate that comparison of the
placed in the same oligoribonucleotides we syn- effects of the 5-halogenated and 5-alkylated uri-
thesized several oligoribonucleotides and measureddines present in oligoribonucleotides on thermal
their thermodynamic parameters. The results are stability is difficult. It can be a result of different
collected in Table 4. They indicate an additive electronic effect and size as well as hydrophobic
character of the substituents effect, however, it is properties of the 5-substituents.
not a simple sum of partial effects. For example,  Comparing only the effect of the 5-halogen

AAG°3, for (AUCUS®AGAU), and substituents, it is clear that 5-fluorouridine changes
(AU®CCUAGAU), is —0.9 and —1.4 kca)/mol, the stability of oligomers opposite to 5-chloro,
respectively, whereas  for  the duplex bromo and iodouridine. The experimental data

(AUSC'CUSCIAGAU), containing four A-U¢' base
pairs, the AAG°;; are equal to—2.1 kca)/mol.

demonstrate that 5-fluorouridine destabilizes the
oligoribonucleotides when placed at both the inter-
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nal and terminal position of oligomers-
(AUCUFAGAU), and (AUCUAGAUF),. Other
5-halogened uridines at the same positions stabilize
RNA duplexes.

Moreover, the position of A-B} within oligo-
ribonucleotide affects the thermal stability of the
RNA duplexes. The A-ER base pair placed closer
to the end of the helix enhances thermal stability
relatively to the duplex with a A-BR base pair
located in the center.

The next conclusion concerns the additivity of
the effects of the 5-substituents. The additivity of
the effect is observed for stabilizing substituents.
However, for destabilizing substituents the trend is
similar. Moreover, for the oligomers containing
two substituents causing opposite effects, the best
additivity is observed when the stabilizing substit-
uent is closer to the end of the duplex than with
the reverse location of the 5-substituent.

The presence of the 6-methyluridin@soth N1
and N3 isomers and 3N-methyluridine in the
internal position of(AUCUM°®AGAU), prevents
duplex formation due to steric hindrance and lacks
the ability for hydrogen bond formation as well as
syn glycosidic bond orientation. For the same
uridine derivatives, but placed in terminal position
of (AUCUAGAUMe?), the observed thermody-
namic effect is mostly due to the-8angling end
location of modified uridines. For oligomers mod-
ified with 3N-methyluridine, the measured ther-
modynamic effect is equal to thé-8angling end
of 3N-methyluridine. However, for 6-methyluridi-
nes the 3dangling end is presumably enhanced
by some hydrogen bond interactions Aod the
adenosine Bdangling effect.
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