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Abstract: Preparation, spectroscopic analysis and molecular modelling of dYo(4-a;p)dT and dhPU(6--a;p)di+. two 

photoprodttm of 2*-&o*y-4-thiou(3’~‘)-thy~‘~~ are described. The 6(S) con&uration of the ada?tional chiral 

centre ofdhs4U(6-a;p)dT has been deiermined using ID-NMR spectroscopy. NMR data also provided conformational 

information on the deoxyribose and glycosidic torsion angles of dYo(4-a:p)dT and dhs4U(6-a:p)dT. The two 

fragments of dYo(l-a:p)dT have an unti type glycosidic conformation. The ftuanose conformation of the 5’ -end is 

exclusively C3’ -endo and that of -pdT is mainly C2’ -endo. A synlanti glycosidic torsion angle is fottnd for both 

sugars in dhs4U(6-a;p)dT. A C2’ -endolC3’ -endo conformation blend exists for the 5’ -furanose whereas the second 

sugar prefers a C2’ -endo geometry. The detailed three-dimensional reconstruction of the solution SI(IIC was pe&rmed 

using NMA glrided molecular modelling. 

INTRODUCTION 

The development of light activated cross-linking probes as tools to decipher the various types of molecular 
interactions within nucleic acid (particularly RNAs) or nucleoptotein assemblies is currently receiving a great deal 
of interest (l-3). In general the best probes are those which show a reasonable chemical stability and whose 

presence causes limited perturbations into the system under study. In the field of nucleic acids the pbotoaffiiity 
probes which can meet these requirements are certainly those which are closely &rived from the usual 
nucleobases. The normal bases are indeed known to undergo a variety of photochemical reactions which have 
been used in various kinds of photolabelling experiments. However such applications are limited because of the 
low specificity of the photochemical processes (4-6). Hence as an improvement we have pmpoaed the use of 4- 
thiouracil which interestingly is a naturally occurring residue found at the 8th position of a number of E. cofi 

tRNAs. In these molecules 4-thiouracil can be considered as a built-in photoaffinity probe since it undergoes, 
upon selective 360 nm photoactivation, a coupling reaction with a distant cytosine located at the 13th position. 
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This reaction produces a 5-(4’-pyrimidin-2’-one) cytosine (Cyt(54)Pyo) derivative which presumably results 

from H2S elimination of a thermally unstable primary thietane photoproduct. The formation of Cyt(54)Pyo in 

tRNA demonstrates that in this molecule the 8 and 13 residues are not only in close proximity but in a head to tail 

arrangement. Indeed such a spatial relationship can be deduced from the reasonable mechanism which was 

proposed for the above reaction on the basis of the structure of the tRNA photoproduct as well as the 

photochemical behaviour of 4-thiouracil derivatives in model reactions (7-11). 
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Figure 1. Reaction scheme for the formation of photoproducts 3 and 4 from 1 (Abbreviations are those 

recommended in ref. 13). 

With a continued interest in developing 4-thiouracil and congeners as selective photoaftinity probes for the 

structural investigations of nucleic acids we have undertaken a programme to study the photochemical behaviour 

of 4-thiouracil when incorporated in simple oligonucleotide models. To our surprise in the case of 2’-deoxy-4- 

thiouridylyl-(3’,5’)-thymidine ds4UpdT 1 and thymidylyl-(3’,5’)-2’-deoxy 4-thiouridine dTpds4U 2 we have 

observed a photoreactivity dependence on the sequence of the two substrates. In particular 360 nm irradiation of 

ds4UpdT 1 gave two products 3 and 4 (figure l), the structural types of which have never been encountered 

before in nucleic acids photochemistry (12). We now report the as yet undetermined configuration assignment of 

4 and the solution conformation of the two photoproducts obtained by irradiation of ds4UpdT, as deduced from 

NMR and molecular modelling studies. 

MATERlALS AND METHODS 

Abbreviations and conventions: The abbreviations employed for photoproducts 3 and 4 are those 

proposed by Cohen et al. (13). All angle conventions used in Table 5 and 7 conform to those summarized in 

Saenger (14). 

Irradiation and Purification: A solution of ds4UpdT 1 in neutral water (0.17 mg/ml ) was irradiated with a 

super pressure HBO 350 W lamp (335-360 nm) at 0°C under nitrogen atmosphere (bubbling). The reaction was 

monitored by the disappearance of the maximum at 330 nm on the UV spectrum. After completion, the solution 

was then concentrated in vacua. The two photoproducts were isolated by reverse phase chromatography (RP 18) 

using water as eluent. 
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LN Spectroscopy: UV absorbance measurements were performed in H20 at pH 7 on a Lambda Perkin- 

Elmer spectrometer. 

Mass Specrrometry: Negative fast atom bombardment (FAB) (thioglycerol matrix) mass spectra were 

recorded using a Kratos MS 80 mass spectrometer. 

NMR Spectromezry: NMR spectra were recorded on a Bruker AM 400 spectrometer. The samples were 

lyophilized twice in 99.8 % D20 and dissolved in 400 pl of D20. Chemical shifts are reported relative to the 

interna I-ID0 peak ser at 4.8 ppm. The coupling constants were determined by a first-order analysis of the Ii-I 

NMR spectra, along with decoupling experiments. In all 2D NMR experiments, 512 FIDs of 1024 data points 

were collected with a spectral width of 4000 Hz, the relaxation delay was set to 1s. The data were zero-filled 

once in the rl dimension before Fourier transformation. For the phase-sensitive 2D NOE (15) spectra, a mixing 

time of 400 ms was used. In the r2 and tl dimensions the data points are multiplied by a n/2 shifted sine-bell. In 

tie phase-sensifive DQF--COW <I@ fhe rime domains were mulfiqlied by a shifted (n$Q sine-bell befxe F0mie.r 

transformation. A 250 ms fixed delay was apphed in the LU-COSY (17) experiments (absohte value Fou-iiier 

transfofination). 

Molecular Mechanics: Two different approaches were retained for the three-dimensional reconstruction of 

the two photoproducts based on molecular mechanics. In the first one, the Macromodel program (18) was used, 

the energy minimization was performed with the AMBER force field. Initial structures were constructed 

iatteractivd~vuzo sati@ most of &teWrX~.oarameters~WX~ at& v’tdtn& coqdir~&t. testifle& tritiutitz&uts us’mn~ 

distance constraints were then performed followed by an unrestrained final run. Typically 200 steps were 

necessary until the energy of the structures did not change any more and the gradient was sufficiently low. 

A complementary approach involved the molecular mechanics calculations and graphics of the SYBYI. 

package (Tripes Associates Inc., 1699 South Hanley Road, suite 303, Saint Louis, Missouri 63144, USA). As 

in the first approach the energy function used is that designed by Kollman and coworkers (19,20) to model 

nucleic acids and proteins. The atomic charges are from a series of Gaussian 80 UCSF calculations using a 

minimal STO-3G basis set. All the calculations were performed using the all-atom model, with a dielectric 

constant proportional to the interatomic distance and a non bonded cut-off of 12 A. Initial geometries for dYo(4- 

a;p)dT 3 were built using SYBYL facilities. The following procedure was used. The dinucleotide 3 was built in 

three different conformations : A, B and that elicited by d(pTpT) in crystalline state (21). The photoproduct was 

then buih in two steps, for each starting conformation. First, soft distance range and angle constraints were 

imposed between the thymine methyl and a dummy atom introduced at position 4 of uracil, in order to position 

them at best for bond closure, and minimization was performed allowing only phosphodiester backbone 

relaxation. Then the covalent bond was formed and extensive minimization performed on the fully relaxed 

structure. Since the three minimized structures were very different we decided to explore a larger conformational 

space. For this purpose the three minimized structures were subjected to molecular dynamics at 2000 K for 50 ps 

after slow warming and a 30 ps equilibration phase. Conformers were sampled every 0.5 ps and submitted to 

e.xtens+fc minimiz&on. Al refine.ments WAX con&&r& to be converged wtRn the 7.m.s. &i&7&~ of the 

eneig~ fun&m r&&c. to ammic coorcXna$e changes were srnaikr &an G. t kc&/m01 per K. Ear a.r& starting 

structure 100 conformers were obtained. All 300 conformers were sorted and grouped in conformational families 

raccor6m1~to tirsconhnritiies’m tne torironiii an&e vtiahons. XB Edhooimnt woiK he&s tiilr ~lne’fi,‘Ianiiiies cfs 

lowest energy. 
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dhs4U(du;p)dT 4 was constructed in the same way but, since every famiIy for 3 contains conformers 

deriving of the three starting structures, the B form only was constructed. In this case the sampling was 
performed every 0.25 ps during the molecular dynamics phase, generating 200 conformers. 

RESULTS AND DISCUSSION 

Mass Spectrometry : The negative FAB mass spectra of dYo(4-ol;p)dT 3 and dhs4U(6-a;p)dT 4 display 

an ion at m/z 5 13 and 547. respectively, corresponding to (M-H): 
U. V. Spectroscopy : In both cases, an ipsochromic shift from 330 nm for ds4UpdT 1 to 270 nm for 3 

and 276 nm for 4 is observed. This indicates the loss of the conjugated x system of the Cthiouracil base. 

NMR awigmnents : The structure elucidation of 3 and 4 (with the exception of the absolute configuration 
at carbon 6) has been published elsewhere (12). 

Assignments of the proton resonances of 3 and 4 (Table 1) were performed af 400 MHz using 2D COSY 

techniques (ID spectra shown Figure 2). Resonances of the 3’ -end and 5’ -end deoxyribose protons were 
ditkwxiated either from long range COSY spectra which display a connectivity between the H6 proton of the 
base and the Hl’ of its sugar (54) or from the multiplicity of the H3’ signal of the 5’ -end deoxyribose which is 

Figure 2. 1~ 400 MHz spectra of dYo(4cx;p)dT 3 and dhs4U(6-u;p)dT 4 at 23 OC in D20. 
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coupled to the phosphorus atom. Indirect assignments of the prochiral CS protons refer to the method of Lee et 
al. (22). The prochiral C2’ protons are assigned from observed NOE between the H6 proton of the base and the 
H2’ (2’R) or from the comparative magnitude of J1’2’. J1’2”. 52’3’. J2”3’ of various envelope conformations 
(23). The methylene protons of carbon C7 bridging the two pyrimidine rings of the two photoproducts are 
identified from their long range coupling with the H6 proton of the thymidine base. In the case of 4, the H7 
protons allow the attribution of the methine proton H6 and the methylene protons H5. These latter are 
exchangeable with deuterium upon long time storage in D20 implying a thioketo-enol equilibrium at the C-4/C-5 

position. 

Table 1. lH chemical shifts in ppm (from residual HDO, 4.8 ppm) of ds4UpdT 1, dYo(Ca;p)dT 3 and 
dhs4U(6-a;p)dT 4 at 23’ C in D20 

*: Assignment of the prochiral protons is discussed in the NOR’s section. 

Analysis of the coupling constants: The measured coupling constants of 1,3 and 4 are listed Table 2. 
They have been interpreted in terms of population of two puckered 3E (C3’ -endo) and 2E (C2’ -endo) modes 
(Table 3) following the procedure described by Cheng and Sarma (23). A value of 51’2’ + J3’4’ included in the 
interval 10.8 +/- 1 Hz indicates an equilibrium blend of 2E and 3E conformations. When Jl’T + J3’4’ cannot be 
obtained, J1’2’+J1’2” can be used to provide information on the conformational equilibrium (24). In our case, 
with the exception of the 5’ -nucleotidyl unit of 3, all furanoses are in an equilibrium of 2~3E conformers (Table 
3). The two sugars of 1 adopt a preferential C2’ -endo conformation (30% 3E ie 70% 2E ) as the majority of 
deoxyribodinucleoside monophosphates. A major 2E (C2’ -endo) population (80%) is observed for the -pdT 
fragment of 3 whereas the 51’2’ magnitude (0 Hz) indicates an exclusive 3E conformation (ie C3’ -endo) for the 
5’ -nucleotidyl fragment. This may result from the C4 (ds4Up-) to CH2 (-pdT) linkage of the dimer. The 
furanose ring of the dhs4Up- part of 4 is in a 50% equilibrium of 2E and 3E conformers. A 77% 2E (C2’ -endo) 
population is observed for the second sugar 
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Table 2. Observed coupling constants (in Hz) of 1,3 and 4. 

A 

51’2’ 

J1’2” 

J2’2” 

J2’3’ 

J2”3’ 

53’4’ 

J4’5’ 

54’5” 

J5’5” 

556 

J6CH27 

JCH27 

JCH25 

J3’P 

I I I 15.7 
I 

6.5 * 

* 5.6 J5’P 

J5”P 14.2 I 17.0 * 

a: J (J1’2’+J1’2” 12 
b: Due to close magnetic equivalence of the two C2’ protons at 400 MHz individual spin-coupling constants could 
not be determined 
c: J=(J2’3’+J2”3’)/2 

*: undetermined 

dhs4Up- -pdT 

6.0a 7.0a 

~ 6.Oa 7.0a 

lb b 

6.8~ 4.4c 

6.8c 4.4c 

5.5 2.5 

2.3 * 

3.7 * 

12.6 * 

6.1(R); 
0.0(S) 

8.2(R); 
5.0(S) 

The angles 05’-C5’-W-C3 (y) and P-05’-C5’-C4’ @) can be obtained from the individual couplings or 

using the J4’5’+J4’5” and the J5’-31P+J5”-3 lP sums respectively, when the individual couplings can not be 
extracted (23). The 5’ -nucleotidyl unit of the three compounds shows a preference for the gg conformer around 
the C(4)-C(5’) bond (+sc domain, ~60’) (61% for I, 98% for 3 and 79% for 4). This result is in accordance 

with that found in deoxyribodinucleoside monophosphates (23). In the case of 3, the population of the gg 
conformer at the 3’ -end is 11%. Due to chemical shifts degeneracies, the same analysis could not be performed 
on 4. dYo(4-a;p)dT 3 is the only photoproduct amenable to such a detailed analysis of the rotamers around the 

C(5’)-O(5) bond due to severe overlaps in all other cases. The population of the g’g’ conformer (ap domain, 
p=lSO’) is found to be 60%. The gauche trans arrangement (g’t’) (+sc domain, p=60°) is excluded from 
structural hindrance. So 40% of trans gauche population (t’g’) (-SC domain, p=300”) must exist. 

20 NOE spectroscopy: 2-D NOESY experiments were performed to determine the relative configuration 
of the carbon C6 of the saturated base of 4 as well as to obtain conformational information on the photoproducts 
and on the starting material 1. The measured NOES are listed in Table 4. They all correspond to positive NOES, 
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the cross- and auto-peaks (at 400 MHz) having opposite signs, which allows to rule out spin diffusion artefacts in 

our analysis. 

Table 3. Population distribution of conformers of the sugar of ds4UpdT 1, dYo(6a;p)dT 3 attd dhs4U(6- 

a;p)dT 4. 

a: calculated by using J1’2’+J3’4’=10.8 Hz and the observed magnitude of J3’4’ (23) 

*: impossible to calculate due to magnetic equivalence of H2’, H2” or because 53’4’ could not be measured. 

**: determined from the 51’2’ value. 

An important structural aspect is the conformation about the glycosidic bond. Depending on whether the 

deoxyribose ring adopts a C2’ -endo or a C3’ -endo conformation, close proximities between the H6 protons and 

the H2’ or H3’ sugar protons are indicative of an ANTI conformation. Conversely an NOE between the base 

proton and the Hl’ proton is characteristic of a SYN conformation. The following conclusions can be drawn 

from the measured NOES (Table 4): 

The two glycosyl bonds of I are in a syn/anti equilibrium as shown by NOES between H6-Hl’ and H6- 

H2’ (from the C2’ -endo conformer) and H6-H3’ (from the C3’ -endo conformer). Observable NOES in 3 seem 

to indicate an exclusive anti conformation of the glycosyl bond of the two sugars and confirm the population 

equilibrium obtained from the coupling constants. The presence of a H6-H3’ correlation (absence of any H6-H2 

correlation) fits the C3’ -endo conformation of the 5’ -end sugar. The presence of H6-II2 and H6-H3’ cross- 

peaks is in accordance with the favoured anti conformation of the second sugar and demonstrates a certain amount 

of flexibility within the 3’ -deoxyribose. The absence of H6-Hl’ NOE in both fragments sustains further the anti 

geometry. These results are also in agreement with the molecular model which shows the inhibition of the rotation 

about the two glycosyl bonds and the preferable anti conformation. A NOE is observed between HS and one of 

the prochiral protons H7; the glycosidic bond of the 5’ -nucleotidyl part being anti, this proton H7 can be 

assigned to the pro(R) one. 

In 4, the first important question to address is the configuration at carbon 6 of the 5’ -end base. The 

proton H6 of the saturated base at 4.03 ppm displays many intra and internucleoside dipolar couplings. Most of 

them can be satisfied by either a C6(R) or a C6(S) configuration but the observed H6-HS (intranucleoside) and 

H6-H2’ (intemucleoside) contacts can only be reconciled with a C6(S) configuration since severe interactions 

cannot be avoided for all the other geometries satisfying the NMR parameters Thus, we retain the S 

stereochemistry for carbon 6. Several NOES indicate some degree of motion inside the molecule: in particular, 

the observed intraresidue NOES between the H6 protons and the HI’, H2’ and H3’ protons both reflect a 

syn/anti equilibrium of the glycosyl bond and an equilibrium blend of the 2E/3E conformations of the two sugars. 
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Table 4. Summary of NOES in the two photoproducts and in 1. 

IntranucleAde NOES 

Intemucleoside NOES 

p: present, a: absent 

1: H2’ and I-W are isochrone 

2: I-U’ and HS’ are isochrone 

*: isochrone 

The absence of vicinal coupling between the H6 proton and the H5 proton observed at 3.21 ppm indicates 

an orthogonal spatial arrangement of these two protons. Thus, this H.5 proton is pro(S). It is worth noting that the 

pro(R) H5 proton is more rapidly exchanged in D20 than the pro(S) one. Observation of a molecular model 

shows that the thiocarbonyl group is in the same plane as the pro(S) H5 proton and approximately perpendicular 

to the fast exchangeable pro(R) proton. Related results have been reported for the keto-enol equilibrium where the 

rate of exchange of the proton in the plane of the carbonyl function is slower than that of the other one (25). The 

pro(S) H7 proton is assigned from its NOE with the pro(S) H5 proton. 

Structure generation and rejinement 

dYo(4- a;p)dT 3 

NMR parameters demonstrate dYo(Ca;p)dT 3 to be fairly rigid with a predominance of a conformer 

characterized by a C3’ -endo 5’ -end deoxyribose, a C2’ -endo 3’ -end deoxyribose, anti bases and a gauche- 
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tram orientation of the C(4)-C(S) bond. This geometry was fully analyzed using molecular modelling. Fist an 
interactive construction of the molecule was performed and the structure was then refined until complete 
relaxation. At the outcome of the run the final structute was checked against the various NMR parameters and a 
close agreement verified. 

A more sophisticated approach was also applied, based on the use of molecular dynamics as a mean for 
exploring the conformational space. The detailed procedure is described in the Material and Methods section. The 
most salient conclusions are the following: the structural parameters of the 10 families of lowest energy ate listed 
in Table 5. It is noteworthy that both glycosidic torsion angles of all conformers are in the anti domain and that 
the furanose conformation of dYop- is always C3’ -endo. The pucker of the 3’ -end deoxyribose is either in the 
C3’ -endo domain (I, II, VI, IX, X) or in the C2’ -endo domain (III, IV, V, VII, VIII), ranging from Cl’ exe to 
C2’ -endo. While torsion angles E and c are always in the - ac range, Q, p, y show greater differences among the 

families. NMR data show that both bases are in the anti conformation and that the 5’ -end deoxyribose sugar is 
exclusively in the C3’ -endo conformation, with which molecular calculations agree. The high level of rigidity of 
the dYop residue is underlined by the narrow range of values for x and the pseudorotational angle P (-180 c 2 c- 

168, -2c P cl4), whatever the pucker of the 3’ deoxyribose is. The latter has been shown to be 80% C2’ -endo, 
which strongly suggests that 3 should belong to either family III, IV, V, VII or VIII. 

Torsion angles OS-CS-C4-C3’ (y) and P-05’-C5’-C4’ (p) have been estimated from NMR scalar 
coupling data. At the level of the inter-residue linkage y is 11% gg (r;60”) based on the NMR measurements. All 
three possibilities am found by molecular mechanics : gg (III, VIII) ; gt (ap domain, ~180’) (V, VII) and tg (-SC 
domain, y=300°) (IV). With respect to p, NMR data have been interpreted as a 60% g’g’ (1800) population and a 

40% t’g’ (300’) population, the g’t’ (60’) being excluded on a steric basis. Molecular calculations show that, for 
all selected families but VIII, p is in the g’g’ range (in VIII p is in the t’g’ range) in agreement with the NMR 

data. Taken together these results show that the most likely conformation of 3 belong to family IV. V or VII. 
NMR NOE provide distance data. For each representative of the ten families, relevant inter-proton distances 

have been measured. Observed NOES can be accounted for by a blend of families IV and V. Family VII, which 
differs from V by the x value of dT only (149 versus -157) appears to be less satisfactory with regard to the 

NOE data. Figure 3 shows a representative member of family IV. 

Table 5. Energy and torsion angles computed for dYo(4-a;p)dT 3. 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

E 

-26.0 
-24.1 

-24.5 

-22.3 

-21.9 

-19.7 

-19.5 

-18.9 

-18.4 

-18.1 

Q!_ E 
-172 -155 

-175 -151 

-171 -178 

-169 -150 

-172 -157 

-168 -144 

-172 149 

180 -161 

-171 .I71 

-170 -128 

PU 

6 

5 

8 

8 

5 

13 

5 

-2 

5 

14 

PT 
37 

55 

135 

161 

130 

42 

148 

130 

15 

47 

E 

-98 

-101 

-98 

-99 

-103 

-95 

-102 

-105 

-101 

-89 

L 
-95 

-71 

-13 

-88 

-75 

-76 

-13 

-78 

-88 

-54 

a 

66 

-179 

-68 

58 

164 

101 

174 

-163 

48 

_57 

P 
95 
-100 

-172 

172 

176 

180 

179 

-86 

166 

-175 

y 
-75 

42 

52 

-72 

179 

-172 

-178 

66 

-76 

-42 
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Figure 3. Stereoview of dYo(Ca;p)dT 3 as determined by molecular dynamics (Family IV). 

dhs4U(6-a;p)dT4 

By contrast dhs4U(6-a;p)dT 4 clearly demonstrates a certain degree of internal motion involving both the 

sugar puckering and the glycosidic linkage. This makes a three-dimensional reconstruction of the molecule mom 

difftcult. However, inspection of various structures that could fit in part the NMR data while having a low overall 

energy demonstrates that a fixed spatial arrangement of the two bases can be maintained, which fits the measured 

coupling constants within the interbase linkage (C5C6-C7) and NOES. The flexibility then preferentially affects 

the deoxyriboses, the glycosidic linkage and the phosphate geometries. One of the energy minimized structures is 

presented Figure 4. 

The molecular dynamics approach has also been applied to 4. The overall flexibility of the adduct as 

evidenced by the NMR parameters is reflected in the large scattering of the conformational angles obtained since 

the 200 minimized conformers generated by the high temperature dynamics run match nearly all conformational 

possibilities. Unsurprisingly, none of the minimized structures listed in table 6 is able to satisfy all NOE data 

underlining the impossibility to bring a static description of 4. 

Therefore short dynamic runs at 300 K were performed on the 10 lowest energy conformers. They all show 

the great flexibility of the molecule whose 5’ -residue easily undergoes a syn-anti interconversion of the 

glycosidic linkage, whereas both sugars repucker and yield a continuum from C3’ endo to C2’ endo, which 

agrees with the collected NMR data. However, the glycosidic linkage of the 5’ -residue remains anti to high-anti. 

Checking the dynamic runs at 300 K against the NMR data shows that they can be accounted for by 

structure 4. A dynamic picture of 4 is summarized in Table 6. Dynamic data show that the glycosidic linkage of 

the 5’ -residue oscillates between syn and anti, whereas that of the 3’ -residue covers the whole anti domain. 

Since a NOE is observed between H6 and Hl’ of this residue we have monitored this inter-proton distance. It 
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appears that the H6-Hl’ distance ranges from 2.6 to 4 A; thus the presencepf such a NOE is consistent, for this 
molecule, with an anti conformation. The sugar of both residues goes back and forth between the C3’ -endo and 
the C2’ -endo domains. Analysis of the torsion angle 6 as a fonction of time in terms of a C2’ - C3’ endo 

equilibrium shows that the 5’ -residue sugar can be described as a 60% C2’ -endo form (50% by NMR) and the 
3’ -residue as a 80% C2’ -endo form (77% by NMR). These results show a good agreement between the 

molecular dynamics approach and the NMR study. 

Figure 4. Stereoview of one representative conformer of dhs4U(6-a;p)dT 4. 

Table 6. Range covered by the conformational angles of dhs4U(6-a;p)dT 4. 
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CGNCLUSIONS 

The three-dimensional reconstruction of the two photoproducts 3 and 4 of 2’-desoxy-4- thiouridylyl- 
(3’,5’)- thymidine has been performed through NMR guided molecular modelling. The two photoproducts 
exhibit structural features which so far have not been encountered in nucleic acid constituent photochemistry. 
Among the important structural features of the photoproducts one should note a significant increase of the C3’ - 
endo confotmation of the 5’ -end deoxyribosr: and a concomitant decrease of the C2 -endo conformation of the 
3’ -end deoxyribose, as compared to the parent dinucleotide and the predominant anti geometry of the bases in 
dYo(Ca;p)dT 3. One of the adducts (3) is a rather rigid molecule and the three-dimensional reconstruction is 

fairly straightforward, whereas internal motions in the second photoproduct prevent such a &tailed analysis. 
Hopefully, the present study will be helpful in elucidating structures which might be encountered after 

irradiation of oligonucleotides containing sulfur modified nucleobases. 
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