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ABSTRACT 

The behavior of methyl/I-xylobioside (I) has been analysed by ‘H-n.m.r. spectroscopy for solutions 
in water and methanol in the range - 15” to 85”. Experimental n.0.e. values did not change with temperature 
and solvent in contrast to the inter-glycosidic 3Jc,H values. Experimental n.0.e. data accorded with the values 
calculated from time-averaged cross-relaxation terms. The tumbling times were determined from relaxation 
data and were in the sub-ns range. 

INTRODUCTION 

The important biological roles of many oligosaccharides have stimulated interest 
in their conformations in solution, and molecular and quantum mechanics methodslm5, 
together with several experimental techniques”-” including ‘H-n.m.r. n.0.e. experi- 
mentssm’6, have been applied. 

We now report quantitative n.0.e. values and spin-lattice relaxation times for 
methyl P-xylobioside (I) at different temperatures for solutions in methanol and water. 
The inter-glycosidic 3Jc,H values and 13C chemical shifts of 1 indicatedI a marked 

dependence of the conformational equilibrium on solvent and temperature. 

RESULTS AND DISCUSSION 

‘Hand “C spin-lattice relaxation times. -The “C T, values for solutions of 1 in 
D,O at S’, 25”, 65”, and 85” are recorded in Table I. The T, values at 5” were -0.4 s for 
CH, and 0.19 and 0.20 s for CH,; T, increased to 2.3-2.4 s at 85” (a value of 2.3 s was used 
to determine tc). The rotational correlation times calculated for aqueous solutions at 5”, 
25”, 65”, and 85” were 126,63,25, and 21 ps, respectively. Thus, z, values that are in the 
range 10 ~“‘PIO~” s reflect rapid re-orientation of 1 in aqueous solution and indicate the 

dependence of the tumbling on the temperature. 

* Author for correspondence. 
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Fig. 1. ‘H-N.0.e. difference spectra of 1 in aqueous solution at 25”: (a) reference spectrum, (h) saturation of 
H-l’, (c) saturation of H-4, (d) saturation of H-&q. 

times of H-5eq and those determined previously from 13C T, measurements, is satis- 
factory. The tumbling times in methanol determined from ‘H T, data at - 15”, 25”, and 

45” were 103, 50, and 33 ps, respectively. 

Experimental and theoretical steady-stclte n.0.e. _ N.0.e. difference spectra for 

solutions of 1 in DzO and methanol are shown in Figs. 1 and 2. Fractional enhancements 
of the signals of H-4 and H-5eq were observed (through the glycosidic bond), and of 
H-5’ax and H-3’, when H-l’ was saturated. Saturation of H-4 caused changes of 
intensity of the signals of H-2, H-Seq, and H-l’. Negative intensities (for example, the 
signals of H-5’eq and H-2) were due to three-spin effects. 
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TABLE III 

Experimental n.0.e. values (%) on pre-irradiation of H-1’. H-4. and H-k/ in aqueous solutions 

Proton observed Proton suturated 

H-I’ H-4 H-5eq 

5” 25” 65’ 85” 5” 25” 65” 85’ 5’ 25” 65- 85. 

H-l’ 

H-2 

H-3’ 

H-4 

H-S&j 
H-Seq 

H-Sax 

H-Sax 

II 12 12 12 6 5 5 4 
17 20 19 19 

IO 14 15 15 

12 IS 16 15 8 I 8 6 

3 4 4 3 6 5 5 4 
-2 -3 -3 -3 

25 29 30 31 

8 7 9 9 

” There was no effect on H-I, H-2’, H-3, and H-4 

TABLE IV 

Experimental n.0.e. values (%) on pre-irradiation of H-L’, H-4. and H-Seq in methanol 

Proton otmwed’ Proton saturated 

H-l’ 

- 15” 25” 45” 

H-4 

-15” 25’ 45” 

H-Seq 

-IS’ 25’ 45” 

H-l’ I 11 12 4 3 3 

H-2 14 20 1x 

H-3’ 15 13 15 

H-4 17 16 16 13 8 7 
H-Seq 4 3 3 3 4 s 
H-Se4 -2 -3 -3 

H-5u.x 25 28 30 

H-S’ax 12 10 8 

“ There was no effect on H-l. H-2’. H-3, and H-4’. 

PCILO-calculated data based on the geometries and energies of conformers for each 
solvent and temperature were used. The values of r, for both solvents at various 
temperatures were determined from measurements of T,. Computed-averaged n.0.e. 
values for solutions in water and methanol are listed in Table V. Changes in the intensity 
of the signal for H-4 were 1617% when H-l’ was saturated. Thus, the n.0.e. values of 
H-4 are constant, regardless of temperature and solvent, which is consistent with 
experimental findings. The same trend was observed for enhancements of the signal for 
H-l’ (saturation of H-4), but the calculated values were lower than the experimental 
values. The difference for H-l’ may result from the same limitations, as with the ‘Jc.” 

values through the glycosidic bond. 



1x 41. liRI(‘OViNI <'I (I/. 

This simple approach. where only the energy minima u’cre included in fhc 

calculation of ‘.I, .,, values. also resulted in computed values that wet-c louver than those 

observed experimenrally”. It is probable that better agreanent ma>- be obtained bq 

using the whole relaxed conk~rmational (y.ty) map that will take into account conttibu- 

tions of all energy states of the molecule. Where the shape ofenergy hut-face is shallow. 

the time of transition bet\+een individual rotamers may not he rt~~lieihlr. The dis- c L 
crepancq may be connected also with the change of the !umbLng titnc uith change in 

conformation. Howe\,er. the vrrlucs of r; for indi\kiual conformer-s h\~c not been 

included in the present anal! si< of 1. 

Other factors which require attention arc connected ivith the dynamics of thr 

molecule itself’“‘“. In small flexible molecules, the conformers intercon\ert rapid11 on 

the n.m.r. time-scale and time-averaged values of n.m.r. pzrametcrs do not reflect the 

statistical weight of the structural parameter. The aceraging of geometrical paramc’ters 

due to thermal motion is linear. which can be very JifTcrenl 111 comparison to those 

determinated from experimental n.0.c. data and interpreted h> calculation. u hich arc 

based 011 ((1. “)) ’ h, For correct interpretation of esperimental dara. it is necessay, to 

account for fluctuations of the magnitude of the relaxati~,n vectc>r and include these in 

the autocorrelation function. 

In relaxation experiments” for DNA. proton T, values. calculawd using the 

time-dependent intertlucleardistance, were not identical with those calculated using the 

standard expression TV “) for a xvide range of rates of internal motion. Similar results 

were obtained only for very slou internal motion comparahlc to over~tll tumbling. 

In accord n:ith this Monte Carlo situation ofaromatic protons in oligonucleotides 

on the ns time-scale. it was shown“ that internuclear distances in flexihlc tnole~~ules can 
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be under- or over-estimated depending on the amplitude of the motion and the internal 
diffusion constant. Moreover, various n.m.r. parameters, such as n.0.e. and coupling 
constants, average differently, and structures deduced from coupling constants can 
differ from those deduced from n.0.e. data. Thus, in the flexible molecules, the averaged 
value (n.O.e.> can be constant although other parameters, for example (J), may 
exhibit a marked change. Observed constant n.0.e. values do not necessarily reflect the 
presence of a single conformation and this may be a consequence of the internal 

dynamics of the molecule. Such a discrepancy between “J-structure” and “n.0.e. 
structure” has been reportedz3 for the cyclic decapeptide antamanide. 

In the analysis of the conformations of small flexible molecules in solution, 
appropriate model and computational procedures must be used for the interpretation of 
experimental results. Direct calculation from non-linear averaged n.m.r. parameters 

may not yield exact results. Interpretation using only one n.m.r. parameter can be 

misleading, and combination of experimental data (such as n.0.e. and ‘Jcn) will 
increase the chance of determining more properly the conformational properties of 
oligosaccharides in solution. 

EXPERIMENTAL 

The ‘H- and 13C-n.m.r. spectra were obtained at 300.13 and 75.45 MHz, respec- 
tively, on 0.05~ solutions of I with a Bruker AM-300 spectrometer, at 5”, 25”, 65”, and 
85” for water, and - 15”, 25”, and 45” for methanol. The ‘H-n.m.r. spectra were 
referenced to internal Me,Si or acetone (2.225 p.p.m.). Argon was bubbled through 

samples in order to remove oxygen and the tubes were then sealed. 
The ‘H and 13C spin-lattice relaxation times were obtained by the inversion- 

recovery method with 12-14 t values (broad-band-decoupled spectra were collected for 
the determination of the 13C T, values). The T, values were determined from a three- 
parameter fit of the variation of integrated intensities; standard deviations were < 1%. 

Experimental n.0.e. values were determined by difference spectroscopy’4 where 
each resonance in the multiplet was irradiated 5&100-fold with a soft pulse of duration 
200-300 ms (180” pulse at the chosen decoupler power). The total time of irradiation 
was l&l 1 sand the acquisition time was 8 s. Zero filling to give a final resolution of 0.05 
Hz was used before Fourier transformation. In order to obtain good thermal equilib- 
rium, each sample was stored for 2-3 h at each temperature before measurement in the 
spectrometer. Two dummy scans preceded each of 128 accumulated transitions. 

N.0.e. values were computed from the inter-atomic distances in 1, using the 
expression” 

where cds and crdJ are cross-relaxation terms, A, is the term for dipole-dipole relaxation; 
gds and R, were calculated for each of six present conformers in solution. The ensemble 



averaged (CT<,,) and CR,,) were calculated” according to Roltzmann distribution with 

energy of individual conformers taken from the previous study”. The tumbling times 

(TJ in different solvents at various temperatures necessary li,r calcul;tt!cw \\crc dcter- 

mined from 'H and !‘C T', relaxation timeS”. 
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