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Signal characteristics Of ‘3C-nuclear magnetic resonance (n-m-r_) spectra depend 
on the rate of motion of the solute molecules, a rate that modulates the spin-lattice relaxa- 

tion time TI , the spin-spin relaxation time T2, and the nuclear Overhauser enhancement 
(n.0.e.) of the 13C nucleus’y2 _ In solutions of polysaccharides which have long corre!ation 
times (6,) of> 10 ns, the nuclei have low n.0.e. values which lead to decreased signal inten- 
sity, and short T2 values resulting in wide signals3-’ _ The latter effect is aggravated in gels, 
SO that signals of 13C nuclei in the vicinity of junction zones disappear4-6. However, T, 

values should be short, so that frequent pulses can be applied, and data accumulation is 

rapid. Few Tl values have been reported for polysaccharides, but those of bovine nasal 
cartilage and chondroitin Psulfate4, and of gels and solutions of a /3-D-(1+3 jlinked D-&ICO- 

pyranan from Alkaligenes faecali? are from 0.06 to 0.09 s. 
The segmental motion of different units in oligosaccharides can be compared 

through the Tl values of their component nuclei, and interpreted in terms of chemical 
structure. Stachyose [~-ar-D-galactopyranosyl-(1~6)~-cu-D-g~actopyranosyl-(l~6)~-ar-~- 
glucopyranosyl O-D-fructofuranoside] contains a D-galactopyranosyl endsroup having 

high& Tl values and greater mobility than the (interior) D-galactopyranosyl residue’_ By 

contrast, in a trisaccharide consisting of IV-acetyl_P-neuraminic acid (2+3)-linked to the 

D-galactosyl group of a lactose residue, the Tl values of resonances of the Dglucosyl and 
D-galactosyl residues were 0.1 l-O.26 s more than the 0.05 s reported for one of the nuclei 

of the highly solvated, nonreducing end-group, which acts as an anchor*. Such an effect 
also occurs in a glycoside consisting of a bulky strophanthidin aglycon attached to an 

~~D-glucopyranosyl(l~)~-D-glucopyr~osyl(l~4)~-D-cymaropyranosyl sequence. 
The Tl values of the pyranose-ring nuclei increased9 on going from the strophanthidin- 
linked cymarose unit (0.1 l-0.20 s) through the (internal) D-gh~cosyl residue to the 
D-glucosyl end-group (0.31-0.37 s). Thus, in branched-chain polysaccharides, segmental 
motion should be greater in side-chain units than in those of the main chain. 

The present study is the fEst to be made on the determination of Tl and n-0-e. 

values (25.2 MHz) of branched-chain polysaccharides. T1 values were measured by USi% 
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side-chain nuclei have higher Ti values than those of the main chain, For structure 2, the Tr 
values of C-l are in the order: nonreducing end-group C (0.20 s) > adjacent side-chain unit 

D (0.13 s) > main-chain unit E (0.09 s)_ (A similar order of TX values was observed for 

structure 3, although the C-l signals for units F and G are superimposed, and only an 

average value was obtainable.) Such values are analogous to those obtained by Levy et al. is 

for branchedchain poly(n-alkyl methacrylates) which were less segmentally mobile on 
going from the terminal CHs groups of the n-alkyl side-chain to the main chain. 

Like the Tr values, the n.0.e. values of branchedchain polysaccharides increase 
with temperature, but the magnitude of the latter has no apparent correlation with seg- 

mental motion (see Table I). 
The ‘3C-n.m.;. spectrum of 1, determined at 30°, contained a C-l signal (see 

Table I) of main-chain unit B, whose Iine width vg was 12.3 Hz, a magnitude appreciably 
different from that of side-chain unit A, which was 8.6 Hz. The difference was less pro- 
nounced at 70” (7.1 and 8.4 Hz) and at 90” (6.6 and 6.8 Hz, respectively). 

The Ti values of C-l of a linear D-mannan (from HrmsenuZa capsulata) which con- 

tainsr6 consecutive (l-+2)-, (1+2)-, and (1+6)-linked o-D-mannopyranosyl units N, 0, and 
P (see 5) were not distinguishable, being 0.14 s at 70” (see Table II). 

High Tl values of -0.3 s were observed for C-l, C-3, C-4, and C-6 nuclei of an 

ar-D-(1+6)-linked D-mannopyranan’4 at 70 and 90” (see Table I) and for C-l atoms of 
&D-linked side-chains J, K, and L of structure 4 at 70” (see Table II). Although such values 

do not pose problems for preparation of conventional ‘3C-n.m.r. spectra, they indicate that 

determinations of Tl are necessary prior to quantitation of signal intensities, in order to 

calcuIate a suitable delay in an anti-gated experiment 11~12 Caution is suggested in the use . 

of high-field spectrometers r’ for such experiments on polysaccharides, as Tl values of 
nuclei in branched-chain lipids often increase with the magnetic field applied”. 

Measurements of Tl can be useful in distinguishing resonances of side chains from 

those of main chains. The C-l signal of the main chain M of 4 is at 6, 101.6, and has Tl = 

0.11 s. It is distinguishable from side-chain, C-l resonances, which have Tl Q.3 s. 

Similarly, the C-2 signal at 6= 80.6 can be assigned to signals of O-substituted C-2, as its T, 

value is 0.21 s [rather than 0.33 s, the value obtained for the side-chain signal of 

O-substituted C-2, at 6, 80.1 (see Table II)]. The signals of side-chain and main-chain 

nuclei in an L-rhamno-D-mannan having the repeating unit 6 may also be distinguished in 
the same way (see Table I). 
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