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We have previously delineated ‘4 the diagnostic potential of proton nuclear 
magnetic resonance (u.tn.r.) spectroscopy as a method for determining the number of mono- 
sac&&de residues in the repeating unit of a polysaccharide, the confIguration at these 
anomerie centers, the proportion of substituent groups such as acetyl or lcarboxyethyl- 
idene, and the presence of deoxy sugars. These methods, now used routinely by us and 
others3, have evolved from studies on the capsular polysaccharides of Kl&ki&z, polymers 
that are characterized as heteroglycans possessing h&hly reguhu structuses. For this reason, 
these polysaccharides are admirably suited to examination by natural-abundance 13C-n.m.r. 
spectrcscopy. We now report several important technical features of this method that are 
based on our experiences with the polysaceharides obtained from Kkbtielk serotypes K5, 
K36, and K70. 

Few applications of *aC-n.m.r. spectroscopy to polysaccharides have been re- 
ported, but these include, for example, studies on glucans4, manna&, hyaiuronic acid6, 
and meningococcal antigens’. Whereas these polymers have mono- or di-saccharide repeating 
units, those from RIebsieua are comeosed of three to six sugar residues, some of which 
may carry ace@ or l-carboxyethylidene substituents. 

The first 13c-Il.m.r. spectrum of a carbohydrate system obtained at 90.5 MHz is 
presented here, and the application of ‘J C-1-N-1 couplings8 for determining anomeric 
linkages in polysaccharides is demonstrate& 

In contrast to r H-n-m.r, spectra of the intact polymers, which must’ be recorded 
at -95” to obtain adequate resolution, well resolved “Ca.m.r. spectra can be secured at 
ambient probe-temperatures (-35’). The spectra of native K-36 polysaccharide measured at 
90.5 MHz and at 20 MHz illustrate this point (see Fig. I), 

Although the increased spectral dispersion obtained at higher fields reveals much 
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Fig. 1. Natural-abundance carbon-13 n.m.r. spectra of KZebsiellu K-36 capsular polysaccbaride in D,O. 
i A , measured at 90.5 MHz (50,000 transients, spectral width 20 Hz, using a I% (w/v) solution. B 
and C, measured L 20 MHz (50,000 transients, spectral width 4 kHz, zero pulse-delay, using a 2.5% 
(w/v) solution. The spectrum in B was measured with an acquisition time of 1.0 set, and hence re- 
quired -14 h d machine time; that in C used an acquisition tie of 0.2 set and only -3 h of machine 
time. The frequency scale of each of the spectra is in p.pm. from tetrametbylsikne, and all spectra were 
measured with complete proton-decoupling.] 

additional fine structure, even spectra measured at 20 MHz show many characteristic 

resonances, sufficient in most cases for the routine examination of these polysaccharide 
antigens. For example, the spectrum in Fig. 18 shows the presence of two types of 
carbonyl groups’, one hexose residue having a free CH*OH groupe , one unit af acetal- 
linked pyruvic acid, and three units of rhamnoses. Comparison of this spectrum with that 

of acid-treated polymer (autohydrolysis at pH 2.2, oveernight at 95*) confirmed the assign- 
ments of the pyruvateacetal resonances; the hydrolysis also resulted in a shift to high fie!.d 
of the resonance at 66.9 p.p,m., which can thus be assigned to the C&OH group originally 
associated with the acetal. 

The resonances in the anomeric region of the 9O.SMHz spectrum confirm that the 
polysaccharide contains six different anomeric linkages, and these can be assigned tentative- 
ly to c~- and /3conPigrrrations by their chemicai shifts. T’ne ‘;, c-i-E-1 coq$hgs c&ii “ve 

measured by using the gated decoupling technique’ ; it is kt~own’~ that or-glycosides give a 
coupling of u 170 Hz, whereas p-glycosides give a coupling of W 160 Hz, and the couplings 



Cl0 

ior K-26 accord with those values. Further confirmatory cvldenie for the assignments of 

the nnomerrc resonances and of those of the other rrng-carbon atoms comes from com- 

psrrsons witi the shrfrs for fhe olrgosaccharrdes obtarncd by standard’ degradation 

procedures and for bynthetrc, model compounds. Full detarls arc not given here, but shift 

comparisons bertiren rhe latter sets oi reference compounds are generally within SO.2 p.p.m 

wllereas the agreement between those reference data and those ior the intact polysaccharrde 

:s often less good (+-O.-l p.p.m.), nevertheless, rt IS lmportanr that, so far, we have en- 

countered very few major mrsmatches. The resonances rn the region 78-83 p.p.m. merlI 

parircular atlCntron, because they come from Lhose ring-carbon atoms that are mvoived In 

[II? rrlt~rglycosrdr~ linkages. 

A final tcchnxal pornt merits comment. Because the Intact polysaccharides have 

IIIEII molecular weights and form viscous solutions. Lherr spin-lsttrce rclaxatron rates are 

bcry isst, e.g., -20,000 mjec- ’ for the ring-carbon atoms of K-36 In a 1% solution In D20. 

Hence. it IS neither necessary. nor approprrate, to sample such spectra by use of’ long ac- 

qulsrlron rimes, nor 1s any pulse delay nceded;as a result, adequate spectra can be obtained 

with a subston:ral saving oi tlme” , as 1s Illustrated In Fig. I, the condltrons used for rhe 

spccrrum In FIN. 1 B would normally be used for an olrgosxcharide. One rusk associated 

with thrs procedure IS that rhc resonances of any carbon atoms that do have high relaxa- 

tron-rates msy be psrlrally. or completely, saturated In such an esper:ment. 
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