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‘H n m r measurements of mduced chemical-shifts have shown’ that europlum 
Ions (EL? 3 interact with aldohexuronlc acids, exhbltmg particularly strong binding with 
sodium &I)-galacturonate and a-L-guluronate In the course of n m r studies on the mter- 

actlon of heparln with calcmm’ and other metal Ions, we have observed shifts mduced by 
Eu3+ and Pr3* for the H-l and H-S signals of the L-lduroxuc acid moleties N 

of the biopolymer, whereas signals due to the hexosamme residues were essentially 

unaffected Another lanthamde salt, gadolmmm nitrate has recently been found3y4 to act 
as a ’ H relaxation agent m water These findmgs prompted us to examme the posslblhty 
that gadohmum (Cd3 3 m&t mteract selectively with some uromc acids, and thereby 
modrfy the relaxation pathways of their ‘H and, possibly also, I3 C nuclei This commumca- 

tlon reports that, mdeed, such effects have now been observed 

Gadohmum nitrate mduced strlkmg changes (see Fig lb) m the 13C spectrum of 
sodmm a&D-galactopyranuronate (1 and 2) 111 deutermm oxide (see Fig la) Signals due 
to C-6 and C-l of the a anomer suffered a marked dunrnutlon in apparent mtenslty, and, 
although some of the upfield signals were also strongly affected (see later), there was no 
comparable unpact on C-6 and C-l of the fl anomer (The I3 C spectrum of c&D-galacto- 
pyranose was unaltered under *&ese condltlons, which clearly unphcates the carboxyl group 
of 1 III the mteractlon observed ) Other unportant factors are the uromc acid lanthamde 
ratlo and the pH Thus, an mcrease m the proportion of Gd3+ by a factor of 3-4 over that 
employed for the spectra m Fg 1 (re , sugar catlon = 1 1 x 104) caused a gross dlstortlon 
m resolutlon due to general lme-broadenmg By contrast, at these-same levels but at pH 2, 
Gd3+ had no appreciable effect whatever on the spectrum of either anomer, and Its mfluence 
on the Q anomer decreased sharply above pH 7 Comparable data were obtamed by ’ H n m r 
spectroscopy. for example, the H-l (and also H-5 signal) of the Q! anomer was markedly 
broadened 111 the presence of Gd3’ , whereas that of the fl anomer was not noticeably 
altered fn addltlon, the effects of lanthamde concentration and pH already noted again apphe 
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Fxg 1 13C a m r spectrum (22 6 MHz) of (a) so&urn a,@D-gaIacturonate (n&f) m deuterium o&de, and 
(b) the same solution contammg Gd(NO,), 100 n&l 

Sodmm ac,P_Dglucopyranuronate and -L-ldopyranuronate gave results very smular 
to those Jlustrated m Fig 1, showing that there 1s a general stereoselectlvlty on the part of 
Gd3+ for the anomer (or) havmg the anomerlc hydroxyl group axially attached 

A cIose anaIogy was also found between these observations and the relaxahon 

behavxor of 13C and ’ H nuclei of uromc acid residues m glycosammoglycans Addltlon of 
gadohmum nltrate to a soIutlon of heparm caused a marked decrease m the apparent 
mtensity of the C-6 and C-l slgnalss of the L-lduromc acid residues Srmllarly, +&he H-l and 

H-5 sIgnal& of these residues experienced marked bne-broadenmg In neither spectrum 
were any signals attributable to the amodeoxyhexose residues affected Therefore, this 
mteractlon of the polymer with Gd3+ furnishes support for earher evldence6r7 favormg the 
CL conflguratlon for the L-lduromc residues of heparm. 

Selective lme-broadenmg was also observed for C-l and C-6 of the L-lduromc 
residues m dermatan sulfate due to Gd3+, whereas these .ons had no impact on the ‘L3C 

spectrum of chondroltm O-sulfate Hence, both results were XI accord with expectation, 111 
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that the Pglucuromc acrd resrdues of the latter polymer undoubtedly have the &D COII- 

figuratron8 whereas the acid residues of the former are regarded as of the cr-L type6 
It has been supposed”* that the bmdmg sate of Eu3+ m a-D-galacturomc acrd con- 

sists of a carboxyhc oxygen atom, O-Q, and O-S, wrth the ran so posrtroned that the 
magnetrc axrs pomts towards H-k, thrs accounts for the fact that the H-l srgnal of the 
Q anomer experiences by far the largest of the induced shrfts observed Undoubtedly, O-4 1s 

not so rmportant for bmdrng with Gd3+, because of the strong affmrty of thrs catron for 
the gkco (0-4~) and gaZacto (04) configuratrons, and a more attractive model is one 
mcorporatrng the axral O-l of cy anomers Nevertheless, the matter of defining spatral re- 
quirements m these systems IS not strarghtforward Thrs 1s emphasrzed by the remarkable 
fact that, although the signals for C-6 and C-l of the j3 anomer (2) remarned essentially un- 

changed m Frg lb (relative to those 111 Frg la), the C-5 signal of thrs compound became 

much smaller; mdeed, rt appears that C-5 was the only 13C nucleus of 2 affected (Solar 
behavror was exhrbrted also by the P-D&CO rsomer ) Yet the carboxylate group of 2 must 

be unphcated, because, as already noted, /I-Dgalactopyranose 1s totally unreactive under 

comparable condrtrons Presumably, however, effective bondmg takes place between thrs 
group and Gd3+ at a distance (the broadenmg Induced shows3’4 an mternuclear dependence 
of T-6) large enough to cause only a mmor effect on the relaxation of C-6, but m a manner 
such that the catrLn 1s relatively closer to C-S ‘flrth the OL anomer, many of the nuclei are 

affected, an rndrcatron that the bmdrng of Gd3+ by the carboxylate group of 1 brmgs the 

cation rnto close proxumty wrth a large portion of the molecule Irrespective of the source, 
however, these different effects that are produced - on C-l, C-6, and H-l signals in 

particular - make Gd3+ a senntlve, diagnostic reagent for drstmguishmg between anomeric 
forms of uromc acrds 

ACKNOWLEDGMENT 

The authors express therr gratitude to the Screntrfrc Affarrs Drvrsron of N A T 0 
for a research grant (to I3 C and A S P ) 

RFFERENCES 

1 T. Anthonsen, B Larsen, and 0 Smldsrgd, Acta C&m. Scami, 26 (1972) 2988-2989,27 (1973) 
2671-2673 

2 A S Perlm, m E B Mano (Ed ), Rot Int Symp Maaomolecules, Elsener, Amsterdam, 1975, p 346 
3 B A Lwme, J h%. Thornton, and R J P W-s, C?zem Commun , (1974) 669-671 
4 J D Camp5ell, C N Dobson, R J P Wrlhams, and A V Xavier, J Magn Resonance, 11 (1973) 

1 I2-:81 
5 A. S Perhu, N M K. Ng Ymg Km, S S Bhattachaqee, and L F. Johnson, Chn J C&m, 50 (1972) 

2437-2441 
6 k S Perlm, B C&w, G R Sanderson, and L. F Johnson, C?.zn. J Chem ,48 (1970) 2262-2268 
7 A S Perhn, D M Make, and C P DIetrich, Ckbolzyd Res , 18 (1971) 185-194. 
8 M L Wolfrom and B 0 Juhano, J Amer C?zem Sot, 82 (1960) 1673-1677 


