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Pregnancy and lactation urines are known to be rich sources of oligosacchar- 
ides’-” having at their reducing eql either a D-glucose, a 2-acetamido-2-deoxy-D- 
glucose, or myo-inositol residue. In addition, these oligosaccharides generally con- 
tain L-fucosyl or sialyl, or both groups. Both 3’- (1) and 6’-N-acetylneuraminyl- 
lactosamines (2), described herein, were previously isolated from normal urine5-7 
and from bovine colostrum8. These oligosaccharides were characterized by chemi- 
cal analysis and ‘“C-n.m.r. spectrometry’, but no information concerning their mass 
and ‘H-n.m.r. spectra has been available until now. 

The N-acetylneuraminyllactosamines 1 and 2 were isolated from 15 liters of 
pregnancy urine according to the experimental procedure previously described”. 
The trisaccharide fraction was fractionated on DEAE Sephadex A-25 and elution 
was monitored by U.V. absorbance at 280 nm and calorimetric determination of 
neutral hexoses’“. As shown in Fig. 1, several fractions were selected and analyzed 
for monosaccharide molar-ratios (Table I). Compounds 1 and 2 were further 
isolated from Fraction III by preparative paper chromatography in solvent system 
(a). From data included in Table I, the excretion rate of 1 and 2 was estimated to 
be 68.5 mg in Fraction II and 63 mg in Fraction III, i.e., 8.7 mg/L of urine. 

The trisaccharides 1 and 2 thus obtained appeared homogeneous in solvent 
systems (a)-(d). Their monosaccharide molar ratios, as well as the partially methyl- 
ated alditol acetates obtained by methylation analysis, are reported in Table II. 
The 2-acetamido-2-deoxy-o-glucitol resulting from methylation analysis included a 
‘H-1 atom, as shown by mass spectrometry, indicating a 2-acetamido-2-deoxy-D- 
glucose residue at the reducing end. 
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Compounds 1 and 2 were labeled by reduction with sodium borotritide, 
according to Takasaki and Kobata”, and submitted to enzymic treatment as previ- 
ously reported’. Digestion with Vibrio cholerae sialidase completely converted 
them into neutral saccharides, exhibiting the same paper chromatographic mobility 
in solvent system (d) as 2-acetamido-2-deoxy-4-O-D-galactopyranosyl-I~-glucitol. 
Treatment of the degraded products with Jack bean /SD-galactosidase gave D- 
galactose and 2-acetamido-2-deoxy-o-[‘H-llglucitol, as shown hy paper chromatog- 

raphy in solvent system (d). 
No molecular ion appeared in the mass spectra of both permcthylated. ‘H- 

labeled, reduced trisaccharides 3 and 4. Fragments produced by loss of -CH?-O- 
CH, (45) and -CO&H, (59) were present at respectively m/z 828 and 814; similar 
results were previously observed for 3’-N-acetylneuraminyllactose’~*‘3 (5), for 
which the ion m/z (M - 59) was the major ion in the high-mass region. Intcrest- 
ingly. no fragment at m/z (M - 33) (loss of methanol) was observed for any of the 

trisaccharides. Detection of strong ions at m/z 376 and 344 confirmed the presence 
of a terminal N-acetylneuraminyl residue’? in both trisaccharides 1 and 2, and exis- 
tence of fragments at m/z 596 and 520 agrees with an N-acetylneuraminylhexose 
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Fig. 1. Ion-exchange chromatography on DEAE Sephadex A-25 of the desalted oligosaccharide frac- 
tion. Elution was performed with pyridine acetate buffers: (a) 0.05M, pH 6.0; (b) 0.05~~ pH 5.3; and (c) 
linear gradient from 0.05 to 0.5M. pH 5.3. Elution profiles were monitored by U.V. absorbance at 280 

nm ( ---) and by calorimetric analysis for neutral hexoses (orcinol reagent) of each 2-mL fraction 

collected (------). Fractions I, II, III, IV, and V were pooled as indicated by bars and analyzed for 
monosaccharide molar ratios (Table I). 

TABLE I 

ION-EXCHANGE CHROMATOGRAPHY ON DEAE-SEPHADEX 

FRACTIONa 

Sugar 

Fucose 

Mannose 

Galactose 

Glucose 
2-Acetamido-2-deoxygalactose 

2-Acetamido-2-deoxyglucose 

myo-Inositol 
N-Acetylneuraminic acid 

Weight (mg) 

0.5 
0.5 
1.0 1.0 

1.0 0.4 
0.7 
0.8 0.5 

0.1 

1.0 

458 137 

A-25 OF THE DESALTED OLIGOSACCHARIDE 

_ ..~. .- 

111 IV V 
__ ~~~. --- 

1.2 

1.0 1.0 1.0 

0.6 1.0 0.2 
0.2 0.1 

0.4 0.1 1.1 

0.1 0.1 
1.0 1.0 

166 203 5 

uWeights and monosaccharide molar ratios of the five pooled fractions (see Fig. 1). Molar ratios are 

given in relation to 1 mo1 of D-g&CtOSe. 
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TABLE II 

SU,g” corllp”“t”i 

I 2 

2-Acetamido-2-deuxyglucose I .o I .o 
Galactose I .(I I .o 
iv-Acetylneuraminic acid 0.9 I .o 

1.3,5-Tri-0-acetyl-2,4.~-tri-O-methyl-r,-galactit~i I.2 

1.5.6-Tri-O-acetyl-2.3,4-tri-O-methyl-t~-galactit~~l I.1 

4-O-Acetyl-2-deoxy-l.3.S.h-tetra-O-methyl-2-(N-methylacetamido)-~~- 
(I -‘H)gIucitol I .o I .o 

“The molar ratio of monosaccharides was determined by g.1.c. and is expressed relative to I mol of 
2-acetamido-2-deoxyglucose. and that of partially methylated alditol acetates obtained by methylation 
analysis relative to I mol of 2-dcoxy-2-(N-methylacetamido)-(I-( I-‘H)glucitol. 

sequence”,‘~. The ion at m/z 277 was characteristic of a monosubstituted 2- 

acetamido-2-deoxyhexitol residue having ‘H-l, and the ion at m/z 175 indicated 

substitution at O-4. 

The ‘H-n.m.r. spectra of I and 2 were compared to that of 5 (Table III). For 

the N-acetylneuraminyl residue, H,-3” of both trisaccharides exhibited characteris- 

tic sets of signalsls. Chemical shifts and coupling constants observed for H-I ’ of the 

D-g&XtOSyl residue indicated a p linkage for both trisaccharideslh. The H-3’ signal 

of 1 was shifted to 64.12. as observed both here for 5, and previously for cu-NeuAc- 

(2-+3)-P-D-Galp-( l&+3)-r>-GalNAcol”. For 2, the corresponding signal did not 

appear clearly since its resonance was in the bulk of ring-proton resonances. The 

chemical shift range of H-l (6 =5.2), as well as its coupling constant (J,_, =2 Hz), 

TABLE III 

Pr0ton.s C‘0tTlpWZrl 

1 2 5 

H-l (a form) 5.20 5.20 

(J,.: 2) (J, 2 2) 
COCH,-2 2.04 2.06 
H-l’ 4.56 4.45 4.s.i 

(J, 1 7.6) (.I,, 17.X) (J, 2 7.9) 
H-3’ 3.12 il 4. I2 
H-30” 1 .x0 1.72 1.x1 
H -3e” 2.76 2.68 2.76 
COCHJ 2.03 2.03 2.03 

“Recorded on the same 250 MHz spectrometer. Coupling constants (in Hz) for WI and -2 ohaerved for 
the a-galactose and 2-acetamido-2.dcoxy-r,-glucose residues arc indicated. “Not ;wigned 
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suggested that in both 1 and 2 this residue is present in the LY form’*. From a 13C- 
n.m.r. study previously performed on these two trisaccharide@, it was concluded 
that chemical shifts observed could result from different intramolecular interactions 
between the acidic N-acetylneuraminyl group and the 2-acetamido-2-deoxy-D- 
glucopyranosyl residue. In the present ‘H-n.m.r. study, the chemical shift and 
coupling constant values observed, for both 1 and 2, for the H-l signal suggest a 
preponderance of the (Y form, which agrees with the existence of such intramolecu- 
lar interactions. Several other single peaks produced by contaminating products 
also appeared on the spectra at S 0.21, 1.94, and 2.37. 

The presence of structures corresponding to 1 and 2 in various glyco- 
proteins19,m might imply that, as for other N-acetylglucosamine-containing oligo- 
saccharides found in pathological urine d,21, 1 and 2 reported herein have a catabolic 
origin. Unfortunately, no endo-N-acetyl-P-D-glucosaminidase having such specifi- 

cities has ever been reported. Furthermore, comparison of the excretion rates of 1 
and 2 in the case of normal and pregnancy urine show that their excretion is 
pregnancy-dependent. From Berman’s resultsh, an excretion rate of 3 mg/L for both 
trisaccharides was calculated for normal urine, and from Parkkinen and Finne’s 
results’ an excretion rate of 1.8 mg/L for 1 and 0.9 mg/L for 2. In the present work, 
a total excretion rate of 8.7 mg/L was observed for both trisaccharides, about three 
times that found for normal urine. This finding agrees with previous results ob- 
servedz2 for 5. Thus, this pregnancy dependence observed for the excretion of 1 
and 2 supports the hypothesis that, like the lactose-containing oligosaccharides 
from human milk and pregnancy urine, both 1 and 2 originate from a biosynthetic 
process. 

EXPERIMENTAL 

Third-term pregnancy urine was collected from a non-secretor woman 
(blood-group A) not subject to dietary restrictions. Urine was kept frozen at -18 
until use. 

The homogeneity of the oligosaccharides was monitored by analytical paper 
chromatography (Schleicher and Schiill 2043-b paper) in the following solvent 
systems: (a) 5 : 5 : 1: 3 (v/v) ethyl acetate-pyridine-acetic acid-water, (b) 2: 1: 2 
(upper phase, v/v) ethyl acetate-pyridine-water, (c) 3: 1: 1 (v/v) ethyl acetate-acetic 
acid-water, and (d) 10:4:3 (v/v) ethyl acetate-pyridine-water. Papers were stained 
with the AgNO, reagent23. The molar ratios of monosaccharides were determined 
by g.1.c. of the per-0-(trimethylsilyl)ated derivatives of methyl glycosides formed 
by methanolysis”j in methanol-I.5M HCl for 18 h at 85”. The oligosaccharides were 
permethylated according to Stellner et ~l.?~, by use of potassium fert-butoxide as a 
base*(‘. The permethylated derivatives were treated and analyzed as previously 
reported”. 

The sequence analysis of the permethylated, deuterium-labeled, reduced tri- 
saccharides was carried out by e.i.-m.s. (Riber lo-10 apparatus) with a solid-probe 
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inlet; ionization current, 200 PA; ionization energy, 70 eV; accelerating voltage, 
8.2 kV; and ion-source temperature, 130”. 

The 250.13 MHz, ‘H-n.m.r. spectra were recorded with a Bruker SY.250 
spectrometer operating in the F.t. mode at 298 K. The trisaccharides were dissolved 

in (2H)20 at a concentration of 1 mg/mL. Chemical shifts were calculated in relation 
to the signal of sodium 4,4-dimethyl-4-silapentane-1-sulfonate by indirect reference 

to acetone (6 2.225). The acquisition parameters were: pulse width, 3~s (corre- 
sponding to a flip angle of -30”); spectra width, 2500 Hz; and data points, 32 k. 

Chemical shifts and coupling constants were determined with an accuracy of +O. 15 
Hz.* 
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