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A hexasaccharide containing sialic acid has been isolated from the urine of 

pregnant women. It contains D-galactose, D-glucose, N-ace@-D-glucosamine, and 

sialic acid in the proportions of 2:1:1:2. Its structure, established by methylation 

analysis, enzymic digestion, and potassium borohydride reduction, is that of lacto- 
N-tetraose with one of the residues of sialic acid linked a-(2+3) to the terminal 
nonreducing residue of D-galactose, and the other sialic acid residue linked cc-(24 
to the N-acetyl-D-glucosamine residue. This hexasaccharide is related to human 

pregnancy, as it has not been found in nonpregnant, normal-woman urine and is 
present in human milk_ 

INTRODUCTION 

Pregnancy is known to enhance the elimination of the bulk of nondialyzable 
carbohydrate components l and, in a previous work2, we have shown that the urinary 

excretion of oligosaccharides is enhanced (200%) as early as the 17th week of 
pregnancy. This enhancement may be related either to the increase of oligosaccharides 
that are also present in normal urine or to the urinary excretion of new oligosac- 
charides. Six oligosaccharides containing L-fucose were isolated from the urine of 
pregnant women and characterized by Date 3*4 who has shown that they were absent 

in the urine of women who were neither pregnant nor lactating. -These oligosaccharides 
were found to be identical with those isolated from human milksS6. 

Maury’ was the first to isolate oligosaccharides containing sialic acid from the 

urine of pregnant rat, showing that neuraminyljactose and neuraminyllactosamine 
excretion increases 2-3 fold during the course of pregnancy. Both oligosaccharides are 
constituents of normal urine. In the present work, undertaken to isolate sialic acid- 

*This work is-a part of the Docteur tts Sciences @tat) thesis of Marguerite Lekonnier. It was 
supported by grants from I.N.S.E.R.M. (Contrat 710562), C.N.R.S. (E.R.A. 321), and the Universite 
$%&G.Yx @<E.zL z.zzzJ*&~z~ 
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containing oligosaccharides strictly related to pregnancy, a new hexasaccharide 
isolated from human pregnancy urine was characterized and its complete structure 
established. A similar hexasaccharide has been isolated from human milk’. 

-l-S AND DISCUSSION 

The hexasaccharide was obtained from the urine of pregnant women during the 
last trimester, as described beforeg. It was homogeneous in paper chromatography in 
three solvent systems, and in high-voltage paper electrophoresis at two pHs, as 
detected by the aniline oxalate reagent and the Scbiff’s reagent after periodate 

oxidation. It contained D-galactose, D-glucose, N-ace@-D-glucosamine, and N- 
acetylneuraminic acid in the proportions of 2:1:1:2, as shown by several methods, and 
no amino acids (see Table I). After potassium borohydride reduction, no D-glucose 
was observed (0.07 residue) but D-glucitol was present (1.05 residue, see Table I). No 
change was observed for the other monosaccharides, indicating a D-glucose residue as 
reducing end. 

In order to determine the sequence of the carbohydrate residues, both the 
hexasaccharide and the sialic acid-free derivative were submitted to enzymic hydrolysis 
with various glycosidases. None of the /I-D-galactosidases or the N-aC&yl+D- 
glucosaminidases were found to split off any D-galactose or N-acetyl-D-ghrcosamine 
residue from the hexasaccharide, indicating the presence of one sialic acid residue at 
the terminal, nonre.zlucing end. The remIts obtained with the sialic acid-free oligo- 

saccharide are summarized in Table II. It can be assumed that a D-galactose residue is 
located at the nonreducing end of the tetrasaccharide, as beef kidney N-acetyl+D- 
glucosaminidase did not liberate any N-ace@-D-glucosamine before fl-D-galactosidase 
di,=tion. This terminal D-galactose residue was poorly split off by jack-bean /I-D- 
galactosidase (0.09 residue), whereas beef-liver /I-D-galactosidase was more efficient 
(0.39 residue). Jack-bean /I-D-galactosidase has been reported to liberate D-galactose 
very slowly from 2-acetamido-2-deoxy-3-Q-~-D-galactopyranosyl-~~ucose1o’1 ‘, 
suggesting that the external 8-Dgalactopyranosyl group is /I-(1+3)-linked to an 
N-acetyl-Dglucosamine residue; this structure was corroborated by the methylation 
analyds. After partial removal of D-galactose (0,39 mol/mol of saccharide) and of 
N-acetyl-D-glucosamine (0.35 mol/mol of saccharide), the disaccharide produced was 
identified as lactose by g.1.c. (&-,, 2.99 and 3.55). D-Galactose, N-acetyl-D- 
glucosamine, and lactose were produced by enzymic digestion in the molar propor- 
tions of 0.4:0.35:0.39, as determined by g.l.c., suggesting the structure: 

er-NeuAcp-(Z+ ?)-~-~-Galp-(l~3)-~-~GlcNAc-(l--t ?)+?-D-Gal-(1+4)-n-Glc 

The final structure was established by methylation analysis- (see Table ITI). 
The absence of 2,3,4,6-tetra-O-methyl-D-galactose from the hydrolyxate of the 
permethyIated hexasaccharide conCrmed the structure established by enzymic 
hydrolysis! an N-aeetyl-c+ne uraminosyl group at the nonreducingend is linked (2-3) 
to a D-galactose residue. The second N-acetyl+neuraminosyl group is linked (2-4 
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TABLE II 

RELEASE OF MONO- AND DI-SACCHARIDES BY VARIOUS GLYCOSIDASES FROM SWC ACID-FREE 

OLIGGSACCFWRIDE 

Compound released and 
method 

GIycosidase 

8-m GaIactosi&se 

Jack Beef 
beati liver’ 

N-AceryI-8_D-gi~cosamin~s~ 

Beforeed Afrer treatment with 
$-D-gaiactosidase 

n-Gdaetose’ 
Co!orimetric 
G.1.c. 

N-Acetyi-D-glucosaminene’ 
calorimetric 
G.1.c. 

Lactose (g.1.c.) 

0.09 0.40 0 
0.39 

0 0.35 
0.35 

0.39 

“From beef kidney. The release of D-galactose was estimated after a 24-h incubation at 37”. ‘After 
a 24-h incubation at 37O with fi-o-galactosidese, the released o-galactose was estimated by a colori- 
metric assay. Subsequently, N-acetyl-/?-n-ghrcosaminidase was added to the mixture which was kept 
for another 24 h at 37”. After that time, the release of N-acetyl-D-gtucosamine was quantitatively 
determined by a calorimetric assay. The release of o-galactose, Wacetyl-n-glucosamiamine, and lactose 
was also determined by g.1.c. the release of both D-galactose and Wacetyi-D-ghrcosamine was 
estimated after a 24-h incubation at 37”. ‘The release of monosaccharides is expressed in mol/mol of 
oligosaccharide. 

TABLE III 

IDISVIIFICATION OF PARTIALLY hfETHYLATED DERIVATIVES OBTAINED FROM THE HYDROLYZAZ OF 

PERMETHYIATBD, INTAm, AND SIALIC ACID-FREE HEXASACC HARIDE BY G.L.C. 

Methyl ethers Hexasaccharide 

Intact Sialic acid-free 

D-Galactose 
2,3,4,dtctra= 
2,4,6&-P 

- + 
+ + 

D-Glucose 
2,3,6-tri” + + 

2-Deoxy-2-(N-methylacetamido)-D-glucose 
4,6-di* - + 
4-monob + 

aIdentified as methyl glycosides. ldentitied as trimethyIsiIy1 derivatives. 

CAR 3159 R3 596 5 1st. proof. 
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to a 2-acetamido-Z-deoxy-D-glucose residue, as shown by the production of the 
partially methylated derivatives of 2-amino-2-deoxy-P-glucose. The identiiication of 
the partially methylated monosaccharides showed that the 2-acetamido-2-deoxy-y-o- 

glucose residue is linked at C-3 with the external D-galactose residue, which is con- 
firmed by the slow hydrolysis of this residue with jack-bean B-D-galactosidase. It also 
showed that the reducing D-glucose residue is bound to the internal D-galactose 
residue at C-4, as in lactose. All the data indicate that the hexasaccharide has the 
following structure: 

The origin of the urinary oligosaccharides is not fully elucidated. They are 
often thought to originate from the catabolism of serum or tissue glycoproteins, and 
of glycolipids 12. The urinary hexasaccharide that is described in this paper does not 

seem to originate from serum-glycoprotein catabolism, as none of these glycoproteins 
is actnally known to have such a carbohydrate moiety. Some glycolipicls have 

carbohydrate chains with this type of structure, but we were unable to find a similar 
hexasaccharide in the urine of nonpregnant women13. 

An alternative hypothesis for the origin of urinary ,Aigosaccharides is a 
biosynthetic pathway in which glycosyltransferases would add various mono- 
saccharides to a D-glucose, D-galactose, or lactose molecule’4*15. Pregnancy is 
known to greatly enhance the synthesis of lactose and, indeed, all the oligosaccharides 
containing L-fucose and sialic acid that were isolated from the urine of pregnant 

women contain a lactose residue at their reducing end. Moreover, a number of 
oligosaccharides containing L-fucose exhibit the lacto-N-tetraose structure4 observed 
here. 

In fact, all the oligosaccharides obtained from the urine of pregnant women 
are identical with the oligosaccharides isolated from human milk, but some of them 

are not related to pregnancy, neuraminyllactose for example. The urinary hexa- 
saccharide that is described in this paper is the Grst urinary oligosaccharide containing 
sialic acid that can be related to pregnancy, as it has been observed in the urine of 
several pregnant women, whereas it was not found in normal human urine, and is 
identical with a hexasaccharide obtained from human milk’. It is probably synthetized 
in the mammary glands, though another origin (placental for example) cannot be 
completely ruled out. 

EXPERIMENTAL 

Materials. - Urine was collected from a healthy, nonsecretor pregnant woman 
duriig the third trimester of pregnancy, bacterial growth being prevented by the 
addition of Merthiolate (0.2y3. The hexasaccharide was obtained from the urine as 

previously describedg. --. 
Analytical methods. - Neutral hexoses were determined by the orcinol-sulfuric 

acid method16, and sialic acid by the thiobarbituric acid methodr’ and by the 

diphenylamine method . ‘* Hexosamines were determined with a Beckman Amino 
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Acid Analyzer Unichrom’ ’ and by a calorimetric determinationZo after hydrolysis 
for 4 h at 100” with 3~ HCI. Neutral hexoses, Wacetylhexosamines, 6-deoxyhexoses, 
and sialic acid were also determined by g.1.c. as the trimethylsily121 or trifluoro- 
acetyl22 derivatives of the methyl glycosides. Monosaccharide and disaccharide 
analysis was also performed by g.1.c. with mannitol as standard, after direct trimethyl- 
silylation for 2 h, with a temperature programmed from 150” to 250” at a rise of 
2”/min23. Under these conditions, a lactose standard gave two peaks (RMaMlrOl 2.98 

and 3.35). Amino acid composition was determined with a Unichrom autoanalyzer 
after hydrolysis with 6~ HCl for 7 h at 100” in UCICUO. The solvent systems (all propor- 
tions v/v) for analytical paper chromatography were: (A) 5:5:1:3 pyridine-ethyl 
acetate-acetic acid-water, (B) 13:6 propanol-water, and (C) 2:1:2 ethyl acetate- 
pyridine-water. High-voltage, paper electrophoresis was performed at pH 1.9 in 
1:3:36 formic acid-acetic acid-water, and at pH 6.4 in 25:1:1974 pyridine-acetic 
acid-water. 

Removal of sialic acid. - As o+neuraminidase only liberated 65% of the 
N-acetylneuraminic acid residues, the quantitative removal of sialic acid from the 
hexasaccharide was performed by hydrolysis with 0.05~ H,SO, for 1 h at 80”. After 
dilution, the solution was filtered through a column of Dowex l(x-4, HCO,) ion- 
exchange resin suspended in water. The material eluted by water was freeze-dried and 
the residue submitted to preparative paper chromatography in solvent A for three days. 
Lateral strips were stained with aniline oxalate, the material eluted by water was 
freeze-dried, and the residue submitted to carbohydrate analysis (g.1.c.). All the sialic 
acid was split off and no loss of either neutral hexoses or N-acctylhexosamine was 
observed. 

Reduction. - The hexasaccharide (2 mg) was reduced with potassium boro- 
hydride (2 mg) in water (0.5 ml) for 15 h at room temperature. The excess of boro- 
hydride was destroyed by addition of acetic acid, and the mixture was filtered through 
a column of Dowex 50 (X-8, 100-200 mesh, H’) ion-exchange resin. The effluent and 
the washing solution (water) were concentrated in vaccuo, and boric acid was removed 
as methyl borate. After the addition of mannitol, the reduced saccharide was analyzed 
by g.1.c. after methanolysis’ ’ _ 

Enzynic degradation. - a-Neuraminidase (EC 3.2.1.18) from CZostridium 

perfringens (Grade V) was obtained from Sigma Chemical Co. (St. Louis, MO., 63178). 
p-D-Galactosidase (EC 3.2.1.23) of jack bean was prepared according to Li and Liio. 
/I-D-Galactosidase (IC 3.2.1.23) of beef liver was obtained from Sigma Chemical 
Co. (Lot no. 11 .C. 7670, 0.32 unit/mg); it had very weak cc-D-galactosidase activity 
(1 munit/mg) and N-acetyl-B-D-glucosaminidase activity (0.032 unit/mg), as tested 
with the p-nitrophenyl substrates. It did not hydrolyze lactose. Native and sialic 
acid-free oligosaccharides (0.6 pmol) were incubated with 0.18 unit of jack-bean 
#J-D-galactosidase in 0.05&r NaCI-O.OIM phosphate buffer, at pH 7.2, for 24 h at 37” 
under toluene. The release of D-galactose was determined enzymically24. N-Acetyl- 
@-glucosaminidase (EC 3.2.1.30) from beef kidney was obtained from Boehringer 
Mannheim France SA (75001 Paris, Lot no. 7364103, 4 unit/ml); it showed neither 
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N-acctyl-cr-D-glucosaminidase nor /3-D-galactosidase activity in 0.15ni NaCl-O.01 &f 
phosphate buffer at pH 7.2. One unit of enzyme activity (8-D-galactosidase and 
N-acetyl-8-D-glucosaminidase) is the amount of enzyme that liberates, in 1 min at 37”, 
1 pmol of p-nitrophenol from the p-nitrophenyl glycosides used as the substrates. 

The sialic acid-free oligosaccharide (0.6 pmol) was incubated with 0.12 unit 

of N-acetyl-/I-D-ghrcosaminidase before and after incubation with the p-D-galactosi- 

dase of beef liver, and the mixture was kept for 24 h at 37”. The release of N-acetyl- 
D-glucosamine was determined as described by Reissig et aLz5. After the incubation 
with j?-D-galactosidase (beef liver) and N-acetyl-/3-D-ghrcosaminidase (beef kidney), 
the reaction mixture was heated at 100” for 5 min, and the salts -were removed by 
passage through columns of Dowex 50 (X4, H+) and Dowex 1 (X4, HCO,) ion- 
exchange resins suspended in water. The effluent and the washing solution were 
freeze-dried, and the residue was analyzed by g.1.c. after direct trimethylsilylationZ3. 

Methyiation procedure.. - The hexasaccharide was permethylated as its 
potassium salP. The permethylation of both sialic acid-containing and sialic acid- 
free oligosaccharides (2 pmol) was performed in two steps according to Kuhn et al.’ 

and to Hakomori2’. The permethylation was monitored by t.1.c. (Silica gel G) of the 
me&&ylated saccharides in 9:1 (v/v) chloroform-methanol. After hydroysis with 4~ 
HCl for 4 h at loo”, the mixture was dried and submitted to preparative paper 
electrophoresis (Whatman paper 3 MM, pH 3.9, 3:10:487, v/v, pyridine-acetic acid- 
water, 7 V/cm for 4 h). D-Mannose and D-glucosamine hydrochloride were used as 
standards. After staining with ninhydrin and aniline oxalate, the “basic” and the 
“neutral” fractions were revealed and eiuted with water. The methyl ethers were 
identified according to Foumet et aLz8. The methyl ethers of D-glucosamine eluted 
from the “basic” fraction were analyzed by g.1.c. of their trimethylsilyl derivatives. 
The methyl ethers of the neutral monosaccharides obtained from the “neutral” 
fraction were identified as their methyl glycosides before and after acetylation. 
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