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SUMMARY

4 general procedure is described for the isolation of urinary scidic cligogaccharides and
glycopeptides resulting from cateabolism of glycoproteins. This precedure has beern applied
fo nomeat urine and to urine from peatients with diseases of the metabolism, including mu-
colipidosis and fucosidasis. -

INTRODUCTION

In previous papers (I, 2], we described a procedure for the fractionation of
urinary fucosa<containing oligosaccherides, using charcoal—Celite chromato-
graphy. This p*aceduze was also applied to the isolation of oligosaccharides
sccumulated in the urine of patients with Sandhoff disease [3] and mannosido-
gis [4]. We Iater modified the experimental-conditions in order to study giyco-
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jugates. We sppled thiz procedm:e io csses of ﬁxcosxdosas, mucolipidosis IE
(Icell dasease} snd two new ftypes of muca.xpzdosxs recently described by
Liamie anci Duzami {un;mbis&heé zesuits) »
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Chromatographic and efectrophoretic analysis

Descending paper chromatography was carried out on Whatman No. 3 paper
(46 X 56 em), using the solvent systems 51, i-butanol—acetic acid—water {4:1:
5); and S2Z, ethyl acetate—pyridine—acetic acid—water (5:5:1:3}. Paper eleciro-
phoresis was conducted on Whatman No. 3 paper using a pyridine—water (15:
- 19835) buffer adjusted to pH 5.4 with acetic acid, in an elecfric field of 18 V/
cm and with a separation time of 16 h. Sugars were stained with aniline oxalate
reagent (aniline—ethzno!—2.5% oxalic acid agueous solution, 2:100:150, viv/v)
and glycopeptides and amino acids with 1% ninhydrin solution in acetone.

Morasaccharide and amino acid analysis

Monosaccharides obtained after acid hydrolysis (4 N CF; COOEE 100° 4 h)
WEere zucuu.ﬁt:u. Uy puycz bmumawg.fcpuy Ll bUlVCub Ofd L\'A.Uld.f Fd.ldub UL monc-
saccharides were determined by combining colorimetric methods [5] and the
gas—liquid ehromatography [6] of methylglycosides obtained by methanolysis
of oligosaccharides and glycopeptides. Molar ratios of hexosamines and amino
acids were determined using a Beckman Multichrom Auf:oana!yse: after acid
hydrolysis (4 ¥ HCI for 4—24 h at 100°).

Fractionation of acidic oligosaccharides from normat urine

Urine was collected from a 30-year-old mar (blocd group A Lewis b). Bac-
terial growth was prevenied by the addition of sodium azide (I part per
10,000). Demineralization was performed hatchwise by successive treatments
with a cation exchanger (Dowex 50-X8, H*; 25—50 mesh) and an snion ex-
changer (Dowex 1-X8, HCOO™; 25—50 mesh) (approximately 308 g of resin
per litre of urine}. After filtration, the effluents corresponding to 20 | of urine
were pooled and concentrated to 2 1 under vacuum at 35°. This solution was
submitted to adsorpiion chromatography using 2 50 X 50 cm column of char-
coal—Celite prepared according to Whistler and Durso [7]. Trace amocunts of
hydrachloric acid, used for deactivation of charcoal, were eliminated before
packing the column by ten successive washings with water (under vacuumy) and
dryings at 40°. Monosascharides were eluted from the column with 6 I of wa-
ter and oligosaccharides and glycopeptides were desorbed with 4 [ of ethanolic
solutions, the concentration of which varied discontinuously from 8.5 to 50%
(ethancl—water) (see Fig. 2). Each eluted fraction was dried under vacuum, the
residues were dissoived in 50—100 m! of water, and the resulting solutions were
chromatographed on two pazallel coiumas of fon exchanger {20 X 2 cm Dowex
50-X2, H®, 200400 mesh; 20 X 2 em Dowex 1-XZ, CH;COO 200—400
mesh). After washing with ‘300 m! of water, the columns were. se;:aratai and
the anionic exchanger was eluted with a discontinuous mdxent of. pyridine
acetate (pH 5.4) verying from 1 to 500 mAf (see Fig. 4}. One litre of each solu-
tion was directly cullected and concenirated to 1 or 2 ml. Acidic oligosacchari-
des of these different fractions were submitted to pzeparakve dﬁmmatography :
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on Whatman No. 3 paper using the solvents described above. After localization
of oligosaccharides by staining lateral bands, the products were eluted with wa-

ter and the solutions were iyophilized.

Fractionation of acidic ofigosaccharides and glycopeptides from pathological
uyrines

With pathological urines, which generally contain large amounts of sugars, a
simplified procedure, outlined in Fig. I, was used.

Urine (11)
|
Dowex 50-X8 (H*)  ; 25—50 mesh ; 40 X 2 cm

1
Dowex 1-X8 (HCGO™) ;25-50 mesh ;40X 2Zcm

J
Efffuent, concentrated t; 150 mi

f

v
Charcoal—Celite column (15 X 2em}

ALfter discarding washing water (300 m!), charcoal is transferred into 2 filter-funnel and
cligosaccharides and glycopeptides are desorbed by 5 1 of 50% ethanatl under vacuum.
This solution is then evaporated to dryness and the residue is dissolved in 190 i of
water. .

(«——

PV

JEo_et
188G salution

43

&—3

Dowex 50-X2 (HF) ; 200—400 mesh ; 15 X 2 cm —s Elution of giycopeptides with

discontinuous gradient of
pyridine acetate : I to 500 mX,
1t for each

Powex 1-X2 {CH,COOQ™) ; 200—400 mesh ; 15 X 2 cm — Elution of sialyi-oligosaccha-
rides with discontinuocus gra-

¥ . dient of idine acetate
W (1 tc 5055;.!&{ 111 foreach

fraction}. The fracticns are
then concentrated under vacuum
to t m! and submitted to paper
electropkaresis or chromatogra-
phy.

Fig. 1. Scheme for the fractionation of urinary sialyl-oligosaccharides and glycopeptides.

RESULTS

: chfzomtzotz of acidic oIzgceac"z':gndes from normel urine.

..~ Fig..Z reveals the complex composition of urinary oligosaccharides. Only
eﬁ:mohe fracticns eluted after 2 7.5% concentration contain acidic cligosac-
“charides, which were characterized by paper electropharesis in pyridine acetate
h:ﬁe: (pH 5 4). The frs:.ctmnatmn of these ohgosaccnandes on an anion ex-
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Fig. 2. Normal urine: paper chromatography of oligosaccharides desorbed from 2 charcoal—
Celite column with discontinucus gradient of ethanot (3.5—50%). Solvent Sk, davelopment
for 5 days. Standard{T): lactose (Lac) and sucrcse (Suc).

changer leads to the isolstion of g lzrge number of components, as is shown in
Figs. 8 and 4. The volume of each sample submitted to paper chromatography
varies from 0.5 to 2 ml and corresponds te a 16,000 to £0,000-fold concenfra-
ted urine. Finally, preparative paper chromatography using solvent S2 for 2—20
days furnished 45 components with satisfactory purity, as can be seen in Figs.
5 and 6. These different fractionation steps are described in Figs. 2—6.
Oligosaccharides 1—16 were isolated from 7.5, 15 and 26% ethancl fractions.
Compounds 17T—45 were obiained from the 50% ethanol fraction which was
submitted, in a second step, to anion-exchanger separstion using the following
pyridine acetate concentrations: compounds 17 and 18, 2 ma{; compounds. 18—
26, 5 mMf; compounds 27—3%, iG mbf; compour@ 32—36 2& mM ‘com-
pounds 837—44, 50 mM; and comocu’nd 45,100 maf, o
Ohgoﬂcchandes 2——1& are di- ana tnsacchande‘z, az shm In Tatie I szm ,
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Fig. 3. Normal urine: paper chromatagraphy of acidic aligasaccharides eluted from charcoal
with 7.5% ethanol (A) and 15% ethano!l (B) and fractionzted on an anian exchanger. Pyri-
dine acetate concentrations: 5, 10, 20 and 50 mAf. Solvent S2, development for 2¢ h. Stan-
dard {T): lactase {Lac}.

Fig. 4. Normat urine: paper chromatography of acidic oligosaccharides eluted from charcoal
with 50% ethanol and fractionated on an anion exchanger. Pyridine acetate concentrations:
1, 2 mAf; 2, 5 mif; 3, 10 mif; 4, 20 mA; 5, 50 mAif; 6, 100 mAf. Sclvent S2, development for
5 days. Szmples were concentrated 26,000-fold compared with the volume of treated urine.’
NL = 3'-neuraminyllactose.

¥ 123525678810 HRBHESBT

ﬁg. 5- go:mzi urine: peper e&mmasograp&y (A)and eiecttophoreas (B) of ohgosaccha:xdes
-1~16 isoiated from 20 I of urine. A, Sokext 1, development for 20 h; B, buffer ofpH S5 4.,A

- Sﬁnéaxd('lf} i&ctcsz (Lac).,
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Fig. 6. Normal urine: paper chromzatography of oligosaccharides 17—45 isolated from 201 of
vrine. {iolvent 82, development for 6 days. Lateral standard (T) is & pentasaccharide.

T ‘e 10 23w S 168 T

T

Fig. 7. Normal urine: paper chromatography in solvent 82 of triflucroacetie acid hvdroly-
sates of oligaosaccharides 1—16. Standard (T'): galactosamine (GaIN); glucoszmine (GleN);
galactase (Gal); glucose (Glc); mannose (Man); fucose (Fue); glucuronic scid (GleUr)

Fig. 7. Only compounds 1, 2, 6, 7, 8, 2 and 13 were cbtained abso’ute!y pure.
Their structures are now under mvestxgatron
Compounds 17—45 can be divided into three g:oups (Fig. 8 and Table I) ;
(1} neuramic acid and glucose-containing oligosaccharides (27—33), the sugar
composition of which is identical with that of glycolipids; (ii} neuramic acid
and mannose-contfaining olizesaccharides (17—26 34—36 and 43—45}, whick
- are related to the glycoprotein catabolism and all of which possess an N-acetyl~
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—45. Solvent S2. Standards: see Fig. 7.
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Fig. 9. Urine of mucclipidosis If: paper chromatography of sialyl-oligosaccharides eluted
fram an anior exchanger with a discontinucus gradient of pyridine acetste: 1, 5 mM; 2, 10
mAf; 3, 20 maf; £, 50 mAf; 3, 100 mif. A and B, normz! urines; C, mucolipidosis II. Solvent
§2, development for 48 k (A 2nd B} and 4 days {(C}. Samples of normal urine were concen-
trated 10-fold compared with samples of mucolipidosis . NL = 3-neuraminyllactose.

glucosamine residue at the reducing end; and ¢iii} neuramic acid-free glycopep-
tides (38—42}. These last compounds are characterized by the absence of man-
‘ nose and by the presence of N-acetylgalactosamine, N-acetylgiucosamine and
galactose. Hence they are products of the catabolism of “mucine-like” constit-
- uents. .
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Pethological urines .-

The application of the procedure outlined in Fig. 1 led us to characterize
sialyl-oligasaccharides or glycopeptides accumulated in the urine of patients
with inborn metabolic diseases.

(i) Mucolipidosis ff, or ‘‘[-cell disease™ [8]. We studied the urine of seven
patients with I-cell disease and, in afl instances, we found an important excre-
tion of sialyl-oligosaecharides {(Figs. @ and 1@ and Table I}, the level of which
was 30—100-fold the normal values. The struectures of nine of these compounds
were determined {9, 20} and are shown in Fig. 1.

123 &5 678 1 23 4°5 6

Fig. 10. Urine of mucclipidosis Ii: paper chromatography of acidic oligosaccharides in a sec-
ond case of mucolipidosis If. Solvent S2, development for 14 days. &, norma? urine; B, mu-
colipidosis II. Pyridine acetate concentrations: 1, 1 m&: 2, 2 mif; 3,5 mif; 4, 10 mif; 5,
20 mM; 6, 50 mif; 7, 109 mAif; 8, 200 mAf.

{ii) New types of muceolipidosis. Mucolipidosis W. (Mande, unpublished ob-
servation) was observed in two children (Laura and Pierre Alexandre W.} and
is very similar to I-cell disease, excapt the fact that the activities of many hy-
drolases increase in the cells but are normal in the serum. Neurammxésse acth-
ty in leucocytes was 2—4% of the normal level.

Mucolipidosis De P. (Durand, unpublished cbsetvatloxz) is charactenzeci
only by a red spot in the botiom of the eves and by & dyschromatopsy. The
patienis {22 and @ yvears® cld} do not exhibit cther significant clinical symp-
~ toms or mental retardafion. Neuraminidase aﬂtwmes in Eet.cocyt% wege 18 and :
22% of the normal levels in these naf;lnnts. , o
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TABLEH

SUGAR COMFPOSITION OF OLIGOSACCHARIDES ISOLATED FROM URINE OF A PATIENT
WiTH MUCOLIPIDOSIS I

Abbreviations as iz Table £

Oligosacchsridest Ameount (mg)** Meclar ratio*** Raonosaccharide in
. Gal kan GIcNAc NANA  reducing position
I 8 8098 2 2.07 1.05 GlcNAc
1 it 104 2 1.78 1.02 GleNAce
133 14 2258 3 2.28 8.95 GIcNAc
v 15 163 3 2.90 8.95 GleNAc
v 12 189 3 3.0¢ .96 GlcNAc
VI ) 172 2 2.95 1.96 GIcN4c
VEL 7 175 3 2.92 1.89 GlcNAc
VI ié ey 3 289 191 GicN4c
X 23 : 2.12 3 3.08 1.96 GlcNAc

* Sea Fig. 10.

®% Rfilligrams of eoligosaccharide isalated per litre of urine by paper chromatagraphy. The
amount of isolated product is approximately 69% of urinary material. The level of these
oligosaccharides in normal urine is less than 0.5 mg/l.

*€* On the hasic of 2 or 3 mannose residues.

These two new types of mucolipidosis are characterized by an important
excretion of sialyl-oligasaccharides, 800- tc 500-fold the normal value (Fig. 12
and Table IE}, the structures of which are identical with those of I-cell disease
{Fig. 11}. v

{iit} Fucosidosis §11}]. With fucosidosis, accumulated material was found
mainly in “glycopeptidic fractions® eluted from the eation exchanger and in
the “neutral fraction”. Electrophoresis of “glycopeptidic fractions™ showed
abnormal constiluents eluted by 1.2 and 5 mif pyridine acetate {Fig. 13). Pa-
per chromatography of these fractions furnished five giycopeptides in & pure
state (Fig. 14 and Table IV}. The neutral fraction (Fig. 15} contained a glyco-
peptide (GP-8}, which remained at the starting point and was purified by paper
chromatagraphy in 40 days. The structures of these components have been
previousiy described [12] and are shown in Fig. 16.

DISCUSSION :

The fractionation procedures described zllow us fo characterize, in urine,
catbo‘zgdrafe compounds resulting from the catabolism of glycoconjugates In
normal urine, the level of each component Etas than (}.2 mg/l} was too iow for
structural studies to be undertaken.

- These pmcedt.res were applied in studies of mucohpxdosxs and fuco.ldosxs
and can be used as a method of dizgnosis. Mucolipidosis If, W. and De P. are
charactenzed by a partlal or fatal Ia..k of neuraminidase activity {9, 131 and



I a-NANA{2— 3)8-Gal-(1 — 4)8-GleNAc-(1 — 2)-a-Man-(1 - 3}-8-Man-(} —~ £)}GlcNAc
T -NANA(2 — 8}3-Cal{1 — £)3-CleNAc{] - 2}e-Man(i - 2)-8-Man{1 - £}-GlcNAe

I  o-NANA-(2 — 6)}p-Cal(l — 4)8-GleNAc(1 = 2)a-Man-(1 - 3)\
: B-Ran-(t - £}-GlcNAe
o-Man<i — 6]

IV -NANA-(2 -~ 3}8-Gal{1 - 4)}5-GleNAc(1 - 2)a-Man<(1 -~ 3)_
5-Man(1 — 4)-GlcNAc
8-Gal{1 — 4)-8-GleNAc-(1 — 2)-=-Man-(1 — 6)

V  oNANAA(2~ 6)8-Gal{1 ~ 4}-8-GleNAe(1 — 2)}a-Man-(1 — 3)_
8-Man-(1 — 1)-GicNAc
g-Gal-(1 ~ 4)8-GlcNAe{1 — 2)}a-Man{1 — 6}

VI - o-NANA-(2 — 6)8-Gal-(1 — 4)-8-GlcNAc<(1 — 2)
,\a-mnu —~ 3)8-Man{1 — 4)-GlcNAc
a-NANA-(2 — 3)8-Gal{1 — 4}-3-GlcNAc-(1 — 4}

VII  o-NANA-(2 — 3)6-Gal{1 — 4)-8-GlcNAc(1 — 2)o-Man{1 — 3)
%-Man(1 ~ 4)-GlcNAc
a-NANA-(2 — 3)2-Gal-(1 - 4)8-GleNAc-(1 — 2)o-%an-(l — 6}

VII  o-NANA«2 — 6)€Gal(1 — 2)8-GlcNAe-(1 — 2}e-Man-(1 - 3)
8-Man<(1 — 4}GlcNAc
a-NANA(2 ~ 3)8-Gal{l — 4)}8-GleNAe{1 —~ 2)o-Mzn{1 — 6)

IX «-NANA<(2 —~ 6)8-Gal-{(1 ~ 4)8-GleNAc{1 — 2}-a-Man(1 — 3)
5-Man<{1 - 4)-GleNAc
a-NANA~(2 — 6}8-Gal(2 — 2)-5-GlcNAc<1 — 2}o-Man(i — 6)

Fig. 11. Structure of the nine major oizsccaf'chanues isclated from the urine of mucolipide-
sis II, W and De P. §9, 10}

by a correlative accumulation of sialyl-oligosaccharides in urine. The structures
of nine of them have been elucidated, but more than 20 different components
remain to be identified. If we assume that these oligosaccharides originate from
all of the glycoproteins of the organism, we shouid be able to predict all of the
possible situctures of glycans

It is also inferesting to note that all of these oligosaccharides possess an N-
acetylglucosamine residue in the reducing position. This result is in good sgree-
ment with the hypothesis of the existence of a f-endo-N-acetyigiucosaminidase
which is able to split glycans even if they are sialylated {14, 15], as with giyc-
ans of the “oligomannosidic type™ {14 16} This enzyme remams te be
characterized amenz mammaziians.
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TABLE X

SUGAR COMFPOSITION OF OLIGOSACCHARIDES ISOLATED FROM URINE OF A
PATIENT WITH A NEW TYPE OF MUCOLIPIDOSIS (LAURA W.)

Abbreviations ag in Table L.

Oligosaccharides® Amount* Malar ratic
{mgfi} Gal Man GleNAc KAKA

E 28 102 2 2.12 0.9%
EE 125 102 2 i.82 0.96
131 15 106 3 1.87 I.11
v 5 224 3 3.206 096
v 10 220 3 3.60 1.19
VE 15 272 2 285 2.18
Vil 24 1.7¢ 3 276 135
VIEE 48 172 3 284 2.20
X 160 2i2 3 299 2.08
X 17 2.84 3 366 2.66
XI 8 3.20 3 3.75 2490

* See Fig. 12.

€%

1

oy

e,

€

Fig. 12. Paper chromatography of scidic oligoszecharides c-isaract.erized in :u_ine of patients
with twoe new types of mucolipidosis. A and B, mucolipidesis W (Lsura and Pierre Alexandre
¥.): C, mucclipidosit De P, Solveat 82, development for & days (4} or 14 day:s (B an_d 9}.
Samples were concentrated 300-fold compared with the initial volume of urine. Pyridine

scetate coacentrations, tee Fig. 10. o



ﬁg 13. Urine of fucosidcsis: paper eIectropho:\esx. = of “giycopept‘dzc fractions® eluted from
a cation exchanger with a discontinucus gradient of pyridine acetate (1—500 m#f). A, Stain-
ed with ninhydrin; B, stained with aniline oxalate.

:  Fig. 14. Urine oE ‘ucos.des:s-' Baper chmmatography oF giyaape;ztzs}e:. A, Mﬂ!ﬂs eix.ﬁed -
- from a cation exchanger-with 1, 2 and 5 mMf pyridine acetate; B, g!gcogepﬂdes Eﬁ!&éeﬁ by'
; zaper chmma:ograpby. Soivent S‘., deveiopmenf fc‘ 20 k& (!ti or é days (B}. :
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Fig. 15. Urine of fucosidosis: paper chromatography of “neutral fraction’ {NF}. Solvent 52,
development for 18 k. The arrow indicates glycopeptide GP-6. T = standard. Lae = lactose.

TABLE IV

SUGAR COMPOSITION QF GLYCOPEPTIDES ISOLATED FROM URINE OF APATIENT
WITH FUCCSIDCSIS

Abhbreviations as in Table £,

Glycopeptide Amount®  Maolsr ratio®*

(mgli} Gasi Gic Man < Fuc GicNAc

GP-1 g6 — - — 1.05 088
GP-2 T 888 Q07 — 086 050
GP-2 22 - — 188 (093 182
GP-4 19 ¢85 - 194 186 2.84
GP5 C T 1.14 — 182 198€ 290

7 GP6 §&- 38 — 565 5.02 605
t See Table IL.

%% On the basis of 1 aspartic acid residue.
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