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Mucin glycoproteins, secreted into the gastrointestid tract, differ in their 
ceJlular source, and are known to differ in their structure and composition. As 
biosynthesis is aLso controlled by genetic factors, differences are also found 
(from individual to individud) in glycoproteins secreted by the same cell type; 
the b1ood group inhibitory a&iv@ of the glycoprot~ins secreted by the gastric 
mucosa offers a weMcnown ilh~~tration of these differences. In order to study 
their physiological significance, a rapid method to scan the .&ucM cliffer- 
ences has been develo@, bass on the fact that the mucins are characterized 
by an O-glycoside linkage of the polysaccbtide side-chain to tie protein back- 
bone. In alkali, the sugar chati are releass by &elimination, but are then sub- 
ject to ~‘urther uncontrolled de@ation by baseca talysed “peeling” reactions 
[l-3]. Under suitably contzolled conditions, however, a series of reduced 
oZgosaccharides, as well as hexiMs [3] and unsattu&ed alditols can be identi- 
fied. 

Recently, a two-dimensional chromatogcapbic method was developed for the 
separation of oligosacchtides bearing acidic groups [4, 51. The method has 
now been extended to permit the radioactive Welling of the neutral non-re- 
d@ing oligosaccharides as well, in the products of the alkaline hydrolysis. 
These fingerprint techniques have been applied to the study of the polysaccha- 



ride side-&h of human glycoproteins, obtained from gastic aspirates of A, B 
and 0 blo& group donors. The results indicate tiat there are several diEer- 
ences, both in structure and in chain len&h, not only in terminal prosthetic 
groups but also in the inner core region of the carbohydr&e moiety of these 
gl~CO~r&&lS. 
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The gastric juice was neukaked in viva with phosphate buffer. Human 
mucins were separated by filtration and extensive washing from other soluble 
glycoproteins, as described elsewhere [6], from gastric juice aspirated from 
normal fasted subjects. Blood group and secretor status were determined in 
each CWT. Samples of lyophilized mucins from four or five donors of each 
blood group were pooled for an&y&. 

Partial alkaline degradation of the mucks was carrieh out as described pre- 
viously [4] _ Ten milligrams of mucin Rere stirred for six days at room tempera- 
ture in 1 ml of 033 1M KBE& in 1% sodium hydroxide. The reaction mixtuze 
wzk neutralized with Amber&z CG-120 (!!I?). Fingerprinting of the alkaline 
hydrolysis products was carried out on 20 cm X 20 cm silica-coated thin-layer 
sheets (Schleicher & SchiZl, h)assel, G_F.R., Selecta 1500). Oligosaccharide mk- 
tures containing 0.2-I pg of carbohydrate constituents were applied. The ekc- 
trophoretic step was carried. out in acetic acid-pyridine--water (10:1:89, v/v; 
pi4 3.8) buffer a* 10-20 V/cm for 2-3 h. The dried plates were cbromato- 
graphed perpendicular to the electrophoretic migration with either solvent A, 
n-propanol-nitromethan~cetic acid-k (7:2:2:2, v/v), or solvent B, 
ethanol-nitromethaetic acid-water (5:3 13:3, v/v), by the ascending 
method until the solvent reached the upper edge of the sheet. The carbohy- 
drate constituents were detected by sulphuric acid char or by the orcinolsuJ- 
phtic acid reagent [5,7]. 

p4c] CyanohydriTl formalion 
The reduced and neutralized alkaline degradation products of the mu&s 

containing 0.1~3.2 c(g of hexoses, as determined by the orcinol reaction, were 
dissolved in 50 ~1 of water, and 50 fig of galactose oxidase (Sigma, St- Louis, 
MO., U.S.A.) in 125 ~1 of phosphate-buffered saline (PBS) pH 7.0 were added. 
The mixture was incubated for 3 h at 37”. Forty microcuries of IP4CE: (specific 
activity 57 mCi/rnM) in 25 ~1 of water were then added. The mixtrrre was 
allowed to stand overnight at room temperature, then evaporated to dryness in 
a vacuum desiccator over KOH after the addition of one drop of 10% aqueous 
acetic acid. The residue was dissolved in O-1 M acetic acid and evaporated again 
to dryness in vacua. This operation was repeatfzd three times to remove traces 
of radioactive HCN_ The final residue was dissolv&d in 50 ~1 of water; l-O.5 ~1 
were deposited for fingerprineg and 1 ~1 was counted in a scintillation 
counter_ Control experiments in which (a) the alkaline degradation product, or 
(b) the galactose oxidase was omitted, were performed with every series to de- 
tect radioactive artefacts, No arkfacts, however, were detected between the 
starting point and the migration level of the disaccharides in the chro~~atqra- 
phic step, although several non-specific radioackive spots were found in the 
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monasac~hazide region of the central experimenti. The fingerprints of the 
IMed 0Egosa~cixzideswereexposed for Z-3d2ystoKodakKodkexfZms 
ami developed with Kc&& LX 14 developer. Sam&s of known olfgosaccha- 
rides were applied +o the chroma+@rams as markers. 

Exclusim Aromatugmphy of the akaline degradation products of the 
mucius was carried out on Sephadex G25F columns (I cm X 90 cm) eluted 

- with 0.4 M acetic acid_ The hexase level of the effluent was continuously moni- 
tored by the orcinolsulpburic acid reagent in a Technicon device. The experi- 
ments were carried out in triplicate and the means of the quantities in each of 
‘the areas Rre compared (Fig. 1). 

The &&ionation of the alkaline degradation products on Sephadex G-25 
columns indicate that the distribution of molecular weights of these products 
from donors of each group is similar, but differs in relative proportions (Fig. 1, 
Table I). Thus the ratio of the low-molecular-weight o&saccharides to the 
higher molecular products, (peaks 3 f 4)/@eaks 1 f 2), is 0.55,0.6 and 0.72 in 
the mucins of A, 0, and B secretors, respectively. This finding, in itself incon- 
clusive, suggests, however, that considerable differences must exist between the 
sugar chains of these glycoproteins. 

F’ingerprintmg of the alkaline degradation products also shows marked 
diEEerences between the giycoproteins of the A, B and 0 secretor groups (Fig. 
2a and b)_ A satisfactory twodimensional separation of the neutral and acidic 
reduced oligosaccharides liberated during the peeling reaction was obtained by 
this technique. The non-degraded macromolecular carbohydrate components 
exhibit electrophoretic mobili@ but are not displaced by the solvents used in 
the chromatography. The acidic oligosaccharides obtained from B and 0 secre- 
tcr gulps seem to be similar (Fig. 2). The separation of the neutral ohgosac- 

Fig. I_ Elution profde of the reduced alkaline degradation product (2 mg) cm a Sephadex 
G-25P (1 cm x 90 cffi) column. Fluent: 0.1 N acetic add. The sugar content of the ehzate 
was continuously monitored by tbe orci~otSulp?iuric acid reagent using a Tezhnico~ device_ 
The peak zrezs were compared by cutthg out and we’&$xing the region corresponding tx, the 
~&ted frictions I, 2,3, and 4 (resuh. see Table I). 
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PERCENTAGE OF TOTAL HEXOSE FOUND IN EACH FRAC’FZON ELUTED BY EX- 
CLWSION CHROMATOGRAPXY OF THE AUUIQNR DEGRADATLON 3RODWXS OF 
GASTRfC MUCINS OBTAmED FROM A, B, AND 0 BLOOD.GROUP boNORS * 

Results are given as meat + S.E.M. (n = 4). 

Fraction Percentage total carbohydrate (hexase) 

elnted’ t Group 0 Group A Group B 

1 41.3 f 1.8 1*** 46.1 f 2.5 l*** 40.5 + 1.2 1*** 
2 21.7 + 1.0 0.51 18.6 + 0.9 0.40 17.6 c 1.0 0.43 
3 26.7 ? 1.0 0.64 25.0 + 1.1 0.56 31.0 + 1.0 0.76 
4 10.8 f 0.9 0.26 9.4 f 1.0 0.20 10.9 % 1.1 0.27 

* See Fig. 1. 
** See Fig. 2. 

l ** Means values rehted to fraction 1. 

charides is better when using solvent A for the chromatography 
solvent B. 

step than 

The radioactive labelling w&ion is based on cyanohydrin formation of the 
KCN with the aldehyde groups obtained by the action of the galactose or galac- 
tosamine of the sugar chain [S] _ The cyanohydrin formation of the aldehydes 
proceeds quantitatively over several hours [ICI] _ The chromatographic sepam- 
tion of the radioactive cyanohydrin derivatives of the oligosaccharides (Fig. 3) 
is superior to the separation of the parent ohgosacchcrides (Fig. 2a and b)_ This 
increased Sensitivity can be used to differentiate products tit both high and low 
concentration by varying the amounts applied, Thus, in Fig_ 3, the neutral com- 
ponents are overloaded, whereas there nre sufficient quantities of the radia- 
lahelkd minor components of acidic ohgosaccharides to enable detection and 
confirmation of the results obtained in the fingerprinting of the pmnt oligo- 
saccharides (Fig_ 2) The sinrilariti~ of the acidic oligosaccharides from B and 0 
secretors is also confirmed by the autoradiograms (Fig. 3). 

DISCUSSION 

Gastric gel mucin comprise-s two-thirds by weight of the total non-dialysable 
solids in gastric juice, derived for the most part from epithehal and mucous 
neck cehs of the gastric mucosa. Analysis has revealed fucose, galactose, N-ace- 
ty@_xosamine and N-acetylgalactosamine in both fractions while the acidic 
fraction also contains sialic a&d and sulphate. The polysaccharides are attached 
to a polypeptide core by 0-glycoside linkages [Sl . Thus, the alwe degrada- 
tion products of these mucins should be comparable to those obtained from 
the blood group substances [2,3] _ 

The fingerprints of the oligosaccharide from the alkaline borohydride degra- 
dation products and from their cyanohydrin derivative indicate that the reac- 
tion mixtures obtain& from the A, B, and 0 secretor groups contain different 
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Fig. 2. Fingerprints of the alkaline degradation products on silica thin layers (Schleicher &
Schiill, Selecta 1500, 20 ern X 20 cm) of the insoluble gastric mucins obtained from A, B,
and 0 secretor groups. Ordinates: (a) chromatography in solvent A, and (b) in solvent B. Ab­
cissae: electrophoresis in pyridine-acetate (pH 3.5). Detection: orcinol-sulphuric acid. S =
Stachyrose, R = raffinose, L = lactose, G = galactose, H = glucosyl-galactosyl-hydroxylysine.



Fig. 3. Autoradiograms of the Eagzrprints of the cyanohydrin derivatives of the alkaline 
degradation products of the insoluble gastric mucins, obtained from A, B, and 0 secretor 
groups. Abcissae: electrophoresis (see Fig_ 2). Ordinate: chromatography in solvent _.I_ Ab- 
breviations as in Fig. 2; M = maltose. 

oligosaccharides. This finding implies that the major chain of these three types 
of mu& has to be different, 

The glycoproteins used in these experiments have intense blood group activi- 
ty, inhibiting the agglutination of erythrocytes by the appropriate antisera at 
dilutions as low as 0.1 ccg/rnl. A major terminal group of the polysaccharide 
sideehains must correspond therefore with the known structure of the blood 
group substances of the individual prosthetic groups. As the difference between 
the fingerprints involves several oligosaccharides it seems that not only the end- 
groups of the polysaccharides chains but also some interior sugar sequenpes 
have to be different. The results of the gel filtration experiments indicate also a 
different degree of fragmentation of the carbohydrate chains, implying struc- 
tural differerlcfzs in the interior of the carbohydrate fraction. 

The fact that only slight differences were found in the overail sugar composi- 
tion of the three glycopuotein complexes [S] studied, indicates that the finger- 
printing of the ohgosaccharides obtained by a&aJ!ine degradation of the mucins 
is required as a much more sensitive method for the detection of s~~~~ctural dif- 
ferences between the carbohydrate chains of these substances. However, more 
work is needed using oligosaccharides of precisely known structure before more 
exact conclusions can be drawn from the cbr~,matographic data on the varia- 
tions of the inner core region of the polysaccbarjde side-chains of these mucins. 
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