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1. Introduction 

The reduced activity of fl-galactosidase found in the 
liver of patients with mucopolysaccharidosis [l-3] 
can be explained by assuming the formation of a com- 
plex between the /3-galactosidase molecules and differ- 
ent kinds of mucopolysaccharides [4]. Chondroitin 
sulphate binds with several hydrolases in different 
ways. As a result of this.binding a new isoenzyme pro- 
file is seen, when glycosidases are mixed with acid 
mucopolysaccharides, whereby some isoenzymes are 
unaffected while others show a more acid isoelectric 
point. Total hydrolase activity, however, as measured 
with synthetic methylumbelliferyl substrates, is only 
slightly inhibited, except in the case of /%galactosidase 
which is strongly inhibited [4] . I now present further 
data on the occurrence of such complexes, the result- 
ing inhibition of the fl-galactosidase activity and the 
possible dissociation of the complex. 

2. Methods 

All experiments were done with post-mortem adult 
human liver which had been removed 6 hr after death 
and stored at -20°C. Liver homogenate (10% w/v) in 
distilled water was frozen and thawed 5 times, soni- 
cated for two periods of 30 set and centrifuged at 
15 000 rpm. 

Fig. 1. Effect of chondroitin sulphate and CPC on liver p- 

galactosidase. The final concentration of the supernatant was 

made 3.3% with: I) 1.60 mg/ml chondroitin sulphate; II) 1.60 

mg/ml CPC; III) 1.60 mg/ml chondroitin sulphate and 1.60 

mg/ml CPC; IV) distilled water; V) 1.60 mg/ml of chondroitin 

sulphate. After adding the chondroitin sulphate to the liver 

homogenate the mixture was left for 10 min at room tempera- 

ture. Then CPC was added as indicated. In V) CPC was added 

first and chondroitin sulphate 10 min later. 

Different amounts of chondroitin sulphate from 
shark cartilage (Koch-Light, Colnbrook, England) 
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Fig. 2. Antagonistic effect of chondroitin sulphate and CPC. Liver homogenate (3%) was treated without (A) and with 0.1 mg/ml 

(B), 0.5 mg/ml (C) and 1.0 mg/ml (D) of chondroitin sulphate. After 10 min water or CPC 0.1 mg/ml, 0.5 mg/ml or 1.0 mg/ml 
was added. Enzyme activity was then measured as indicated in fig. 1. 

were mixed with this liver homogenate. Cetylpyridini- 
urn chloride was added to the liver homogenate alone, 
or before or after the addition of chondroitin sul- 
phate . 

The mixtures were allowed to stand for 10 min at 
room temperature before enzyme activity was mea- 
sured with methylumbelliferyl-fl-0galactoside (2 mM) 
as substrate at pH 4.0 (0.05 M acetate). The fluores- 
cence of the methylumbelliferone was measured after 
zero, lo,20 and 30 min incubation at 37°C by dilut- 
ing the enzyme mixture 60 times with 0.1 M diamino- 
ethane, pH 10.5. 

The technique of electrofocusing and isoenzyme 
detection has been described previously [5]. 

3. Results and discussion 

As mucopolysaccharides can be precipitated from 
urine by cetylpyridinium chloride (CPC) [6] I 

examined whether the addition of cetylpyridinium 
chloride could counteract the inhibition brought 
about by the previous addition of the chondroitin sul- 
phate. Therefore CPC was added either to a liver 
homogenate or to a mixture of liver homogenate and 
chondroitin sulphate. In addition chondroitin sul- 
phate was also added to a previous mixture of liver 
homogenate and CPC (fig. 1). The addition of chon- 
droitin sulphate alone produced an almost immediate 
reduction of the /3-galactosidase activity and linearity 
of the reaction was lost after a few minutes of the en- 
zyme reaction. Addition of CPC alone produced a 
complete inactivation of the &galactosidase activity. 
However, when CPC was added to the mixture of liver 
and chondroitin sulphate, there was a complete resto- 
ration of the activity. In contrast the addition of chon- 
droitin sulphate to a mixture of liver and CPC failed 
to restore the activity significantly. I presume that 
the inhibition of the enzyme activity by chondroitin 
sulphate is due to the formation of a stable complex 

54 



Volume 36, number 1 FEBS LETTERS October 1973 

Fig. 3. Isoelectric focusing in polyacrylamide gel of p-galactosidase of liver: A = 50 ~1 of a mixture (1: 1) of liver homogenate (10%) 
and chondroitin sulphate (5 mg/ml); B = 50 ~.rl of a mixture (1: 1) of the same liver homogenate and CPC (5 mg/ml); C = 75 rl of 
a mixture (1: 1: 1) of the same liver homogenate chondroitin sulphate (5 mg/ml) and CPC (5 mg/ml) - the last being added 1 hr 
after the mixing of the first two; D = 25 &I of a 10% liver homogenate. The electrofocusing was started about 15 min after sampIe 
application. A pa-gradient from pH 3.0 (bottom of the photograph) to pH 5.0 (top of the photograph) was used. 

and that this complex can be dissociated by CPC. On 
the other hand CPC is a strongly irreversible denaturat- 
ing agent for the enzyme alone and this denaturation 
cannot be reversed by subsequent addition of chon- 
droitin sulphate. 

Complex formation between chondroitin sulphate 
and /3-galactosidase is a rapid reaction and an almost im- 
mediate inhibition is seen when one mixes liver homog- 
enate and chondroitin sulphate, reaching its maximum 
after about 30 min. 

This effect of chondroitin sulphate is suppressed by 
about the same amount - on a weight for weight basis 
- of CPC (fig. 2). In these experiments the enzyme is 
measured alone and in the presence of three different 
amounts of chondroitin sulphate. In each experiment 
total activity was restored to 100% only when the 

same amount of CPC was present. If the amount of 
chondroitin sulpahte was higher than the amount of 
CPC there was a non-linear reduced enzyme activity 
and when the amount of chondroitin sulphate was 
lower than that of CPC the reaction rate dropped 
almost to zero. 

Assuming that one sulphate molecule is attached 

to every disaccharide-unit of the mucopolysaccharide 
chain, one may conclude that the antagonistic action 
proceeds through an equimolecular association of 1 
CPC molecule (mol. wt. 358) and 1 sulphated dissac- 
charide unit (mol. wt. 411). 

The complex between chondroitin sulphate and P- 
galactosidase cannot be dissociated by isoelectric fo- 
cusing in polyacrylamide gel. The isoenzyme distribu- 
tion is grossly altered by adding chondroitin sulphate 
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to the liver homogenate, the fractions with the more 
acid isoelectric points disappear while the neutral iso- 

enzyme apparently is not affected. However, after ad- 
ding CPC to the mixture of liver and chondroitin sul- 
phate the isoenzyme distribution recovers completely, 
while adding CPC to liver homogenate alone, again 
gives complete denaturation (fig. 3). 

All these data are compatible with the following 
hypothesis: 

1. chondroitin sulphate binds reversibly but strong- 
ly to the more acidic /3-galactosidase isoenzymes 

from human liver with concomitant inactivation 
of the enzyme activity; 

2. CPC is an irreversible denaturating agent for fl- 
galactosidase, probably by unfolding the poly- 
peptide chain; 

3. chondroitin sulphate has a higher affinity for 
CPC than for /3-galactosidase, and the com- 
pounds interact stoichiometrically. 

The strong interaction between two components - 
mucopolysaccharides and /3-galactosidase - which are 
present in normal lysosomes raises the question 
whether the phenomenon described here may have any 

physiological significance regarding some lysosomal 
function. 

Acknowledgements 

I thank Mrs. 0. Coessens, Miss. A.M. Cammaert and 
Mr. A. Huys for skillful assistance. 

References 

[I] Hoof, F. van and Hers, H.G. (1968) European J. Biochem. 
7, 34. 

[ 21 Ockerman, P.A. (1968) Stand, J. Clin. Lab. Invest. 22, 
142. 

[3] Ho, M.W. and O’Brien, J.S. (1969) Science 165, 611. 
[4] Kint, J.A., Dacremont, G., Carton, D., Orye, E. and 

Hooft, C. (1973) Science, in press. 
[5] Kint, J.A. and Huys, A. (1972) in: Glycolipids, 

Glycoproteins and Mucopolysaccharides of the Nervous 
System (Zambotti, V., Tettamanti, G. and Arrigoni, M., 
eds.), p. 273 Plenum Publishing Corporation, New York. 

[6] Ferrante, N. di and Rich, C. (1956) Clin. Chim. Acta I, 
519. 

56 


