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Summary 

Four major forms of  ~-fucosidase (EC 3.2.1.51) activity were separated by 
isoelectrofocusing from sera of normal control individuals. All forms shifted 
towards less acidic pI values after neuraminidase treatment.  In two patients 
affected with fucosidosis, only a single major acidic peak was observed and this 
was affected to a lesser degree by neuraminidase treatment.  The kinetics of  
heat inactivation of  the residual activity found in these two patients showed 
two decay rates while the controls showed only one rate. 

These data are considered in relation to the hypothesis of  the existence of 
interconvertible thermolabile and thermostable forms of  the enzyme which has 
been discussed in the preceeding paper. The residual ~-fucosidase found in pa- 
tients could be structurally altered so that  its ability to form the thermostable 
higher moleculer weight aggregates is impaired. 

Introduct ion 

Fucosidosis, an autosomal recessive inborn error of metabolism [1],  is char- 
acterized by a deficiency of a-fucosidase (EC 3.2.1.51) and by the accumula- 
tion of  fucose containing glycolip~ds [2] and glycoproteins [3].  Several forms 
of a-fucosidase have been identified by starch gel electrophoresis and by iso- 
electrofocusing, from extracts of different human tissues [4--6].  None have 
been detected in liver, lymphoid cells, serum or cultured fibroblasts from pa- 
tients affected with fucosidosis [4,5].  

In the present s tudy we show by isoelectrofocusing that in sera of two pa- 
tients with fucosidosis a single band of  a-fucosidase activity is observed, where- 
as multiple bands are found in sera of normal controls. Neuraminidase treat- 
ment  of  the sera from the patients modified the pI of this residual peak, but  
much less than with the multiple peaks of  controls. In addition, the kinetics of  
thermal inactivation, and the Km values for the fluorogenic substrate in sera 
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and fibroblasts from patients and controls have been analyzed, and show a sig- 
nificant difference in the rate of  thermal decay and slightly different Km val- 
ues. These data, together with the different behaviour after neuraminidase 
treatment,  could suggest a structural alteration of the enzymatic molecule in 
fucosidosis. 

Materials and Methods 

Sera of  two patients, brother  and sister, 18 and 6 years-old, respectively, al- 
ready described elsewhere from a clinical point  of  view [4] and of  normal con- 
trols were kept  frozen for 1--2 weeks until analyzed. The two patients studied 
are the only living affected members of a large family originating from Calabria 
(Southern Italy). The two patients originally described as affected with the in- 
fantile form of fucosidosis [1] belonged to this same family. Isoelectrofocus- 
ing, thermal inactivation, and Km determinations were performed as described 
previously [8,9].  The pH range for the Ampholine solution used in these ex- 
periments was 4--6 and 5--7, respectively, for untreated sera and for sera 
treated with neuraminidase. The assays for ~-fucosidase activity in the fractions 
collected after the isoelectrofocusing of control sera were performed as already 
described [8],  while aliquots of  200 pl of  sera from patients, fractionated by 
the same technique, were incubated with 50 pl of 1 mM 4-methylumbelliferyl- 
a-fucoside (Me-Umb-Fuc) in 0.5 M citrate buffer  pH 6.0 for 48 h. 

Neuraminidase purified by  affinity chromatography [10] was incubated 
with sera of  patients and controls as described elsewhere [8]. Fibroblast cul- 
tures were established and grown in Dulbecco modified Minimal Essential Medi- 
um plus 10% fetal calf serum [11].  

Results 

Activity o f  ~-fucosidase in serum 
A marked deficiency of  ~-fucosidase was found in sera of  the two patients 

affected with fucosidosis with respect to normal controls, using the Me-Umb- 
Fuc as substrate (Fig. 1). However, neither of  the two obligate heterozygotes,  
(father and mother  of  the two patients) could be distinguished from controls 
on the basis of  this assay in serum, whereas their carrier state could be demon- 
strated in leukocytes  (Fig. 2). In addition, in the sera of  7 out  of  59 healthy 
control  individuals a deficiency of  ~-fucosidase activity was found (see Fig. 1, 
Group B). However, this group of  seven controls (Fig. 2, Group B) showed val- 
ues of  a-fucosidase activity in leukocytes  similar to those found in 33 controls 
(Fig. 2, Group A). This indicated that the serum assay cannot  be used as the 
only means of diagnosis for heterozygotes or homozygotes.  The serum specific 
deficiency of  ~-fucosidase seems to behave as an autosomal dominant  character 
in one family examined, where the mother  and two children had low serum 
activity, but  normal values in their leukocytes.  

Isoelectrofocusing in sera of  patients and controls 
The isoelectrofocusing pattern in the sera of  the six controls showed four 

major acidic peaks and some other minor peaks in the cathodic region of  the 
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F i g .  1.  A c t i v i t y  o f  cz - fucos idase  ( n m o l  o f  M e - U m b - F u e  h y d r o l y z e d  p e r  m l / h )  i n  s e r a  o f  c o n t r o l s ,  h e t e r o -  
z y g o t e s  a n d  p a t i e n t s .  T h e  c o n t r o l  g r o u p  h a s  b e e n  s u b d i v i d e d  i n  g r o u p s  A a n d  B,  t h e  l a t t e r  b e i n g  r e p -  
r e s e n t e d  b y  i n d i v i d u a l s  w i t h  l o w  s e r u m  a c t i v i t y .  

F i g .  2.  S p e c i f i c  a c t i v i t y  o f  ~ - f u c o s i d a s e  ( n m o l  o f  M e - U m b - F u c  h y d r o l y z e d / m g  p ~ o t e i n  p e r  h )  i n  l e u k o -  

c y t e s  o f  s o m e  c o n t r o l  i n d i v i d u a l s  o f  g r o u p s  A a n d  B (see  F i g .  1 )  a n d  o f  h e t e r o z y g o t e s  a n d  p a t i e n t s .  

gradient (Fig. 3). The pI values of  the major peaks corresponded respectively to 
4.56, 4.80, 5.01 and 5.15. The pI  of the major peaks in the different individu- 
als were strikingly similar and only small differences in their relative amount  
could be noticed (Table I). On the other hand, the sera of  the two patients af- 
fected with fucosidosis showed by isoelectrofocusing, one major peak of  ac- 
tivity only with a p / o f  4.5 and some other minor peaks (Fig. 4). 

Neuraminidase t reatment  of the sera of normal controls gave a reproducible 
shift of  the four major peaks towards the cathode, as shown in Fig. 3, with pI val- 
ues corresponding to 5.35, 5.53, 5.80 and 6.25, respectively. With respect to the 
four major peaks found before neuraminidase treatment,  the shifts in pI were 
respectively of  0.79 (5.35--4.56), 0.73 (5.53--4.8), 0.79 (5.80--5.01) and 1.1 
(6.25--5.15). By the same neuraminidase treatment,  the single major peak pre- 
sent in the two patients was transformed into several less acidic peaks (Fig. 5 
and Table I), which did not  correspond to the peaks found in controls after 
neuraminidase treatment.  

The isoelectrofocusing of  sera of  two individuals showing a serum specific 
deficiency of  a-fucosidase did not  show any change in the pattern of peaks 
with respect to normal controls. 

Characterization of a-fucosidase from patients 
The Km values with respect to Me-Umb-Fuc of  the four major peaks ob- 

tained from one normal control corresponded approximately to 0.3 mM. The 
Km values of the single major peak of  the two patients was 0.91 and 1.0 raM, 
respectively. In addition, a marked difference was found in the kinetics of heat 
inactivation at 51°C of the a-fucosidase activity in the two patients with re- 
spect to controls (Fig. 6). While the a-fucosidase activity of controls showed a 
single rate of  thermal decay up to 120 min, the serum residual activity of  the 
patients showed a double rate of  decay, indicating the presence of a ther- 
molabile and a thermostable component .  A difference in thermal inactivation, 
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F ig .  ;3. I soe lec t ro focus in_g  ( p e r f o r m e d  u s i n g  c o l u m n  1 1 0  - -  L K B  e q u i p m e n t )  o n  s e r u m  o f  one  c o n t r o l  
i n d i v i d u a l  b e f o r e  a n d  a f t e r  t r e a t m e n t  w i t h  n e u r a m i n i d a s e .  F l u o r e s c e n c e  u n i t s  ( F . U . ) ,  _- =;  p H  

o o. I n  t h i s  e x p e r i m e n t  t h e  c o l u m n  wa s  l o a d e d  w i t h  3 m l  o f  s e r u m  s o n t a n i n g  18  m U  o f  a c t i v i t y  a n d  

2 0 0  m g  o f  p r o t e i n .  

T A B L E  I 

S H I F T S  IN p l  O F  S E R A  O F  O N E  R E P R E S E N T A T I V E  C O N T R O L  A N D  T H E  T W O  P A T I E N T S  BE-  

F O R E  A N D  A F T E R  N E U R A M I N I D A S E  T R E A T M E N T .  

The  p e r c e n t  o f  t h e  t o t a l  a c t i v i t y  o f  e a c h  p e a k  a f t e r  e l e c t r o f o c u s i n g  w a s  c a l c u l a t e d  g r a p h i c a l l y .  

C o n t r o l  s e r u m  C o n t r o l  s e r u m  P a t i e n t  no .  1 P a t i e n t  no .  1 P a t i e n t  n o .  2 P a t i e n t  no .  2 

+ n e u r a m i n i d a s e  + n e u r a m i n i d a s e  + n e u r a m i n i d a s e  

p l  % p I  % p l  % p l  ' % p I  % p I  % 

4 . 5 6  2 7 . 8  - -  - -  4 . 3 5  9 .2  - -  - -  4 . 3 5  8 .4  - -  - -  

4 . 8  2 4 . 4  - -  - -  4 . 4 2  1 7 . 3  - -  - -  4 . 4 2  24 .7  - -  - -  

5 .01  2 4 . 4  5 .0  2 .3  4 . 5 5  4 3 . 3  4 . 5 5  6 .8  4 . 5 0  3 9 . 4  4 . 5 5  3 1 . 0  

5 . 1 5  1 1 . 4  5 . 1 5  10 .1  4 . 6 6  1 4 . 9  4 . 6 5  13 .7  4 . 6 4  13 .7  4 . 6 7  2 4 . 5  

5 .3  5 .9  5 . 3 5  1 6 . 2  4 . 7 6  8 .9  4 .8  23 .3  4 . 8 0  9 .4  4 .8  1 8 . 5  

5 . 5 8  3 .7  5 . 5 3  3 0 . 0  4 . 9 5  6 . 4  4 . 9 2  2 7 . 0  4 , 9 2  4 .4  4 . 9 2  1 2 . 0  

5 .8  2 .4  5 . 8 6  2 9 . 2  5 . 0 2  1 7 . 0  5 . 0 6  4 . 2  

6 . 2 5  1 3 . 2  5.1 7 .9  5 .4  2 .2  

5 . 2 8  2 .5  5 .6  3 .5  

5 .8  1 .7  5 .9  3 .9  



5 4 2  

F.U. 
xl03 

p H -  

I0- 

P a t i e n t  N*--1 

PH~ ~ 
- P a t i e n t  N | 2  _ 

1 0 -  -10 

/ '~,~ ~ _  . . . .  ~ .  .... 
. . . . . . . . .  r r412 r 15r4= E6101 , "- 6 12 18 24 30 ~3r6 ' 4'81 '66 T 712 T T7'8 84 

Fraction number 

Fig. 4. Isoelectrofocush~.g (performed as in Fig. 3) on serum of patients no. 1 and 2. In this experiment 

the column was loaded with 3 m] of serum conta~g 0.05 mU of activity and 200 mg of protein. The 

a s s a y  w a s  r u n  a s  d e s c r i b e d  u n d e r  M e t h o d s ,  f o r  4 8  h .  F l u o r e s c e n c e  u n i t s  ( F . U . ) ,  • e; p H ,  o o. 

Serum of pat ient  N'-1. n e u r a m i n i d a s e  45 10 

-4 

1 
3 

=, 

2 

I 

pH F U 
I I I I xlO 3 

6 12 18 24 30 36 42 48 54 60 66 72 78 84 

F r a c t i o n  n u m b e r  
Fig .  5.  I s o e l e c t r o f o c u s i n g  ( p e r f o r m e d  a s  i n  F i g .  3 )  o n  s e r u m  o f  p a t i e n t  n o .  1 a f t e r  t r e a t m e n t  w i t h  n e u r -  

a m i n i d a s e  F l u o r e s c e n c e  u n i t s  ( F . U . ) ,  X X; p H ,  • --. 



1oo 

1 - c  

20 . 40 60 90 12o 

T i m e ( r a i n . )  o f  p r e i n c u b a t i o n  a t  51 o 

Fig. 6. Kinet ics  of  t h e r m a l  inac t iva t ion  of  c~-fucosidase in s e r u m  of  o n e  r ep re sen ta t i ve  co n t ro l  (A)  an d  of  
pa t ien ts  no.  1 (B) and  no.  2 (C). 

u 

100 = - - ' ~ - - ~ _  

60 

40 

20 

i i I i 

20 40 60 80 

Minutes of preincubation 

Fig. 7. Kinet ics  of  hea t  i nac t iva t ion  o f  a - fucos idase  in ex t r ac t s  of  f ibroblas ts  f r o m  3 con t ro l s  (single ra te  
of d e c a y )  and  f r o m  p a t i e n t  no.  1 (doub le  ra te  of  de c a y ) .  

100 

80 

_> 

"~ 60 

3 

40 

20 

Temperature of preincubation 

Fig. 8. E f f e c t  o f  temperatuLre ( 4 5 - - 6 5 ° C )  o n  ~v-fucosidase ac t i v i t y  f r o m  sera o f  pa t i en t  no .  1 and 2 ( *  and 
L~) and con t ro ls .  P r e i n c u b a t i o n  t i m e  at the  tempera tu res  i nd i ca ted  was 5 m i n .  
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completely similar to that found in sera, has been noticed in fibroblast extracts 
from patient n ° I and controls (Fig. 7). 

The rate of  thermal inactivation tested at different temperatures (45--70°C) 
showed a similar behaviour, the sera from patients being more thermolabile 
than those from controls (Fig. 8). Mixing experiments between the controls 
and patients sera did not  indicate the presence of  an inhibitor for a-fucosidase 
activity in the latter sera. 

Discussion 

The deficiency of  a-fucosidase activity can be assayed in patients affected 
with fucosidosis using both the Nph-Fuc (p-NO2-phenyl-a-fucoside) or the Me- 
Umb-Fuc.  However, one should be aware that  neither the homozygotes  nor the 
heterozygotes can be properly detected with serum assays only, since a marked 
deficiency of  serum ~-fucosidase is found in some controls (Fig. 1, Group B). 
The serum assays can therefore constitute only a rough screening procedure for 
detection of  patients affected with fucosidosis, provided that the leukocytes of  
those subjects showing low serum activity are also tested. The same hereditary 
deficiency present in serum only has already been noticed in the assaying the 
activity of  a-fucosidase with the Nph-Fuc substrate [12]. On the other hand, 
this kind of  serum specific deficiency cannot  be ascribed to the heterozygous 
state for fucosidosis, since these individuals consistently show normal activity 
in leukocytes.  Its nature is therefore still obscure and could be related to an 
alteration of  the physiological mechanism by  which this enzyme is secreted 
into the extracellular compartment .  

The behaviour of  serum a-fucosidase after neuraminidase t reatment  is inter- 
esting, when compared to that  of  other tissues. The four major peaks found in 
controls closely correspond, after neuraminidase treatment,  to the four major 
ones (2--5) of  placenta [8] having pI  values of 5.39 (+0.04), 5.63 (+0.06), 
5.94 (+0.07) and 6.24 (+0.07). On the contrary, no noticeable shift in pI  
occurs in the major peaks of  placenta [8] liver [4] and lymphoid cells [5] 
when treated with neuraminidase. This finding suggests that  at least the 
heterogeneity of  a-fucosidase observed between serum and other tissues can be 
due to the binding of sialic acid residues. The two patients of  this s tudy are re- 
lated to the first two patients described as affected with fucosidosis [1].  They 
do show, however, a milder course of the disease and one of them, the 18 year- 
old boy,  has angiokeratoma [4]. Since it is highly unlikely that  two indepen- 
dent rare mutat ions affecting the same gene are present in one pedigree, this 
kind of  clinical heterogeneity could be caused by the interaction with other 
loci, in particular with those responsible for the synthesis of  fucose containing 
blood-group substances (H and Lewis). This hypothesis  is now being investi- 
gated. 

The single major peak found in the two patients has a pI corresponding to 
that  of the most acidic peak observed in controls. Even after neuraminidase 
treatment,  the peaks found in the two patients did not  correspond to those of 
the controls treated in the same way. A similar finding has been reported for the 
residual activity of  a-galactosidase in Fabry 's  disease, which appears as a single 
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acidic peak on isoelectrofocusing in contrast to the multiple peaks found in 
controls [ 13 ]. 

The hypothesis  of  interconversion of  the thermolabile and thermostable 
forms of  ~-fucosidase discussed in the preceeding paper [8] could also help in 
explaining the data presented here. Following such a hypothesis,  the ~-fucosi- 
dase found in patients could structurally be so altered that the higher molecular 
weight aggregates would form in a relative lesser proportion with respect to the 
enzyme found in control individuals. In this way, one could justify why the 
kinetics of  heat inactivation show a double rate of  decay in patients affected 
with fucosidosis. In addition, the slightly different Km values found in sera of  
the two  patients with respect to controls, together with the different behaviour 
after neuraminidase treatment, could also be suggestive of  structural alteration 
of  the enzymatic molecule. 
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