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Fucosidosis  is a newly recognized inborn  error  of me tabo l i sm invo lv ing  the  

accumula t ion  o f  fucolipids, fucoglycoproteins ,  a n d  fucornucopolysacchar ides .  

T h r e e  families h a v e  been repor ted  in the  l i t e ra ture  (1, 2). 1 T h e  enzymic  defect  

in fucosidosis has been es tabl ished by  Van  Hoof  and Hers  (3) as a specific, 

near ly  comple te  deficiency of the  enzyme  ~-L-fucosidase. 

Thusfar ,  no reports  h a v e  appeared  in which ~-fucosidase has been shown to 

be deficient  in cu l tu red  skin f ibroblasts  f rom affected pat ients ,  nor  have  no rma l  

va lues  been given for the  ac t iv i ty  of the  enzyme  in amnio t ic  cells. I n  this  s t udy  

we demons t r a t e  deficiency of a-fucosidase in cu l tu red  skin f ibroblasts  f rom 

two bro thers  wi th  fucosidosis and give normal  va lues  for the  ac t i v i t y  of c~-fucosi- 

dase in amniot ic  cells. 

Materials and Methods 

The clinical picture of the patients from whom skin biopsies were taken will be reported in 
detail elsewhere. We are indebted to Dr. George Donnell who sent fibroblasts to us. The 
initial diagnosis of fucosidosis in both brothers was made using the serum assay of c~-fucosidase 
which we reported (4). 

Fibroblasts were cultured as described previously (5-7). They were harvested for enzyme 
assay at 14 days after subculture by mechanical scraping from flasks and centrifuging the cells 
into a pellet. 

Alpha-L-fucosidase activity was determined as follows. The cell pellet was weighed, diluted 
in 5 volumes of distilled water, and homogenized in a ground glass homogenizer. 20 gl of 
homogenate were taken and to this was added 50 /zl of p-nitrophenyl O~-L-fucopyranoside 
(1.5 m~, pierce Chemical Co., Rockford, Ill., in citrate-phosphate buffer, 0.1 M with respect 
to phosphate, pH 5.8), and the sample was incubated at 37°C for 2 and 4 hr. The reaction was 
stopped by adding 100 #1 of 3% trichloroacetic acid. Samples were then centrifuged at 3000 
g for 10 rain, the supernatant was aspirated, taking care not to disturb the sediment, and 350 
#1 of glycine-carbonate buffer (0.25 M, pH 10) was added to the supernate. Optical density was 
then read at 420 m# on a spectrophotometer and p-nitrophenyl was quantified using a standard 
curve. Tissue blanks for each sample were prepared in the same manner, substituting distilled 
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water for the substrate. Final optical densities were obtained by subtracting tissue blank 
readings from sample readings. Under conditions of assay described above, a-fucosidase 
activity was linear between 0 and 4 hr. A pH activity curve for a-fucosidase in cultured skin 
fibroblasts demonstrated a single optimum between pH 5.5 and 6.2. 

Fibroblast cultures used as controls were obtained from clinically normal children and 
adults of both sexes as well as from patients with various storage diseases. Amniotic fluid cell 
cultures were obtained from women undergoing amniocentesis for a variety of reasons during 
mid-pregnancy and were selected from subjects in which a phenotypieally normal baby was 
delivered. 

Assays of other lysosomal hydrolase enzymes, including/~-galactosidase,/3-glucosaminidase, 
~-glucuronidase,/3-glucosidase, a-galactosidase, and a-mannosidase were also carried out in 
fibroblast cultures using 4-methylumbelliferyl substrates as described previously (5-7). Assay 
of a-D-N-acetylglucosaminidase activity was carried out using the p-nitrophenyl substrate, 
described elsewhere (8). Protein estimations were made by the Lowry method (9). 

RESULTS AND DISCUSSION 

Ac t iv i ty  of a-fucosidase in cells from 14 control  subjects  demons t r a t ed  a wide 
va r i a t ion  in  act ivi ty,  even though all cul tures  were harves ted  at  14 days  af ter  
subcu l tu re  (Table  I).  However ,  when  ratios of (x-fucosidase to ~-glucosamini-  
dase ac t iv i ty  were calculated,  the two enzymes m a i n t a i n e d  a reasonably  con- 
s t a n t  re la t ionship to one another .  Cul tu red  fibroblasts  f rom a var ie ty  of pa t i en t s  
wi th  var ious  lysosomal storage disorders, inc luding Sandhoff 's  disease, F a b r y ' s  
disease, me tachromat ic  leucodystrophy,  N i e m a n n - P i c k  disease, and  H u r l e r ' s  
disease gave ac t iv i ty  of a-fucosidase which fell wi th in  the normal  range  

(Table  I).  

T ~ L E I  

EnzymaticActivityinC~tur~Cells 

c~-Acetylglucosaminidase a-Fucosidase 

Skin fibroblasts 
Controls (17) 5.4 (2.1-12.6) 
Fucosidosis (M.Z.) 11 
Fucosidosis (G.Z.) 12 
Hurler's 4 
Hunter's 6 
Sanfilippo, type A 7 
Cystic fibrosis 12 
Niemann-Pick 6 
Generalized gangliosidosis 6 
Sandhoff's disease 4 

Amniotic cultures 
l 2 
2 3 
3 4 
4 5 

18.4 (2.3-41.9) 
0.05 
0.08 

19 
22 
52 
21 

9 
38 
32 

35 
57 
74 
81 

Activities are expressed as m~moles of substrate cleaved per milligram of protein per hour 
at 37°C. 
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The activity of a-fucosidase in cultured skin fibroblasts from the two brothers 
with fucosidosis ranged between 3 and 6% of normal. When these cells were 
harvested at varying intervals many months apart, the same degree of de- 
ficiency was maintained, demonstrating the persistence of the defect over 
many cellular generations. The assay is of differential diagnostic value since 
patients with related storage diseases, such as those with the genetic muco- 
polysaccharidoses, do not have a deficiency of a-fucosidase (Table I). 

The activity of a-fucosidase in cultured amniotic cells was higher than that 
in cultured skin fibroblasts (Table I). The fact that activity for a-fucosidase 
is present in normal amniotic fluid cells taken in mid-pregnancy indicates that  
it may be possible to diagnose fucosidosis prenatally by amniocentesis. 

We are indebted to Professor Bernard Weissmann for the p-nitrophenyl-a-D-N-acetyl- 
glucosaminide used as substrate for ¢z-acetylglucosaminidase assay. Fibroblast cultures from 
the fucosidoisis patients were sent by Dr. George Donnell. 

REFERENCES 

1. Durand, P., C. Borrone, and G. Della Cella. 1969. Fucosidosis. J. Pediatr. 75:665. 
2. Loeb, H., M. Tondeur, G. Jonniaux, S. Mockel-Pohl, and E. Vamos-Hurwitz. 1969. 

Biochemical and ultrastructural studies in a case of mucopolysaccharidosis "F" 
(fucosidosis). H elv. Paediatr. A cta. 36:519. 

3. Van Hoof, F., and H. G. Hers. 1968. Mucopolysaccharidosis by absence of a-L- 
fucosidase. Lancet. 1:1198. 

4. Zielke, K., S. Okada, and J. S. O'Brien. 1972. Fucosidosis: diagnosis by serum assay 
of a-L-fucosidase. J. Lab. Clin. Med. 79:164. 

5. Ho, M. W., J. Seck, D. Schmidt, M. L. Veath, W. Johnson, R. O. Brady, and J. S. 
O'Brien. 1972. Adult Gaucher's disease: kindred studies and demonstration of a 
deficiency of acid/3-glucosidase in cultured fibroblasts. Am. J. Hum. Genet. 24:37. 

6. Okada, S., M. L. Veath, J. Leroy and J. S. O'Brien. 1971. Ganglioside GM~ storage 
diseases: hexosaminidase deficiencies in cultured fibroblasts. Am. J. Hum. Genet. 
9.3:55. 

7. Leroy, J. G., M. W. Ho, M. C. MacBrinn, K. Zielke, J. Jacob, and J. S. O'Brien. 
1972. I-cell disease: biochemical studies. Pediatr. Res. In press. 

8. O'Brien, J. S. 1972. Sanfilippo syndrome: profound deficiency of alpha-acetyl- 
glucosaminidase activity in organs and skin fibroblasts from type B patients. 
Proc. Natl. Acad. Sci. U. S. A. In press. 

9. Lowry, O. H., N. J. Rosebrough, A. L. Farr, and R. J. Randall. 1951. Protein 
measurement with the folin phenol reagent. J. Biol. Chem. 193:265. 


