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Summary

a-L-Fucosidase (EC. 3.2.1.51) activity was studied in cul-
tured skin fibroblasts obtained from 23 members of a family in
which two cases of fucosidosis type 2 had occurred and in the
fibroblasts of a patient with fucosidosis type 1. Both the 4-
methylumbelliferyl glycoside and the p-nitrophenyl derivative
were used as substrates. pH activity profiles showed two major
peaks of activity. With the fluorogenic substrate pH optimum
was at 4.5, whereas with the colorigenic substrate maximum
activity was at pH 5.7. No activity was found in the fibroblasts of
the three patients with the colorimetric assay. With the fluoro-
metric assay the mean activity in the two patients with fucosi-
dosis type 2 was 4.1 and 2.8 (range 1.3-9.9); activity in the
patient with fucosidosis type 1 was 4.6 nmol 4-methylumbellifer-
one/mg protein/hr (range 1.0-8.6). The specific activity in the
Iysates of the patients® fibroblasts decreased as the amount of
cellular protein used per assay increased. Fucosidosis fibroblasts
cultured for 3 and 5 days in medium without fetal calf serum
showed almost the same levels of apparent residual activity as
fibroblasts cultured in medium containing fetal calf serum. Maxi-
mum activity in the deficient fibroblasts was at pH 4.5-4.75,
Mixing experiments between lysates of both types of fucosidosis
and a normal fibroblast strain showed the expected enzymatic
activities.

The mean a-fucosidase activity in four heterozygotes for fu-
cosidosis was 37.6 (range 24.1-48.7) and 30.3 (range 19.0-
44.1) nmol final product split/mg protein/hr with the fluorogenic
and the colorigenic substrate, respectively. In 12 normal fibro-
blast strains the mean activity = SD was 85.3 = 24.3 (range
50.8-129.3) and 67.6 + 21.1 (range 31.1-118.3). However, in
four family members in which the a-L-fucosidase phenotype (by
isoclectric focusing) was type 2-1, and who should therefore be
carrying two normal alleles, the activity was within the heterozy-
gote range. This indicates that occasional overlap between nor-
mal subjects and carriers may be present in cultured skin fibro-
blasts.

Increased specific activity of a-L-fucosidase at pIl 3.2-4.0 was
observed after incubation of cell lysates with neuraminidase. The
a-L-fucosidase activity did not show any increase after fusion
between fucosidosis fibroblasts types 1 and 2.

Speculation

Although no biochemical evidence has been supplied indicat-
ing that the phenotypic differences between types 1 and 2 fucosi-
dosis are genetically determined, it is possible that the two
phenotypes are due to different mutations. The low residual
activity found in the fibroblasts of both types of fucosidosis may
represent cither nonspecific hydrolysis of the fluorogenic sub-
strate or genuine «-L-fucosidase activity, The use of natural
substrates and immunologic studies may clarify this problem.
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Fucosidosis is a lysosomal storage discase resulting from se-
vere deficiency of a-L-fucosidase (EC. 3.2.1.51) (15). The ¢n-
zymatic defect has been identified in various organs (8, 10, 16),
serum (1, 17), peripheral leukocytes (1, 3, 10, 11), and cultured
skin fibroblasts (10, 18) of the patients. Traces of enzymatic
activity have been demonstrated in cultured skin fibroblasts of
two patients (18) whereas absence of activity was found in the
fibroblasts of another case (10). Residual activity with altered
physical propertics has been found in the serum of two patients
.

Based on clinical findings and family data we have identified
two types of fucosidosis designated as types 1 and 2 (7). No
biochemical differences have been demonstrated between the
two types so far and, regardless of the phenotype, patients show,
in varioys tissues, severe deficiency or total absence of a-L-
fucosidase activity.

In this paper we report the activity of a-L-fucosidase in cul-
tured skin fibroblasts obtained from 23 members of a family in
which two cases of fucosidosis type 2 had occurred, and in the
fibroblasts of an unrelated patient with fucosidosis type 1. Cells
from both phenotypes of the disease have been studied and some
of the propertics of a-L-fucosidase have been investigated.

MATERIALS AND METHODS

Skin biopsies were obtained from the inner surface of the
forcarm of two previously described patients with fucosidosis
type 2 (7) and 21 other family members. Twelve fibroblast
cultures were used as controls. RPMI 1640 medium supple-
mented with 16% fetal calf serum was used. (19). Skin fibro-
blasts from a paticnt with fucosidosis type 1 were kindly do-
nated by Dr. A. L. Miller (20).

Skin fibroblasts were cultivated and prepared for enzyme
determinations as previously described (2). Cells used in the
study were between the fourth and eighth passage. Each cell
preparation used for measurements of enzymatic activitics was
derived from two 75-cm? culture flasks. At least two such prepa-
rations were studied from each culture.

a-L-Fucosidase activity was measured by using 4-methylum-
belliferyl-a-L-fucoside (21) as substrate. Assay conditions were
the same as those reported carlier by us for peripheral leuko-
cytes (1) except that the substrate concentration in the reaction
mixture was 0.8 mM, the pH of the reaction was 4.5, and the
amount of cell protein used per assay was from 8-12 ug. Fluo-
rescence readings were made in a Beckman model 772 ratio
fluorometer at 450 nm after excitation at 360 nm. a-L-Fucosi-
dase activity was also determined by using a modification of the
colorimetric assay of Ziclke er al. (18). The concentration of the
substrate p-nitrophenyl-a-L-fucoside (22) in the reaction mix-
ture was increased to 3.0 mM (at which concentration maximum
velocity was obtained), the pH of the buffer was 5.7, and the
incubation time was reduced to 2 hr. The amount of cellular
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protein used was 30-60 pg/assay. a-D-Mannosidase (EC.
3.2.1.24) activity was measured as described previously (1). 8-
D-Galactosidase (EC. 3.2.1.23) was estimated according to the
method of Ho er af. (6). Protein was measured as reported by
Lowry er al. (9). All assays were carried out in duplicate. Deter-
minations for the establishment of the optimal assay conditions
were performed in triplicate. Activity is expressed in nanomoles
of 4-methylumbellifecrone or nanomoles of p-nitrophenol re-
leased per mg protein per hr.

Neuraminidase treatment was performed by mixing ccll ly-
sates, neuraminidase from Vibrio cholera (23), and 10 mM
phosphate-citrate buffer, pH 4.0, in a ratio of 4:2:1. The ncura-
minidase used did not contain any preservatives. The mixture
was incubated at 25° for 18 hr.

Phenotyping of a-L-fucosidase was performed by isoelectric
focusing of peripheral leukocyte lysates in thin layer acrylamide
gels, as described previously (14).

Cell fusion between fucosidosis fibroblasts of types 1 and 2
was accomplished with g-propiolactone-inactivated Sendai vi-
rus. Equal numbers of fibroblasts (2 x 10%) from cach strain
suspended in 0.8 ml Hanks' balanced salt solution containing 25
mM Tricine buffer, pH 7.8 (19). Two-tenths milliliter of Sendai
virus (24) (4,000 HAU) were added to the fibroblasts and
treated as previously described (5). Cells were harvested for
enzymatic determinations 3 and 7 days after fusion.

RESULTS

The fluorescence released by the fibroblast Iysates was lincar
from 1.2-32 ug cell protein/assay. No addition of albumin was
necessary to lincarize the relationship at low protein concentra-
tions. The reaction was lincar for at least 60 min. The apparent
residual activity present in the fucosidosis fibroblasts also in-
creased lincarly with time. Maximum velocity was obtained with
a substrate concentration of 0.8 mM. pH activity curves with the
fluorogenic substrate showed two major peaks and a major
shoulder of enzyme activity. The highest of the two peaks was at
pH 4.5. A number of smaller peaks and shoulders were also
present, but their intensity and location varied in different ly-
sates. When the colorigenic substrate was used the second peak
was higher than the first one, with maximum at pH 5.7. Maxi-
mum activity in the cells of a patient with fucosidosis type 2 was
at pH1 4.5 to 4.75 (Fig. 1).

Figure 2 shows the family members whose cultured skin fibro-
blasts were studied. Table 1 lists the a-L-fucosidase and a-D-
mannosidase activity in cultured skin fibroblasts. Subjects 11-5
and I1-6 were obligate heterozygotes, whereas I1-1 and I1-4 were
identified reliably as carriers by demonstrating the segregation of
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Fig. 1. pH activity profiles of a-L-fucosidase from a normal skin
fibroblast culture and a culture from a patient with fucosidosis type 2.
Both substrates, 4-methylumbelliferyl-a-L-fucoside (4-MU, 6——@)
and p-nitrophenyl-a-L-fucoside (p-nitrophenol, O- - - O), were used.
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Fig. 2. The pedigree of the family. The phenotypes of a-L-fucosidase
are shown below each family member.

a silent allele in the family, as described previously (13). Patient
F-1 was affected with fucosidosis type 1. With the 4-methylum-
belliferyl glycoside as substrate, the a-L-fucosidase activity var-
ied from 1.3-9.9 in /-1, from 1.7-3.9 in I/]-2, and from 1.0-
8.6 in F-1. The specific activity in the lysates of the patients’
fibroblasts decreased as the amount of the cellular protein used
per assay increased. Figure 3 illustrates the fluorescence released
and the apparent specific activity in a fibroblast lysate from
subject 11I-1 in relationship to the amount of protein used per
assay. Enzyme determinations performed on fresh intact fucosi-
dosis cells and fresh mutant cells lysed with only one and three
cycles of freezing and thawing did not show any increase in
activity. The activity of a-L-fucosidase in the fetal calf serum
used for culturing was 153.6 nmol 4-methylumbelliferone/ml/hr.
In fucosidosis fibroblasts cultured in medium containing fetal
calf serum the a-L-fucosidase activity 3 and § days after carly
confluency was 3.1 and 2.0. In the same fibroblast strain, cul-
tured in medium without fetal calf serum for 3 and 5 days, the
activity was 4.1 and 1.5, respectively. For all determinations the
same amount of cellular protein was used per assay. a-D-Man-
nosidase had a higher activity in the fibroblasts cultured in the
absence of fetal calf serum. Mixing experiments between fibro-
blast lysates of both types of fucosidosis and the lysate of a
normal fibroblast strain showed the expected enzymatic activi-
tics.

The activity of a-L-fucosidase in cultured skin fibroblasts from
the four heterozygotes for fucosidosis was generally lower than
in the normal fibroblasts. No overlap occurred between carriers
and normal subjects with the fluorogenic substrate when the
mean activity of two cell preparations was considered. On single
enzyme determinations occasional overlap between carriers and
normal subjects was present.

Table 2 lists the a-L-fucosidase and a-D-mannosidase activity
in all family members shown in Figure 2. except those included
in Table 1. a-L-Fucosidase activity in the family members I-7, 1-
6, 11-8, and 1I-10 was found to be within the carrier range with
both substrates; however, in all of these, the phenotype of «-L-
fucosidase was 2-1. Clearly, such individuals must have two
normal alleles and, therefore, cannot be carriers for fucosidosis.
The activity was also within the heterozygote range insubjects 1-
2,1-3,1-7,1I-8,1-10, 11-7, and I1I-3.

a-L-Fucosidase activity on the acidic side of a pH curve per-
formed in a normal skin fibroblast lysate that was treated with
neuraminidase was higher than in a fraction of the same lysate
similarly treated with saline. At pH 4.5 the ncuraminidasc-
treated sample had a slightly higher activity than the control,
although the second peak had the same activity in both samples.
No a-L-fucosidase activity was found in the ncuraminidase prep-
aration. Three fractions from six normal and two fucosidosis
fibroblast lysates were prepared. One fraction from cach case
was stored at —80° (fraction A) or treated with neuraminidase
(fraction B) or treated with normal saline (fraction C). a-L-
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Table 1. Activity of a-L-fucosidase and o-D-mannosidase in cultured skin fibroblasts from homozygotes and heterozygotes for

Jucosidosis and normal subjects’

a-L-Fucosidase

Preparations
Subject studicd 4-MUF p-NPI Mannosidase
Paticnts (3)* 10 3.8 0 158.8
Hni-1 4 4.1 0 138.0
-2 2 2.8 0 155.1
F-1 4 4.6 0 183.3
Heterozygotes (4) 8 37.6 303 57.8
11-1 2 479 44.1 S6.4
-3 2 48.7 317 46.7
-4 2 24.1 26.6 44.9
11-5 2 29.7 19.0 82.4
Normal (12) 24 85.3 = 244 67.6 = 27.1° 57.3 = 12.8°
Range 50.8-129.3 31.1-118.3 40.0-85.9

'4-MUF: 4-methylumbeliiferyl-a-L-fucoside; p-NPF: p-nitrophenyl-a-L-fucoside. Activity is expressed in nanomoles of final product split/mg

protein/hr. Number of subjects in parentheses.

2 11-1 and 111-2. patients with fucosidosis type 25 F-/, patient with fucosidosis type 1.

3 Mean = SD.
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Fig. 3. Specific activity and fluorescence released versus the amount of
protein used per assay from a fucosidosis type 2 skin fibroblust culture at
pH 4.5 and 5.9. 4-MU: 4-methylumbelliferone.

Fucosidase determinations were performed at pH 3.0, 4.5, and
5.9 on all fractions. At pH 3.6 the enzyme activity in the
ncuraminidase-treated fraction B of the normal fibroblasts was
36.3 = 9.6, that is, significantly higher than the activity in the
corresponding untreated fractions A (15.3 = 3.0;0 =5.183.P <
0.001) and C (4.4 =2 1.9;1 = 6.914, P < 0.001). The difference
between fractions A and C is also significant (r = 4.362, P <
0.001). At pH 4.5 the enzymatic activity in fraction B (44.6 =
8.2) was only slightly higher than that in fraction C (40.0 = 6.4).
This difference is not significant (r = 1.063, P < 0.2). The
activity, however, in fraction A (74.6 = 18.0) was significantly
higher than that of B (7 = 3.604, P < 0.01)and C (+ = 4.362. P
< 0.01). At pH 5.9 the levels of the enzyme activity in fractions
Band Cwere 34.0 = 7.6 and 33.0 = 8.4 (1 = 0.204,. P < 0.5).
respectively. In the fucosidosis lysates no difference among the
three fractions was seen.

The activity of a-L-fucosidase did not show any increase after
fusion between fucosidosis fibroblasts type 1 and 2. Virus-
treated and mixed cells of the two types had the same levels of
apparent enzyme activity as those observed in the control cul-
tures. The percentage of binucleated cells in the virus-treated
mixtures of fucosidosis type I and 2 fibroblasts was 9. The
percentage of trinucleated cells was 0.5, In control cultures of

Table 2. a-L-Fucosidase and a-D-mannosidase activity in
cultured skin fibroblasts from family members of pedigree shown
in figure 3!

a-L-Fucosidase
Family mem-

ber +-MUF p-NPF a-D-Mannosidase
I-1 29.6 315 32.0
1-2* 27.2 20.3 42.2
1-3* 32.1 40.1 60.8
-4 88.0 77.2 49.8
-5 114.8 722 60.2
1-6 38.8 19.7 93.5
1-7¢ 36.7 30.5 99 .4
1-8* 353 269 S1.7
1-9 68.9 67.9 67.3
1-10* 19.6 17.2 105.0
11-2 89.5 758 53.1
11-0 92.2 82.4 64.9
1-7¢ 255 19.8 65.3
11-8 48.0 19.7 66.8
11-9 66.6 43.2 52.4
1-10 42.4 293 134.0
46.9 4.5

11-3* 34.1

"4-MUF: J-mcthylumbelliferyl-a-L-fucoside; p-NPF: p-nitrophenyl-
a-L-fucoside. Activity is expressed in nanomoles of final product split/
mg protein/hr,

* Considered to be possible carriers for fucosidosis.

mixed cells from both types, binucleated cells comprised 27,
Both types of fucosidosis fibroblasts were from male donors and
no further attempt was made to determine the pereentage of
hybrids between types 1 and 2.

DISCUSSION

The use of the fluorogenic substrate for the study of the
enzyme a-L-fucosidase in cultured skin fibroblasts significantly
increased the sensitivity of the assay and provided a simpler
method for measurement of enzyme activity in these cells. ptl
activity profiles showed two major peaks of activity with both
substrates, but the specificities of these two enzymatic peaks
were different towards the two substrates used. Ziclke ef al.
(18). using the p-nitrophenyl fucoside substrate, have reported a
single optimum between pH 5.5 and 6.2,

Both peaks of activity were affected in the fucosidosis cells,
suggesting that in some manner they are controlled at a single
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renctic locus. It is not clear at the present time whether the
ipparent residual activity present in the mutant cells is due to
races of «a-l-fucosidase activity or whether it is the result of
1onspecific hydrolysis of the substrate. Increasing amounts of
sellular protein per assay caused a reduction in the apparent
ipecific activity. This could be due to an inhibitor present in the
satients' cells, but this possibility was not supported by the
‘indings of the mixing experiments between lysates of fucosidosis
ind normal fibroblasts. The fact that the residual activity present
n fresh mutant fibroblasts was the same as the activity obtained
n stored cells suggests that the residual activity in the fucosidosis
:ells is not attributable to a labile enzyme. Since the fetal calf
serum has «-L-fucosidase activity, the residual activity presentin
‘he fucosidosis fibroblasts could be derived from this source.
I'his, however, was not supported from the levels of the appar-
ant activity found in the deficient fibroblasts that were cultured
in medium without fetal calf serum for up to S days, although
retention of the calf enzyme in the lysosomes for a longer period
of time, if this enzyme is picked up by the deficient fibroblasts, is
possible. Morcover, apparent residual activity, also found in the
peripheral leukocytes of fucosidosis patients (1), weighs against
the possibility of an exogenous origin of the hydrolyvtic activity in
the deficient fibroblasts.

The heterozygous fibroblasts showed generally lower levels of
enzymatic activity than the normal fibroblasts, but the distine-
tion between them was not always clear. Better separation be-
tween the two genotypes was obtained with 4-methylumbelli-
feryl glveoside as substrate. Estimation of the mean activity of
two enzyme determinations in two different fibroblast prepara-
tions, cach one derived from two flasks, improved the ability of
the method to identify the carriers.

In addition to the patients’ parents and subjects 11-1 and 11-3 |
who were rehiably identified as carriers by phenotyping. seven
other family members were considered as possible carriers ac-
cording to the levels of a-L-fucosidase activity in cultured skin
fibroblasts. The same individuals were characterized as carriers
by studying the enzyme activity in purifiecd lymphocytes (1).
Subjects I-1.1-6, 11-8. and 11-10 had normal enzyme activity in
the lymphocyvtes, and, since the a-L-fucosidase phenotype was
2-1, they should be carrying two normal alleles (one Fu't and one
F1?). However, all of these individuals showed enzyme activity
within the heterozygote range. Although some normal fibro-
blasts showed activities well within the carrier range, considering
the mean of two determinations, no heterozygote demonstrated
activity above 49.0 and 45.0 with the fluorogenic and colorigenic
substrate, respectively.

It is possible that the increased specific activity of a-L-fucosi-
dase observed at pH 3.2-4.0, after incubation with neuramini-
dase, was due to the removal of sialic acid residues from the
enzyme molecule and the consequent activation of an isozyme
with a more acidic pH optimum than the main isozyme. This is
supported by the finding that «-L-fucosidase in various tissucs
consists of as many as six isozymes which change ¢lectrophoretic
mobility after treatment with neuraminidase (12, 14).

No biochemical evidence has been supplied up to the present
time, indicating that the phenotypic differences between types 1
and 2 are genctically determined. If we had found complementa-
tion in hybrids between types 1 and 2, this would have indicated
that the two phenotypes of fucosidosis are due to different
mutations, probably at different loci. All pairs of siblings af-
fected with fucosidosis that have been reported so far were
concordant for type 1 or 2, but a modifying gene(s) could
conceivably cause the phenotypic differences. If this is the case,
then one would expect to find, in the future, affected siblings
discordant for types 1 and 2. The ancestors of most of the
patients with both types of fucosidosis have been traced to
Southern Italy. In the two siblings with fucosidosis type 2 studied
here, the fucosidosis gene was passed on to the patients through
their grandmothers (1, 13), who were of Southern ITtalian and
Sicilian origin. If the two fucosidosis phenotypes are due to
different mutations, then the relatively high frequency of two
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different mutations in Southern Ttaly could be due to a selective
advantage of the heterozygotes in the area. Similar examples
could be mentioned, such as the presence of different mutations
causing thalassemia or the existence of different alleles at the
glucose-6-phosphate  dehydrogenase locus in populations af-
fected with malaria in the past.

CONCLUSION

Cultured skin fibroblasts from 23 members of a family in
which two cases of fucosidosis type 2 had occurred and from a
paticnt with fucosidosis type 1 were studied. No a-L-fucosidase
activity was found in the fibroblasts of cither type of fucosidosis
with the p-nitrophenyl glycoside substrate, although traces of
apparent residual activity were present with the 4-methylumbel-
liferyl derivative. The residual activity in the mutant fibroblasts
increased with the incubation time and had a pH optimum
similar to that scen in normal cells. However, the relationship
between specific enzyme activity and cellular protein was not
lincar in the deficient fibroblasts. No inhibitor was demonstrated
in the fucosidosis cells. Fibroblasts from heterozygotes for fucos-
idosis had activity generally lower than normal fibroblasts, but
overlap between these two genotypes was present occasionally.
Treatment of normal fibroblast lysates with neuraminidase
caused an increase in the specific activity at pil 3.2-4.0. No
complementation was demonstrated in fusion experiments be-
tween fibroblasts from fucosidosis types 1 and 2. These studies
failed to show a biochemical difference between the two types of
fucosidosis.
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