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Biochemical and immunologic studies have
demonstrated the existence of at least 3 dis-
tinct isozymes of aldolase in mammalian tis-
sues (1). The two major isozymes, A and B,
exhibit activity with both fructose 1,6-diphos-
phate (FDP) and fructose-1-phosphate (F1P)
but their activities can be distinguished in
crude tissue extracts by (1) substrate speci-
ficity, the FDP/FIP activity ratios being
approximately equal to 15-50 and 1 for aldo-
lases A and B respectively (1), (2) their cata-
lytic properties, such as Km'’s and pH optima,
and (3) inhibition with specific antibodies
(2). The distribution of aldolases A and B
in various tissues has been defined by the
utilization of these criteria in combination
with electrophoretic techniques (3). Aldolase
A is the only isozyme detectable in muscle,
heart and spleen tissue; in these tissues, the
FDP/FIP activity ratio approximates 50. In
liver and kidney, on the other hand, the pre-
dominant form is aldolase B although small
amounts of adlolase A can also be detected.
The FDP/F1P activity ratios of mammalian
liver and kidney extracts are approximately
1 and 2 respectively. Because of its distribu-
tion and substrate specificity, aldolase A has
ambiguously been referred to as muscle aldo-
lase or FDP aldolase. Aldolase B has con-
versely been referred to as liver aldolase or
F1P aldolase, even though it exhibits equal
activity with F1P and FDP. Aldolase C has
thus far been detected only in mammalian
brain extracts (1) and in fetal liver (4-6).

Hereditary fructose intolerance is an in-
herited metabolic disorder associated with a
deficiency of aldolase activity in human liver
(7-9). The residual activity toward FI1P in
this disease is 1%—5% of normal, while the
activity toward FDP is 109%-20% of normal.
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As a result, the residual FDP/FIP activity
ratio, which is normally 1, is approximately 6
in this disorder. Measurements of the residual
activity have demonstrated the similarity of
the residual enzyme to normal aldolase A.
Thus, it has been theorized that the deficient
enzyme in hereditary fructose intolerance is
actually aldolase B, while aldolase A is pres-
ent and unchanged. This hypothesis is sup-
ported by the demonstration of a protein with
the immunologic properties of aldolase B but
with essentially no enzymatic activity in the
liver of patients with this disorder (4, 10).
Additional evidence is provided by the dem-
onstration that in renal cortical tissue, where
the primary form of aldolase present is aldo-
lase B (3), activity toward F1P is essentially
undetectable while activity toward FDP is
markedly decreased in patients with heredi-
tary fructose intolerance (11).

The properties of aldolase in cultivated hu-
man fibroblasts have not previously been de-
scribed. If significant levels of aldolase B
could be detected in these cells, the definitive
diagnosis of hereditary fructose intolerance,
previously made only by liver biopsy, might
be made on the basis of a deficiency of en-
zyme activity in the cultivated fibroblasts.

This study provides evidence that the pre-
dominant enzyme present in cultivated human
fibroblasts is aldolase A. The FDP/F1P ac-
tivity ratio, Km’s and pH optima of the aldo-
lase in crude fibroblast extracts are compar-
able to those previously described for aldolase
A. No differences in activity or catalytic prop-
erties could be detected between the aldolase
present in normal human fibroblasts and in
fibroblasts from a patient with hereditary
fructose intolerance.

Materials and Methods. Fibroblasts were
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TABLE 1. Aldolase Activity in Cultivated Fibroblast Preparations.

Specific Activity

FIP FDP ~ Ratio
(Mean) (Range) (Mean) (Range) (FDP/F1P)
Controls (10) . 2.0 1.1-29 280 19.0-420 14/1
Hereditary
fructose intolerance 19 1.6-2.1 300 21.0-38.0 15/1

¢ umoles of FDP or FIP hydrolyzed /min/mg of protein.

cultivated from skin biopsies obtained from
normal controls and from a patient with he-
reditary fructose intolerance as previously de-
scribed (12). Cells were grown in Minimum
Essential Medium supplemented with 15%
fetal calf serum and were incubated at 37°
in an atmosphere of 5% CO,. At the time of
our studies, all cells had undergone 5-15 pas-
sages in tissue culture.

Cells to be harvested were washed three
times with normal saline and removed from
the flasks with a chemically defined medium
containing 0.1% trypsin. The suspended cells
were centrifuged and washed twice with nor-
mal saline. The cell pellet was resuspended in
dilute triethanolamine buffer, pH 7.6, and the
cells were disrupted by repeated freezing and
thawing. The homogenate was spun at 25,000
g for 20 min and the supernatant used in the
studies reported.

p-fructose-1-phosphate, b-fructose 1,6-di-
phosphate, DPNH, a-glycerophosphate de-
hydrogenase, and triosephosphate isomerase
were obtained from Sigma Chemical Corpo-
ration. Aldolase activity was determined using
a modification of the spectrophotometric
method of Bruns and Bergmeyer (13). Pro-

tein content was determined using the method
of Lowry et al. (14).

Results. The activity of aldolase in crude
fibroblast preparations from 10 normal con-
trols and 1 patient with hereditary fructose
intolerance is illustrated in Table I. The spe-
cific activity toward both substrates, F1P and
FDP, was similar in control and patient fibro-
blasts. Furthermore, the FDP/FIP activity
ratio is essentially identical in these cell lines
and is comparable to that reported in tissues
in which the predominant isozyme present is
aldolase A (1).

The Km’s and pH optima of the aldolase
present in fibroblast extracts are presented in
Table II and are compared with the values
for pure aldolases A and B derived from the
literature. In control and patient fibroblasts,
the Km’s for F1P and FDP are similar and
are comparable to those previously reported
for pure aldolase A. They are markedly dis-
similar to those reported for aldolase B.

In both normal and patient fibroblasts, the
aldolase present exhibits a broad pH optimum
with FDP, the specific activity being un-
changed between pH 7 and 9. The pH opti-
mum with F1P is more sharply defined, being

TABLE II. Catalytic Properties of Aldolases.

Km* pH Optimum
(FIP) (FDP) (F1P) (FDP)
Control fibroblasts 1.15 x 10~ 5.7 x 10-° 7.0-7.5 7-9
Hereditary fructose
intolerance fibroblasts 0.92 x 10°* 5.3 x 107 7.0 7-9
Aldolase A @ 1.2 x 102 6.0 x 10~ 7.0 -9
Aldolase B @® 85 x 107 1.8 x 10-° 7.6 7.7
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F1c. 1. Thermal stability of aldolase using F1P

as the substrate and assayed at 45°. (HFI refers to
the patient with hereditary fructose intolerance).

7.0-7.5 in control fibroblasts and 7.0 in pa-
tient fibroblasts. These findings are all com-
parable to those previously reported for aldo-
lase A and are dissimilar to those reported for
aldolase B which has a sharp pH optimum
with FDP at 7.7.

The thermal stability of aldolase in control
and patient fibroblasts at 45° is illustrated in
Figs. 1 and 2. The remaining activity with
FDP and F1P was similar in control and
patient fibroblasts at 5, 15, and 30 min.

Discussion. These data strongly suggest
that the predominant form of aldolase present
in cultivated human fibroblasts is aldolase A.
The specific activities, FDP/FIP activity
ratio and catalytic properties of aldolase are
similar in fibroblasts from controls and from
a patient with hereditary fructose intolerance
and are comparable to those of pure aldolase
A. Thus, the diagnosis of hereditary fructose
intolerance, dependent on the demonstration
of a deficiency of aldolase B activity, cannot
be made by the analysis of cultivated fibro-

blasts.
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Summary. This study presents evidence that
the predominant enzyme present in cultivated
human fibroblasts is aldolase A. The FDP/
F1P activity ratio, K,, and pH optima of the
aldolase in crude fibroblast extracts are com-
parable to those previously described for aldo-
lase A. No differences in activity or catalytic
properties could be detected between the aldo-
lase present in normal human fibroblasts and
in fibroblasts from a patient with hereditary
fructose intolerance. 7
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