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Acid phosphatase, the first lysosomal en-
zyme described (1), has become a marker of
lysosomal function in a variety of normal and
pathologic states (2-5). Typically, 70-80% of
acid phosphatase activity is confined to the
lysosomes, with the remainder being dis-
tributed in other subcellular particles and in
the supernatant (1, 6).

Acid phosphatase activity has been detect-
ed in multiple forms in a wide variety of
tissues, including liver (7), kidney (8), leu-
kocytes (9), red blood cells (10), and cul-
tured human diploid cells (11). Its broad
synthetic substrate specificity includes p-ni-
itrophenylphosphate (11), phenolphthalein-
di-phosphate (12), B-glycerophosphate (13),
4 -methyl-umbelliferyl-dihydrogen-phosphate
(14), and «-naphthyl acid phosphate (15).
The red cell enzyme is distinguished from the
ppredominant acid phosphatase of other tis-
sues by its lack of activity toward «-naphthyl
racid phosphate (16, 17).

Despite the wealth of information charac-
terizing the enzyme, its physiologic substrate
and function remain unknown. Two patholog-
ic states, however, are related to deficiencies
of the enzyme; one involving lysosomal acid
phosphatase deficiency (5), and the other
characterized by total cellular acid phos-
phatase deficiency (18). In both instances,
lipid has been found to accumulate in the
liver and other tissues.

To gain a better understanding of this en-
zyme, studies have been conducted on culti-
vated diploid cells from fetal human lung
(11). This communication extends these
studies to cultivated human skin fibroblasts
and describes the localization and character-
istics of isoenzyme forms in various subcellu-

lar fractions.

Materials and Methods. Human skin biop-
sies were obtained from 20 control patients
and cultivated in Eagles Minimal Essential
Medium (GIBCO) supplemented with 15%
fetal calf serum, 100 units/ml penicillin, 100
pg/ml streptomycin, and 0.25 mg/ml fungi-
zone as previously described (19). All as-
says were performed on cells harvested at
confluency between the tenth and sixteenth
passages. When confluent, fibroblasts were
harvested using 0.25% trypsin in Hanks’ Bal-
anced Salt Solution. The cells were washed
three times in isotonic saline and then resus-
pended in distilled water, 0.25 M sucrose, or
a 0.2% Triton X-100 solution in distilled
water. Cells to be assayed for total cellular
enzyme activity were disrupted by freeze-
thawing five times in dry ice. Cells to be
subjected to differential centrifugation were
resuspended in 0.25 M sucrose and disrupted
by nitrogen cavitation at a pressure of 600
psi for 15 min (20). The suspension was then
centrifuged in a Spinco Model L ultracentri-
fuge according to the method of Cristofalo
(11) for preparation of subcellular fractions.
Subcellular fractions, including the nuclear
pellet, the mitochondrial-lysosomal fraction,
and the microsomal fraction were resuspend-
ed in distilled water or in distilled water
containing 0.2% Triton X-100 and subjected
to freeze-thawing five times.

Whole blood was collected in heparinized
syringes and allowed to sediment at 37° for
1-2 hr. The leukocyte-rich plasma was then
expressed, and the white blood cells were
collected by centrifugation at 2000g for 10
min. The cells were washed three times in
0.25 isotonic saline. The pellet was resus-
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pended in 0.2% Triton X-100, and the cells
were disrupted by freeze-thawing five times
in dry ice. The red blood cells were washed
three times in normal saline and then resus-
pended in distilled water to a final dilution of
1:20. To insure complete cell lysis, the sus-
pension was freeze-thawed three times.

p-Nitrophenylphosphatase activity was de-
termined by an adaptation of the method of
Bessey et al. (21) in an incubation mixture
containing 20 pl of enzyme preparation, 200
pl of 0.0§ M p-nitrophenylphosphate in 0.1
M acetate buffer at pH 4.8, and 180 ul of dis-
tilled water. The mixture was incubated at
37° for 30 min and the reaction stopped by
the addition of 3 ml of 0.25 N NaOH.
Optical density at 410 um was determined in
a Coleman spectrophotometer,

B-Glycerophosphatase activity was deter-
mined (13) in an incubation mixture con-
taining 100 ul of enzyme preparation and
900 pl of 0.02 M B-glycerophosphate in 0.05
M acetate buffer, pH 5.0. The mixture was
incubated for 60 min at 37° and the reaction
terminated by the addition of 1 ml of 10%
trichloroacetic acid. After 10 min the mixture
was centrifuged for 10 min at 3000 rpm.
Inorganic phosphate was determined in 1 ml
of the resultant supernatant solution by the
addition of 0.2 ml of 1/25% ammonium mo-
lybdate in 2.5 N sulfuric acid and 0.1 ml of
Fiske Subbarow reducing reagent (Sigma
661-8). Optical density at 660 pm was deter-
mined immediately in a Coleman spectropho-
tometer.

Red cell acid phosphatase activity was de-
termined utilizing 4-methylumbelliferyl-di-
hydrogen-phosphate as substrate according to
a method modified from Swallow et al. (22).
The reaction was terminated by the addition
of 3 ml of 0.2 M glycine buffer, pH 10.7.
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Fluorescence was then measured immediately
using an Aminco-Bowman fluorescence spec-
trophotometer (excitation 360 um, emission
450 pm),

Protein was determined by the method of
Lowry et al. (23).

Polyacrylamide gel electrophoresis was
performed according to the method of Li ez
al. (9). Fifty to 100 micrograms of protein
was applied to each gel. Acid phosphatase
activity was detected by the method of Barka
using sodium o-naphthyl acid phosphate and
Fast Garnet GBC (15). The gels were
washed in 0.1 M acetate buffer, pH 5.0, after
electrophoresis followed by staining for
60—180 min at room temperature. After stain-
ing the gels were washed three times in dis-
tilled water and then immersed in a 7% acetic
acid solution.

Starch gel electrophoresis was carried out
according to the method of Swallow et al.
(23) on a 13% starch gel. Fifty microliters of
sample (300-400 pg protein) was applied to
each sample slot. Acid phosphatase isoen-
zymes were located after electrophoresis using
4 -methylumbelliferyl-dihydrogen-phosphate
(British Drug House) as substrate ac-
cording to Swallow et al. (22) and a-naph-
thyl acid phosphate (Sigma) as substrate ac-
cording to Swallow and Harris (16).

Results. Acid phosphatase activity was de-
tected in cultivated human fibroblasts using
p-nitrophenylphosphate, B-glycerophosphate,

and 4-methylumbelliferyl-dihydrogen-phos-
phate as substrates (Table I).

Four to five iscenzymes of acid phos-
phatase activity were detected on polyacryla-
mide gel electrophoresis in total cell lysates
of cultivated human fibroblasts (Fig. 1). All
isoenzymes were likewise detected in the ly-
sosomal subcellular fraction. A single faint

TABLE I. Acid Phosphatase Activity in Cultivated Human Fibroblasts.

Substrate

p-Nitrophenylphosphate
4-Methylumbelliferyl-dihydrogen-phosphate
B-Glycerophosphate

Number of Specific activity
samples  (mean = standard deviation)
11 1.04 £ 0.10°
5 157.40 =+ 52.11®
5 9.76 =+ 3.30¢

eMicromoles of substrate cleaved /mg protein.
*Nanomoles substrate cleaved /mg protein.
‘Micrograms inorganic phosphate/mg protein.
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Fi1c. 1. Isoenzymes of acid phosphatase activity in
cultivated human fibroblasts on polyacrylamide
gel electrophoresis: Activity in total cell lysate (A),
lysosomal fraction (B), microsomal fraction (C),
and supernatant (D); activity after treatment with
Triton X-100 in total cell lysate (E), lysosomal
fraction (F), and microsomal fraction (G).

slow-moving isoenzyme was found in the mi-
crosomal fraction. Acid phosphatase activity
in the soluble (100,000g) cellular superna-
tant fraction was confined to one or two
isoenzymes of intermediate mobility. Treat-
ment of subcellular fractions with Triton X-
100 greatly enhanced the activity of the slow-
moving (anionic) iscenzymes. In total cellu-
lar and lysosomal preparations, two anionic
isoenzymes were clearly solubilized by treat-
ment with the nonionic detergent; in the mi-
crosomal subcellular fraction, the single an-
ionic compenent present was also solubilized
by this treatment.

Starch gel electrophoresis of cultivated hu-
man fibroblasts, leukocytes, and red blood
cells revealed the presence of an isoenzyme in
fibroblasts and leukocytes which stained
with  4-methylumbelliferyl-dihydrogen-phos-
phate but not with a-naphthyl acid phos-
phate (Fig. 2 a and b). Comparison of these
isoenzyme patterns with those of the red cell
acid phosphatases of the same subject indi-
cated that his isoenzyme in leukocytes and
fibroblasts corresponded to an isoenzyme in
red cells.

Discussion. The present investigations in
cultivated human fibroblasts demonstrate
multiple molecular forms of acid phosphatase
activity in this tissue. A single anionic isoen-
zyme is present in the microsomal fraction
(that subcellular fraction containing endo-
plasmic reticulum). This isoenzyme is appar-
ently tightly membrane bound, being solubi-
lized only by treatment with Triton X-100.

159

Multiple additional isoenzymes of acid phos-
phatase activity are detectable in the ly-
sosomal subcellular fraction in addition to
the anionic form corresponding to the micro-
somal isoenzyme. The cationic isoenzymes
are readily solubilized by physical disruption
of this subcellular fraction.

Lysosomal acid hydrolases have been
found to occur in multiple molecular forms in
rat kidney; these isoenzymes differ in elec-
trophoretic mobility on polyacrylamide gel
electrophoresis (8, 24). The acidic forms of
these hydrolases are readily solubilized by
physical disruption, while the basic (cation-
ic) forms are more firmly bound to the insol-
uble lysosomal residue (24). In contrast to
the work of Goldstone and Koenig (8) in rat
kidney, then, the isoenzyme of acid phos-
phatase present in the endoplasmic reticulum
of cultivated human fibroblasts is anionic
(acidic) rather than cationic (basic). Addi-
tional isoenzymes found in the lysosomal
fraction migrate toward the negative elec-
trode, and hence are less acidic than the
microsomal isoenzyme. The significance of
this finding in terms of the modification of

lysosomal hydrolases during intracellular
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F16. 2. Isoenzymes of acid phosphatase activity in
red blood cells, leukocytes and cultivated human
fibroblasts on starch gel electrophoresis. (a)
4-Methylumbelliferyl-dihydrogen-phosphate as sub-
strate: red blood cells (1, 2, 7, 8) ; leukocytes (3, 4) ;
fibroblasts (5, 6). (b) «-Naphthyl acid phos-
phate; note the presence of the second anodal band
in fibroblasts using 4-methylumbelliferyl-di-
hydrogen-phosphate which is not detectable with
a-naphthyl acid phosphate as substrate, indicating
“red cell” acid phosphatase activity.
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transport is not entirely clear. Goldstone and
Koenig (25) have postulated that the basic,
less-soluble isoenzymes are those synthesized
first in endoplasmic reticulum. Late modifica-
tion of this molecular form by addition of
sialic acid is then thought to result in the
presence of multiple, more soluble anionic
forms in the lysosomal fraction. If this pro-
cess is a general one, then the presence of
multiple cationic isoenzymes of acid phos-
phatase in the lysosomal subcellular fraction
of cultivated human fibroblasts is difficult to
explain. It is possible that basic groups on
the protein moiety of this glycoprotein en-
zyme modify the electrophoretic mobility in-
dependently of acidic sugars or that the en-
zyme is desialated during preparation. Alter-
natively, molecular aggregation during the
processing of subcellular fractions may ac-
count for some of these findings. These possi-
bilities are currently under investigation.

Swallow ef al. (22) have recently reported
the existence of red cell acid phosphatase in
liver, kidney, spleen, leukocytes, cultured
fibroblasts, and other tissues, in contrast to
previous work (26). In the present investiga-
tions an isoenzyme was detected on starch gel
electrophoresis of human leukocytes and
fibroblasts which did not cleave a-naphthyl
acid phosphate but was active against
4 -methylumbelliferyl-dihydrogen-phosphate,
and which corresponded to an acid phos-
phatase isoenzyme in red cell hemolysates.
This confirms the presence of “red cell” acid
phosphatase in cultivated human fibroblasts.

Summary. Five isoenzymes of acid phos-
phatase activity were detected by polyacryla-
mide gel electrophoresis in cultivated human
fibroblasts. All of the isoenzymes were
present in the lysosomal subcellular fraction,
while a single anionic isoenzyme was detected
in the microsomal subcellular fraction. The
anionic isoenzymes tended to be firmly mem-
brane bound and were solubilized by treat-
ment with Triton X-100. Red cell acid phos-
phatase isoenzymes were studied using starch
gel electrophoresis. An isoenzyme formerly
considered to be unique to the red blood cell
was detected in leukocytes and in cultivated
human fibroblasts.
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