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ABSTRACT

We investigated the asialo-agalactofetuin galactosyltransferase solu
bili/ed by Triton X-100 from a human bladder transitional cell carcinoma
line (cell-associated form). The specific activity of this enzyme was
dependent on cell population density, being about 50% higher in cells
from confluent than from sparse cultures. We compared the properties
of this enzyme with those of a galactosyltransferase isoenzynte present
in the culture medium (soluble form). Electrophoresis on nondenaturing
polyacrylamide gels showed the two forms to be isoenzymes, in that the
mobility of the soluble enzyme was greater than that of the cell-associated
enzyme. The isoenzymes differed in that the A"â€ž,for UDP-galactose of
the cell-associated enzyme (1 x IO"*5M) was one-half that of the soluble

isoenzyme. The isoenzymes differed by 1 order of magnitude in their
affinity for a fetuin-derived acceptor with a Kmof 16 x III s M for the
cell-associated and 1.2 x 10~* M for the soluble form, although the A',,,

for ovalbumin and asialomucin as acceptor was similar for both. Both
enzymes were active over a broad pH range and their response to divalent
cations was the same: the most efficient cation was Mir*; but modest
activity was detected in the presence of either Cd2*or Co2*.

As determined by gel filtration on Sepharose 6B, the cell-associated
galactosyltransferase showed a molecular weight of 66,000, whereas that
of the soluble form was 51,000. Limited proteolysis of the cell-associated
enzyme with thermolysin and subsequent analysis by nondenaturing
polyacrylamide gel electrophoresis demonstrated that the cell-associated
enzyme could be converted to an isoenzyme showing the same electro-
phoretic mobility as the soluble enzyme present in the culture medium,
presumably by removal of a portion of the peptide chain. The same result
was obtained by treating the cell-associated enzyme with a cell extract.
This suggests but does not prove that the soluble enzyme secreted or
shed into the medium is produced from the cell-associated form by an
endogenous protease.

INTRODUCTION

Galactosyltransferase is a membrane-bound enzyme usually
associated with the endoplasmic reticulum and the Golgi ap
paratus (1-4), but the enzyme has also been detected on the
cell surface (5-7) and in soluble form in several physiological
fluids (8, 9). While this enzyme appears to take part in the
biosynthesis of glycoconjugates, additional biological roles such
as participation in intercellular adhesion, cellular recognition,
and differentiation have been proposed (10-16).

Altered GT4 activity in transformed and malignant cells has
been reported to occur (17-21). The enzyme is found in both
the cell-associated and the soluble form. The latter was observed
in sera of cancer patients. The serum level seems to be correlated
with the clinical status (17, 19, 22-24). This soluble GT is an
isoenzyme termed "cancer-associated GT," showing a slower

electrophoretic mobility on polyacrylamide gels than the nor
mal serum enzyme. It was characterized in sera of cancer
patients by Podolsky and Weiser (25), Weiser et al. (26), and
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Podolsky and Weiser (27). Such a cancer-associated isoenzyme
was also found in virus-transformed baby hamster kidney cells
and was released or shed from the cells into the tissue culture
medium (28).

In previous work we have shown a higher level of GT activity
in cultured human bladder transitional cell carcinoma cells
(MGH-U1) as well as in biopsy specimens of human bladder
transitional cell carcinoma compared to nonmalignant speci
mens (29). We have reported a nearly 10-fold increase in GT
activity of exfoliated bladder cells from urine of rats fed the
bladder carcinogen A^-[4-(5-nitro-2-furyl)-2-thiazolyl]formam-
ide (30).

The aim of the present study was to gain a better understand
ing of the cancer-associated GT in the human bladder transi
tional cell carcinoma line MGH-U1 investigated previously.
We wanted to compare the properties of the cell-associated GT,
studied before, to the GT isoenzyme released in soluble form
into the medium by these transformed cells, as well as the origin
of this isoenzyme.

MATERIALS AND METHODS

Materials. UDP-[6-3H]galactose (specific activity, 15.7 Ci/mmol)

was obtained from Amersham Searle Corp., Chicago, IL. A stock
solution (7.5 HIM)was prepared to a final specific radioactivity of 0.133
Ci/mmol by using unlabeled UDP-galactose obtained from Sigma
Chemical Co. (St. Louis, MO). Triton X-100, MES, ATP, thermolysin,
ovalbumin, fetuin (type III), and mucin were from Sigma. Sepharose
6B was from Pharmacia Biochemicals (Piscataway, NJ). SGF-fetuin
was prepared as described by Kim et al. (31), and SF-mucin preparation
was according to the method of Berger et al. (32).

Cell Culture. The human transitional cell carcinoma line (MGH-U1)
was kindly provided by Dr. C. Tabin (Massachusetts Institute of Tech
nology, Cambridge, MA) and maintained in monolayer as previously
reported (29), using McCoy's Medium 5A (Ikawata and Grace modifi

cation; Flow Laboratories, Rockville, MD) supplemented with 10%
fetal calf serum (heat inactivated, 60 min at M)"(').

Preparation of GT. The culture medium from MGH-U1 cells was
used as enzyme source ("soluble enzyme activity") after centrifugation
at 600 x g for 10 min and either stored at -30Â°Cor used immediately

for further experiments.
Cells were harvested with a rubber policeman and washed 3 times

with serum-free medium. The cells were resuspended in lysis buffer [0.1
M MES, pH 6.5, containing 0.5% (v/v) Triton X-100] and sonicated
on ice for three 15-s pulses with I min cooling period between each
pulse. The homogenate was kept at 4'C for 60 min and after centrif
ugation at 100,000 x g for 60 min the supernatant ("cell-associated
enzyme activity") was immediately used or stored at -30*C for further

experiments.
GT Assay. The incubation mixture for the measurement of GT

activity was adapted from an assay previously described (29). The
standard incubation mixture contained 0.1 M MES (pH 6.5), 2 mM
ATP, 20 mM MnCl2, 2.5 mg/ml of SGF-fetuin, 1 fil of UDP-[3H]-

galactose stock solution (final molarity, 75 fiM; specific activity, 0.133
Ci/mmol), and 10 to 60 /il of enzyme source in a total volume of 100
M!.Incubation at 37Â°Cwas terminated after 60 min by cooling at 4Â°C

and the addition of EDTA (final concentration, 0.1 M). The transfer of
radioactively labeled galactose to the high molecular weight acceptors
was measured by the paper disc assay of Baxter and Durham (33),
except that for the SF-mucin as acceptor, the product was precipitated
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on the discs by 5% phosphotungstic acid in 2 M HC1 instead of in 10%
trichloroacetic acid.

PAGE. Polyacrylamide gels (8.0%) were run as described by Podol-
sky and Weiser (25); however, the gel and the electrophoresis buffer
(Tris-glycine, pH 8.3) contained 0.1% (v/v) Triton X-100. Electropho
resis of GT from MGH-U1 cell extracts and culture medium was
carried out in cylindrical gels (5 x 75 mm) at a current of 3 mA/gel
under cooling. The detection of GT activity in the gels was adapted
from the method of Podolsky and Weiser (25) in the following way.
After electrophoresis, the gels were sliced into 1-mm fractions and two
consecutive fractions were incubated at 37Â°Cfor 60 min in 300 Â¿ilof

0.1 M MES (pH 6.5) containing 0.5% (v/v) Triton X-100 and 0.25 ^M
dithiothreitol. Sixty Â«ilof the gel slice eluant were used in the standard
enzyme assay; the specific radioactivity of the UDP-[3H]galactose used

was 15.7 Ci/mmol, higher than that used in the standard GT assay
described above.

Gel Filtration. For analytical purposes, samples (0.5 ml) were applied
to a column (0.7 x 24 cm) of Sepharose 6B equilibrated with 0.1 M
MES (pH 6.5) containing 0.5% (v/v) Triton X-100 and 1 mM e-amino-
n-caproic acid. The column was eluted with the same buffer and 0.12-
ml fractions were collected. Fractions were assayed for GT activity.
The column was calibrated with the following standard proteins: hex
okinase; bovine serum albumin; ovalbumin; soybean trypsin inhibitor;
and cytochrome c. Molecular weights were evaluated from a plot of Kâ€ž
against log molecular weight for the standard proteins.

Protease Treatment. Aliquots from the 100,000 x g supernatant
solution ("cell-associated enzyme activity" described above under
"Preparation of GT") were treated with thermolysin (5 /ig/mg of protein

in the cell extract) in the presence of Tris-HCl (pH 8.4) and 10 HIM
Cad.- at 37'C for 15 to 60 min. Digestion was terminated by the
addition of ethylene glycol bis(/3-aminoethyl etherJ-AyvyV'^'-tetraa-
cetic acid (linai concentration, 22 mM) and cooling at 4Â°C.To test

digestion of the cell extract by endogenous proteases, the whole ho
mogenate itself was stored at room temperature for 20 h. Digestion
was then terminated and the cellular GT was analyzed.

Protein. Protein in the presence of Triton X-100 was estimated by
the procedure of Wang and Smith (34) with bovine serum albumin as
a standard.

RESULTS

Cell-associated GT Activity. The first problem in investigating
cell-associated GT activity was to find a satisfactory solubili-
zation procedure. Since repeated sonification (28) failed to
solubilize sufficient amounts of GT activity from a transitional
cell bladder carcinoma line (MGH-U1 cells), the enzyme was
solubili/.cd from the cells (cell-associated enzyme) by sonifica
tion in the presence of Triton X-100 (1, 2). Inclusion of 0.5%
(v/v) Triton X-100 in the homogenization buffer was found to
be sufficient for maximal enzyme solubilization. In order to
correct for endogenous acceptor, the assay was repeated in the
absence of exogenous acceptor; no endogenous activity was
detectable under the assay conditions used.

Because the GT activity of cultured cells may depend on the
cell density (5, 14), it was then necessary to determine the
degree of cell density at which GT activity plateaued. Therefore,
specific enzymatic activity of the enzyme was evaluated in cells
from sparse and dense cultures of MGH-U1 cells. We found
(Fig. 1) that indeed specific activity in cells from confluent
cultures (day 3 after subculturing) was about 50% higher than
in cells from sparse cultures (day 1) and that it appeared to
plateau after about 2 days. We therefore used cells which had
been grown for 2 days after subculturing.

Soluble GT Activity. Soluble enzyme was released or shed
from MGH-U1 cells into the culture medium. As seen in Fig.
2, a progressive accumulation of GT activity (soluble enzyme)
in the culture medium was noted from day 1 to day 3 after
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Fig. 1. GT activity in MGH-UI cell cultures. The cells were grown as described
in "Materials and Methods." At the indicated time the cells were harvested, and

the enzyme activity was solubilized and assayed as described. Results are the
mean of assays on duplicate culture dishes. Bars, results of individual assays.
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Fig. 2. GT activity in tissue culture medium of MGH-U I cells. The cells were
grown as described under "Materials and Methods." At the indicated times the

media were removed and the enzyme activity was estimated as described. Results
are the mean of assays on duplicate culture dishes. Bars, results of individual
assays. To give an example of actual radioactivity transferred, 4750 cpm/h/40 nI
medium were transferred on day 3.

subculturing. However, cells from confluent cultures released
or shed less enzyme activity into the medium, when the activity
was calculated as pmol/h/cell. The background GT activity of
the media was virtually zero since heat inactivation (60 min at
60Â°C)of the fetal calf serum, used to supplement the culture

medium, destroyed all the serum enzyme activity. The final GT
assay mixture for the soluble enzyme, on account of the calcium
and magnesium ions carried over from the incubation medium,
contains between 0.09 and 0.18 mM calcium and magnesium
(in addition to 20 mM manganese). Since calcium and magne
sium may interact with manganese, the 2 former cations were
tested in the assay up to 20 mM, with both fetal calf serum GT
and GT from the MGH-U 1 cells; no inhibition was observed
by these concentrations of calcium and magnesium. Triton X-
100 in concentrations up to 2% had no inhibitory action on the
soluble enzyme.

Electrophoretic Analysis of GT Activity. We wanted to deter
mine whether the soluble enzyme released from human bladder
transitional cell carcinoma (MGH-U 1) differed from the cell-
associated enzyme. We compared cell-associated and soluble
GT activity from MGH-U 1 cells as well as GT activity normally
present in human serum by means of nondenaturing PAGE.
GT activity derived from both fetal calf serum and culture
medium (soluble enzyme) demonstrated similar electrophoretic
mobility on polyacrylamide gels (Fig. 3, a and c). In contrast,
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Fig. 3. PAGE patterns of serum GT and the cell-associated and soluble enzyme
from MGH-U 1 cells. Samples, equivalent to 4 >i\ of fetal calf serum, 30 u\ of
culture medium from confluent cells, or samples of cell extract (25 Mgof protein),
were applied onto the gels. The gel electrophoretic method and the detection of
the GT activity and protein in the gels are described in "Materials and Methods."

a, serum; b, cell extract; c, culture medium. Arrow, position of the dye front. Cell
extract (25 *tgprotein/gel) was run in parallel with the gel used for enzyme assay
and stained for protein with Coomassie blue (b). To give an example of actual
radioactivity transferred in the GT assay, 3476 cpm/h/60 (il eluate were trans
ferred in the eluate from the cell extract.

the GT activity extracted from MGH-U 1 cells (cell-associated
enzyme) showed a slower electrophoretic mobility under the
same conditions (Fig. 3Â¿>).To demonstrate that the bulk of the
protein did not remain near the top of the gel associated with
the GT activity (Fig. 3Â¿>),a gel stained with Coomassie blue was
run in parallel with that showing cell-associated enzyme activity

(Fig. 30). A protein band in the position of the GT activity is
visible, showing that the proteins were at least partially resolved
in this system.

Since Triton X-100 had been used to solubilize the cell-

associated enzyme, we tested the effect of this detergent on the
electrophoretic pattern shown by the soluble enzyme, by adding
Triton X-100 to the culture medium. This treatment did not
alter the mobility of the soluble enzyme (not shown).

Gel Filtration. Since PAGE under nondenaturing conditions
resolved proteins according to size and charge (35), the differ
ence in behavior on PAGE between cell-associated and soluble
GT could be caused by a size or a charge difference. To resolve
this question, we determined molecular weights of the isoen-
zymes by gel filtration (Fig. 4). The cell-associated and soluble

GT activity were separately chromatographed on a column of
Sepharose 6B in the presence of 0.5% (v/v) Triton X-100. On
gel filtration, the electrophoretically slower moving, cell-asso
ciated enzyme eluted at a position ahead of the electrophoreti
cally faster migrating, soluble enzyme. The cell-associated en
zyme had an apparent molecular weight of 66,000 and the
soluble enzyme had a molecular weight of 51,000 on the cali
brated column when compared with the standards (Fig. 4, inset).
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Fig. 4. Sepharose 6B column chromatography of cellular and soluble GT from
MGH-U1 cells. Samples (0.5 ml) of cell extract or culture medium from confluent
MGH-U1 cells were applied to a column (0.7 x 24 cm) of Sepharose 6B
equilibrated in 0.1 M buffer, pH 6.5, containing 0.5% Triton X-100 and I m\i .
amino-n-caproic acid. Elution and calibration of the column are described in
"Materials and Methods." Cell-associated enzyme activity (O); soluble enzyme
activity (â€¢).Insi't. calibration of the Sepharose 6B column, a plot of Kâ€žagainst
log molecular weight.. I, cell-associated enzyme; B, soluble enzyme.

Table 1 Influence of divalent ions on cellular or soluble GT from MGH-U1 cells

The enzyme activity of cell extracts or culture medium was assayed as describedin "Materials and Methods," except that Mn ' ' was replaced by the ions indicated

in the table where indicated. All cations were tested at 20 mm concentration.

Activity (as % of control)

Ion (20 HIM)Mn2*

Mg2*
Ca2*
Cd2*
Co2*
Zn2+Cellular

GT1002.2

1.9
28.9
39.4

5.3Soluble

GT100

0.9
17.1
40.5
45.5

2.9

Properties of the Cell-associated and Soluble GT. The pH
profile for both enzyme activities was broad with a maximum
of 6.5 for the cellular and 7.0 for the soluble enzyme, respec
tively. A similar broad pH profile has been reported for GT
activity from other sources (1, 19, 36, 37).

The cell-associated and soluble GT from MGH-U 1 cells
showed their highest activity in the presence of Mn2+ (20 HIM)
which could not be substituted by Mg2+, Ca2+, or Zn2+ (Table
1). Mn2+ was found to be the most efficient cation for GT from
different sources (1, 27, 36, 38, 39). However, when Mn2+ was
replaced by Cd2+ or Co2+ (both 20 HIM)some activity (30-50%
of the activity in the presence of Mn2+) could be observed (Table

1). A similar observation was reported (27) for the purified
"cancer-associated" and normal GT activity from malignant

effusions.
The affinities (A',,,)not only of the cell-associated but also of

the soluble enzyme activities were determined for UDP-galac-
tose and for the acceptors SGF-fetuin, ovalbumin, and SF-
mucin. The Km for UDP-galactose was found to be 1 x 10~5M
for the cell-associated and 2 x 10~5 M for the soluble enzyme

(Table 2).
Kms for acceptors (Table 2) showed a difference of 1 order of

magnitude for SGF-fetuin between soluble (1.2 x 10~5 M) and
cell-associated (16 x 10~5 M) enzyme forms. Whereas the cell-

associated GT had similar affinities to SGF-fetuin and to oval
bumin as the galactose acceptor, the soluble GT showed an
about 10 times lower affinity to ovalbumin compared to the
SGF-fetuin acceptor. Podolsky and Weiser (27) observed a
similar affinity difference towards SGF-fetuin and ovalbumin
for the normal and cancer-associated GT isoenzyme from ma
lignant effusions. In our system SF-mucin served as an excellent

2313

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/9/2311/2431332/cr0470092311.pdf by guest on 19 M

ay 2023



GALACTOSYLTRANSFERASE IN A BLADDER CANCER CELL LINE

Table 2 Kmvalues for indicated substrates of cellular and soluble GT activity
from MGH-UI cells

The enzyme activity of cell extracts or culture medium was assayed as described
in "Materials and Methods." The concentration of the indicated substrates was
varied. The Aâ€ž,values were calculated from Lineweaver-Burk plots of GT assays,
which included four or five concentrations for each substrate.

â€žx (IO'5 M)

Substrate Cell-associated GT Soluble GT

UDP-galactose
SGF-fetuin
Ovalbumin
SF-mucin

1
16
4
0.59

2
1.2
6
0.39

o '-S*

Â± 02
a.

g
S
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Fig. 5. Effect of thermolysin digestion on the cell-associated GT activity from
MGH-UI cells, illustrated by PAGE. Digestion conditions were as given in the
legend to Fig. 6. After 30 min, aliquots of the incubation mixtures were applied
to the gels. The gel electrophoretic method and the detection of the GT activity
in the gels are described in "Materials and Methods." a, control; b, thermolysin

treatment. Arrow, position of the dye front.

galactose acceptor too. The cell-associated and the soluble
enzyme form possessed similar affinities to this high molecular
weight acceptor (see Table 2).

Limited Proteolysis of Cell-associated GT. It has been sug
gested that the soluble isoenzyme of the usually membrane-
bound GT may be the result of proteolysis (2, 5). We therefore
subjected the cell-associated enzyme to limited proteolysis by
thermolysin and analyzed the resulting enzyme formed by
PAGE (Fig. 5). The formerly slow-moving enzyme had been
converted into a faster-moving form within 30 min, leaving
only 27% in the slow-moving form. The electrophoretic mobil
ity of the newly formed faster-moving Â¡soenzymewas the same
as that observed for the soluble enzyme from the cell culture
medium (Fig. 3).

The kinetics of the thermolysin action on the cell-associated
enzyme is shown in Fig. 6. A 30-min incubation of the enzyme
at 37Â°Cresulted in a 15% loss of enzyme activity. A 60-min

thermolysin treatment, although it gave complete conversion
of the slow into the faster-moving isoenzyme, also resulted in
a loss of activity (data not shown).

We argued that if the soluble (faster-moving) isoenzyme of
the cell culture medium was derived from the cell-associated
isoenzyme by action of proteases, this result should be observ
able by incubation of the cell extract; indeed, such an incubation
of the cell extract at room temperature for 20 h gave the same
conversion of the cell-associated (slow-moving) into a faster-
moving isoenzyme as with thermolysin. Inclusion of a mixture
of the protease inhibitors, soybean trypsin inhibitor (1 mg/ml),
phenylmethylsulfonyl fluoride (1 HIM), EDTA (1 HIM), and c-
amino-/i-caproic acid (1 HIM), did not prevent the conversion
catalyzed by the cell extract. The conversion of the enzyme was
not accompanied by a significant loss of enzyme activity, as
judged by standard enzyme assay and analysis on PAGE (data
not shown).

80
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20

15 30 45

incubation time (minutes)

60

Fig. 6. Effect of thermolysin treatment on cell-associated GT activity from
MGH-UI cells. Cell extracts (5 ng/mg) were incubated with thermolysin as
described under "Materials and Methods." Samples without thermolysin served
as controls. After termination of the digestion reaction ("Materials and Meth
ods"), the controls received the same amount of thermolysin as the protease-
treated samples and the GT activity was estimated as described in "Materials and
Methods." Control (â€¢);thermolysin treatment (O).

DISCUSSION

The aim of this work was to gain a better understanding of
the GT of a human bladder transitional cell carcinoma line
(MGH-UI).

We found that the cell-associated enzyme extracted from the
cells by sonication in the presence of Triton X-100, when
subjected to PAGE under conditions similar to those of Podol-
sky and Weiser (27), behaved like their "cancer-associated"

isoenzyme from sera of cancer patients. Its apparent molecular
weight was determined to be 66,000 by gel filtration. This is
similar to the molecular weight for the GT solubili/ed by Triton
X-100 from sheep mammary glands (2) (M, 69,000), and of the
detergent-extracted enzyme form rat liver microsomal fractions
(M, 65,000-70,000) (1).

We found that MGH-UI cells shed or release a GT isoen-
zyme into the culture medium with electrophoretic mobility
greater than that of the cell-associated GT, closely similar to
the GT isoenzyme found by Podolsky and Weiser (27) in sera
of normal persons. The apparent molecular weight of this
soluble enzyme was 51,000. This is close to the molecular
weights reported for soluble GT from different sources. Powell
and Brew (40) found bovine colostrum enzyme (M, 51,000);
Strous and Berger (3) reported a molecular weight of 52,000
for a GT released by HeLa cells, and Berger et al. (41), using
an immune replica technique, reported molecular weights of
50,000 for the human serum enzyme and 55,000 for the enzyme
present in human milk. In contrast, higher (M, 110,000) and
lower (Mr 20,000) molecular weight forms of soluble GT have
been reported by these authors, and Liu et al. (36) found a M,
70,000 GT species in culture medium of human hepatoma cells.
Clearly, different sources and cell lines produce different GT
isoenzymes.

Our results indicate that the molecular weights of the cellular
and the soluble enzyme forms differ by about 15,000. This is in
accordance with the results of Smith and Brew (2) who reported
a difference of A/r 13,000 to 15,000 between a cell-associated
(M, 65,000) and a soluble form (about Mr 50,000) of GT. In
contrast, Strous and Berger (3) found a difference of only 2,000
for the cell-associated and soluble GT from HeLa cells.

The difference in molecular weight in our experiments be
tween the cell-associated and the soluble enzyme may be the
reason(s) for their dissimilar behavior on PAGE, especially
since we found that the slow-moving cell-associated enzyme
could be converted into a faster-moving soluble enzyme by
removal of a piece by proteolysis (see below). However, it cannot
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be ruled out that the higher electrophoretic mobility of the
soluble enzyme is in addition due to a higher negative charge
of the enzyme. Differences in charge of GT isoenzymes have
been reported by Gerber et al. (8). GT isolated from human
amniotic fluid and ascites showed a higher electrophoretic
mobility on polyacrylamide gels under nondenaturing condi
tions when compared to the human milk enzyme. This differ
ence was due solely to the higher negative charge of the ascites
and amniotic enzymes, since all three enzyme preparations
showed the same molecular weights. It should be stressed that
in our experiments the GT from MGH-U1 cells was extracted
by Triton X-100. This detergent is able to form complexes with
membrane-bound GT, thus increasing the molecular weight of
the enzyme (42). For this reason it is possible that the molecular
weight of the cellular enzyme, evaluated by gel filtration, may
be somewhat overestimated. On the other hand, Smith and
Brew (2) found by two independent methods (gel filtration and
sodium dodecyl sulfate-PAGE) a molecular weight of 65,000-
69,000 for the detergent-solubilized GT from lactating sheep

mammary glands.
Having thus established a difference in molecular weight of

about 15,000 in the cell-associated and soluble GT isoenzymes,
we then investigated the possibility that the soluble form is
produced from the cell-associated form by endogenous prote-
olysis by the splitting off of a "tail" of the enzyme, a possibility

already suggested by Smith and Brew (2) and La Mont et al.
(5). Many membrane-bound enzymes are bound through an
apolar peptide "tail" inserted in the lipid matrix. The "tails" of

such enzymes can be cleaved by limited proteolysis (43-45).
Our experiments on cell-associated GT with the proteolytic
enzyme thermolysin showed that the cell-associated enzyme is
converted to a different form which demonstrated the same
behavior on PAGE under nondenaturing conditions as the
soluble enzyme derived from the cells. Furthermore, in a search
for the existence of endogenous enzyme systems capable of
converting the cell-associated enzyme to the soluble counter
part, cell lysates were incubated at room temperature for 20 h.
Analysis by PAGE showed that the conversion took place
without affecting the catalytic activity of the enzyme. Magee et
al. (46) reported the conversion of a high molecular weight
form (58,000) of GT to a low molecular weight form (44,000)
by a protease activity present in bovine milk, which was the
source of the enzyme. Inclusion of soybean trypsin inhibitor or
e-amino-H-caproic acid effectively inhibited the conversion. In
our system both of these protease inhibitors plus others were
unable to prevent the conversion of the cellular enzyme form,
thus indicating that a protease or proteases are present in the
cells different from those found in bovine milk.

The kinetic properties of the cell-associated and soluble en
zymes were different in showing different affinities to substrate
and acceptor; the Kmfor UDP-galactose was 1 x IO"5 M for the
cell-associated and 2 x IO"5 M for the soluble enzyme (Table

2). Podolsky et al. (28) reported a Km for UDP-galactose of 1
x IO"5 and 2 x 10~5 M for the "cancer-associated" GT activity

solubilized from polyoma-transformed baby hamster kidney
cells and the soluble serum GT from the animals, respectively.
Fraser and Mookerjea (1) found an apparent Km for UDP-
galactose of 1.08 x 10~5 M for a Triton X-100-solubilized GT

from rat liver cells.
We found the kinetic properties of cell-associated and soluble

enzymes from MGH-U1 cells to be markedly different in their
affinities for the acceptor SGF-fetuin, whereas they are similar
with respect to affinities for the acceptor ovalbumin and SF-
mucin (Table 2). Podolsky and Weiser (28) found that the

purified cancer-associated GT isoenzyme also differed by 1
order of magnitude from the normal in its affinities for SGF-
fetuin yet showed no difference in affinity for ovalbumin as
acceptor. In our study the cell-associated GT from MGH-U 1
cells had similar affinities for SGF-fetuin and ovalbumin. In
this respect the cell-associated GT behaves like the cancer-
associated GT isoenzyme investigated by Podolsky and Weiser
(28).

In summary, our results indicate that the cell-associated GT
found in human bladder transitional cell carcinoma cells has
some of the properties of a previously reported "cancer-associ
ated" GT isoenzyme (25, 28) such as its migration on electro-

phoresis and Km for UDP-galactose and for SGF-fetuin. Fur
thermore, we found that the cell-associated enzyme differs in
its molecular weight and kinetic properties from the soluble
form, released (or shed) into the medium. Since both thermo
lysin and a cell extract can convert the cell-associated isoenzyme
proteolytically into a form resembling the soluble isoenzyme
with respect to electrophoretic mobility and molecular weight,
this result suggests but does not prove that the cell-associated
isoenzyme may serve as a precursor of the soluble isoenzyme.
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