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ABSTRACT Glycoproteins in the plasma membrane of rat hepatoma cells were labeled at their
externally exposed tyrosine residues with '®'l and at their galactose and sialic acid residues
with 3H. The degradation of both isotopes in the total cell protein fraction, in glycoproteins
purified by concanavalin A, and in glycoproteins separated on two-dimensional gels was
determined. Similarly, the total cellular membrane glycoproteins were metabolically labeled
with [*°S]methionine and [*H]fucose. The fate of both incorporated labels was followed by
lectin chromatography or by precipitation of the proteins with specific antibodies followed by
electrophoretic gel separation. In both labeling experiments, the carbohydrate markers were
lost from the ligand-recognized fraction with similar kinetics as from the total cell protein
fraction. In some glycoprotein species which were separated by two-dimensional gel electro-
phoresis, the polypeptide portion exhibited up to a twofold slower rate of degradation relative
to that of the carbohydrate moiety. This difference is most pronounced in carbohydrate-rich
glycoproteins. To corroborate this finding, double-labeled membrane glycoproteins were
incorporated into reconstituted phospholipid vesicles which were then transferred via fusion
into the plasma membrane of mouse fibroblasts. Both the polypeptide and carbohydrate
moieties of the transferred membrane glycoproteins were degraded with the same relative
kinetics as in the original hepatoma cells. The rate of degradation is mostly a function of the
structural properties of the membrane components as shown by the preservation of metabol-
ically stable fucogangliosides of Reuber H-35 hepatoma cells transferred onto the fibroblasts.
The technique of insertion of membrane components into the plasma membrane of another
cell should assist in the elucidation of the exact route and mechanism of membrane protein
destruction.

In a previous study, we demonstrated that glycoproteins of
rat hepatoma cells labeled in situ with galactose oxidase and
[PH]NaBH, are degraded in a biphasic manner (4). During the
first phase, which we define as the time period from 0 to 48 h
after introduction of the labeled precursor, two-thirds of the
label is lost from the protein fraction, yielding a half-life of
about 20 h. Subequently, in the second phase, after 48 or more
hours, the degradation rate decreases, yielding a half-life of
about 75 h or longer. Identical turnover was found for the
externally oriented plasma membrane proteins of macrophages
which were marked by in situ attachment of an antigenic
hapten group (20). The kinetics of degradation of membrane
glycoproteins in hepatoma cells is markedly different from that
of the majority of the cell surface proteins accessible to iodi-
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nation with lactoperoxidase and 'L This class of externally
oriented proteins represents mainly non- or minimally glyco-
sylated molecules (5, 14), which turn over with a constant long
half-life of about 70-100 h (4, 23).

One-dimensional electrophoretic analysis at selected times
after labeling at the cell surface revealed that the radioactivity
was lost uniformly from most of the membrane proteins and
glycoproteins (4, 20). These findings and similar results in other
systems strongly suggest that the plasma membrane of mam-
malian cells is turned over as a unit, probably via interiorization
and fusion of the interiorized unit with a lysosome (12, 19).
However, an important question remains to be answered: Is
the entire molecule of any membrane glycoprotein destroyed
at one time or is the molecule subject to step-wise degradation
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or alteration? The latter mechanism could be the result of the
dynamic involvement of the plasma membrane during the
process of endocytosis and subsequent membrane recycling (8).

In this communication, we assessed the qualitative and quan-
titative turnover of individual membrane glycoproteins either
in cell surface-labeled or in metabolically labeled rat hepatoma
cells, using concanavalin A or antibodies to isolate the glyco-
proteins. We have also examined the turnover behavior of the
same glycoproteins after they were inserted in the membrane
of mouse L-cells. Using these approaches, we were able to
show that the polypeptide portion of some membrane glyco-
proteins is metabolically more stable than the carbohydrate
moiety. When the glycoproteins are transferred into a new cell
environment, their rate of degradation is a function of both the
turnover activity of the recipient cells and the stability of the
structure transferred.

MATERIALS AND METHODS

Cells:  Cloned lines of rat hepatoma tissue culture (HTC), Reuber H-35
rat hepatoma cells, and L-929 mouse fibroblasts were cultured as described
previously (4, 8).

Radioactive Labeling:  Cell surface proteins of intact HTC cells were
enzymatically labeled with neuraminidase-galactose oxidase-[*H]NaBH; (17) and
lactoperoxidase-Na "' (29) as described. To label terminal sialic acid residues of
cell surface glycoconjugates, we followed the procedure of Van Lenten and
Ashwell (30): HTC cells were treated first with 0.5 mM NaBH, for 5 min at 0°C
(4), and then suspended at a density of 5 X 10° cells/ml in phosphate-buffered
saline (PBS) containing 5 mM sodium metaperiodate. After a 15-min incubation
at 0°C in the dark, the cells were washed three times with PBS. The oxidized
products of the sialic acid residues were subsequently reduced by reaction of the
cells for 15 min at 0°C with ['H]NaBH, (6-9 Ci/mmol), using | mCi/m! of cell
suspension (5 X 10° cells/ml). Although this labeling procedure did not affect the
viability of the cells, when periodate concentrations higher than those indicated
were used the long-term viability of the cells was drastically reduced. The specific
tritium incorporation into the cell proteins was relatively low, ranging from 1 to
3 X 10* cpm/mg of total cell protein. When, immediately after labeling, the cells
were treated for 30 min at 37°C with neuraminidase (Vibrio cholerae, 0.02 U per
5 X 10° cells in | ml PBS), 60~80% of the tritium was specifically removed from
the cell protein fraction. In double-labeling experiments, the lactoperoxidase
treatment preceded the galactose oxidase treatment; but in the case of periodate
oxidations, the labeling of the carbohydrate moieties was performed before the
iodination. This was done so that the more difficult treatment of the two was
first, thus allowing assessment of the cell viability during the course of labeling.

Metabolic labeling of HTC cells was carried out by incubation of cells (7 X
10°/ml) for 24-72 h in medium containing either L-[6-*H]fucose (16.5 Ci/mmol;
5-15 ¢Ci/ml), or the combination of L-[6-*H}fucose or D-[2-"H)mannose (16 Ci/
mmol; 15 xCi/ml) and [*S]methionine (~1,000 Ci/mmol; 10 xCi/ml). Mono-
layers of H-35 cells and L-929 cells in 6-well plates (10 cm®) were labeled by
incubation in 1 ml of medium containing 80 uCi L-{6-*H]fucose for 24 h. After
labeling, cells used for tumover studies were washed three times with culture
medium and were incubated for 1 to 3 h at 37°C depending upon the precursor
used in culture medium, to allow cells to secrete most of the labeled secretory
glycoproteins (2) or to release surface adsorbed and labeled medium proteins.
Then, after an additional wash, HTC cells were suspended at a density of 0.5 X
10° cells/ml, and the monolayers (10 cm?) were covered with 2 ml of culture
medium. In both cases, the media contained 0.5 mM concentrations of the
corresponding, but unlabeled, monosaccharides (galactose, fucose, or mannose).
After 72-h incubation, the cell suspensions were diluted with equal volumes of
fresh medium and the medium over the monolayer was replaced. At the times
indicated in the figures, aliquots from the suspension culture or two monolayers
were used for the determination of trichloroacetic acid-soluble and -insoluble
radioactivity in the medium; the radioactivity in the cell protein and cell lipid
fraction was determined as described previously (4).

Immunological Procedures: Immunoaffinity chromatography was
carried out with goat immunoglobulins raised against the glycoproteins purified
by concanavalin A-Sepharose chromatography from the total membrane fraction
of HTC cells (3). Immunoglobulins (immune or preimmune) were covalently
linked to BrCN-activated Sepharose CL-4B (Pharmacia Fine Chemical; 5 mg
protein/g Sepharose) according to the procedure of March et al. (22). For
purification of the antigenic glycoproteins, the labeled cells were incubated for |
min at 0°C with culture medium containing 1% Nonidet P-40 (NP-40) and 1
mM phenylmethylsulfonyl fluoride (PMSF) at a constant cell density of 5 X 10°/
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ml. The lysates were cleared by centrifugation for 10 min at 2,000 g, followed by
60 min at 200,000 g. The supernatant fractions were passed in tandem through
a Sepharose CL-4B column (0.5 ml) and an immunoglobulin-containing column.
The proportions of cell extract to immunoadsorbant were maintained in the
linear range of binding. Then, the immunocolumns were washed with 50-100 vol
of 10 mM sodium phosphate pH 7.6 containing 1 M NaCl, 1% NP-40, and 0.1
mM PMSF. After a brief rinse with distilled water, >90% of the bound proteins
were eluted with 6 M guanidine-HCl in 100 mM glycine-HCI, pH 2.5, 1% NP-40
and 0.1 mM PMSF. After adjusting the pH to 7.4, the eluted fractions were
dialyzed against 0.1 M NH HCO and lyophilized. Comparative chromatography
of cell lysates showed that columns containing immobilized preimmune globulins
bound <2% of the radioactivity retained by columns with immune globulins.

Purification of Glycoproteins and Glycolipids: The total
membrane glycoproteins of HTC cells used for electrophoresis and in the transfer
studies were prepared by chromatography on concanavalin A-Sepharose exactly
as recently described (5, 8). The plasma membrane glycoprotein with M, = 85,000
and pl = 4 was purified from the concanavalin A bound fraction of metabolically
labeled HTC cells (3 X 10% in its calcium-mediated dimer form (M, = 175,000)
by preparative polyacrylamide gel electrophoresis as previously described (6).
This protein was also purified from celi-surface labeled cells (°H and ''I) by
hydroxyapatite chromatography (6). The fucogangliosides of H-35 cells were
purified as outlined by Baumann et al. (9).

Transfer of Glycoproteins and Glycolipids: Purified glycopro-
teins of HTC cells and fucogangliosides of H-35 cells were incorporated into
reconstituted phospholipid vesicles by the detergent dialysis method as reported
earlier (8). The protein-lipid ratio (wt/wt), however, was 1.7 instead of 1:4.
Fluoresceinated bovine serum albumin was entrapped by vesicle reconstitution
in the presence of 5 mg of the modified albumin/ml. The material was transferred
from the vesicles to L.-929 cells by fusion with the aid of polyethylene glycol 1000
as previously described (8). The sole modification consisted of using half the
amount of phospholipid vesicles (50 ug phospholipid and protein) for fusion into
5 % 10° L-929 cells.

Gel Electrophoresis:  The separation of the purified glycoproteins was
carried out by two-dimensional gel electrophoresis as described by O’Farrell (24).
The following proteins served as molecular weight markers: myosin (210 X 10%),
phosphorylase a (94 X 10%, albumin (68 X 10°), and ovalbumin (43 x 10°). The
radiolabeled pattern was visualized by fluorography (11). To determine the
radioactivity present in the separated proteins, selected spots were cut from the
dried gel according to the flurographic image. For background measurements,
portions were cut from the gels in areas which did not contain fluorographically
detectable protein spots. Except in experiments with dual isotopes ‘*1/'*I, the
gel pieces were rehydrated with 100 ul of water and then incubated with 1 ml of
NCS-tissue solubilizer (Amersham) and 10 ml of toluene-based scintillation fluid
at 37°C for 16 h under constant shaking. After acidification of the fluid and
storage of the vials for 24 h at 4°C, the radioactivity was measured in a liquid
scintillation counter with automatic quench correction (Beckman LS7500; Beck-
man Instruments, Inc., Fullerton, CA). Counting was routinely done for a
minimum of 10 min, or in samples with low radioactivity, until a counting error
of 1% was achieved. In experiments using the dual isotopes "H/*S, the spill-over
in the selected channels and quenching was verified by internal standards. The
contribution of ' to the *H counts was calculated on the basis of the loss of
counts during 8 and 16 d (1 and 2 half-lives of **'I). To measure "I and "1
isotopes, the gel pieces were counted in a Beckman Biogamma counter (Beckman
Instruments, Inc.).

RESULTS

Degradation of Cell-Surface Labeled
Glycoproteins in HTC Cells

After in situ labeling of the surface of HTC cells with **'T on
accesible tyrosine residues, and *H on accessible galactosyl and
galactosaminyl residues, or sialic acid residues, it was seen
during subsequent culture that the tritium label was lost more
quickly than the iodide marker (Fig. 1). This finding corrobo-
rates previous results obtained from cells labeled with tritium
or iodide alone (1) and indicates that one chemical modifica-
tion does not produce a gross alteration in the degradation
kinetics of the compounds labeled by the other treatment.
From Fig. 1, it appears that, in the plasma membrane, exter-
nally exposed polypeptide structures are more stable than the
carbohydrate structures. Iodination of the surface of HTC cells,
however, leads to the radioactive modification of mostly non-
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FiIGURe 1 Degradation of membrane proteins and glycoproteins in

double-labeled HTC cells. {A) HTC cells, 2.4 X 10°, were labeled at
their surfaces first with lactoperoxidase-Na "'t and then with neur-
aminidase-galactose oxidase-[*H]NaBH,4. (B) The same amount of
HTC cells were first treated with periodate-[*H]NaBH, followed by
lactoperioxidase-Na'®'l. To achieve lower radioiodination of the
proteins for better assessment of tritium counts, the Na "'l prepa-
ration was diluted 20-fold with nonradioactive Na '?71. After double
labeling, aliquots of the cell suspension {1 X 10° cells in 1 ml of
phosphate-buffered saline) were incubated for 30 min at 37°C in
the absence or presence of 0.025 U neuraminidase ( Vibrio chol-
erae). This treatment resulted in a specific removal of 69% of *H and
4% of '®'l from the cell protein fraction. The cells in A were
maintained in one suspension culture. Those in B were kept in two
separate cultures. The change in celi density during the chase period
shown was similar in all other turnover experiments performed on
HTC cells and reported here. The results in both panels are expressed
as mean values of duplicate determinations of each culture and are
related to 10 mi of original ceil suspension.

glycosylated proteins (28). It is, therefore, conceivable that the
polypeptide backbones of membrane glycoproteins, which con-
tain only about 10% of the iodide marker, are turned over at a
rate similar to that of the carbohydrate portion; but in Fig. 1,
this fact is masked by the total iodinated material.

To better assess the turnover of the glycoprotein structures,
we decided to measure the degradation kinetics of individual
glycoprotein species. To do that, we labeled HTC cells at the
tyrosine and galactose residues .The glycoproteins were puri-
fied from the cells 1 and 48 h after labeling by chromatography
on concanavalin A-Sepharose. The lectin-bound fractions were
then separated on two-dimensional polyacrylamide gels. As
shown in Fig. 2, the pattern of the double-labeled lectin
receptors remained qualitatively constant during the 48 h of
culture. The glycoproteins migrated generally to more basic
positions on the gels than did metabolically labeled glycopro-
teins (see below; and Fig. 4). As previously shown, this is a
result of neuraminidase treatment, which is performed to in-
crease the efficiency of tritium incorporation in penultimate
galactose residues (4). Next, the radioactivity present in each
of the ten major glycoprotein species identified was assessed.
The values from two separate experiments were then used to
estimate the apparent half-lives of the separated polypeptides
as well as the relative turnover of the iodide to the tritium
marker. Table I indicates that most of these proteins have
similar half-lives ranging between 17 and 24 h. However, 2
glycoprotein species show apparent half-lives which are longer
(glycoprotein 4) or shorter (glycoprotein 6) than the average.

In addition, Table I illustrates that terminal galactose residues
were lost from some, but not all, glycoproteins faster than the
polypeptide label (most notable are glycoproteins 1, 5, and 8).

The accuracy of the half-life determination in Table I is
dependent upon reproducible recovery from affinity chroma-
tography and from two-dimensional PAGE. To corroborate
that the half-lives calculated in Table I represent valid esti-
mates, we carried out an additional turnover experiment using
HTC cells labeled with *°I and '*'I (Table 1I). The advantage
of these two isotopes for measuring half-lives of polypeptides
in plasma membranes is that the values are not influenced by
variation in sample preparation and recovery from purification
steps (28). The half-life values obtained by this method (Table
II) agree with those in Table I. In both absolute and relative
numbers.

The glycoconjugates on the cell surface are amenable to
radioactive modification not only on their galactose residues
but also on their terminal sialic acid residues (Fig. 1 B). Both
protein-bound carbohydrates are lost during the first 48 h after
labeling at similar rates, but during the subsequent period
galactose residues appear to be more stable than the modified
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FIGURE 2 Degradation of plasma membrane glycoproteins of cell
surface-fabeled HTC celis. HTC cells, 6 X 107, were labeled at their
surfaces with '*'l and ®H as described in Fig. 1 A. After {abeling, the
washed cells were incubated in 100 ml of culture medium for 1 h to
remove surface-adsorbed and labeled proteins. After change of the
culture medium, one-half of the cell suspension was used immedi-
ately and the other half after 48 h in culture for purification of the
glycoproteins by concanavalin A-chromatography. The total lectin-
bound fractions (850,000 '*'I-cpm at 1 h; 230,000 *'l-cpm at 48 h)
were separated on two-dimensional gels. The fluorograph of the 1-
h pattern was obtained after 14 h of exposure, that of the 48-h
pattern after 2 d. The numbers indicate the spots chosen for radio-
activity measurements (see Tables | and I}).
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TaBLE |

Loss of Radioactivities from Double-Isotope-Labeled Plasma Membrane Glycoproteins of HTC Cells

Glycoprotein cpmat1h Ratio cpm at 48 h Ratio tis2

3H |3|I 3H/13|’ 3H |3|I SH/|3|’ h

Experiment
|
Total Con A-bound 73,000 240,700 0.34 16,560 55,120 0.30 22
fraction

Spot series 1 448 954 0.47 52 179 0.29 19
2 4,645 18,394 0.25 809 2,935 0.27 18

3 4,333 15,565 0.28 630 2,443 0.26 18

4 5,903 14,115 .42 1,891 5,396 0.35 35

5 2,574 6,602 0.39 302 1,258 0.24 20

6 4,509 21,068 0.21 264 1,115 0.23 11

7 391 1,739 0.23 53 189 0.28 15

8 1,512 9,779 0.40 354 889 0.28 23

9 9,480 17,733 0.55 1,288 2,639 0.48 18

10 379 924 0.41 43 146 0.29 18

Experiment
I
Total Con A-bound 115,680 174,880 0.66 23,426 43,382 0.54 24
fraction

Spot series 1 1,270 693 1.83 173 174 0.99 23
2 4,040 7,792 0.52 354 1,957 0.44 24

3 4,608 8,604 0.54 987 2,216 0.55 24

4 6,473 7,788 0.83 2,636 3,708 0.71 44

5 3,808 5,112 0.74 712 1,276 0.56 23

6 4,344 11,273 0.39 731 1,672 0.44 17

7 833 1,584 0.53 197 415 0.48 24

8 2,065 2,367 0.87 643 948 0.68 36

9 24,714 12,057 2.05 4,79 2,559 1.87 21

10 701 522 1.34 144 126 1.14 23

in two separate experiments (I and 11} using different preparations of enzymes and label, HTC cells were double-labeled at the cell surface with '¥'l {tyrosine
residues) and °H (galactose and N-acetyl galactosamine residues) as described in Figs. 1A and 2. The cellular glycoproteins were isolated by concanavalin A
chromatography 1 and 48 h after labeling. The recoveries of the protein-bound radioactivities from the lectin columns were 25-33% of *H and 5-8% of '*'l for the
1-h samples, and 27-30% of *H and 5-8% of '*'[ for the 48-h samples. The concanavalin A-bound fractions were separated by two-dimensional electrophoresis
{see Fig. 2). dentical areas of the gels containing the glycoproteins indicated in Fig. 2 were measured for ®H and '3'l radioactivities. All values for '*'} radioactivity
are calculated to the time point of the first measurements, i.e. 6 d after labeling. The half-lives, t,2, for the '*'I-labeled glycoproteins were calculated from the
loss of the total radioactivity determined in the selected gel pieces assuming decay with first-order kinetics during 48 h (see Fig. 1 A). The rate constants of

degradation, kg, was calculated from the equation:

CPMaragn = CPMar1n-€~**7" and used to determine the half-lives from the equation: ty,2 = In2/kg.

sialic acid residues (Fig. 1). Unfortunately, the low specific
activities obtained by the sialic acid labeling does not allow an
analysis of individual glycoprotein species as was done for the
galactose-labeled cells. It is, however, possible to demonstrate
a preferential loss of sialic acid residues from membrane gly-
coproteins. Variation in the number of sialic acids residues is
the major contributor to the charge heterogeneity of glycopro-
tein species (5). Removal of these residues would therefore
result in a more basic charge of the molecule which affects its
migration on a two-dimensional polyacrylamide gel. We will
qualitatively demonstrate (below), with metabolically labeled
cells, that some membrane glycoproteins do actually lose sialic
acid residue preferentially (see Fig. 6).

Degradation of Membrane Glycoproteins in
Metabolically Labeled HTC Cells

There are only a few techniques available which allow
radioactive modification of specific cell surface carbohydrate
residues. Therefore, to analyze the turnover kinetics of other
residues we have to resort to metabolic labeling. The incor-
poration of radioactive precursors such as [**S]methionine,
[*H]fucose or [*H]mannose into membrane glycoproteins has
the advantage that the metabolic stability of the molecules is
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not changed by this type of labeling, which is not necessarily
the case in cell surface-labeled molecules. Metabolic labeling,
however, has the intrinsic problem of reutilization of the pre-
cursor (1). To minimize this, we added large excess of unlabeled
precursors to the culture media during the chase periods.

We chose [*Hlfucose as a radioactive precursor for specific
labeling of glycoproteins, because this monosaccharide is in-
corporated with high efficiency into intrinsic membrane pro-
teins (5, 20) and does not show any significant metabolic
conversion (9, 28). Studies on subcellular localization have
indicated that the labeled glycoproteins were present not only
in the plasma membrane but also in intracellular membranes
(5, 13). However, the qualitative and quantitative composition
and the turnover kinetics of the glycoproteins of both the
intracellular membrane and the plasma membrane are very
similar (5, 12, 13, 14, 28). Therefore, we used the total cellular
glycoproteins (denoted as “membrane glycoproteins”) for turn-
over studies.

Total cellular glycoproteins of [*H]fucose-labeled HTC cells
follow degradation kinetics similar to those of plasma mem-
brane glycoproteins labeled at their sialic acid residues (com-
pare Fig. 3 with Fig. 1B). The loss of the protein-bound
radioactivity can be attributed mostly to degradation of the
glycoproteins to small molecular weight material, detected as



TaBLE 1
Half-Lives of Cell Surface Glycoproteins of HTC Cells

Isotope ratio "3'1/'2%]
Glycoprotein M, Oh 48 h 48 h B2
X 1073 Co-culture h
Total Con A-bound 1.87 193 0.52 25
fraction
Spot series 1 180 19  2.01 0.43 21
2 110 191 222 04 19
3 95 1.70 1.95 0.44 22
4 75 2.10 1.70 0.71 37
5 65 1.97 185 039 21
6 50 164 164 021 16
7 120 173 1.94 0.37 20
8 80 174 1.61 049 = 27
9 85 200 192 047 23
10 75 1.63 1.68 0.40 23

HTC cells, 1 x 10°, were suspended in 30 ml of PBS and treated with
neuraminidase (Vibrio cholerae, 0.02 IU/ml) for 15 min at 37°C. This treatment
was performed to render the surface glycoproteins comparable to those
labeled and analyzed in Fig. 2. Then, one-half of the cell preparation was
labeled wih 10 mCi of '*'] {identical to that of Experiment il in Table I} and
the other half with 4 mCi of %1 (29).

From the '#°|-labeled cells, one-third was frozen immediately; another
third was combined with equal amounts of '*'I-labeled cells and frozen
immediately as well (0-h time point}, and the last third together with one-
third of "*"i-labeled cells was suspended in 50 m| of medium and cultured for
48 h (48-h co-culture; control for equal degradation of both labeled proteins).
The remaining third of the '*'I-labeled cells was cultured in 25 m! of medium
for 48 h and then combined with the aliquot of '#I-labeled cells frozen at 0
h (48-h time point). The glycoproteins were simultaneously isolated by
concanavalin A chromatography and separated by two-dimensional electro-
phoresis, yielding essentially the same pattern as in Fig. 2. The radioactivities
of the two isotopes in the glycoprotein species 1-10 were determined and
expressed as the ratio of '*'1/'2% (for the relative distribution of the '*'f
radioactivity see Table 1, Experiment Il). The half-lives were determined by
using the ratio values from the 0- and 48-h time points {28).

acid-soluble radioactivity in the culture medium. To follow the
fate of individual species, especially with regard to the relative
turnover of the polypeptide and carbohydrate moieties, we
have used cells labeled with both [*S]methionine and [*H]-
fucose. Because the use of [**S|methionine leads to a labeling
of all cellular proteins, we purified the membrane glycoproteins
by chromatography on concanavalin A-Sepharose. As shown
by the analysis in Fig. 4, both precursors are incorporated into
essentially the same glycoproteins. The [**S]methionine pattern
reveals, however, some additional minor spots not present in
the [*H]fucose pattern. That these proteins also represent gly-
cosylated products can be demonstrated by the comigration of
[*H]mannose-labeled and concanavalin A-purified proteins
(results not shown). When double-labeled cells were cultured
over 72 h, measurements of the isotopes in the total lectin-
bound fraction revealed that the polypeptide marker was lost
more slowly than the carbohydrate marker (Fig. 5 A), resulting
in a decline of the isotope ratio *H/*S from 0.60 to 0.38 over
this time period. This finding suggests that either fucose-resi-
dues are removed preferentially from the glycoprotein mole-
cules or that the concanavalin A bound fraction is a mixture of
glycoproteins having different *H/*S ratios and at the same
time different half-lives. Furthermore, we cannot rule out that
even under our culture conditions reutilization of the labels
contributes to the difference in the turnover measurements.
To find a more conclusive answer, we had to analyze indi-
vidual glycoproteins. Because the separation of the concana-
valin A-bound glycoproteins on two-dimensional polyacryl-
amide gels resulted in a most complex pattern (Fig. 4), we

selected a single glycoprotein which is cleanly separated by
electrophoresis and migrates with a molecular weight of 175,-
000 in its calcium-dependent dimeric form. This glycoprotein
is indicated as gp175 in Fig. 4 and is identical to the monomeric
form labeled as spot 9 in Fig. 2. Quantitation of the **S and *H
radioactivites in the gpl75 spot showed that the polypeptide
marker was lost about half as fast as the carbohydrate marker
(Fig. 5B). The apparent half-life of the [**S]methionine in
gpl75 is 26 h while that of [*H]fucose is only 17 h. Moreover,
the degradation of the gp175 polypeptide appears to be slightly
faster than that of the total lectin-bound fraction (Fig. 5 4),
but slower than that of the same protein labeled with **'I on
the cell surface (Tables I and II). When the turnover of the
carbohydrate markers in gpl75/85 is compared by following
the change in the relative isotope ratios during the chase period
(Fig. 5 B and Table I}, we noted that the fucose residues are
relatively less stable than the galactose residues.

In the above experiments, we used affinity chromatography
on concanavalin A-Sepharose as a means of purifying glyco-
proteins. Therefore, we have analyzed a subset of the total
glycoproteins which are selected on the basis of their specific
structures of terminal carbohydrates. If, during its life time, a
membrane glycoprotein undergoes modification of terminal
carbohydrate moieties resulting in the loss of lectin affinity, we
would miss these turnover products. To qualitatively assess
whether such structural modification of membrane glycopro-
teins of HTC cells occurs, we chose immunoaffinity chroma-
tography using polyspecific antibodies prepared against gly-
coproteins purified by concanavalin A from the total mem-
brane fraction of HTC cells (3). We labeled HTC cells with
[*H]fucose and isolated the antigens at various times during the
chase period. The two-dimensional polyacrylamide gel patterns
depicted in Fig. 6 show two new findings regarding the turnover
of membrane glycoproteins: (@) During the chase period, some
glycoprotein species demonstrate a progressive shift toward the
basic side. This is most noticeable in the two protein spot series
marked with / and 2 in Fig. 6. This change in charge is
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FiGUrRe 3 Degradation of the total fucoglycoproteins and fucogly-
colipids in HTC cells and H-35 cells. HTC cells and H-35 cells were
metabolically labeled with [*H}fucose 15 pCi/ml for 72 h and 24 h,
respectively. At the times indicated, two 10-ml aliquots of the
suspension HTC cells and two monolayers of H-35 cells were used
for determination of the radioactivity present in the cell proteins
and cell lipids. The data for HTC cells represent mean values of
duplicate determinations. Those for H-35 cells represent the meas-
ured values for each monolayer.

BaumanN, Hou, anD {anrtis  Degradation of Membrane Glycoconjugates 143



MoL Wr
x1073

gp 175 —» ——9
Ll
94+ =
Z
68+ 9
I
. —
43+ w
- : = FiGURE 4 Two-dimensional electrophoresis pat-
” w tern of metabolically labeled membrane glycopro-
25+ _— - 0 teins of HTC cells. HTC cells were labeled with
- L [**SImethionine (15 pCi/ml) and [*H]fucose (15
. -_ uCi/ml) for 72 h. The glycoproteins were purified
BPB+ by concanavalin A-sepharose chromatography
from the total cell membrane fraction. Aliquots of
the lectin-bound fraction containing 400,000 acid-
insoluble cpm were separated by two-dimensional
PAGE asin Fig. 2, and the radioactive patterns were
94+ w visualized by fluorography.
7y}
68+ @)
&
. -
43~ w
(|
I
25+ 2.
BPB+ J
A B probably caused by the loss of sialic acid residues, since neur-
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EOA» :; ’n&: charge of these proteins (data not shown). (b) During the chase
L S period, the appearance and accumulation of new antigenic
* "SIMethionine | |1 ‘}60 glycoproteins take place. Two examples we have labeled as 3
o [’H]Fucose . . . s
Jeo and 4 in Fig. 6. The spot series 3 represents a glycoprotein form
. that does not bind to concanavalin A and, therefore, does not
appear on the gel pattern of steady-state labeled glycoproteins
’ o (Fig. 4). Future experiments should show whether these new
’ S;) antigens are metabolically stable proteolytic degradation prod-
= ucts of membrane glycoproteins and, if so, from which pulse-
& labeled glycoprotein they derive.
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FiGure 5 Relative degradation of polypeptide and carbohydrate
labels in lectin-purified glycoproteins of HTC cells. HTC cells, 2.5
X 10°%, were metabolically labeled with both [**S]methionine and
[*H}fucose (15 uCi/ml) for 72 h. The washed cells were incubated
for 3 h in 300 m! of culture medium. Then, the cells were collected
again and resuspended in 400 mi of medium. After the time indi-
cated, duplicate aliquots of 40 ml of cell suspension were removed
and the proteins from the cell membrane fractions were purified by
concanavalin A chromatography. (A) One-fourth of the lectin-
bound material equivalent to 10 ml of cell suspension was used to
determine the protein associated radioactivities. ( B) The remaining
portions of the lectin-bound fractions were separated on two-di-
mensional gels as in Fig. 4. Identical areas of the gels, containing the
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The above approach to the analyses of glycoprotein degra-
dation, like that described by others (16, 20), relies on the

preservation of most, if not all, of the antigenic determinants

or lectin binding properties of the molecules of interest
throughout the course of their catabolism. In an attempt to
circumvent this problem, we applied another technique to
analyze the degradation of membrane glycoproteins. The gly-
coproteins were purified from the membranes of suitably la-
beled cells, they were then incorporated into reconstituted lipid
vesicles, and the vesicles were transferred to the plasma mem-

spot of gp175 (indicated in Fig. 4), were cut out and the two isotopes
were measured. The results in both panels represent the values of
each dupiicate determination.
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FIGURE 6 Degradation of fucose-labeled antigens of HTC cells.
HTC cells, 5 X 107, were labeled with [*H]fucose {15 pCi/ml) for 24
h. The washed cells were incubated for 2 h in culture medium at a
ceil density of 5 X 10° cells/ml. The medium was changed again
and after 0 h (A), 24 h (B), and 72 h (C) the cells from 20 m{ of
culture suspension were used for isolation of the labeled antigens
by immunoaffinity chromatography as described in Materials and
Methods. The total immunogliobulin-bound fractions were sepa-
rated by two-dimensional gel electrophoresis. The fluorographs
shown were obtained after exposure times ranging from 2 to 4 d.
The numbers 7 and 2 indicate those spot series of glycoproteins
whose charge heterogeneity shifted to the basic side and numbers
3and 4indicate glycoprotein species which appear and accumulate
during the chase period.

brane of an unlabeled cell. Fibroblasts were chosen over hep-
atoma cells as recipient cells because of their high plating
efficiency. Previously, we have demonstrated the proper inser-
tion of membrane glycoproteins of HTC cells into reconstituted
phospholipid vesicles and subsequent transfer onto the mem-
brane of L-929 cells (8). The conditions used in these previous
experiments, however, were not optimal, because the recipient
cells released a large portion of the transferred glycoproteins in
nondegraded form into the medium.

We have since improved the conditions for®transfer of gly-
coprotein simply (a) by reducing the relative amount of gly-
coproteins incorporated into vesicles and (b) by using fewer
vesicles per cell for fusion (see Materials and Methods for
details). Under these new conditions, most of the glycoprotein-
carrying vesicles appear to be fused to the recipient cells and

do not simply adsorb to the surface of the fibroblasts. This can
be visualized by using vesicles containing entrapped fluores-
cein-labeled albumin for fusion (Fig. 7). The cytoplasmic dis-
tribution of the fluorescence and with the low number of
surface-bound-fluorescent spots suggests a high efficiency of
authentic fusion events. It is notable, also, that not every cell
contains the same amount of vesicle material.

We applied this improved technique to transfer double-
labeled membrane glycoproteins from HTC cells to L-929 cells.
To do this, we purified the membrane glycoproteins from HTC
cells, labeled with [**S]methionine and [*H]fucose (see Fig. 4),
incorporated the proteins into reconstituted phospholipid ves-
icles, and fused the proteoliposomes with L-929 cells. Measure-
ments of the radioactivity in the cells and recovered in the
medium indicates that most of the transferred glycoproteins
are degraded in L-cells to acid-soluble material, as occurs in
HTC cells (compare Fig. 3 with Fig. 8). The half-life for the
degradation of the [*H]fucose in the glycoprotein is about 46 h,
roughly 10 h longer than that for in HTC cells (Figs. 3 and
5A4). The loss of S from the cell protein fraction during the
chase period shown in Fig. 8 is 2 times slower than the loss of
3H (ratio *H/*S decreases from 0.37 to 0.18) over the course of
the experiment. The endogenous fucoglycoproteins of the L-
929 cells are degraded at a somewhat slower rate (t12 = 60 h)
than the transferred HTC cell products (Fig. 9 4).

These data raise a question: Is the metabolic stability of the
transferred molecules really the same as in the original cells or
is it affected by the new cellular environment? To test this, we
have chosen for transfer two membrane components which
differ in their metabolic stability. Glycolipids, such as the
fucogangliosides of Reuber H-35 cells (9), are found to be
much more stable (t,» > 200 h) than membrane glycoproteins
(t12 = 30 h) (Fig. 3). We purified the fucogangliosides from
[*H]fucose-labeled H-35 cells and transferred these molecules,
via reconstituted vesicles containing nonlabeled membrane
glycoproteins of HTC cells, to L-929 cells. As shown in Fig.
9 B, the degradation of the fucoglycolipids after transfer is quite
distinct from that of the fucoglycoproteins of HTC cells (Fig.
8). The half-life of the transferred glycolipids is the same in L-
cells as in the source H-35 cells (Fig. 3). In addition, the rate of
degradation is not different from that of the endogenous radio-
active compounds present in the lipid fraction of L-929 cells
labeled with [*H]fucose (Fig. 9 A).

A preferential removal of the carbohydrate marker was
found to take place in a complex mixture of transferred gly-
coproteins (Fig. 8). The question is: Do any individual glyco-
protein species behave similarly? In the experiment shown in
Fig. 5, we noticed that the fucose-rich glycoproteins with M,
= 85,000 (gp85/175) are subject to preferential loss of the
fucose residues. Furthermore, gp85/175 offers the advantage
that it can be purified in amounts sufficient for reconstitution
and transfer studies. To carry out a transfer of this glycoprotein
to L-929 cells and to follow its degradation, we isolated the
dimeric form of this gp85/175 from HTC cells labeled both
with [**S]methionine and [*H]fucose. The radioactive purity of
the final preparation is demonstrated in Fig. 10. The glycopro-
tein was incorporated into reconstituted phospholipid vesicles
and then transferred into the plasma membrane of L-929 cells.
There, the loss of both isotopes from the cell protein fraction
was determined (Fig. 114). In two independently conducted
experiments, a preferential loss of ["H]fucose was found, which
is comparable to that in HTC cells (see Fig. 5 B). Differing
from the degradation kinetics in HTC cells, however, are the
relatively long half-lives of both the polypeptide and carbo-
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FIGURE 7 Fusion of L-929 cells with reconstituted vesicles containing entrapped fluoresceinated albumin. L-929 cells (8) 5 x 108
were fused with reconstituted vesicles containing 50 ug phospholipids plus nonlabeled membrane glycoproteins of HTC cells (7:1
weight ratio). Fluoresceinated albumin was entrapped within the vesicles during reconstitution. Control cells ( A) were first exposed
to the fusogen, then to the vesicles as described previously (8). immediately after fusion and washing, the cells were analyzed
under a Leitz fluorescence microscope. Left, light microscopic picture. Right, fluorescent image of the same cells.

hydrate markers (see summary in Table III). To verify the
validity of our measurements by using molecules labeled at
other residues, we prepared the same gp85/175 from HTC cells
cultured in the presence of [**S]methionine and [’HJmannose.
This glycoprotein preparation was transferred onto L-929 cells
in the same manner as the fucose-labeled one. As shown in
Fig. 11 B, the methionine/mannose-labeled protein has a half-
life similar to that of the methionine/fucose-labeled protein
(Fig. 124). This time, however, no preferential loss of the
carbohydrate marker was detectable. This property conforms
to the turnover of the similarly labeled protein in HTC cells
(data not shown, see Table III).

Above (Tables I and II, and Fig. 5 B), we have described
that gp85/175 labeled on the cell surface has a slightly shorter
half-life than the same protein labeled metabolically. Whether
this phenomenon is a consequence of the chemical modification

146 THE JOURNAL OF CELL BroLOGY - VOLUME 96, 1983

of the molecule or of the exclusive subcelular localization of
the labeled protein is not known. By bringing the glycoprotein
from surface-modified cells into the same cellular environment
as the metabolically labeled protein, we might at least assess
the metabolic stability of that glycoprotein. Therefore, we
isolated gp85/175 from HTC celis labeled with lactoperoxi-
dase-"*'I and neuraminidase-galactose oxidase-[’H]NaBH, and
transferred the glycoprotein, via reconstituted vesicles, onto L-
929 cells (Fig. 12). The protein now follows closely the degra-
dation kinetics of the methionine-labeled protein (Fig. 11). The
measurements of the isotope ratios indicate that the labeled
galactose residues are lost from the protein only slightly faster
than the "*'I label.

In Table III, we have summarized the half-life values for
radioactive residues in the glycoproteins native to HTC cells
and after their transfer to L-929 cells. These measurements, in
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FIGURE 8 Degradation of double-labeled membrane glycoproteins
of HTC cells in L-929 cells. HTC cells were labeled with [**S]methi-
onine and [*H]fucose for 72 h as described in the experiment shown
in Fig. 5. The double-labeled glycoproteins were purified by con-
canavalin A-Sepharose chromatography from the total cell mem-
brane fraction. From the final double isotope-labeled preparations,
50 ug of glycoproteins, with specific activities of 4.1 X 10° cpm/ug
protein and 11.8 X 10* cpm/ug protein for the *H and 3°S, respec-
tively, were combined with 400 ug of phospholipids for vesicle
reconstitution. One-half of the resulting vesicles were fused with
2.5 x 107 L-929 cells, the other half was used for treatment of the
control cells. The cells of each batch were plated into eight 3.5-cm
dishes. After 16 h, the media and nonadhered cells were removed
and 2 ml of fresh culture media were added to the cultures. The cell
monolayers were now used for determination of the radioactivity
present in the acid-soluble and insoluble fractions of the medium
and in the cell protein fraction. The values per culture dish of the
experimental cells are shown. The presentation of radioactivity
associated with the control cells is omitted due to the low values
(at 16 h after fusion; the control cells contained only 7% of the acid
insoluble radioactivity of the experimental cells). At anytime the
radioactivity present in the acid-soluble fraction of the cells did not
exceed 1% of the total cell-associated radioactivity.

conjunction with the qualitative assessment of changes in the
glycoprotein structures during the turnover, suggest that the
various membrane glycoprotein species are generally broken
down uniformly, regardless of molecular weight or charge. The
compiete degradation of the individual molecules to acid-sol-
uble material, however, does not always occur at once but can
occur in a certain temporal sequence. Two elements were
recognized: proteolytic fragmentation, with accumulation of
stable products; and preferential loss of terminal carbohydrate
units such as fucose or sialic acid residues.

DISCUSSION

In this manuscript, we tried to evaluate the usefulness of the
technique of insertion of membrane components into the
plasma membrane of a different cell as a means to analyze the
degradation pathway of specifically labeled glycoconjugates.
Previously, the major techniques for studying plasma mem-
brane turnover have involved chemical or enzymatic labeling
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of cell surface components or metabolic pulse labeling of cells
with amino acid or sugar precursors. The loss of the label from
the cells (4, 28), from isolated membrane fractions (13, 19), and
from specific membrane components recovered by specific
immunoprecipitation (16, 20) or immobilized lectins (4, 21)
was used to assess turnover properties. Each of the methods
has certain disadvantages: Chemical modification of surface
components might alter the metabolism of the modified con-
stituents and affect their stability. Or, when metabolic labeling
is used, reutilization of labeled precursor(s) is a distinct possi-
bility. If cell fractionation is a prerequisite step in measuring
the turnover of membrane constituents, the lack of purity of
membrane fractions and variable recovery can be a problem.
Furthermore, the degradation of the plasma membrane, or of
any cellular membrane, probably occurs preferentially in the
lysosomal compartment (12), the consequence of which is a
constant redistribution of membranes in other parts of the cell.
Turnover measurements on membrane fractions purified by
procedures whose goal is high purity discount, therefore, all
those (plasma) membrane proteins and their metabolic inter-
mediates present in other cellular compartments at the time of
cell fractionation. When degradation of membrane proteins is
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FIGURE 9 Degradation of endogenous fucoglycoproteins and fu-
colipids in L-929 cells. ( A) L-929 cells were trypsinized from mono-
layer and then exposed to polyethyiene glycol under conditions
similar to those for cells used for fusion studies. The cells were
plated in 3.5-cm dishes and labeled for 24 h with [{*H]fucose (5
umCi/ml). After washing of the cells, the amount of radioactivity
present in the culture medium and in cell protein and the cell lipid
fraction was determined. After 72 h, the culture medium in the
remaining dishes was replaced. (B) [*H]fucogangliosides isolated
from H-35 celfls (3 x 10° cpm) were combined with 50 ug of
nonlabeled membrane glycoproteins purified from HTC cells and
400 ug phospholipids for vesicle reconstitution. The resulting vesi-
cles were fused into 1-929 cells and the cells were subsequently
cultured as those in Fig. 8. Only the cell lipid-associated radioactiv-
ities were determined. Sixteen hours after fusion, control cells
contained 1,200 cpm per monolayer, representing 6% of the values
of the experimental cells. In both panels, the data shown are the
values per culture dish.
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FiGurRe 10 Gel electrophoretic analysis of the dimer glycoprotein
with M, 175,000 purified from double-labeled HTC cells. HTC cells
(3 X 10°%) were labeled for 72 h with [3*S]methionine and [*H]fucose
as in Fig. 5. The glycoproteins from the membrane fractions of these
cells were prepared by concanavalin A-Sepharose chromatography.
The acid glycoprotein with M, 85,000 was purified from that fraction
as the Ca®*-promoted dimer with M, 175,000 as described (6).
(A) One-dimensional separation on 7.5% polyacrylamide of aliquots
containing 25,000 cpm of the final glycoprotein preparation before
reconstitution { 7and 3) and after insertion into reconstituted vesicle
used for fusion in Fig. 11 A, preparation Il (2). In lane 7, the sample
is in the presence of 10 mM Ca®*; and in lane 3, the sample, same
as 71, is in the presence of 10 mM EGTA. In lane 2, there are no
additions to the sample. {8) A sample identical to that in lane 7 of
A is separated on a two-dimensional gel. The fluorographs were
obtained after one month of exposure.

determined by isolating specific components with antibodies of
lectin (Figs. 3, 6, and 7), the accuracy of the results relies
entirely on the preservation of the antigenic determinants or a
stable lectin-binding site. Membrane components which have
undergone a loss or alteration of these sites would, of course,
escape detection.

The combined results of the turnover measurements (Table
I-I1I), nevertheless, suggest that the polypeptide backbone of
some membrane glycoproteins is at least twice as stable as the
carbohydrate moiety, depending on the carbohydrate marker
used. The technique of transfer of membrane components in
reconstituted vesicles is a method which allows the measure-
ment of the degradation rate of glycoproteins without the need
of cell fractionation of specific precipitation, without the loss
of intermediate forms, and without significant problems of
label reutilization. The latter is concluded from the observation
that, at any given time after transfer of labeled membrane
components, not more than 1% of the cell-associated radioac-
tivity was found to be present in the precursor pool of the cell
(Fig. 8). This technique is, however, not without problems. As
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we indicated previously (8) and in Fig. 12, the major drawback
is that only a 70-90% rightside-out orientation of the membrane
glycoproteins in the reconstituted vesicles can be achieved.
Some of the transferred glycoproteins, therefore, will assume a
reversed orientation within the recipient plasma membrane.
We do not yet know the consequences of reversed orientation.
Furthermore, there is always an uncertainty about the extent
of fusion as opposed to adhesion, even though fluorescent
transfer of encapsulated proteins (Fig. 7) indicates high effi-
ciency of the former process. Despite these, the results obtained
in Figs. 8, 9, 11, and 12 demonstrate the usefulness of the
method and corroborate the observation that the polypeptide
portion of some glycoproteins is broken down slower than the
carbohydrate moiety.

We limited our analyses in this report mainly to the markers,
methionine, galactose, mannose, and fucose. The question
arises as to whether other monosaccharides, such as the distal
sialic acids or the proximal N-acetyl-glucosamines of glycopro-
teins, follow the same degradation pattern as fucose or a pattern
closer to mannose, galactose, or that of the polypeptide marker.
Kreisel et al. (21) reported that a- glycoprotein with M, =
110,000, present in the liver plasma membrane and labeled in
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FiGurRe 11 Degradation of metabolically labeled gp85/175 of HTC
cells in L-929 cells. { A) The glycoprotein gp85/175 was purified
from two different batches of HTC cells labeled for 72 h with
[®*S]methionine and [*H]fucose. Both preparations, | and 1!, showed
the same radioactive purity as illustrated in Fig. 10. Gp85/175 of
preparation I, containing 710,000 *H-cpm and 40,000 %S-cpm, and
preparation |1, containing 250,000 *H-cpm and 34,000 33S-cpm, were
each combined with 200 ug of phospholipids for vesicle reconsti-
tution. The resulting vesicles (see also Fig. 10 A, lane 2), containing
in incorporated form 68% and 80% of the initially added glycopro-
tein, respectively, were fused with 1.6 to 2 X 107 L-929 cells. The
celis were then plated into four 10-cm dishes. After 16 h, the media
{15 ml) were changed. At the times indicated, one dish was used for
determination of the radioactivities associated with the cell proteins.
(B) Gp85/175 was purified as thatin Fig. 10 but using the membrane
fraction from 3 X 108 HTC cells labeled for 72 h with [**S]methionine
(15 pCi/mi) and [*H]mannose (15 uCi/ml). The glycoprotein with
180,000 ®*H-cpm and 20,000 ®*S-cpm was transferred onto L-929 cells
and its degradation there was determined as described in A.




vivo, appears to have lost terminal carbohydrates, fucose, and
N-acetyl-neuraminic acid, much faster than the polypeptide
markers, methionine and arginine.

Differential degradation of the glycoprotein structure, if true,
has important implications to the mechanisms of general mem-
brane biosynthesis and turnover. When a plasma membrane,
such as that of an HTC cell, is involved in endocytosis, it will
encounter the lysosomal compartment at some point (7) and
will be in contact with lysosomal enzymes. It is conceivable
that the incoming membrane glycoproteins are exposed both
to proteolytic and to glycolytic degradation reactions. As pro-
posed by different groups, these surface-derived membrane
packages, modified or not, can leave the lysosome compartment
again and will recycle back to the surface (12, 25-27). Because
several reports indicate that endocytotic vesicles (or recycling
vesicles?) are found also in association with Golgi or GERL
structures (10, 18, 23), an exposure of the surface-derived
membrane components to the enzymatic activities of these
organelles is also possible. Whether repair of the glycoproteins
with terminally damaged carbohydrate structures takes place
at this point is not known. As Fig. 2 indicates, however, there
is no readdition of sialic acid residues to neuraminidase-treated
surface glycoproteins, because no detectable acidic shifts in
charge of the proteins are detectable even after 48 h in culture.
If such a repair mechanism is nonexistent or minor, the mem-
brane will accumulate underglycosylated or even deglyco-
sylated fragments of glycoproteins. This would explain the
relatively large concentration of slowly turning over, nongly-
cosylated proteins on the cell surface of HTC cells and L-929

TaBLE i1

Summary of the Half-Lives of the Labeled Residues in HTC
Cell Proteins

Labeled residue Fraction ty2*
h
HTC celis:
3| Tyrosinet Total cell protein 70, 87
Con A bound 25, 24, 22
gp85/175 23, 21,18
[3*SiMethionine§ Tota! cell protein 56, 73
Con A bound 34,35
gp85/175 26, 28
[*H]Mannose§|| Total cell protein 26
Con A bound 24
gp85/175 26
[*H]Galactoset Total cell protein 23,24
Con A bound 20, 22
gp85/175 16, 20
[*H]Fucose§ Total cell protein 19
Con A bound 23
gp85/175 17
[®H]Sialic acid} Total cell protein 19
Con A bound 21
gp85/175 Transferred onto
L-929 cells:
31| Tyrosinet 42
[**S]Methionine§ 25, 43, 47
[*H]Mannose§ 43
[*H]Galactoset 34
[*H]Fucose§ 20, 23

* Apparent half-lives were determined on the basis of loss of radioactivity
during the first 48 h of the chase period (see corresponding figures). Values
of independently conducted experiments are shown.

1 Chemically labeled.

§ Metabotically labeled.

{i Data not presented.
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FIGURE 12 Degradtion of
gp85 from cell surface-la-
beled HTC ceils in L-929
cells. HTC cells, 4.5 x 10°,
were labeled with lacto-
peroxidase-Na  '*'1 (10
mCi) and neuraminidase-
galactose oxidase-[°H]-
NaBHs4 (75 mCi). The gly-
coproteins were prepared
from the totai cell mem-
brane fraction by concan-
avalin A chromatography.
Gp85 was purified from the
lectin-bound material by

20 40 60 8O chromatography on hy-
HOURS AFTER FUSION droxyapatite as described
(6). The final preparation, containing 330,000 *H-cpm and 170,000
31 _cpm, was mixed with 400 pg of phospholipids, in 1 ml of
deoxycholate buffer (8). After reconstitution of the vesicles, one-
tenth of the final vesicle suspension was used to assess the orienta-
tion of the labeled protein within the vesicle membranes. The
aliquot of vesicle suspension was diluted to 1 ml with PBS not
containing any protease inhibitor and dialyzed for 24 h against the
same buffer. Then, the dialyzed sample was divided in half and
incubated for 1 h at 37°C in the presence or absence of 10 ug of
trypsin. The treated vesicles were isolated by isopycnic centrifuga-
tion (6). The measurements of the vesicle-associated radioactivity
indicated that protease has specifically removed 83% of ®*H cpm and
58% of '*'l-cpm. The remaining nine-tenths of the reconstituted
vesicles were used for fusion into 4 X 107 -929 cells. The cells were
plated into eight 10-cm dishes and cultured as those in Fig. 11. At
the times indicated, two dishes were used for determination of the
radioactivities associated with the cell proteins. The results of each
culture dish are represented; the '*'1 radioactivities were calculated
to the zero hour values.
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cells (4, 8, 15, 28) as well as the enhanced presence of new
antigens in Fig. 6. If, indeed, membrane glycoproteins are
subjected to faster degradation than nonglycosylated proteins,
the cell has to compensate for this preferential loss by a
relatively higher rate of synthesis of certain membrane com-
ponents in order to maintain a steady-state level.

The technique described in this report offers an opportunity
to elucidate the exact catabolic fate of membrane glycoconju-
gates. The transfer of chemically well-defined and appropri-
ately labeled membrane components into a nonlabeled cell
environment will allow the determination not only of the
subcellular redistribution of the transferred species but also of
any ongoing biochemical alterations of the transferred mole-
cules.
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