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Abstract- - -The molecular weight distribution and Concanavalin A binding properties of 
labeled glycopeptides and glycoproteins from cell surface membranes, the cytoplasmic fraction 
and culture media were studied in human fetal and neoplastic colonic cells. Cells were labeled by 
culturing cells in the presence of [ 14C] -or [ 3H]-labeledgluc0samine or fucose. Both fucose and 
glucosamine were incorporated into the membrane glvcoprotein fraction of the colonic cancer 
cells to a much lesser extent than into fetal cells. The elution profile obtained from B io-gel P- 150 
column chromatography indicated that colonic cancer cell membranes contain fucose- and 
glucosamine-labeled, trypsin labile, high molecular weight glycopeptides not present in fetal 
cells. Affinity chromatographic studies of membrane glycopeptides using agarose-bound 
Concanavalin A also indicated that cell surface membranes from fetal and cancerous colonic cells 
contain not only glycoproteins of different molecular weights, but glycoproteins having different 
oligosaccharide side chains. These results indicate that there are significant quantitative and 
qualitative differences in cell surface glycoproteins between fetal and cancerous intestinal cells. 

I N T R O D U C T I O N  

CONSIDERABLE alterations in cell surface glyco- 
proteins and glycolipids have been reported 
to occur in cells transformed in vitro by onco- 
genie viruses [1-10]. However, relatively little 
information is available on the surface mem- 
brane components of spontaneously occurring 
tumors particularly those consisting of epi- 
thelial cells, which account for most human 
tumors [11]. When membrane fractions pre- 
pared from human colonic epithelial cancer 
tissues and normal adjacent tissues were stu- 
died, a significant loss of blood group activity 
was observed in the tumor tissues concomitant 
with alterations in the reactivity against some 
lectins [12]. A marked reduction in the con- 
tent of some carbohydrate moieties of glyco- 
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proteins was also observed in the membrane 
fraction of tumor tissues [12, 13]. 

There is suggestive evidence that cancer 
cells are similar to fetal cells with regard to 
antigenic expression and isoenzyme patterns 
[4, 14-17]. Since little is known about the cell 
surface membrane properties of intestinal epi- 
thelial cells from human fetal and colonic 
adenocarcinoma, and because of the increased 
interest in oncodevelopmental changes in anti- 
genic and metabolic properties of cancer cells 
[14-17], we have chosen to study the cell 
surface components of these human intestinal 
cells [12, 13]. 

In the present study we have investigated 
physical, chemical and some immunochemical 
properties of the surface membrane glyco- 
proteins from well characterized epithelial cell 
lines from human colonic adenocarcinoma 
[18] and fetal intestine [19]. 

MATERIALS AND M E T H O D S  

Cell cultures 

A human cancerous colonic epithelial cell 
line (SKCO-1) used in this study was kindly 
supplied to us by Dr. J. Fogh, Sloan- 
Kettering Cancer Institute, Rye, New York, 
who established the malignant properties of 
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these cells by observing abnormal chromo- 
some patterns (hypertriploid to hypertetra- 
ploid) and by the production of tumors by 
these cells when injected into nude mice [18]. 
The human fetal intestinal cell line (FHS 74 
Int.) was generously given to us by Dr. W. 
Nelson-Reese, Naval Biomedical Research 
Laboratories, Oakland, Calif. Further 
karyotyping and isoenzyme studies kindly per- 
formed by Dr. Nelson-Reese indicated that 
both of these cell lines were not HeLa cells 
[19]. In our hands the fetal line demonstrated 
density-dependent inhibition of growth and 
did not produce tumors when injected into 
nude mice. In contrast, growth of tumor cells 
was not inhibited at confluency and the cells 
produced tumors when injected into nude 
mice. All cultures were fi'ee of mycoplasma 
when these experiments were performed. Both 
cell lines were maintained on Dulbecco's modi- 
fied Eagle's medium (DMEM) containing 
10°~, fetal calf serum, penicillin (100 units/ml) 
and streptomycin (100/,g/ml). The cells were 
grown in 75cm 2 growth area tissue culture 
flasks (Falcon Plastics, Oxnard, Calif.), and 
the medium was changed twice a week. All of 
the studies were carried out on cells at 60~i~ 
confluency. The FHS cells were at passage 34; 
the cancer cells were at passage 38. Another 
human colonic adenocarcinoma cell line, HT-  
29, which was derived from a different in- 
dividual and was at passage 138, gave essen- 
tially identical results to those from the 
SKCO-1 line. The HT-29 line was also ge- 
nerously given to us by Dr. J. Fogh. All tissue 
culture chemicals and media were purchased 
from Pacific Biological Co., Berkeley, Calif. 

Radioactive-labeling of cellular gO, coconjugates 

In order to label cellular glycoconjugates, 
fresh medium containing radioactive sugars 
was added to the cells which were further 
cultured for 92hr. For the cancer cells, L-[1- 
~4C]-fucose (50mCi/mmole) and D-[1D4C]- 
glucosamine (8mCi/mmole) were used while 
L-[6-3H]-fucose (13Ci/mmole) and D-[6-3H]- 
glucosamine (10 Ci/mmole) were used tbr the 
fetal cells. All radiochemicals were purchased 
from New England Nuclear, Boston, Mass. 

Preparation of radioactive labeled surface membrane 
g~copeptides 

At 92 hr after the addition of 60/~mole each 
of the respective radioactive sugars, the cul- 
ture media was collected and the cells, which 
were attached to the flask, were rinsed twice 

with serum-flee D M E M  and then twice with 
Dulbecco's phosphate buffered saline-Ca 2+ 
and Mg 2+ fi'ee (DPBS). The cells were then 
detached from the flasks by adding 3ml of 
0.5 mg/ml of 3 x crystallized trypsin 
(Worthington Biochemical Corp., Freehold, 
N.J . )  in DPBS and incubating the flasks 
for 10 min at 25°C. Three milliliters of 
0.02 mM phenylmethylsulfonyl-fluoride (Sigma 
Chemical Co., St. Louis, Mo.) were then 
added to each flask to inhibit further trypsin 
activity. A single cell suspension was prepared 
by quickly aspirating and expelling the sus- 
pension using either a 10ml pipette or a 
syringe with an 18 gauge hypodermic needle. 
Aliquots of this cell suspension were examined 
tbr cell concentration and viability by trypan 
blue dye exclusion. Over 9()?{~ of the cells 
were viable at this stage of the procedure. 
The cell suspension was centrit'uged at 
2000rev/min for 10rain. The supernatant 
fluid containing the trypsin-released mem- 
brane glycopeptides was carefully withdrawn, 
passed through a 0.2#m Millipore" mem- 
brane filter (Millipore Corporation, Bedford, 
Mass.), dialyzed extensively against 10raM 
ammonium acetate, pH 7.5, until no radioac- 
tivity could be detected in the dialysatc and 
then lyophilized. 

The sedimented cells were twice resuspen- 
ded in DPBS and centrifuged to remove traces 
of trypsin. The washed cells were homoge- 
nized using a Polytron homogenizer 
(Brinkman Instrument, Westbury, N.Y.) and 
centritugcd at 145,000g for l hr. The super- 
natant fluid containing the cytoplasmic f)ac- 
tion was carelully removed from the pellet to 
avoid cross-contamination. 

The cytoplasmic fraction and culture media 
were also filtered through a 0.2 #m Millipore" 
membrane, dialyzed and lyophilized as de- 
scribed previously tbr the trypsin-released 
membrane glycopeptides. 

Bio-gel P- 130 cohmzn ehromalograp/~r 

After lyophilization, the surfhce membrane 
glycopeptides, the cyloplasmic []'action and 
the culture media were dissolved separately in 
10raM ammonium acetate, pH 7.5, and cen- 
trifuged at 2000rev/min. Equivalent fi'actions 
containing the same amount of radioactivity 
f~om the cancerous and fetal cells labeled 
with the same sugar but with different iso- 
topes, were mixed, applied to a column (1.2 
x 9 0 c m )  containing Bio-gel P-150 (Bio-Rad 

Laboratories, Richmond, Calif.) and eluted at 
a flow rate of 7ml/hr. Radioactivity of the 
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effluent was counted in a Packard Tri-Carb 
liquid scintillation spectrometer, and the data 
were corrected for overlapping counts in each 
channel resulting from use of the double label. 
The Bio-gel P-150 column was calibrated with 
the following molecular weight standards: 
horse heart cytochrome C (Mann Research 
Laboratories, N.Y.) mol. wt 12,400; bovine 
pancreas chymotrypsinogen A (Schwartz 
BioResearch Inc., Orangeburg, N.Y.) mol. wt 
25,700; human hemoglobin, mol. wt 62,000; 
transferrin, mol. wt 82,000, (Sigma Chemical 
Co.) and 2 x crystallized yeast alcohol dehy- 
drogenase (Sigma Chemical Co.) mol. wt 
140,000. For the radioimmunoassay of car- 
cinoembryonic antigen (CEA), the method of 
Hansen et al. [20] was used. 

Bio-gel P-30 column chromatography 

The effluent from the Bio-gel P-150 column 
chromatography was pooled into A, B and C 
fractions and each fraction was lyophilized 
and resuspended in 1 ml of 10mM ammonium 
acetate, 1 m M  calcium chloride, pH 7.5. Each 
fraction was incubated at 37°C for 95 hr with 
pronase (2°~ of the total protein of the 
samples) and 1 drop of toluene. An additional 
amount of pronase was added to the in- 
cubation mixture every 24hr, and the in- 
cubation was stopped by freezing. The 
pronase-digested glycopeptide fractions were 
chromatographed on a 1.2 x 70cm column of 
P-30 (Bio-Rad Labs) in 10mM ammonium 
acetate, pH 7.5, at a flow rate of 8 ml/hr. The 
effluent was counted for radioactivity in a 
Packard Tri-Carb liquid scintillation spectro- 
meter. The following molecular weight stan- 
dards were used for the calibration of the 
column: bacitracin (Sigma Chemical Co.) 
mol. wt 1000; a pronase-digested glycopeptide 
prepared from human ~1 acid glycoprotein, 
mol. wt 2600; horse heart cytochrome C 
(Mann Research Laboratories) mol. wt 
12,400; bovine pancreas chymotrypsinogen A 
(Schwartz BioResearch) tool. wt 25,700. 

Concanavalin A-Sepharose (Con A-Sepharose) 
affinity chromatography 

The effluent obtained after Bio-Gel P-150 
column chromatography of trypsin-released 
membrane glycopeptides and secreted glycop- 
roteins in the culture media were pooled into 
fractions A, B and C as shown in the charts. 
Each fraction was then applied to a column of 
Con A Sepharose (Pharmacia Fine Chemicals, 
Inc., Piscataway, N. J . )  with a bed volume of 

5ml, followed by elution with 10ml of 10mM 
ammonium acetate, pH 7.4. Glycopeptides 
bound to Con A-Sepharose were then eluted 
with 10ml of 0.1 M e-methyl-D-manno- 
pyranoside (Sigma Chemical Co.). 

The eluates were examined for radioactivity 
and CEA activity using the methods described 
above. 

RESULTS 

Gel filtration column chromatography 

Figure l(a)  shows the elution profiles of 
labeled trypsin-released membrane glycopep- 
tides from cancer and fetal cells using a 
column of Bio-gel P-150. The eluate was 
divided into three fractions designated A, B 
and C, consisting of glycopeptides having 
molecular weights greater than 150,000, those 
of intermediate size and a nondialyzable 
lower molecular weight fraction, respectively. 
When fucose was used to label the cells, the 
labeling of the high molecular weight, surface 
glycopeptide fractions (fraction A) was much 
greater in the cancer cell than in the fetal 
cells, while the lower molecular weight frac- 
tions (fraction C) appeared to be labeled well 
by fucose in both fetal and cancer cells. 

When the cells were labeled with glucos- 
amine, a different pattern was observed. The 
elution profiles of the glucosamine-labeled, 
high molecular weight fraction (fraction A) 
was similar to that with fucose labeling, show- 
ing much greater labeling in the cancer cells 
than in the fetal cells. Although ti'action C 
from the fetal cells was the predominantly 
labeled fraction, this fraction was only 
sparsely labeled in the cancer cells. 

Figure l(b)  shows the elution profiles of the 
pronase digests of fraction A from the trypsin- 
released membrane glycopeptides separated on 
a Bio-gel P-30 column. With fucose labeling, 
both cancer and fetal cells had a similar 
elution pattern consisting of two main peaks, 
the first one eluting at the exclusion limit, and 
a second one with a mean apparent mol. wt 
of 6000-7000. Although similar, the small 
molecular weight fraction from the cancer 
cells eluted slightly ahead of that of the fetal 
cells. However, with glucosamine, both cells 
were labeled primarily in the first fraction 
eluting at the exclusion limit with only a 
minor second peak. Figure l(c) shows the 
elution profile of the pronase digest of fraction 
C chromatographed on a Bio-gel P-30 col- 
umn. With both fucose and glucosamine 
labeling, fraction C ti~om both types of cclls 
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was hydrolyzed  near ly  completely to smaller 
glycopeptides of  mean  mol. wt about  4000. 

T h e  elution profiles of  labeled glycoproteins 
from the cytoplasmic fractions of cancerous 
and fetal cells using a Bio-gel P-150 column 
are shown in Fig. 2(a). With  ei ther sugar, 
most of  the radioact ivi ty  was associated with 
the larger molecular  weight fraction which 
was eluted at the exclusion volume (fraction 
A). 

T h e  pronase digest of  fraction A from cyto- 

plasmic glycoproteins was then applied to a 
Bio-gel P-30 column. Th e  elution profiles are 
illustrated in Fig. 2(b). With either labeled 
sugar, the cancerous and fetal cells showed 
similar elution profiles consisting of two peaks, 
one at the exclusion limit and another  one at 
an apparen t  mean  mol. wt of 6000-7000. 
Again with fucose labeling, a slight but  con- 
sistent shifting of the small molecular  weight 
peak to a higher  molecular  weight region was 
observed with glycopeptides from cancer  cells 
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compared to those from fetal cells. As in the 
case of the trypsin-released membrane glyco- 
peptides, glucosamine-labeled cytoplasmic 
glycoproteins appeared to be more resistant to 
pronase digestion than those which had been 
labeled with fucose. 

The elution profiles on a Bio-gel P-150 
column of the fucose- and glucosamine- 
labeled glycoproteins from the culture media 

secreted by both cell lines revealed a major 
peak at the exclusion limit (fraction A) and a 
minor peak (fraction B) with an apparent 
mean mol. wt of about 50,000 [Fig. 3(a)]. 
The elution profiles of the pronase digested 
fraction A on a Bio-gel P-30 column are 
shown in Fig. 3(b). The fucose-labeled frac- 
tion A from the secreted glycoproteins of both 
cancerous and fetal ceils appears to be more 
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readily hydrolyzed by pronase than those of 
the membrane and cytoplasmic fractions. 
Digestion by pronase reduced the molecular 
weight of fraction A labeled by either sugar 
from both cells although the glycoproteins 
from the cancerous cells appeared to be more 
resistant to proteolysis. 

Using a radioimmunoassay for CEA, over 
90~Ii~ of the CEA was associated with the high 
molecular weight fraction (fraction A on a 
Bio-gel P-150 column) of the membrane 
glycopeptides, cytoplasmic glycoproteins and 
secreted glycoproteins from cancer cells. 
Following pronase digestion of the respective 
high molecular weight fraction, CEA activity 
remained associated only with the excluded 
ti'action on a Bio-gel P-30 column. No CEA 
activity was detected in any of the glycopep- 
tide or glycoprotein ti'actions from the fetal 
intestinal cells. 

Con A-Sepharose binding properties of various glyeo- 
peptides and glyeoproteins 

In order to characterize turther the glyco- 
peptides and glycoproteins from cancerous 
and fetal cells, fi'actions fi'om the surface 
membrane and secretion obtained following 
Bio-gel P-150 column chromatography were 
subjected to affinity chromatography using a 
Con A Sepharose column. The cytoplasmic 
t}'actions could not be studied clue to the low 
amounts of radioactivity. Table 1 summarizes 
our results. With fraction A trypsin-released 
glycopeptides ti'om bolh fetal and cancerous 

colonic cells, over half of the fucose- and 
glucosamine-labeled glycopeptides were adsor- 
bed to the Con A-Sepharose column. 
However, with fraction C nearly all of the 
radioactivity from all of the samples passed 
through the column; only 4 14< 0 of the 
radioactivity was adsorbed. With glycosamine- 
labeled secreted glycoproteins, both fractions 
A and B fi'om fetal and cancerous cells 
showed little atfinity for Con A-Sepharose. 
However, with fucose-labeled secreted glyco- 
protein fractions A and B, 62 and 41~I<i), re- 
spectively, of the radioactivity secreted by 
fetal cells were retained on the Con A 
Sepharose column while only 18 and 29(!{) of 
the radioactivity from the cancerous cells were 
retained. 

Ninety percent of the (IEA activity as- 
sociated with fraction A of the secreted glyco- 
proteins and trypsin-released membrane 
glycopeptides from colonic cancer cells was 
adsorbed to the Con A-Sepharose column. 

Proportion oj non-dialyzable labeled g!vcopeptides 
and g!),coproteins 

The percentage of non-dialyzablc glycopep- 
tides and glycoproteins fi'om fetal and can- 
cerous colonic cells obtained from (;ell surface 
glycopeptides released by trypsin, from tile 
cytoplasmic fi'action and li*om culture media, 
is shown in Table 2. In fetal intestinal cells, 
94 ,()8'ib of the total radioactixitv associated 
with cell suriacc trypsin-released glyeopeptidcs 
and cytoplasmic glycoproteins was non- 
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dialyzable. In the media  from both fetal and 
cancerous cells, a l though nearly all of the 
radioactivi ty was dialyzable, proport ionately 
more radioactivity appeared to be associated 
with the non-dialyzable fraction from .fetal 
cells than from cancer cells. 

D I S C U S S I O N  

Our  da ta  from the present study strongly 
suggest that  there are significant quant i ta t ive 

G 

and quali tat ive differences in cell surface glyco- 
proteins between fetal and cancerous in- 
testinal cells. For example, both labeled fucose 
and glycosamine were incorporated into mem- 
brane glycoproteins of the colonic cancer cells 
to a lesser extent than into fetal intestinal 
cells. This may  indicate either a lower syn- 
thetic rate, since fucose is often a terminal  
sugar in oligosaccharide side chains, or there 
may  be relatively incomplete synthesis of 
membrane  glycoproteins in colonic cancer 
cells compared to fetal intestinal cells. Other  
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Table 2. Con A-Sepharose affinity chromatography of trypsin-released membrane 
glycopeptides and secreted glycoproteins.from fetal and cancerous colonic cells 

Fucose labeling Glucosamine labeling CEA 

Fetal Cancer Fetal Cancer Cancer 

% Bound* 

Trypsin-released 
glycopeptides 

Fraction A 57 48 59 49 91 

Fraction B 7 14 4 9 -+ 

Secreted 
glycoproteins 

Fraction A 62 18 4 9 90 

Fraction B 41 29 0 6 ~- 

*In all cases, the retained counts were eluted 
mannopyranoside with recovery of greater than 89%. 
*No CEA activity was detected. 

with 0.1 M c~-methyl-D- 

Table 2. Non-dialyzable radioactivity in different fiactions of fetal and 
cancerous cells labeled with radioactive fucose or glucosamine 

Fetal cells Cancer cells 

Fucose Glucosamine Fucose Glucosamine 

Trypsin-released % 
glycopeptides 95.4 98.0 34.0 26.7 

Cytoplasmic fraction 95.4 94.4 30.0 24.0 

Media 2.1 5.3 0.1 1.0 

The results are means of three experiments. 

reasons for these differences are also possible, 
such as differential  susceptibil i ty to trypsin 
c leavage by  the respective cell surfaces, differ- 
ences in precursor  pools, or mere ly  qual i ta t ive  
differences a m o n g  the surface glycoproteins.  

I n c o m p l e t e  synthesis of  ol igosaccharide side 
chains of  glycolipids has been repor ted  to 
occur  not only in viral ly t ransformed cells, but  
also in ma l ignan t  gastrointest inal  t u m o r  tis- 
sues [21]. I t  has also been  repor ted  from this 
l abora to ry  that  m e m b r a n e  glycoproteins  of  
h u m a n  colonic cancer  tissues conta ined  m u c h  
less c a r b o h y d r a t e  than  those p r epa red  f rom 
the adjacent  no rm a l  mucosa  [12, 13]. 
Howeve r ,  s imilar  studies have  not been car-  
ried out in fetal intestinal cells or tissues. 

Qua l i t a t ive  differences between the m e m -  
b rane  glycoproteins  of  fetal and  cancerous  
colonic cells are suggested fi'om our dialysis 
da ta ,  the results f rom the double  labeling 
exper iments ,  as well as ti 'om the Con A 
affinity c h r o m a t o g r a p h y  study. O u r  dialysis 
s tudy clearly indicates that  the trypsin- 
released, surface m e m b r a n e  glycopept ides  
from colonic cancer  cells consisted of a con- 
siderable a m o u n t  of  small molecu la r  size 
glycopept ides  of  less than  12,000, as well as 
higher  molecu la r  weight  glycopeptides.  Fetal  
intestinal cell surface m e m b r a n e  g lycopep-  
tides, on the other  hand,  were pr imar i ly  of  
large molecu la r  weight.  This  m a y  indicate  
ei ther  the presence in the colonic cancer  cell 
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surface of smaller glycoproteins or of a greater 
number  of peptide bonds within the mem- 
brane glycoprotein molecule susceptible to 
trypsin or that there .is an increased activity 
of endogenous cell surface membrane pro- 
teases in colonic cancer cells. 

The use of a double label method in label- 
ing the surface membrane glycoproteins allows 
us to make an accurate comparison between 
the fetal and cancerous membrane glyco- 
proteins since manipulative variations are in- 
ternally controlled by processing the fetal and 
cancerous samples together [10]. Our  results 
indicate that colonic cancer cell membranes 
contain fucose-labeled and glucosamine- 
labeled, trypsin-labile, high molecular weight 
glycopeptides not present in fetal intestinal 
cells. The labeled glycopeptides released from 
fetal cells were predominantly of lower mole- 
cular weight. It must be pointed out that 
these studies have been carried out on samples 
aftcF extensive dialysis and, therefore, all the 
glycopeptide fractions examined had mol. wt 
greater than 12,000. 

These results are consistent with those of 
Walborg and his associates who reported that 
hepatoma cells contained large molecular wei- 
ght, papain-releasable, cell surface membrane 
glycopeptides which were nearly absent from 
the surface membrane of normal rat liver cells 
[22, 23]. Our  observation that colonic cancer 
cell membrane glycopeptides with mol. wt 
over 150,000 incorporated both fucose and 
glycosamine equally well, while those of mol. 
wt about 12,000 were labeled predominantly 
with fucose in colonic cancer cells, suggests 
that the low molecular weight glycopeptide 
fraction is not simply a trypsin digestion pro- 
duct of large molecular weight glycoproteins, 
but may represent either a distinct molecular 
species of membrane glycoprotein or a distinct 
region of the same glycoprotein molecule hav- 
ing different types of oligosaccharide side 
chains. 

Even after prolonged pronase digestion up 
to 4 days, the larger mol. wt (over 150,000) 
membrane glycopeptides from fetal and can- 
cerous colonic cells were resistant to pronase 
digestion. Furthermore, glucosamine-labeled 
large molecular weight membrane glycopep- 
tides from both types of cells appear to be 
more resistant to pronase digestion than the 
fucose-labeled glycopeptides [Fig. 1 (b)]. 

Although fucose is probably associated only 
with glycoproteins, it is possible that some of 
the glucosamine label may be in glycosamino- 
glycans which would be resistant to pronase 
digestion: However,  examination of the pro- 

nase glycopeptides from the SKCO-1 cells 
showed that less than 20~o of the 
glucosamine-labeled large molecular weight 
fraction was associated with glycosamino- 
glycans [24]. Furthermore, results obtained 
from studies on another human adenocar- 
cinoma cell line, HT-29, were essentially 
identical to those reported here for the 
SKCO-1 line. In studies of the HT-29 line, 
less than 2% of the labeled glucosamine in 
the large molecular weight peak was as- 
sociated with glycosaminoglycans [24]. In 
contrast, smaller mol. wt membrane glycopep- 
tides (12,000) from both types of cells could 
be digested completely to smaller size with 
mean mol. wt of 4000. A slight but consistent 
difference in elution profile of the pronase 
digested fucose-labeled membrane glycopep- 
tides could be observed between fetal and 
colonic cancer cells as has been reported by 
Warren and his co-workers who found a 
greater proportion of high molecular weight 
membrane sialoglycopeptides in virally trans- 
formed malignant fibroblasts following pronase 
digestion [ 10, 11 ]. 

Unlike surface membrane glycopeptides, 
elution profiles from Bio-gel P-150 chromatog- 
raphy from the cytoplasmic fractions of fetal 
and colonic cancer cells and those secreted 
into the media were similar. The elution 
profiles on a Bio-gel P-30 column of the 
pronase digests of large mol. wt (over 
150,000), fucose-labeled cytoplasmic glyco- 
proteins from fetal and colonic cancer cells also 
showed a slight but consistent difference si- 
milar to that observed with the membrane 
fractions. 

In addition, these glycopeptides demon- 
strated considerable resistance to pronase 
digestion like the corresponding molecular 
weight fraction of the membrane glycopep- 
tides. In contrast, the large mol. wt (over 
150,000), secreted glycoproteins from both 
types of cells were susceptible to pronase diges- 
tion except for the glucosamine-labeled col- 
onic cancer glycoproteins which were con- 
siderably resistant to proteolysis. These results 
(1) suggest there is a differential susceptibility 
of fucose-labeled and glucosamine-labeled, 
secreted glycoproteins to pronase digestion, 
(2) indicate a heterogeneity among secreted 
glycoproteins and (3) demonstrate a qualit- 
ative difference in secreted glycoproteins be- 
tween fetal and cancerous colonic cells. 

The results of affinity chromatographic stu- 
dies using Con A-Sepharose also indicate that 
cell surface membranes from fetal and can- 
cerous colonic cells not only may contain 
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glycoproteins of ditt~rent molecular  weights, 
but  also may  have oligosaccharide side chains 
with different structures. In the case of  se- 
creted glycoproteins,  these qual i ta t ive differ- 
ences in const i tuent  sugars appear  to be greater  
between fetal and cancerous cells when 
labeled with fucose than when cells were 
grown in the presence of radioact ive 
glucosamine. 

The  association of  significant CEA activity 
with the trypsin-released high molecular  
weight surface m e m b r a n e  fractions of  carefully 
washed cancer  cells indicates that  this ant igen 
is an integral  par t  of  the surface m e m b r a n e  of  
the colonic cancer  cells [25, 26]. T h e  de- 
tection of significant CEA activity in the high 
molecular  weight fraction of  the cul ture media  
from SKCO-1  cells is consistent with the 
previous report  of  the presence of  CEA ac- 
tivity in the cul ture media  of colonic cancer  
cells [27, 28] and may  indicate either the 
shedding or turnover  of  cell surface m e m b r a n e  
antigens into the cul ture media.  

Both trypsin-released cell surface and se- 
creted CEA exhibited a similar de~ree of  heter-  

ogcm'ity in ca rbohydra te  side chains since 
they were similar in the propor t ion  of CEA 
activity adsorbed to Con A-Sepharose .  
Heterogenei ty  of  CEA molecules prepared  
from colonic cancer  tissues has previously 
been demonst ra ted  by Con A- -Sepha rose  col- 
umn ch roma tog raphy  [29]. Al though CEA 
activity was detectable  in the homogenate  as 
well as in the media  from h u m a n  fetal intestinal 
cells, the amoun t  was very low compared  to that  
from colonic cancer  cells. This is reminiscent of 
the da ta  of Gold and F reedman  who repor ted 
much  higher  concentrat ions of  CEA in colonic 
adenocarc inoma tissue than in fetal intestinal 
tissues between the second and sixth month  of  
gestation [ 17]. 

Fur ther  purit ication, chemical  and immun-  
ochemical  charac ter iza t ion  of  the glyco- 
proteins from surface membranes  of human  
fetal and cancerous colonic cells is necessary 
tor a bet ter  unders tanding of the relationship 
between the appearance  of  oncofetal antigens 
on the surface of  some h u m an  intestinal epi- 
thelial tumor  cells and the process of 
tumorigenesis. 
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