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PREFACE 
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glycoproteins from normal and transformed cell membremes in two dimen
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several transformants were made and glycoprotein alterations were 

observed. A cell surface glycoprotein was chosen for isolation and 

characterization. Part of the alteration between normcil and trans

formed cells could be attributed to carbohydrate differences. It is 

hoped that the techniques outlined in this dissertation will be of use 

to others in their attempts to purify and characterize other cell sur

face glycoproteins and hence increase our knowledge of carbohydrate 

biochemistry. 
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ABSTRACT 

The goal of this thesis was to undertake detailed studies of 

cell surface changes which are important in transformation. The BALB/c 

mouse fibroblast cell system was used which included normal, viral 

transformed and spontaneously transformed cell lines. The spontaneous 

transformants included regressors and progressors. In addition, the 

progressors could be further divided into cell lines which cause tumors 

that the host can or cannot be immunized against. 

In order to characterize cell siirface changes, a resolving 

method was developed which permitted characterization of the membrane 

components. After cells were labeled, their membranes were solubilized 

and the components resolved first by isoelectric focusing and then by 

gel electrophoresis in the presence of ionic detergent. This method 

proved to be reproducible and was used witĥ ^̂ s7niethionine, ̂ ^̂ I-

lactoperoxidase, and/"̂ Q̂Tglucosamine labeling methods. Differences 

could be detected in the gel patterns from among the cell lines. These 

differences were most obvious in the isoelectric focusing dimension. 

It was found that most of the proteins which exhibited heterogeneity 

in this dimension were actually glycoproteins. This was further demon

strated using/̂ '̂ O/glucosamine to label the membrane glycoproteins. 

Neuraminidase treated crude membrane fractions which were analyzed by 

the tvra-dimensional electrophoretic technique also showed that these 

heterogeneous regions represented glycoproteins. Further, 
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neuraminidase demonstrated that these heterogeneous glycoproteins were 

actually sialoglycoproteins and that the presence (or absence) of 

sialic acid had a profound effect on the isoelectric point of a glyco

protein in the two-dimensional gel pattern. 

A ŷcoprotein which exhibited an acidic shift in all of the 

transforraant patterns was selected for further study. The glycoproteins 

were isolated from both a normal cell line and a highly malignant non-

immunogenic transforraant. The differences in this glycoprotein which 

was observed in the two-dimensional gel patterns of various cell lines 

could also be demonstrated with the isolated glycoproteins. Apparently 

subtle differences related to sialic acid content are largely respon

sible for the observed alterations, but do not account for all of the 

variation. The sialoglycoprotein was isolated from both a normal and 

a transformed cell line by detergent extraction from crude membranes, 

lectin affinity chromatography and preparative gel electrophoresis. 

The procedures presented in this study enabled the preparation 

of 300-600 pg of glycoprotein, although the transforraant 3T12T appears 

to contain about 29̂  raore than the normal cell line. However, this 

sialoglycoprotein which appears homogeneous by sodium dodecyl sulfate-

polyacrylamide gel electrophoresis gives rise to a large number of 

discernible heterogeneous species by isoelectric focusing. Therefore, 

in order to characterize each one of these isoelectrophoretic species 

the procedures would need to be scaled up 5-10 fold. This would entail 

a purification scheme devised to obtain 100 ̂g of each isoelectrophoretic 

species of sialoglycoprotein from as little as 1 g of steirting mate

rial. 



xiii 

No explanation of the observed heterogeneity is apparent at 

this time. It is possible that more than one gene product is repre

sented in the isolated sialoglycoprotein fractions. Biosynthetic 

alterations in the carbohydrate structure could also lead to hetero

geneity, Fiirther, modifications of carbohydrate and/or peptide resi

dues by phosphorylation, sulfation, amidation, etc., could drasticsilly 

affect isoelectric points. 

This study combined the development of a method for observing 

cell-cell differences and the use of this method to isolate and charac

terize one of these differences. However, it is just a beginning in 

our understanding of glycoproteins and their biological relevance in 

transformation. It is hoped that the techniques outlined will aid 

others in their pursuit of the answers to this enigma we call cancer.-



INTRODUCTION 

Background 

Cancer -

Cancer is a disease state that is not well understood on the 

inolec\ilar level. It has been described as basically a disease in which 

normal cells have lost their ability to regulate cell growth and do not 

exhibit contact inhibition of growth. The development of tissue cul-

tiu'e techniques has permitted major advances in the study of cancer. 

For example, it is possible to grow both normal and transformed cells 

in culture and therefore make comparisons which would not be possible 

in the host. There have been a myriad of phenomenological reports of 

similarities and differences between these tv/o cell types in the 

literature. The discussion will be limited essentially to the recent 

advances of the last five years to our understanding of cancer and the 

associated changes that occur when cells progress from a normal to a 

transformed state. 

There have been a number of excellent reviews concerning neo

plastic growth and changes involved in cell transformation. These 

include reviews about the environmental causes and hazards of cancer 

(Doll 1977) which provide some disturbing statistics about the spread 

of cancer through all populations (Cairns 1975)* In addition, there 

are reviews about the cell surface and fibroblast proliferation 

1 



2 

(Pardee 1975)» the plasma membrsines of transformed mammalian cells 

(Brady and Fishman 1975)i cancer immunology related to escape of 

tumors from host detection (Old 1977). Reviews about the involvement 

of membrane glycoproteins in many different recognition phenomena 

(Williams 1978) and also surface modulation in cell recognition and 

cell growth from a hypothetical perspective (Edelman 1976) have been 

written. These reviews serve as a basis for the following research. 

Many of the observed differences between normal and transformed 

cells occur at the plasma membrane. This is not unexpected as this is 

the organelle involved in cell-cell interaction. However, it has not 

been determined whether these changes are a primary cause of transfor

mation or whether they are a secondary result of transformation. These 

changes include, but are not limited to, alterations in sxirface glyco

proteins and their glycopeptides, glycolipids, and enzymes,such as ectogly-

cosyltransferases and proteases. 

It appears that many of the changes in glycoproteins observed 

between normal and transformed cells occur in the oligosaccharide 

portion of the molecules. Carbohydrate compositions were performed on 

chloroform/methcinol extracted crude membranes from normal and various 

transformed BALB/c mouse fibroblast cell lines (Grimes and Greegor 

1976). Rather than finding a difference between spontaneous and viral 

transformants, the tumorigenicity of the cell line was found to be a 

factor. Regressing tumor lines had more carbohydrate alterations 

(e.g., decreased glycosylation) in glycoproteins than did the pro-

gressors, which appeared similar to the normal cell line in total 

carbohydrate (other than sialic acid). It is quite possible that many 
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of the carbohydrate changes reported in the literature are related to 

immunogenicity rather than tumorigenicity. 

It may be true that cancer is a disease state of certain pro

genitor stem cells, which are blocked in their normal coxirse of dif

ferentiation. This may explain some of the observances of carbohydrate 

alterations in the transformed state. For example, carbohydrate 

changes in plasma membrane were observed during myoblast differen

tiation (Winand and Luzatti 1975). 

Using the technique of incubating gels containing resolved but 

125 unlabeled glycoproteins with a solution containing I-labeled lectins, 

many research groups have demonstrated carbohydrate changes between 

normal and transformed cells. Burridge combined this technique with 

the use of specific antibodies to demonstrate the presence of fibro-

nectin in both normal and transformed cells (Burridge 1976). In addi

tion, a correlation has been established between tumor induction and 

the expression of this cell surface glycoprotein in normal and viral 

transformed rat cells (Chen, Gallimore and McDougall 1976). Fibro-

nectin (also termed LETS protein) will be discussed later. 

Recently, much work has been done with a glucose-regulated 

protein (GRP), 95(000-100,000 MV/, which appears to have altered gly-

cosylation in transformed cells. Normal cells also exhibit similar 

changes v/ith increased exposure of non-glycosylated GRP on the cell 

surface under conditions of glucose deprivation. It is postulated that 

such a state may exist continuously for many cultured transformed cell 

lines. It was demonstrated that an acidic 100,000 MW glycoprotein, pl 

.̂0 from transformants was bound preferentially by concanavalin A and 
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from normal cells by wheat germ agglutinin lectin (Bramwell and Harris 

1978). This glycoprotein appeared to correlate with malignancy in 

several mouse-mouse and mouse-human malignant hybrids. In addition, 

one group used preparative isoelectric focusing to demonstrate a glyco

protein change at pi if.l-if,2 in mouse cells transformed by a ts A 

mutant of SVi+0 (Onodera et al. 1976). Cells infected by the mutant 

virus lost the ability to regulate cell growth at the permissive tem-

peratiire. In fact, a glycoprotein, pi if.0-if.l5, has been identified in 

meiny different malignant species' tissues which is not present in the 

normal cells (Price and Stoddart 1976). It is not known whether these 

acidic glycoproteins are all the same, or whether any of them represent 

the GRP. 

Glycopeptides can be prepared from cellular glycoproteins by 

treatment with such proteases as trypsin and pronase. V/arren and co

workers first demonstrated an silteration between normal and transformed 

cells at the glycopeptide level, and began to characterize that change 

(Buck, Glick and Warren 1970). When glycopeptides from normal and Rous 

sarcoma virus-transformed chicken embryo fibroblast cells were compared 

by Sephadex G-50 column chromatography, it was observed that the trans-

forraant glycopeptides v;ere shifted to a higher molecular weight (Warren, 

Fuhrer and Buck 1973)• They found that increased sialic acid content 

was largely responsible for this shift. 

However, subsequent work showed that the difference in glyco

peptides betv/een baby hamster kidney (BHK) sind polyoma-transformed BHK 

is the result of more than sialic acid changes (Ogata, Muramatsu and 

Kobata 1976). The researchers felt that the oligosaccharide 
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alterations may result from whole branching additions to mannose resi

dues in the transformants. 

Studies by a group working with various types of human rasilig-

nsint cells suggest that increased glycopeptide molecular weî ts 

correlate strongly with cancer (Smets, van Beek and van Rooij 1976). 

This group has observed alterations in fucosyl glycopeptides prepared 

from leukemic cell svirfaces (van Beek et al. 1978), They reported that 

, glycoprotein change may be a universal property of tumour cells 

and related to the expression of the neoplastic phenotype."̂  Since 

they were able to discriminate different forms of leukemia, perhaps 

glycoprotein alterations may serve as a future diagnostic tool. 

Our laboratory has previously shown that glycopeptide changes 

appear to correlate with tumorigenicity (Van Nest and Grimes 1977)* 

Further work confirmed that glycopeptide alterations are associated 

x̂ ith malignancy (Grimes, Van Nest and Kamm 1977)* Work with fucosyl 

glycopeptides by Glick and coworkers demonstrated a striking similarity 

in glycopeptides obtained from human and various animal neuroblastomas 

(Glick, Schlesinger and Hummeler 1976). Yet, these tumor cells 

appeared to have different fucosyl glycopeptides when compared with 

other transformed cell lines. This implies that glycopeptide changes 

may be the same for a given type of cancer while lacking species 

specificity. However, it is not surprising that an oligosaccharide 

structure which has a role in function for a given cell type may be 

retained across species lines. 

v̂an Beek, Smets and Emmolet (1975î 57)« 
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Recently it was found that when normal and SV̂ O transformed rat 

liver cells were co-cultured, each cell type could induce glycopeptide 

changes in the other (Yokota et al. 1979)* It was not determined 

whether this effect was the result of non-specific ectoglycosyltrans-

ferase activity at the cell surfaces. 

Glick has used successive chromatography on Sephadex G-50 and 

DEAE-cellulose to resolve trypsin-removable glycopeptides from normal 

and Rous sarcoma virus-transformed baby hamster kidney cells (Glick 

1979). This work demonstrated that virus transformation can be accom

panied by an increase in certain glycopeptide species instead of 

de novo synthesis. 

As alluded to earlier, cell surface enzymes have also been im

plicated as having a role in transformation and loss of growth regu

lation. These enzymes include surface proteases as well as ectogly-

cosyltransferases. Hynes has written a review on proteases and surface 

proteins in transformation (Hynes 197̂ )• Certainly a change in the 

activity of a surface protease could have a profound effect on the 

structure and orientation of a transformant's plasma membrane. It was 

previously thought that since most transformed cell lines studied have 

a negligible amount of fibronectin present on their cell surface, this 

could be the result of surface proteolytic activity. A crude prepara

tion capable of converting plasminogen to plasmin, termed harvest 

factor, can be prepared from many transformed cells. However, it was 

subsequently shown that plasminogen activation does not correlate with 

the loss of fibronectin (Pearlstein et al. 1976). In fact, plasminogen 
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activator levels apparently do not invariably correlate with transfor

mation in general (Rifkin and Pollack 1977)• 

Another change involving carbohydrates observed in cancer 

studies is the alteration of glycolipids. Hakomori has written an 

excellent review on the glycolipid changes involved in transformation 

(Hakomori 1975)• His research group was one of the first to identify 

and characterize a novel glycolipid present on polyoma virus-

transformed but not normal hamster fibroblasts (Gahmberg and Hakomori 

1975)• It was also observed by this group that there is an apparent 

metabolic abnormality of fucolipid as a membrane phenotype in cancer 

(V/atanabe, Matsubara and Hakomori 1976). Differences were also ob

served with the degree of malignancy and the metastatic potential of 

the fibroblasts. 

However, it does not appear that glycolipid alteration is 

obligatorily correlated with the transformed state, A normal mouse 

fibroblast and a nonimmunogenic malignant trajisformant appeared to have 

identical gangliosides both qualitatively and quantitatively, while 

immunogenic transformants appeared to have increased levels of simple 

gangliosides (Van Nest and Grimes 1977). In addition, another group 

observed no glycolipid changes when mouse cells transformed by a ts A 

mutant of SV̂ O and the normal mouse cell counterpart were compared 

(Onodera et al. 1976). 

Protein changes have been observed in the transformed state 

which may actually represent glycoprotein alterations. The use of a 

very sensitive high-resolution sodium dodecyl sulfate polyacrylamide 

gel electrophoresis (SDS-PAGE) method allowed the identification of 
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human lymphoid tumor cell membrane proteins (Rogan et al. 1978). Also, 

increased amidation in non-glycosylated membrane proteins from SV40-

transformed lymphoid cells was observed relative to normal hamster 

lymphocytes (Schmidt-Ullrich, Verma and Wallach 1975)• What effect 

this has on the transformed state, if any, is unknovm. 

In general, it can be seen that there are a number of altera

tions associated with the transformed state. Further research must be 

done to thoroughly characterize these changes. How important these 

modifications are to initiating and maintaining the transformed pheno-

type is as yet unknown and v;ill require considerably more research. 

Many research groups have relied on a morphological definition for cell 

transformation which does not require that the cells be malignant. 

Groups which have analyzed total glycopeptides from transformed cells 

cannot correlate their results with specific glycoproteins which may 

have been altered. And most groups have not resolved the total cell 

glycoproteins well. Unfortunately many research groups have failed to 

demonstrate a correlation between transformation and malignancy. Using 

human cell hybrids of malignant HeLa and normal fibroblast parental 

cells, it was demonstrated that malignant and transformed phenotypes 

may be under separate genetic control (Stanbridge and V/ilkinson 1978). 

Though the hybrids demonstrated many of the transformed properties of 

the HeLa cells, they were non-tumorigenic. 

Our BALB/c mouse fibroblast system has been well characterized. 

In addition to the normal cell line, there are both spontaneous and 

viral transformants. V/hile some cell lines cause tumors that regress, 

others cause progressive tumors that kill the host. The spontaneous 
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transformants can be subdivided into immunogenic and non-immunogenic 

malignant cell lines. Therefore, our data on transformation will re

flect malignant cell lines. 

Glycoprotein Structure 

It is importsint to review the chemical detail of carbohydrates 

in glycoprotein before we can understand their function in cancer. 

Much is knovm regarding the carbohydrate structure of glycoproteins. 

This generally requires identification of all of the carbohydrates 

present in an oligosaccharide chain and determining molar ratios. Then 

sequencing of the carbohydrates using enzymatic and chemical techniques 

is carried out. Finally assignment of linkages and anomeric configura

tions is made to elucidate the proposed structure of an oligosaccharide. 

There have been several good reviews of carbohydrate and gly

coprotein structure published (Hughes 1973; Kornfeld and Kornfeld 1976). 

Oligosaccharides are usually either N-glycosidically linked to 

asparagine or 0-glycosidically linked to serine or threonine. The 

N-glycosidically linked oligosaccharides are of two general types: 

high mannose, which contain mannose and glucosamine, and complex, which 

contain additional sugars such as fucose, galactose, and sialic acid. 

However, the complex oligosaccharide of human thyroglobulin appears to 

contain glucuronic acid as well (Spiro 1977). Though different tissues 

appear to have unique patterns of glycosylation, it seems that the car

bohydrate chains are very similar (Krusius and Finne 1977)• 

Ssr 
In almost every case, a tripeptide sequence Asn-X-î  ̂(where 

Asn is asparagine, Ser is serine, Thr is threonine) is necessary for 
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N-glycosidic substitution. However, it was recently reported that the 

tetrapeptide sequence Asn-Gly-Gly-Thr (where Gly is glycine) is gly

cosylated in mouse heavy chain from MOPC lÔ E cells (Kehry et al, 

1979). 

There are a number of glycoproteins whose oligosaccharide 

structures have been determined. A lairge variety of structures have 

been reported. Novel N-glycosidic poly(glycosyl) oligosaccharides of 

20-70 sugar residues linked to asparagine were detected in glycopep

tides from human erythrocyte membranes (Krusius, Finne and Rauvala 

1978). Sharon's group reported the first demonstration of .branched 

mannose core in a lectin plant glycoprotein (Lis and Sharon 1978). 

Recently, the structure of the high mannose oligosaccharides of a human 

1̂ 1 myeloma protein's major (Chapman and Kornfeld 1979a) and minor 

(Chapman and Kornfeld 1979b) glycopeptides have been determined. These 

are but a few examples of oligosaccharide characterizations. 

Baenziger has been able to develop a technique which permits 

the complete characterization of the oligosaccharide of glycopeptides 

where only small quantities of material can be obtained (Baenziger 

1979)* This involves purification of the glycopeptides followed by 

radioiodination. This has recently permitted the determination of the 

structure of fetuin's complex oligosaccharides (Baenziger and Fiete 

1979a). It was further shown that there are exoglycosidases which can 

be used as sequencing tools that are so specific for oligosaccharide 

structure that even anomeric linkages can be determined. 

Marchesi's group has been able to isolate and purify glyco— 

phorin, a major glycoprotein of erythrocyte membranes (Tomita and 
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Marchesi 1975)• The amino acid sequence and the sites of carbohydrate 

attachment have been determined. The glycoprotein contains one complex 

and fifteen 0-linked oligosaccharide chains. This represented the 

first purification and complete characterization of a membrane glyco

protein. 

Another glycoprotein which has been very well characterized is 

the hepatic binding protein initially isolated by Ashwell's research 

group. The carbohydrate structm*e of this glycoprotein has been de

scribed (Kawasaki and Ashwell 1976) with two different oligosaccharide 

chains per molecule. This sialoglycoprotein is responsible for re

moving desialylated glycoproteins from the circulation in the rabbit 

(desialylated and degalactosylated in the chick). The sisilic acid must 

be present on the glycoprotein for it to be functional. Analogous to 

the hepatic binding protein, it appears that thyroid membrane receptor 

requires sialylation to recognize asialothyroglobulin in thyroid plasma 

membranes (Consiglio et al. 1979)• 

Interestingly, the hepatic binding protein is present not only 

in the plasma membrane but the smooth and rough endoplasmic reticulum, 

golgi vesicles, and lysosomes as well (Pricer and Ashwell 1976). It is 

not known whether these other locations are simply biosynthetic and/or 

ligand removal sites, or not. 

The carbohydrate present in these glycoproteins may struc

turally affect biosynthesis and function as a result of its structural 

conformation. Kornfeld's group, working with temperature sensitive 

vesicular stomatitis virus mutants, demonstrated the effect of glyco-

sylation on final conformation and aggregation of the viral 
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glycoprotein (Gibson, Schlesinger and Kornfeld 1979). It is apparent 

that carbohydrate is not only functional but can be structurally im

portant as well. Using the Chou-Fasman model, the three-dimensional 

structure of glycoproteins and the carbohydrate arrangement can be pre

dicted (Aubert, Biserte and Loucheux-Lefebvre 1976). 

Though much has been learned about the glycoproteins and their 

structure, it is obvious that more research in this area must be done 

to accomplish the goals of these studies. Greater quantities of these 

glycoproteins need to be isolated since many of the studies have been 

conducted at the lower limits of sensitivity of methods. With more 

glycoprotein isolations, a better understanding of the role of carbo

hydrate in glycoproteins and at the cell surface can be accomplished. 

Cell Surface and the Role 
of Carbohydrate 

The cell surface and the role of carbohydrate there has been 

studied for years. The publication of the fluid mosaic model of cell 

membranes (Singer and Nicolson 1972) has altered the thinking and 

direction of researchers. Further theoretical models and experimental 

evidence regarding protein structure and membranes have been advanced 

(Singer 1977). Reviews on the plasma membrane organization (Bretscher 

and Raff 1975) and the mobility of proteins within the membrane (Cherry 

1975) have been published. Many of the proteins present on membrane 

surfaces of a variety of different cells are glycosylated. The isola

tion and characterization of wheat germ agglutinin as a pure glycopro

tein and the subsequent demonstration of a tumor-specific surface site 

that contains N-acetylglucosamine which interacts with the agglutinin 
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(Biorger and Goldberg 196?) stimulated research into glycoproteins. 

Therefore, there has been considerable investigation into the role of 

carbohydrate at the cell surface (Bavimann and Doyle 1979 Glycopro

teins are asymmetrically oriented at the cell surface. Though most of 

the glycoproteins are thought to be transmembrane, it was found that 

IgG and are not transmembrane on lymphocytes (V7alsh and Crumpton 

1977). 

Cell surface carbohydrate appears primarily in glycoproteins, 

glycolipids and mucopolysaccharides. It has been proposed that sul

fated mucopolysaccharides have a role in recognition and adhesiveness 

in rat (Dietrich et al. 1977). The requirement of carbohydrate for 

cell adhesion has been demonstrated (Pouysŝ gur, V/illingham and Pastan 

1977). In one study, antisera against purified surface membrane from 

transformed hamster cells was used to identify a 1̂ 0,000 molecular 

weight glycoprotein involved in cell-substrate adhesion (V/ylie, Damsky 

and Buck 1979). Sugars have also been identified as having a role in 

adsorptive endocytosis of lysosomal enzymes (Kaplan, Achord and Sly 

1977; Ullrich et al. 1978). Clearly carbohydrate has an important role 

at the cell surface. 

It was observed that the presence of glycopeptides removed from 

baby hamster kidney (BHK) cell surfaces inhibited the aggregation of 

BHK cells (Vicker 1976). Neuraminidase enhanced this inhibition while 

galactose oxidase or periodate treatment destroyed the glycopeptide 

activity. 

Carbohydrate content is not constant from cell to cell and may 

change depending on the grov/th condition of the cell's environment. 



For instance, it was observed that there are increased levels of a 

170,000-190,000 molecular v/eight protein which can be labeled by the 

galactose oxidase-borotritiide method in vinblastine-resistant human 

letikemic lymphoblasts (Beck, Mueller and Tanzer 1979)- The researchers 

feel that resistance may be a result of an alteration in glycosylation. 

Another group has found glycopeptide changes between embryonal car

cinoma cells (stem cells) and embryonal carcinoma-derived differen

tiated cells (Muramatsu et al. 1978). It appears that carbohydrate 

moieties of glycoproteins undergo alteration during the early stages of 

mammalian development. 

On the other hand, carbohydrate is present in a number of mac-

romolecules v;here its function is unknown. It appears that most of 

the carbohydrate is not necessary for the human histocompatability 

antigen, HL-A, to exhibit antigenic specificity (Parham et al. 1977). 

However, this does not imply that the carbohydrate is not functional. 

Using the antibiotic tunicamycin to inhibit glycosylation, V/arren's 

group has demonstrated that N-glycosidically linked oligosaccharide to 

membrane glycoproteins is not necessary for their intracellular trans

port in baby hamster kidney fibroblasts (Damsky et al, 1979). In 

another study, tunicamycin caused defective transport of glucose, uri

dine and two amino acid analogs in chick embryo fibroblasts (Olden 

et al, 1979)- They concluded that carbohydrate is necessary for mem

brane transport, or carbohydrate permits proper membrane orientation 

for transport, or carbohydrate decreases the rate of glycoprotein 

degradation. Since the total damaging effect of tunicamycin on cells 

is not known, these studies must be considered preliminary. 
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other studies have been conducted to determine the function of 

carbohydrate. Glycoproteins can function as surface receptors for 

effector molecules. The bovine thyroid stimulating hormone receptor 

is a glycoprotein and is associated with gangliosides (Mullin et al. 

1976). Because of the occurrence of glycoproteins at gap junctions, 

it is postulated that carbohydrate and glycoproteins are involved in 

intercellular communication (Staehelin and Hull 1978). Glycoproteins 

are found intracellularly as well as at the cell surface. Busch's 

group has determined the number, size and carbohydrate content of 

chromatin-associated glycoproteins (Goldberg, Yeoman and Busch 1978). 

The glycocalyx from Ehrlich ascites tumor cells has been characterized 

(Rittenhouse, Rittenhouse and Takemoto 1978). This cell fraction may 

be a rich source of surface antigen. 

In our laboratory, a cell surface antigen has been detected 

which is increased on immunogenic transformants (Kamm and Grimes 1978). 

This glycoprotein may represent the glucose regulated protein (GRP) 

mentioned earlier. GRP has been detected on other fibroblast surfaces, 

isolated, and antibody prepared against it (Pouyssegur and Yamada 1978). 

It is possible that GRP is the same glycoprotein as the virsQ. gag gene 

precursor (Eveins, Dresler and Kabat 1977)• A glycoprotein which shares 

the same molecular weight as GRP has been isolated on a concanavalin 

A-Sepharose column and can be specifically precipitated from non-ionic 

detergent crude membrane extracts with murine leukemis virus antiserum 

(Kamm and Grimes 1978). An earlier study in which an ̂ ^̂ I-labeled, 

detergent extracted 100,000 molecular weight protein V'/as present in the 

normal cell but not the transformants, could represent GRP (Pearlstein 



and Seaver 1976). However, a protein similar to GRP appears to be 

present in many normal and transformed cells studied thus far. 

Another glycoprotein which has been widely studies is fibro

nectin which is present on many normal fibroblast surfaces, Fibronectin 

first became of interest when it was found to be present on the surface 

of normal cells but diminished or absent in the transformants studied. 

It was determined that since fibronectin could be labeled both meta-

bolically ajid with a surface label that fibronectin was not masked but 

truly absent from the surface of transformants (Hynes and Humphryes 

197̂ )« However, the density of fibronectin on normal cell surfaces 

did appear to vary with the cell cycle (Hynes and Bye 197̂ ). Hence, 

fibronectin was thought to have a major role in the control of cell 

division and hence its absence would be manifested by transformation. 

It was later determined that fibronectin is sufficient but not neces

sary for activation of chick cells (Blumberg and Robbins 1975)• Using 

thrombin, it was demonstrated that the presence of fibronectin was not 

related to regulation of DNA synthesis or cell division (Teng sind Chen 

1975)• It was later conclusively shown that when fibronectin is 

labeled by a number of different techniques, it is found to be synthe

sized by both normal and transformed cells (Critchley, Wyke and Hynes 

1976), 

The function of fibronectin is not entirely clear, although it 

appears to be very important for cell adhesion to substrate. It was 

shown that fibronectin can be cross-linked to a very high molecular 

weight complex v/hich is catalyzed by blood coagulation factor XIII 

(Keski-Oja, Mosher and Vaheri 1976). Therefore this could be an 



important physiological reaction. It has also been postulated that the 

expression of fibronectin is controlled by epidermal growth factor 

(Chen et al. 1977)• It has been proposed that fibronectin is the 

collagen receptor on platelet membranes (Bensusan et al. 1978), How

ever, another group which developed an assay to determine the adhesion 

of platelets to collagen obtained different results (Santoro and 

Cunningham 1979). They showed that fibronectin has only a minor role, 

if any, in the adhesion of platelets to collagen. 

Fibronectin has not been well characterized and may vary from 

species to species. In one study, purified fibronectin from different 

species fibroblasts shov/ed differences using two-dimensional finger

printing by peptide mapping (Nairn and Hughes 1976). The major oligo

saccharide chain from hamster fibroblast fibronectin has recently been 

characterized (Fukuda and Hakomori 1979)• It appears that the glyco

protein contains both N- and 0-glycosidically linked oligosaccharide 

chains. Its amino acid sequence has yet to be reported. 

Glycoprotein Biosynthesis 

There are many examples of alterations in oligosaccharide 

chains of glycoproteins which accompany transformation. Therefore it 

is necessary to understand glycoprotein biosynthesis to determine the 

significance of these changes in cancer. 

The biosynthesis of glycoprotein is currently the subject of 

much study. A review has been written on the biosynthesis and proces

sing of glycoproteins (Waechter and Lennarz 1976). It is generally 

thought that N-glycosidiceilly linked oligosaccharides are transferred 
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to nascent polypeptides. The oligosaccharide usuailly contains a 

glucosamine-mannose-glucose core. Additional sugars are then added 

stepwise to form completed high mannose or complex oligosaccharide 

chains. 

It appears that the initial glycosylation step involves a lipid-

linked oligosaccharide core to dolichol pyrophosphate. The involvement 

of polyisoprenoid glycolipids in glycoprotein biosynthesis has been 

reviewed (Lucas and V/aechter 1976). There is considerable evidence for 

this biosynthetic pathway. Lipid-linked sugars serve as intermediates 

in glycoprotein biosynthesis in rabbit mammary gland (Speake and V/hite 

1978). Oligosaccharide is linked to lipid and then incorporated into 

glycoproteins in chick embryo fibroblasts as well (Krag 1978). The 

size of the oligosaccharide may vary. In fact, it has been demon

strated that a trisaccharide-lipid can glycosylate protein in oviduct 

membrane (Chen and Lennarz 1976). 

S©r 
It appears that the tripeptide sequence -Asn-X-,ĵ - is necessary 

for transfer of oligosaccharide from oligosaccharide-lipid (Pless and 

Lennarz 1977) to asparagine. Since an exception was noted earlier, 

there are two possible explanations. Either the Asn-Gly-Gly-Thr se

quence structurally mimics the tripeptide sequence or the tetrapeptide 

may be glycosylated through an alternate biosynthetic pathway, 

Glycosylation of proteins is thought to occur while the nascent 

polypeptide is still attached to membrane-bound polyribosomes. Some

how the glycoprotein makes its way through the endoplasmic reticulum 

to the golgi vesicles where it can either be secreted or incorporated 



into the membrane. However, the glycoprotein can be significantly 

modified during the biosynthetic process. 

It is not entirely clear when the newly translated polypeptide 

is initially glycosylated. It has been reported that glycosylation of 

protein occurs prior to completion of synthesis (Molnar 1975)• This 

was demonstrated with puromycin, an amino acid-tRNA analog, which 

caused the premature release of short segments of glycosylated poly

peptide. On the other hand, glycosylation of the secreted â -acid 

glycoprotein in rat liver occurs after release of nascent polypeptide 

from ribosomes (Jamieson 1977). A recent report using a co-

translational system in lymphoid cells demonstrated that, depending on 

the cell type studied, glycosylation could occur both before and after 

isolated mRNA had been completely translated (Green and Gleiber 1979). 

However, in the best evidence cited thus far, it was demon

strated that nascent vesicular stomatitis virus glycoprotein proceeds 

across-membrane during polypeptide synthesis and is glycosylated in 

two steps (Rothman and Lodish 1977). This process is tightly-coupled 

cind time-dependent. Glycosylation of nascent polypeptide with 0-linked 

oligosaccharide has also been reported (Strous 1979). He demonstrated 

that N-acetylgalactosamine is linked to serine and threonine in 

epithelial glycoprotein as the nascent peptide chain passes into the 

lumen of the endoplasmic reticulum. 

Processing of many glycoproteins as well as proteins can occur. 

A short amino acid sequence of 15-25 residues is often present on 

nascent polypeptides which is then cleaved off in the endoplasmic 

reticulum. Since many of these residues are hydrophobic, it is 



possible that this processing is necessary for membrane insertion and 

intracellular transport for further processing. Nascent bovine pan

creatic ribonuclease is synthesized with twenty-five additional amino 

acids on its amino terminus prior to cleavage (Haugen and Heath 1979)-

This polypeptide had identical enzymatic activity to the native pro

tein. However, an exception to even this process has been found 

already. Nascent ovalbumin contains a signal sequence for transmem

brane transfer which binds but is not cleaved (Lingappa et al. 1978), 

However, if the ovalbumin is fully completed after translation of the 

mRNA, the glycoprotein can no longer be transferred. 

Many of the initial studies on the biosynthesis, processing, 

and membrane insertion of glycoproteins used the vesicular stomatitis 

virus glycoprotein (G protein) as a model. In infected Chinese hamster 

ovary cells, G protein is synthesized exclusively on membrane bound, 

but not free, polyribosomes (Morrison and Lodish 1975). The nascent 

glycoprotein is concomitantly inserted into microsomal membranes 

(Toneguzzo and Ghô l978). The synthesis of G protein in the presence 

of membrane vesicles caused insertion of most of the nascent polypep

tide into the lumen of the vesicles for glycosylation and processing 

(Katz et al. 1977). This membrane-bound glycoprotein, as opposed to 

secreted glycoproteins, protrudes through the membrane to the cyto

plasmic side exposing an amino acid length of about 3000 molecular 

weight (about twenty-five amino acids). 

As the membrane-bound glycoproteins make their way to the sur

face, mannose, glucosamine, galactose, fucose, and sialic acid may all 

be added. There may be a discrete requirement for certain sugars to 



serve as precursors to the nucleotide-sugar pool for glycosylation to 

occur. The mouse leukemic cell line M0PC-'+6 requires glucose or man-

nose for glycosylation of secreted K-light chain (Stark and Heath 1979)• 

Oligosaccharide may also be O-linked to serine or threonine residues 

and often contain galactosamine, galactose, and sialic acid but rarely 

if ever mannose. Recently, it has been found that fucose is 

0-glycosidically linked in high molecular weight glycoproteins from 

both normal and transformed cells (Larriba 1978). 

The biosynthetic process for glycoproteins is a very exciting 

topic of research with considerable controversy and only preliminary 

observations. It can be seen that there are many variable factors, 

such as whether the glycoprotein will be secreted or membrane bound, 

whether the signal sequence, if present, will be cleaved or not, 

whether initial glycosylation occurs during polypeptide synthesis or 

afterv/ards, how folding that does occur during synthesis affects gly

cosylation and exposure of sites, etc. It appears that the major fac

tor determining the processing of oligosaccharides is the protein 

structure of the glycoprotein (Weitzman, Grennon and Keegstra 1979). 

It should be apparent that the role of carbohydrate can be very impor

tant in the existence and functioning of cells. The information that 

will be coming forth in the near future in this area shovild be very 

interesting indeed. 
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Techniques 

Cell Cultvire and Labeling 

There are a number of techniques which have been developed 

recently that have advanced our knowledge of glycoproteins and their 

possible role in transformation. Labeling techniques, especially with 

radioactive compounds, have permitted the gathering of a large amount 

of information while using only small quantities of material. Several 

of these labeling techniques have been reviewed (Carraway 1975). 

Cells in culture can easily be labeled with radioactive meta

bolic precursors. These include both sugars and amino acids for label

ing glycoproteins. Cells caji also be surface labeled vitro by 

125 enzymatic means, such as I-lactoperoxidase-catalyzed iodination and 

galactose oxidase plus borotritiide reduction, as well as chemical 

means. Protein amino groups can be radiolabeled with methyl groups by 

reductive alkylation (Rice and Means 1971)• A modified procedure using 

very mild periodate oxidation followed by borotritiide reduction is 

specific for external sialoglycoproteins (Gahmberg and Andersson 1977). 

These methods for labeling external glycoproteins, when conditions are 

controlled so that the label remains external, also circumvent the 

problem of isolation and purification of the plasma membrane av/ay from 

the remainder of the cell organelles. 

Resolution of Cellular Components 

After a suitable method is developed for the labeling of cells, 

a procedure must be devised to resolve the glycoproteins. Polyacryl-

amide gel electrophoresis (PAGE) is generally the method of choice. 



The theories behind this procediire have been discussed (Chrambach and 

Rodbard 1971)• Previous membrane glycoprotein studies often required 

the presence of ionic detergent, such as sodium dodecyl sulfate 

(SDS-PAGE). This method resolves proteins according to their molecular 

weight. Another method is isoelectric focusing (IF-PAGE) where pro

teins are resolved in a pH gradient according to their isoelectric 

point. V/hen these tv;o methods are combined, one after the other, it 

creates a very powerful tool capable of resolving more than one thou

sand different polypeptides. The technique is termed two-dimensional 

polyacrylamide gel electrophoresis (2D-PAGE) and was developed for 

resolving both membrane bound and soluble proteins from bacteria 

(O'Farrell 1975). Almost the exact same procediire was published con

comitantly for the resolution of soluble components (Scheele 1975)- By 

using urea and a non-ionic detergent such as Nonidet P-'+O, the mem-

brajies can be solubilized and electrofocused. Another group has re

ported that by using SDS in the initial solubilization, more of the 

membrane components can be extracted (Ames and Nikaido 1976). The im

provement of 2D-PAGE in the SDS dimension has been reported (V/ilson 

et al. 1977). 

The 2D-PAGE technique has been used in a number of published 

studies. It has been used in the study of erythrocyte components 

(Bhakdi, Knufermann and V/allach 1975) and specifically human erythro

cyte membranes (Ruben and Milikowski 1978). Membrane proteins from 

Acholeplasma laidlawii have also been analyzed (Archer, Rodv/ell and 

Rodwell 1978) using 2D-PAGE. 
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Comparison of the proteins and glycoproteins between normal and 

treinsformed cells has been reported using 2D-PAQE, Strand and August, 

using normal and virus-transformed fibroblasts, reported an alteration 

in 30̂  of the / ̂̂ m̂ethionine-labeled cell proteins (Strand and August 

1977)» with the DNA and RNA viral transformants having very similar 

protein patterns. Another group using a chemical transformant to com

pare with the normal cells observed several minor alterations (Leavitt 

and Moyzis 1978). 

Another use of 2D-PAGE has been in the positive identification 

of proteins and glycoproteins. Combined with the availability of 

various antisera, many of the components present in human serum have 

125 been identified (Anderson and Anderson 1977)• One group used I-

labeled concanavalin A to detect glycoproteins present in Chinese 

hamster ovary cell plasma membrane by 2D-PAGE (Horst, Baumbach and 

Roberts 1979)• Using both galactose oxidase plus borotritiide reduc-

125 tion and I-chloramine T-catalyzed iodination as the labeling methods, 

a calcium binding protein present on hepatoma tissue culture cell sur

faces has been effectively identified by 2D-PAGE (Baumann and Doyle 

1979b). Similarly, a membrane sialoglycoprotein with phosphatase 

activity has been identified virith the 2D-PAGE method (Wada, Gdrnicki 

and Sussman 1977)• 

Variations of this 2D-PAGE method have been published. SDS-

PAGE in the first dimension followed by IF-PAGE in the second dimension 

has been reported (Tuszynski, Buck and \larren 1979)• Also, different 

solubilization systems, such as the combination of SDS-PAGE followed by 
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phenol acid urea electrophoresis to resolve erythrocyte membranes 

(Conrad and Penniston 1976), have been employed. 

Since isoelectric focusing separates components based on their 

pi, it is possible to quantitate differences in charge units for vari

ous proteins. A method for internally standardizing pi's by 2D-PAGE 

using proteins v/ith chemically induced heterogeneity has been reported 

(Anderson and Hickman 1979). This group then subsequently demonstrated 

that the apparent microheterogeneity of glycoproteins can be quanti-

tated using proteins subjected to carbamylation with iirea to induce 

heterogeneity, as standards (Anderson and Anderson 1979). 

The power and the wide range of applicability of 2D-PAGE can 

easily be appreciated. By pre-treating or post-treating protein 

samples with such procedures as precipitation with antisera or isola

tion on lectin-affinity columns, even more "dimensions" can be intro

duced into the separation and final resolution of these components. 

Carbohydrate Determination in 
Glycoproteins and Glycopetitides 

There are a number of techniques available for the determina

tion and characterization of the resolved glycoproteins. They can be 

isolated and studied at both the glycoprotein and the glycopeptide 

level. Carbohydrate-specific lectins as well as specific glycosidases 

and microchemical techniques are all important tools. 

Many studies have been conducted with glycopeptides prepared 

from glycoproteins. This is a rather simple procedure and usually pro

duces structures that are small enough to handle easily and often more 

readily soluble, Glycopeptides rich in mannose have been compared 
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from normal and virus-transformed human Ixmg fibroblasts (Ceccarini and 

Atkinson 1977)• In a similar study, glycopeptides prepared from puri

fied plasma membrane glycoproteins of normal and virus-transformed 

hamster cells were resolved on Sephadex G-50 columns with resulting 

dissimilarities (Tuszynski et al, 1978). Sometimes, glycoproteins from 

normal and transformed cells may appear to be alike but the dissimi

larities are observed at the glycopeptide level (Van Nest and Grimes 

1977)• However, depending on the sugar content of the oligosaccharide 

chain, glycopeptides may behave anomalously when resolved by column 

chromatography. Also, apparently large glycopeptides excluded by 

Sephadex G-50 may have been the result of several short 0-linked oli

gosaccharides v.'hich were located too closely together to permit cleavage 

with pronase, in one group's study (Mutoh, Funakoshi and Yamashina 

1976). 

Considerable characterization of carbohydrate has been done 

with glycopeptides. Enzymes, such as endo-̂ -N-acetylglucosaminidase D, 

have been used to determine the structure of fucosyl glycopeptides pre

pared from rat fibroblasts (Kiaramatsu, Ogata and Koide 1976), Another 

approach v/as the treatment of proteins and glycoproteins with various 

proteases, resolution of the peptides by SDS-PAGE, and comparison of 

the patterns obtained in the slab gel (Cleveland et al. 1977). Once 

the initial characterization of the carbohydrate-containing polypeptide 

has been carried out, very sensitive chemical methods which have 

recently been developed can be employed to sequence the glycosyl resi

dues of complex ceirbohydrates (Valent et al, in press). 
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To determine the importance of structure involving carbohydrate 

in glycoproteins, innovative techniques need to be developed, Ashwell's 

group recently developed a competitive binding assay to determine the 

specificity of the combining site of immobilized hepatic lectin (Sarkar 

et al, 1979)i which is responsible for the clearance of desialylated 

serum glycoproteins. Sialic acid is very important in this glycopro

tein, Not only is it necessary to prevent the glycoprotein from com

peting with desialylated glycoproteins for its binding sites but the 

sugar also prevents premature clearance of circulating glycoproteins 

(Stockert, Morell and Scheinberg 1977), 

Sialic acid is apparently also responsible for shifts in pi 

observed by 2D-PAGE, Heterogeneity and shifts of glycoproteins un

treated or treated with neuraminidase were observed in viral gag gene 

polypeptides (Ledbetter 1979)• Heterogeneity of the vesicular 

stomatitis virus sialoglycoprotein has also been observed by 2D-PAGE 

(Raghow et al, 1978), Carbohydrate may be totally responsible for 

this observed heterogeneity in the isoelectric focusing dimension with 

no changes in the polypeptide portion of the glycoproteins. Sodium 

periodate treatment of human leukocyte interferons abolished the 

heterogeneity observed by IF-PAGE (Stewart et al, 1977). Interestingly 

enough, the presence of carbohydrate including sialic acid in the 

interferons caused a shift of the interferons to a higher pi. 

The use of lectins has also allov;ed structural determinations 

of carbohydrate in glycoproteins. Lectins and their uses have been 

reviewed (Sharon 1977). For example, age and region-dependent differ

ences in concanavalin A affinity for chick wing-bud mesoderm cells has 



been observed (Paulsen and Finch 1977)• Also, concanavalin A-affinity 

chromatography has been employed to resolve carbohydrate differences in 

ovotransferrin (Iwase and Hotta 1977)• 

The variable specificity of binding that lectins such as con

canavalin A have for similar oligosaccharide structures makes them 

extremely valuable tools for future studies. Resolution of glycopep-

tides on concanavalin A-Sepharose appears to be dependent on the oli

gosaccharide structixre for weak, strong, very strong, or no binding 

affinity (Narasimhan et al. 1979) • Usind radioiodinated glycopeptides 

of extremely high specific activity, calculation of association 

constants for various glycopeptide structures with concanavalin A has 

recently been reported (Baenziger and Fiete 1979b). Hence a great 

deal can be determined about carbohydrate content sind oligosaccharide 

structxu?e vdthout employing any of the traditional techniques for car

bohydrate determinations. 

Summary 

In summary, a great deal has been learned about surface glyco

proteins and their possible role(s) in transformation. Much has been 

learned about their biosynthesis and their structtire has been deter

mined. But more must be learned about the role of carbohydrate at the 

surface before its function in transformation can be determined. As 

mentioned before, it will be necessary to correlate the observation of 

alterations in total cell glycopeptides with changes in specific glyco

proteins. Also, it v:ould be useful to have a method which can 

efficiently investigate and resolve all of the altered glycoproteins. 



Further, it must be substantiated that the transformed cells used in 

these studies are indeed malignant, V/ith the large number of tech

niques v;hich have recently been developed, there should be considerable 

improvement in our understanding of membrane glycoproteins. Isolation 

and characterization remain formidable barriers that will need to be 

overcome before we can hope to achieve a complete understanding of 

carbohydrate's role at the cell surface and the apparent changes that 

occur v/ith differentiation and development. 

Dissertation Goals 

Because of the tremendous volume of literature reporting many 

interesting phenomena in cancer v/ith very little biochemical character

ization, it was important to determine the factors relevant to malig

nancy. Using a very well defined biolof̂ ical BALB/c fibroblast system, 

it was possible to make some initial chemical characterizations of the 

cell lines. Since this system includes a range of spontaneous trans-

formants (regressors vs. progressors, immunogenic vs. nonimmunogenic), 

perhaps this system might better approximate the iri vivo host situation 

than would most of the chemical and viral transformant systems. 

It was previously found that the glycoproteins prepared from 

the various cell surface membranes did not appear to differ using many 

of the standard techniques. However, it vjas subsequently determined 

that the cell glycoproteins did differ by isoelectric focusing. By 

including sodium dodecyl sulfate-polyacrylamide gel electrophoresis as 

a resolving system, two-dimensional gel patterns can be generated to 
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maximize glycoprotein resolution and hence determine differences among 

the cell lines. 

After demonstrating that cell membrane glycoprotein differences 

could be detected at the intact glycoprotein level, it would be of 

interest to determine the nature of the differences. To this end, it 

was desired to isolate, purify, and characterize am individual glyco

protein. The usefulness of the techniques employed as well as the 

procedures themselves are discussed. In addition, the quantities of 

material necessary and the limitations of the methods used are reported. 



MATERIALS AND METHODS 

Culture Techniques 

The fibroblast cell lines used in these studies were derived 

from BALB/c mice. A "normal clone of BALB/c 3T3 cells, was a gift 

from Dr. G. Todaro of NIH. V/hen Â  ̂was seeded on plates at low den

sity, several clones exhibiting altered morphology were isolated. c5 

is one of these spontaneous transformeints. V/hen c5 cells are injected 

into BALB/c mice, tumors form which subsequently regress. Cells iso

lated from these tumors were cultured and designated c5T. When c5T 

cells are injected into BALB/c mice, tumors arise and grow progres

sively to animal death. Since BALB/c mice can be immunized against 

c5T by a prior injection of irradiated c5T cells, c5T is an immunogenic 

progressor, 3T12 cells (a gift from Dr. G. Todaro), when injected into 

BALB/c mice, give rise to a tumor. The excised tumor can be cultured 

and the resultant cells are termed 3T12T. When 3T12T cells are in

jected into BALB/c mice, tumors result which rapidly lead to animal 

death. Since BALB/c mice cannot be immunized with either attenuated 

3T12T cells or crude membranes prepared from 3T12T cells, the cell line 

is a non-immunogenic progressor. 

Two other cell lines used in these studies are viral trans-

formants. SVT̂  cells (a gift from Dr. G. Todaro) resulted from BALB/c 

3T3 cells which were transformed by the DNA tumor virus, SV̂ O. MSG 

cells, producers of the RNA murine sarcoma virus, were a gift from 

31 



Dr. S. Russell of Scripps Clinic and Research Foundation, All of the 

cell lines used in these studies are described in Figxire 1. 

Cells were cultured in sterile containers in Dulbecco's modi

fied minimum essential medium (DMM) supplemented with either 10̂  fetal 

calf serum or a mixture of 5?3 calf serum-59̂  fetal calf serijm (Grand 

Island Biological Co., Santa Clara, California), Antibiotics were 

added to media only when cells were radiolabeled. These included 

penicillin (50U/L), streptomycin (50 V-sAi) and a trace of gentamicin. 

Cells which tested positive for mycoplasma contamination (Chen 1977? 

Levine 1972; Peden 1975) were not used. 

Cell Labeling Methods 

The labeling methods used in the cell studies can be divided 

into metabolic and external labeling methods. The metabolic labeling 

methods involved the use of radioactive preciu'sors which were meta-

r-l't -7 bolized and incorporated into glycoproteins. These included /_ 

and /_ ̂ ĝlucosamine and ̂ ^̂ m̂ethionine, V/hile the methionine label 

is incorporated into both proteins and glycoproteins, glucosamine label 

appears only in glycosylated macromolecules. Glucosamine can be fur

ther metabolized to galactosamine and sialic acid. 

To label with ̂ ^̂ 7̂methionine, cells were incubated in 

methionine-free DM for 2-3 hours at 37° to exhaust the cells of 

methionine (Strand and August 1977). Cells v/ere removed from the cul

ture dish with 0,059̂  trypsin and replated at 509o confluency. These 

cells were grown in 8 ml of methionine-free DMM supplemented with 

f̂̂ ^̂ methionine at 66 ̂ Ci/ml for 27 hoxirs. To label with and 



BALB/C Cell System 

Normal (C.I., no tumorigenicity) Transformed (No C.I., + tumorigenlclty) 

Regressors Progressors 

Immunogenic Non-Immunogenic 

B3T3,A3i  ̂ > C5 """ C5T 

3T12 host passage  ̂

1. age of host 
2. dose size 

MSG 4 > MSG 

SyT2 (non-tumorigenic in BALB/c mice) 

Figure 1. Properties of the BALB/c mouse fibroblast cell system. 
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Z ĝlucosamine, cells were incubated in DMM, trypsinized, replated, 

and grown in 7 nil of DMM containing appropriate concentrations of 

label. For 2D-PAGE comparisons, cells were grown in ̂ "̂ ĉ/glucosamine 

at 2.5 jiCi/ml for 2k hours. For growing preparative quantities, cells 

were labeled with Z ̂H/̂ ucosamine at 1-2 )aCi/ml for 72 hours or Z~̂ ^̂  

glucosamine at 0.1 uCi/ml for 72 hours. In eill cases after removing 

labeled media, cells were washed three times with soln A (saline con

taining 157 mK NaCl, 2.5 mM KCl, 8.0 mM Nâ HPÔ , and 1.5 KH2P0£̂ ) and 

then soln A containing 2 mM phenylmethyl sulfonyl fluoride (PMSF), pH 

7.0 was added and the cells frozen. 

The external labeling methods included both enzymatic and 

125 chemical treatments. These are I-lactoperoxidase-catalyzed iodina

tion, galactose oxidase and borotritiide reduction - neuraminidase 

pre-treatment, and periodate oxidation plus borotritiide reduction. 

125 Na I-lactoperoxidase-catalyzed iodination v/as performed on 

cell monolayers grovm. in triplicate sets of plates to confluency. 

Plates were washed three times v/ith soln A, pH Cells were incu

bated at room temperature in labeling medium consisting of 1ml of 5niM 

glucose in soln A, 0.1 U glucose oxidase, 20 jig lactoperoxidase, and 

250 }iCi Nâ ^̂ I. 1 ml of Nal in phosphate-buffered saline (1.̂ 7 g/L) 

was added after 10 minutes to stop the reaction. The incubation medium 

v;as removed and the cell pellets v/ashed 1 to 5 times v;ith soln A. Soln 

A + 2 mM PMSF, pH 7.0 was then added and the cells on plates were 

frozen. 

In experiments where cells were labeled with NaB̂ Ĥ ,̂ the cells 

were never frozen after labeling. Sometimes cells treated with 
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galactose oxidase were pre-treated with netiraminidase (Vibrio cholerae). 

Cells were washed three times with soln A, and then detached by incu

bating the cells in 0.01 M EDTA in soln A for 10 minutes at 37° followed 

by a soln A washing. The cells were resuspended to 2-k x 10 cells/ml 

(8 mg protein in 0.1 M phosphate buffer, 13«7 mM Nâ HPÔ , 86.3 mM 

KĤ PÔ , PMSF, 1 mM CaCl̂ i pH 6.0), Either neuraminidase at 2.5 

U/10 cells or nothing was added to each cell aliquot and the cells 

were incubated at 37° for 30 minutes. The cells were washed with soln 

A, pH 7.̂  and resuspended in soln A + 2 miM PMSF, pH 7.0. Galactose 

g 
oxidase at 0.5 U/10 cells was added to each cell aliquot and the cells 

were incubated at room temperature for 60 minutes. The cells were 

washed v/ith soln A, pH 7.̂ + and resuspended in soln A, pH 7.̂ * NaB̂ Ĥ  ̂

(0.5-1.0 mCi) was added and the cells incubated at 10-15° for 60 min

utes. The cells were washed two times with soln A, pH 7.̂ , and one 

time with soln A, pH 5.9. The cells were resuspended in distilled 

water and frozen. Cell aliquots were occasionally reserved for further 

analysis. These aliquots were centrifuged to recover cells. The cell 

pellet was then extracted two times with chloroform-methanol (2:1). 

The pellet was resuspended in 19o phosphotungstic acid-0.5 N HCl. The 

acid precipitable material was retained on filters. This material and 

the dried chloroform-methanol extracts were counted in a liquid scin

tillation counter to determine radioactivity. 

Cells vjere similarly labeled by periodate oxidation plus 

borotritiide reduction. Cultured cells were washed 2-3 times with 

soln A, pH 7.̂ . Cells were harvested by incubation in 0.01 M EDTA in 

soln A at 37° for 10 minutes follov;ed by one washing with soln A, 



Cell aliquots were pipetted out and the cells taken up in soln A + 2 mM 

PMSF, pH 7.0. From 0-5 NalÔ  was added and the cell aliquots incu

bated on ice for 10-15 minutes. The cells were washed two times v;ith 

soln A, pH 7.̂ . From 0.25 to 1.00 mCi of NaB̂ Ĥ  ̂was added to cells 

resuspended in soln A, pH 7.̂  and the cells were incubated at room 

temperature for 60 minutes. Cells were washed once with soln A, pH 

7,k and once with soln A + 2 mM PKSF, pH 5.9. 

To determine that sialic acid in membrane macromolecules was 

labeled by this method, cells were resuspended in either 0,1 M phos

phate buffer - neuraminidase or 0.1 M H2S02̂ . Acid-treated cells along 

with ̂ ^̂ fetuin standards were heated at 80° for 60 minutes to hydro-

lyze sialic acid. Cells in phosphate buffer were incubated at 37° for 

30 minutes. Cellular material and fetuin samples were centrifuged out 

and the supernatant solutions were applied to Dowex 1X8 columns. 

Columns v;ere washed with 10 ml of Ĥ O and the eluant solutions col

lected, Sialic acid was eluted with 10 ml of 1 H formic acid. Both 

solutions were dried down. Cell pellets were extracted with chloroform-

methanol (2:1) and the remaining material was precipitated with 1% 

phosphotungstic acid - 0,5 N HCl onto filters. All fractions were 

counted for radioactivity in a liquid scintillation counter. 

To determine conclusively that the label was in sialic acid, 

cells labeled by the periodate oxidation plus borotritiide reduction 

method were treated with buffer alone, neureuninidase, or acid as above. 

The samples were then applied to V/hatman #3 paper strips along with 

authentic ̂  Î sialic acid and descending paper chromatography 



37 

performed for l8 hours in n-butanol:n-propanol:0,l N HCl (1:2:1). 

Strips were dried, cut, and counted in a liquid scintillation counter. 

Similarly, to determine that the label v;as definitely in galac

tose, cells labeled by the galactose oxidase plus borotritiide reduc

tion i neuraminidase method were hydrolyzed in 2 N trifluoroacetic acid 

at 120° for 90 minutes. The samples were dried down and the sugars 

r~l.h -7^ extracted with 70?o ethanol. The samples were spiked with C/1-

galactose, centrifuged to remove debris, and applied to Whatman #1 

paper strips. Descending paper chromatography v;as performed for 56 

hours in ethyl acetate:pyridine:water (8:2:1). Strips were dried, cut, 

and counted in a liquid scintillation counter. 

An innovative method to improve labeling with borotritiide was 

devised. Tributylstannous chloride v;as incubated v;ith sodium borotri

tiide to form tributylstannous tritiide. Cells prepared as above by 

periodate oxidation were reduced v/ith equal amounts of either sodium 

borotritiide or butylstannous tritiide on ice for 60 minutes. Cells 

were washed two times with soln A and 1% phosphotungstic acid-0.5 N HCl 

was added to each cell aliquot. Some aliquots were centrifuged and 

extracted v/ith chloroform:methanol (2:1). Cell pellets were rehydrated 

in 195 phosphotungstic acid - 0.5 N HCl and precipitated onto filters. 

Extracts were dried down and both fractions were counted in a liquid 

scintillation counter. 

Fractionation 

For routine analysis of labeled cells which had been frozen in 

soln A + 2 mM PMSF, cells were scraped from the growing surfaces with 
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a rubber policeman. Cells were homogenized in the same buffer in a 

Bounce homogenizer with 25-35 strokes with a B pestle, Homogenates 

were spun in a clincal centrifuge at 400 x g for 5 minutes. The cell 

pellets were washed once with 0.5 ml of soln A + 2 mM PMSF, pH 7.1» 

and the two supernatant solutions combined. These were spun at 12,000 

X g for 20 minutes in a Sorvall SS-3̂  rotor and the pellet was desig

nated the crude membrane fraction. 

For neuraminidase treatment of freshly prepared crude membranes 

from labeled cells, samples were suspended in 0.1 M phosphate buffer 

and divided into aliquots. Treated samples received 5 U Vibrio 

cholerae neuraminidase (E.G. No. 3.2.1.18). All aliquots were mixed 

and incubated at 37° for 60 minutes. The crude membranes were then 

pelleted in an Eppendorf centrifuge 3200 for 5 minutes and prepared for 

isoelectric focusing. 

Detergent Extraction 

Freshly prepared crude membranes and nuclear fractions were 

extracted individually with a detergent solution. Membranes were ex

tracted v;ith 0,2% NP-̂  in Tris-buffered 2 mM PMSF, pH 8.0. Nuclei 

were extracted v/ith 0.25̂ 0 NP-'fO in soln A + 2 mM PMSF, pH 7.0. Extrac

tions were done on ice for 1-3 hours. Fractions were pelleted in an 

Eppendorf centrifuge 3200 for 5 minutes and the supernatant solutions 

retained. The fractions were re-extracted as before overnight. A 

third extraction (wash) of 1-3 hours was done as above. The extracts 

were then applied to a lectin affinity column and concomitantly 

diluted 1:1 with column buffer (see below). 



SDS-PAGE 

Samples v;ere prepared for SDS-PAGE by diluting 1:1 v/ith 2-fold 

preparation buffer containing a reducing agent (Van Nest and Grimes 

1977)• The samples were then heated, ranging from 37° to boiling, 

depending upon the sample, for 5 to 10 minutes. Samples were centri-

fuged when appropriate to remove insoluble material. Samples were then 

applied to either tube gels or slab gels. The gels contained a 7% run

ning gel and a k% stacking gel (ranging from 20:3 to 4:1, depending 

upon the gel sample). Buffers and running conditions were according 

to Neville (Neville 1971). Electrophoresis was at 2 mA per tube gel 

(approximately 3»2 ml total volume) and was at kO mA initially per slab 

gel (approximately 45 ml) to I50 V, until the tracking dye had reached 

the bottom of the gel. Occasionally gels would be stained with 

Coomassie blue to locate protein bands. The staining procedure was 

essentially that of Fairbanks et al. (Fairbanks, Steck and V/allach 

1971). 

IF-PAGE 

Samples were prepared for IF-PAGE by solubilization in 5̂  SDS 

at 70° for 30 minutes. Urea and NP-40 were added along with buffer 

containing ampholines (O'Farrell 1975; Ames and Nikaido 1976), Ampho-

line ranges and ratios v/ere pH 5-7/pH 3-10 (4:1) at a concentration of 

25o for one-dimensional gels and pH 2-4/pH 5-7/pH 2-11 (3:3:4) at a 

concentration of 2?̂  for two-dimensional gels. Samples were electro-

phoresed for 15 hours at 400 V, 30 minutes at 6OO V, and 30 minutes 

at 800 V, 



2D-PAGE 

The method for 2D-PAGE was simply IF-PAGE in tube gels followed 

by SDS-PAGE in a slab gel. Preparation of crude membrane material for 

two-dimensional gel electrophoresis was essentially as described by 

O'Farrell (1975) and modified by Ames and Nikaido (1976). Crude mem

brane pellets were solubilized in 5?o SDS at 70° for 30 minutes. Solid 

urea was added to each sample and samples were diluted with lysis 

buffer A, NP-̂ O was added to adjust the final NP-40;SDS ratio to 8:1 

as described (Ames and Nikaido 1976). Aliquots from the samples con

taining 100-300 ng of protein in 50-100 jil were focused in gels (6 mm 

X 120 mm, 3»15 is^) prepared as described by O'Farrell for 15 hr at kOO 

V followed by 1 hr at 800 V. The gels contained the ampholines pH-

isolytes pH 2-k (Brinkmann), Bio-Lyte 5/7 (Bio-Rad Laboratories, 

Richmond, California), and pHisolytes pH 2-11 (Brinkmann) in a ratio 

of 3!3s4 to a final concentration of 2̂ , Gels were removed from the 

tubes and immediately frozen at -70°. 

2.5 mm thick 7% polyacrylamide slab gels were prepared for 

electrophoresis in the second dimension v/ith SDS. Tube gels were 

thawed until flexible and then frozen betv/een two glass plates so that 

they were approximately rectangular (6 mm x 120 mm) as in a slab gel. 

The frozen gel was removed from the glass plates, laid on a flat sur

face, and longitudinally sliced into three portions with razor blades 

rigidly fixed at 3-1/2 mm apart. The central portion was equilibrated 

as described by O'Farrell. Equilibration was on a shaker at 37° for 

20 min. The shaker v/as then turned off and equilibration allowed to 

proceed for an additional ̂  min. The equilibrated gel now had two 
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flat surfaces and fit easily into the slot on top of the second dimen

sional gel, locked in place with 19o agarose. The gel system employed 

in the second dimension was that of Neville (1971), to take advantage 

of borate's ability to complex with carbohydrate on glycoproteins. 

Gels were electrophoresed at 40 mA until the bromphenol blue dye (in

corporated into the agarose gel solution) entered into the resolving 

gel. The gel was then run at 125 V until the dye had run 2/3 of the 

length of the resolving gel. Electrophoresis was continued at constant 

amperage (125 V initially) until the dye marker reached the bottom. 

Gels were prepared for fluorography immediately. 

Fluorogra-phy 

Fluorography was routinely performed on slab gels as described 

(Bonner and Laskey 197̂ ). Gels were usually put into dimethyl sul

foxide (EMSO) after electrophoresis and allowed to soak overnight. 

After an additional one hoiir DMSO wash, the gel was soaked in 2,5 

diphenyloxazole in DMSO (22.2/o w/v) for 3 hours. The gel was thoroughily 

rinsed with water for an hour and the opaque gel was transferred to a 

1% glycerol-10?o acetic acid solution for approximately 45 minutes. The 

gel was then dried overnight on a Bio-Rad slab dryer. The gel was ex

posed to RP-14 x-Omat film at -70°. The x-ray pictures were developed 

with Microdol-X developer and fixed. 

IF Column 

Isoelectric focusing was performed in a 120 ml preparative 

column (LKB) containing sucrose, urea and NP-40. The sample was solu-

bilized by heating in 2?o SDS at 70° for 30 minutes. The sample was 



diluted with sample solution and applied directly to the column (dense 

electrode solution: 0.21 ml phosphoric acid, ik g sucrose, 1̂  ml 

water; light electrode solution: 0.2 g sodium hydroxide, 20 ml water; 

dense sample solution: 3.60 ml ampholines pH 3-5» 0.'4-5 ml ampholines 

pH 5-10, lk,kl g urea, 28 g sucrose, 13.2 ml 10̂  rJP-'fO, Ik.lJ) ml Ĥ O; 

light sample solution: 1,20 ml ampholines 3-5» 0.15 ml ampholines 

3-10, 1̂ .4l g urea, 13«2 ml 10̂  NP-UO, 3̂ «55 ml H20). Electrophoresis 

was at 400 V for 2-3 days and increased to 600 V for 1 hour and 800 V 

for 1 hour to sharpen bands before discontinuing the run. Fractions 

of 1 ml v/ere collected and the gradient was measured xvith a pH meter. 

The radioactivity was determined in a liquid scintillation counter. 

Protein Assay 

Protein content v/as determined by the method of Lowry et al, 

(1951). 

Concanavalin A-Sepharose Column Chromatography 

Detergent extracted samples were applied to a column which had 

been equilibrated v;ith buffer (10 mM Tris, 0.2̂ j NP-'+O, 1 iiiM dithio-

threitol, 0.1 mM MnCl2» 0,02So NaN̂ , pH 8.0) and had unlabeled sample 

passed through first to avoid nonspecific binding of labeled material. 

The column v;as washed thoroughly with buffer and the lectin bound gly

coproteins eluted v;ith an equal volume of 59o a- methylmannoside in the 

same buffer at 1 ml/minute. Fractions of 3 ml v;ere collected and the 

radioactivity v/as determined in a liquid scintillation counter. Frac

tions containing voided and eluted material were pooled separately. 

The pooled fractions were concentrated by Amicon ultrafiltration with 
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a PM-10 membrane and washed thoroughly with water containing a trace 

of PMSF, to remove the NP-MD, The samples were diluted 1:1 v/ith 2-fold 

preparation buffer, a trace of bromphenol blue was added, and the 

sample was boiled for IO-I5 minutes to destroy any associated proteo

lytic activity (breakdown will occur if the sample is not boiled and 

is kept at ̂ °). The sample v/as subjected to electrophoresis on a 100 

ml 7% resolving gel with a 15 or 20 ml A9o stacking gel, by preparative 

PAGE (Bucher Instruments), The upper gel buffer and lov/er gel buffer 

were the same as those for analytical SDS-PAGE. The gel v/as run at 

125 niA. Fractions of 5 ml were collected at 1 ral/minute as the elec-

trophoresed material passed through the end of the gel and was mixed 

with elution buffer (.3/̂  solution of upper buffer). Fractions were read 

with a spectrophotometer to determine optical density and aliquots v/ere 

counted in a liquid scintillation counter to determine radioactivity. 

Appropriate fractions v;ere pooled, concentrated by ultrafiltration, and 

washed thoroughly with v;ater containing a trace of PMSF, to remove SDS. 

Fractions were frozen until further use. 

Carbohydrate Determination 

Sialic acid was measured by the thiobarbituric acid procedure 

of V.'arren as described (Grimes 1970), Alditol acetates v/ere prepared 

essentially as described (Grimes and Greegor 1976) from individual 

glycoprotein samples and injected into a Hewlett-Packard 5700 chromato-

graph. Glass columns containing OV 225 on Supelcoport v;ere used and 

were programmed for 8 minutes at 170° followed by a 2°/minute rise to 

220° for 8 minutes. Carbohydrate standards of knovm retention time 



kk 

were used and all samples contained 2-deoxyglucose as the internal 

standard. 

Two-dimensional PAGE of Viral Antibody 
Precipitates 

r"35 — m̂ethionine-labeled cells were prepared as described. 

Crude membranes v̂ jere divided into aliquots and purified Murine Leukemia 

Virus antibody was added to appropriate tubes by Arthur R. Kanun in this 

laboratory. After the precipitates had been formed and v;ashed thor

oughly, they were prepared for 2D-PAGE as before, as were the untreated 

controls. 



RESULTS 

Labeling of Membrane Components 

A number of labeling methods were employed in these studies. 

Since it was of interest to study various membranous organelles within 

the cell to determine any differences between plasma and intracellular 

membrane components, it was necessary to use labeling techniques that 

are cell surface specific. The two methods chosen initially to label 

the cell surface both required ̂ Î̂ sodium borohydride as the source of 

radioactive label. 

V/hen aldehydes occur in macromolecules they are readily reduced 

by a hydride donor such as borohydride. The hydride attacks the 

carbonyl C and the 0 picks up a H"*" from the solution to form a hydroxyl 

group. Though aldehydes probably do occur in cell surface macromole

cules as the result of non-specific cell surface interactions with its 

environment, aldehydes can be readily generated in carbohydrate 

moieties. 

One method to generate aldehydes in saccharides is oxidation 

with sodium periodate. In high concentrations, periodate is capable 

of almost completely oxidizing entire oligosaccharide chains. However, 

when used at a concentration of 1-2 raM as in these studies, the perio

date molecule appears to preferentially attack between the adjacent Cg 

and Cg hydroxyls of neuraminic acid residues. At slightly higher con

centrations, the aldehyde is generated at Ĉ  (Veh et al. 1977)• 

5̂ 
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An enzymatic method for generating aldehydes in carbohydrate 

molecules uses galactose oxidase. This enzyme will convert the Cg 

hydroxyl of galactose and galactosamine to an alydehyde. Because 

galactose often occurs penultimate to sialic acid in oligosaccharide 

chains, it is necessary to treat with neuraminidase so that the Cg 

hydroxyl of galactose (and galactosamine) will be accessible to galac

tose oxidase. 

Once the aldehyde has been generated it can be effectively re

duced with ̂ l̂̂ sodium borohydride. Because all three of the oli

gosaccharides mentioned occur in glycolipids as well as glycoproteins, 

it is necessary to adjust the reaction conditions to selectively meoci-

mize radioactivity incorporation into glycoproteins. 

A typical example of the results from the introduction of label 

into cells using sodium borotritiide is shown in Table 1, JUST cells 

were labeled by the periodate oxidation plus borotritiide reduction 

method. The cells as well as a sample of fetuin, which had been 

labeled using a similar technique, were treated with sulfuric acid to 

hydrolyze sialic acid residues. The sialic acid was eluted with formic 

acid (see HCÔ H eluate). Some cells were treated with either neu

raminidase or buffer alone to determine the percent of sialic acid 

moieties accessible to neuraminidase. It appears that more than5Ĉ  of 

the label can be specifically removed by neuraminidase. However, after 

extracting the cells after the various treatments with chloroform-

methanol and acid-precipitating the remaining pellets, it appeairs that 

the sisilic acid in glycoproteins is less susceptible to neuraminidase 

treatment than that in glycolipids. However, the borotritiide label 



Table 1. Labeling of 3T12T with lOjJ + distribution of label. 

cpm (x 10 ) 
Treatment Ĥ O Wash HGÔ H eluate (NANA) GL (2:1 sol) GP (2:1 insol) 

none 9.9 
+ 
1.5 15.2 

+ 
zA 172 

+ 
25 2*1.6 

+ 
5.3 

5u neur. 52.3 
+ 
5.7 +̂5.3 

+ 
2.9 155 

+ 
15 26.1 + 0.8 

.IM H SO. 132 
+ 
8.5 72.9 

+ 
k,2 lOJf + 8.5 5.0 

+ 
2.4 

(̂ H-fetuin) 

16 Jig 15-6 7.7 

0̂ ng 35.3 26.1 

Cultured 3T12T cells were labeled by periodate oxidation plus borotritiide reduction as 
described in Materials and Methods, Cell aliquots were treated as shown with buffer silone, 
neuraminidase, or by raild acid hydrolysis as v/as /"̂ ^̂ fetuin. Releasable material was 
passed over Dowex 1X8 formate columns. The columns were washed with water and sialic acid 
was eluted with 1 N HCO2H. The remaining cell material was extracted with chloroforra-
methanol (2:1) and the insoluble material precipitated with 1̂  phosphotungstic acid-0.5 
H HCl. 
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appeared to be very specific for sialoglycoproteins, since almost 9CPA 

of the label was released by acid hydrolysis. Less thain half of the 

material labeled with borotritiide and chloroforra-methanol soluble was 

susceptible to acid hydrolysis. Thus it can be seen that though more 

label is incorporated into the glycolipid fraction, most of the label 

is non-specific. However, this technique is very specific for sialogly-

coproteins. 

After cells were labeled by periodate oxidation plus borotri

tiide reduction, it was demonstrated that the majority of the label is 

present in sialic acid. This is shown in Figure 2. Authentic 

sialic acid along with material released by no treatment, neuraminidase 

treatment, or acid hydrolysis of labeled cells were chromatographed on 

strips by descending paper chromatography. Panel A shows the location 

of ̂ Ĥ7sialic acid. V/hen labeled cells are allowed to incubate in 

buffer, no free sialic acid is detectable though other unidentified 

labeled species do appear in panel B. Cells which were treated v/ith 

neiiraminidase in panel C show a large peak which migrates to exactly 

the same position as that of ̂ ^̂ sialic acid in panel A. When labeled 

cells are treated with hot sulfuric acid as in panel D, again a peak 

that migrates the same distance as does acid appears. In 

addition, a second faster moving peak which overlaps with the first 

peak is visible. This peak may represent sialic acid derivatives which 

were cleaved at the position during periodate oxidation. It has 

been reported that these derivatives are less susceptible to cleavage 

by neuraminidase (Veh et al. 1977). 



Figure 2. Descending paper chromatography of labeled sialic acid 
released from 5T12T cells. 

Cultured 3T12T cells were labeled by periodate oxidation 
plus borotritiide reduction as described in Materials and 
Methods. Cell aliquots were treated with buffer alone, 
neuraminidase, or by mild acid hydrolysis. Releasable 
material was applied to strips and descending paper chroma
tography performed as described in Materials and Methods. 
0 is the origin. Panel A, authentic 2[~3H7Bialic acid. 
Panel B, buffer-releasable material. Panel C, 
neuraminidase-releasable material. Panel D, mild acid 
hydrolysis-releasable material. 
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Figure 2. Descending paper chromatography of labeled sialic acid 
released from 3T12T cells. 
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Similarly, it was demonstrated that treatment of cells with 

galactose oxidase plus borotritiide labels mainly galactose moieties. 

This is demonstrated in Figure Labeled cells were heated ia tri-

fluoroacetic acid to release galactose from oligosaccharide chains. 

The sugar was taken up in diluted ethanol, spiked with ̂ ^̂ ĝalactose, 

and separated on strips by descending paper chromatography. In the top 

panel, it can be seen that control cells which were only treated with 

borotritiide have a very small peak which comigrates with galactose. 

This implies that some of the galactose present in oligosaccharides may 

naturally occur in an aldehyde form at the position. A second peak 

near the origin may partially represent galactosamine, since this is 

where authentic gsilactosamine migrates. In the middle panel, the sugar 

from cells which were treated with galactose oxidase plus borotritiide 

comigrated with authentic galactose. The lower panel which represents 

the sugar from cells treated with neursininidase prior to galactose oxi

dase plus borotritiide treatment shows essentially the same results. 

Hence the labeling method is highly specific for galactose-containing 

macromolecules. 

A novel method to increase the efficiency of labeling with 

sodium borotritiide was devised, V/hen tributylstannous chloride is 

sillowed to equilibrate with sodium borotritiide, it is converted to 

tributylstannous tritiide. This compound is an extremely efficient 

hydride donor. In addition, it is quite lipophilic so that it might 

have better access to membranous components than would a salt such as 

sodium borohydride. The results from an experiment with periodate 



Figure 5* Descending paper chromatography of labeled galactose re
leased from 3T12T cells. 

Cultured 3T12T cells were labeled by galactose oxidase plus 
borotritiide reduction as described in Materials and Methods. 
Cell aliquots were treated with borotritiide alone, galac
tose oxidase, or galactose oxidase with neuraminidase pre-
treatment, and acid hjdrolyzed. Releasable material (•) 
was spiked with /̂ ^̂ -1-galactose (̂ ), applied to strips 
and descending paper chromatography performed as described 
in Materials and Methods. Arrow indicates the origin. 
Upper panel, borotritiide reduction alone. Middle panel, 
galactose oxidase plus borotritiide reduction. Lower panel, 
neuraminidase-pretreated galactose oxidase plus borotri
tiide reduction. 



DESCENDING PAPER CHROMATOGRAPHY 

CONTROL 

-r 

02 

GAL. OX. 

GAL. 0X.+ NEUR. 

20 
STRIP NO. 

Figure Descending paper chromatography of labeled galactose released from 
3T12T cells. 



52 

3  I  2  5  1  2  
CH CH 

I  2  I  2  
CH 6H_ 

I  3  I  " 5  

3  2  2  2 ;  3  2  2  2  I  
CH CH-

I  2  , 2  
CH_ CH-
i I ^ 

CH^-CS^ 

oxidized 3T12T cells followed by reduction with this new compound are 

presented in Table 2. Though it is impossible to tell whether label 

was increased in the glycolipid fraction due to the large amount of 

error, there was a definite albeit a slight increase in the labeling 

of the glycoprotein-containing fraction. The labeling method was not 

further investigated although it might possibly be useful under appro

priate reaction conditions. 

However, since an eventxial goal was the resolution of labeled 

membrane components two-dimensionally, it was necessary to label com

ponents to a high degree of specific activity. Also, it was later 

found that tritium in general is too weak of a radioisotope to use 

practically in our system without using flashed film (Laskey and Mills 

1975). Hence, other labeling methods were investigated for this pur

pose. 

An advantage of metabolic labeling methods is the high degree 

of specific activity achieved, ^̂ ĝlucosamine gave a specific 

activity of several thousand cpm's per fig of protein. However, the 

decay of tritium yielded X-ray pictures that were too light to be of 

practical value two-dimensionsLlly. Therefore /"̂ ^̂ glucosamine and 

/ ̂̂ m̂ethionine were chosen as metabolic labels for cells in 



Table 2. Labeling of 3T12T with lOj* + - (Bu,) SnCl: distribU' 
tion of label. 

Treatment GL (2:1 sol) GP (2:1 insol) Total Acid PPT 

/ ̂Î aBĤ  80.7 ' 51.5 88.1 t 2,k 

160 i 18.6 

/ ̂H/̂ aBĤ /Bû SnCl 111 t 10.9 109 - 7.05 

/"\̂ aBHî /Bû SnCl 186 i 5̂ .6 

Cultured 5T12T cells were labeled by periodate oxidation plus 
tributylstannous tritiide (converted by borotritiide) reduction in 
triplicate as described in Materials and Methods. Labeled cell 
aliquots were extracted with chloroform-methanol (2:1) smd the in
soluble material was precipitated with l/o phosphotungstic acid-
0,5 N HCl. Other cell aliquots were not extracted first to determine 
total acid precipitable radioactivity. 



two-dimensional studies. In addition, labeling of cells by 

125 lactoperoxidase-catalyzed iodination using Na I proved useful for 

125 two-dimensional studies because of the X-ray emission during I 

decay. The general range of specific activities achieved with these 

labeling methods is presented in Table 

Resolution of Membrane Components 

At the time that these studies were initiated, very little 

characterization of the membrane components of the BALB/c fibroblast 

system had been performed. It was known that there appeared to be 

several glycoproteins which could be labeled with radioactive glucosa

mine and that these macroraolecules could be resolved by polyacrylamide 

gel electrophoresis in the presence of sodium dodecyl sulfate (SDS-

PAGE). Hov/ever, when these labeled glycoproteins prepared from the 

different normal and transformed cell lines were compared, no qualita

tive differences could be detected. Yet, differences were subsequently 

detected at the glycopeptide level. 

It was felt that if a method could be devised to improve the 

resolution of the membrane components, then differences among the cell 

lines would be apparent at the glycoprotein level. It was decided that 

a combination of resolving methods, including isoelectric focusing, 

could accomplish this goal. At approximately the same time, a method 

for resolution of membrane components was reported in the literature. 

This novel method separated the macroraolecules in two different 

dimensions (2D-PAGE), It was reported that in excess of one thousand 

different polypeptides could be detected (O'Farrell 1975)• 



Table 3- Range of specific activity of label in cells. 

55 

Label Specific Activity of Label 
in Cells (cpm/ug protein) 

up to 10̂  

10̂ -10̂  

10̂ -10̂  

lô -io'̂  
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Since no difference in glycoprotein mobility by SDS-PAGB had 

been observed in oiir laboratory, it was very importsoit that differences 

among the cell lines be demonstrated by IF-PAGE in order for ZD-PAGE 

to be successfial. Hence, various cell lines were labeled with gailac-

tose oxidase plus borotritiide reduction with or without pretreatment 

with neuraminidase. The cells were then solubilized and the membrane 

glycoproteins resolved by IF-PAGE in tube gels. The gels were sliced 

and the radioactivity in each slice determined. Because each set of 

gels for a particular cell line were run at different times, slight 

differences in the pH c\irve were observed and are noted. 

In Figure 't, the IF-PAGE pattern of labeled Â  ̂cells is shown. 

Almost no label was detected in cells treated with borotritiide alone 

(see top panel). V/hen the cells v;ere treated with galactose oxidase 

plus borotritiide reduction, label v;as basically detected in neutral 

components with a pl>7.0 (see middle psuiel). Hov;ever, when cells were 

pretreated with netiraminidase (see lower panel), a tremendous range of 

macromolecules could be resolved. This seems to indicate that geilac-

tose does occur penultimate to sialic acid residues in the normal cell 

line and that neuraminidase treatment is necessary to remove the sialic 

acid so that the glycoproteins can be effectively labeled. 

Labeled 3T12T cell components were resolved by IF-PAGE as shown 

in Figure 5» The top panel shows essentially no labeling of macro-

molecules by borotritiide reduction alone. V/hen the cells are labeled 

by galactose oxidase plus borotritiide reduction (see middle panel), 

several glycoprotein peaks appear. If the cells are pretreated with 

neuraminidase (see lov;er panel), these same peaks are quantitatively 



Figure 'f. Isoelectric focusing pattern of labeled A,, cells. 

Cultured cells were labeled by galactose oxidase plus 
borotritiide reduction as described in Materials and 
Methods, Cells were solubilized and electrophoresed in a 
pH gradient in polyacrylaraide gels. Gels were sliced and 
the radioactivity v/as eluted and counted. Upper panel, 
borotritiide reduction alone. Middle panel, galactose 
oxidase plus borotritiide reduction. Lower pemel, 
neuraminidase-pretreated galactose oxidase plus 
borotritiide reduction. 
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Figure 5« Isoelectric focusing pattern of labeled 3T12T cells. 

Cultured 5T12T cells were labeled by galactose oxidase 
plus borotritiide reduction as described in Materials 
and Methods. Cells were solubilized and electro-
phoresed in a pH gradient in polyacrylamide gels. Gels 
were sliced and the radioactivity was eluted and counted. 
Upper psinel, borotritiide reduction alone. Middle panel, 
gsilactose oxidase plus borotritiide reduction. Lower 
panel, neuraminidase-pretreated galactose oxidase plus 
borotritiide reduction. 
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Figure 5» Isoelectric focusing pattern of labeled 3T12T cells. 



increased in the amount of label associated v/ith them. However, 

neuraminidase treatment failed to expose new glycoproteins for labeling 

which had pi's different from those of the other labeled glycoproteins. 

Hence, it appears that the glycoproteins from 3T12T cells could have 

highly branched complex oligosaccharide chains where at least one of 

the galactose residues is not penultimate to sialic acid but terminal 

instead. Differences in the oligosaccharide chains of a glycoprotein 

with two or more different complex oligosaccharide chains could also 

account for this observation. It is interesting to note the qualita

tive similarity between the IF-PAGE patterns of B3T3 and 3T12T, the 

highly malignant nonimmunogenic spontaneous transformant. 

Figure 6 shows the results of a similar experiment with labeled 

c5 cells. Again, no label was detected by borotritiide reduction alone 

in this pH range (see upper panel). Labeling of cells with galactose 

oxidase plus borotritiide reduction (see middle panel) labeled mainly 

neutral glycoproteins although some acidic glycoproteins were slightly 

labeled. However, when sialic acid was removed by prior treatment with 

neuraminidase (see lower panel), the incorporation of label was sig

nificantly increased in a wide range of macromolecules. Again it 

appears that most of the galactose in the oligosaccharides of the gly

coproteins is situated penultimate to sialic acid. 

The results of an experiment with labeled c5T cells are shown 

in Figure 7. The distribution of label qualitatively by IF-PAGE is 

virtually identical to that of c5 cells. One component appears to be 

weakly labeled by borotritiide reduction silone (see upper panel). The 

middle panel shows the result of neutral components labeled by 



Figure 6, Isoelectric focusing pattern of labeled c5 cells. 

Cultvired c5 cells were labeled by galactose oxidase plus 
borotritiide reduction as described in Materials and 
Methods. Cells were solubilized and electrophoresed in 
a pH gradient in polyacrylamide gels. Gels were sliced 
and the radioactivity was eluted and counted. Upper 
panel, borotritiide reduction alone. Middle panel, 
galactose oxidase plus borotritiide reduction. Lower 
panel, neuraminidase-pretreated galactose oxidase plus 
borotritiide reduction. 
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Figure 7« Isoelectric focusing pattern of labeled c5T cells. 

Cultured c5T cells were labeled by galactose oxidase plus 
borotritiide reduction as described in Materials and 
Methods. Cells were solubilized and electrophoresed in a 
pH gradient in polyacrylamide gels. Gels were sliced 
and the radioactivity was eluted and counted. Upper panel, 
borotritiide reduction alone. Middle panel, galactose 
oxidase plus borotritiide reduction. Lower panel, 
neuraminidase-pretreated gsilactose oxidase plus borotri
tiide reduction. 
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galactose oxidase plus borotritiide reduction. V/hen c5T cells are 

first treated vdth neuraminidase, a large increase in labeling of peaks 

occurs (see lower panel). 

In the final experiment of this series, labeled MSG components 

were resolved by IF-PAGE. Figure 8 shows a dramatic change with this 

viral transforraant. Though very little is labeled by borotritiide 

reduction edone (see upper panel), galactose oxidase plus borotritiide 

reduction of MSG cells resulted in a significant amount of glycoprotein 

labeling (see middle panel). When the cells were treated with 

neuraminidase prior to labeling, not only was the amount of radio

activity incorporated into these peaks increased but new glycoprotein 

peaks appeared to be labeled as well (see lower panel). The patterns 

of c5, c5T, and MSG glycoproteins labeled by galactose oxidase plus 

borotritiide reduction with prior neiiraminidase treatment all appear 

very similar by IF-PAGE. 

In general it can be seen that many of the cell glycoproteins 

are sialoglycoproteins. Nexiraminidase treatment did not appear to 

shift glycoproteins to new pi's but neutral species always seemed to 

increase in the amoiint of label associated with these peaks instead. 

This might indicate that glycoproteins with reduced sialic acid con

tent are already present in the cell membrsmes. Differences were ob

served among the various cell membrane glycoproteins. Yet of an the 

cell lines, it appeared that the most malignant transformant, 3T12T, 

showed the fewest quailitative changes relative to the normal pattern. 

Because glycoproteins are readily resolved by IF-PAGE in analy

tical amounts, it would be of interest to adapt the technique to 



Figure 8. Isoelectric focusing pattern of labeled MSG cells, 

Gultured MSG cells were labeled by galactose oxidase plus 
borotritiide reduction as described in Materials and 
Methods. Cells were solubilized and electrophoresed in a 
pH gradient in polyacrylamide gels. Gels were sliced and 
the radioactivity was eluted and counted. Upper panel, 
borotritiide reduction alone. Middle panel, galactose 
oxidase plus borotritiide reduction. Lower panel, 
neuraminidase-pretreated galactose oxidase plus borotri
tiide reduction. 
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preparative quantities. The resolution of labeled 3T12T membrane gly

coproteins was attempted in a long column. Normally, a sucrose 

gradient replaces the polyacrylamide as the matrix for resolution of 

the glycoprotein species. However, since the presence of urea and 

NP-̂  is required for solubilization of membrane components, both of 

which profoundly affect density, the sucrose concentration must be 

decreased to produce a reasonable density gradient. The results of 

one of these experiments is presented in Figure 9. Though there is 

partial resolution of the glycoproteins by this method, it is obvious 

that individual components cannot be isolated with a high degree of 

purity. Most of the components focus in the pH range of ̂ .0 to 5«5o 

It might be remembered that the components resolved by IF-PAGE appar

ently focused in the pH range of 5.0 to 7,0, However, the pH of gel 

slices, determined by soaking in degassed H2O, can often measure 1 to 

2 pH units higher than the actual pH during IF-PAGE, as discussed by 

O'Farrell (1975). 

It appears that isoelectric focusing allows significant resolu

tion of glycoproteins. However, the complexity of the patterns ob

tained is too great to adequately resolve the differences. Hence, a 

two-dimensional method was investigated to provide this degree of 

resolution. 

Two-dimensional Resolution of Membrane 
Components 

The resolution of proteins and glycoproteins by two-dimensional 

polyacrylamide gel electrophoresis (2D-PAGE) proved to be an effective 

method for the comparison of normal and transformed cell membranes. An 
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example of this method showing the resolution of ̂ Ĥ/fetuin is pre

sented in Figure 10. Fetuin was electrofocused by IF-PAGE and then 

submitted to SDS-PAGE. It can be seen that the /"̂ î fetuin resolved 

as one spot. A portion of the results presented here has been pub

lished. 

Two-dimensional fluorogram comparisons among the cell lines 

show a great many similarities regardless of the labeling method used, 

A number of labeled spots are common to all of the cell lines. These 

can be used as internal standards for aligning the fluorograms for 

comparison. 

The normal cell line, A31, and the nonimmunogenic progressor, 

3T12T, appear very similar by / ̂̂ m̂ethionine labeling (Fig, 11), 

However, a few differences do exist. In the middle of the gels, A31 

and 5T12T share many similarities, but the M.V/, l60,000 band (see Fig. 

11, Arrow 1) extends further towards the acidic end and towards 

slightly increasing molecular weight in the transformed line. The 

M.W. l40,000 band is only slightly shifted towards the acidic end in 

the 3T12T pattern (see Fig. 11, Arrow k), Again, the same type of 

shift is observed in the M.W. 70,000 (see Fig. 11, Arrow 5) as well as 

the M.W, 200,000 band (see Fig, 11, Arrow 6), The basic sides of the 

A31 and 5T12T gels are virtually identical, although differences would 

be difficult to distinguish due to the large amount of radioactivity. 

However, the spots are very similar for both cell lines. While some 

differences to appear, for the most part the cell lines are very 

similar. 



IF-PAGE SDS-PAGE 

Figure 10, Two-dimensional resolution of labeled fetuin. — / H/fetuin was resolved by two-
dimensional polyacrylamide gel electrophoresis and prepared for fluorography as 
described in Materials and Methods. 
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Membrane proteins from 2 virsil transformants, MSG and SVT2, 

were compared silong with the normal cell line, a51. The first obvious 

difference is that the viral transformants have increased heterogeneity 

of the bands in the isoelectric focusing direction. Approximately 20 

to 30?3 of the proteins in the pattern are different. A51 has a number 

of unique components as do the Viral transformants. It can be seen 

that SVT2 compared with A3I lacks a considerable number of labeled com

ponents in the center one-third of the gel pattern. These chainges 

occur at a number of different molecular weights. A3I is much more 

heavily labeled in this area at M.W. l60,000 and 200,000 (Fig. 11, 

Arrows 1 and 6 for a3i). At molecular weights from ̂ ,000 to 100,000, 

A31 has more distinguishable spots in the central one-third of the pat

tern than do either of the viral transformants. 

The two-dimensional protein patterns of the 2 viral transfor

mants were remarkably similar to one another, with the majority of 

differences due to minor shifts in isoelectric point distributions. 

For the most part, the DNA and RNA viral transformants have very simi-

lar £ S/methionine two-dimensional protein patterns. 

When the two-dimensional protein patterns of the immunogenic 

spontaneous transformants c5 and c5T are compared with that of A31, 

many of the differences observed with the viral transformants are again 

seen. c5T shares many similarities with c5 in their patterns, as ex

pected by their common origin. The two-dimensional patterns of c5 and 

c5T are virtually identical on the basic one-half of the gel. The M.W. 

190,000 to 200,000 band present in the acidic region of the c5 protein 

pattern extends farther towards the neutral end of the gel. On the 



whole, these 2 cell patterns appear very similar. It is quite apparent 

that c5 and c5T protein patterns resemble those of the viral transfor-

mants. 

The differences among the c5» c5T, and A31 two-dimensional 

protein patterns are considerable, far more so than those between A31 

and 3T12T, These differences occur in all areas of the gel patterns, 

although most notable at molecular weights greater than ̂ 0,000, The 

only common band present in the patterns of c5, c5T, MSG, SVT̂ , and 

3T12T, but not present in A31» was at M.W, l60,000 towards the acidic 

region. There are apparently two different protein bands at M.V/, 

160,000 which overlap and share similar isoelectric points (see Fig. 

11, Arrow 2, for all transformants), A31 does not appear to have the 

second overlapping protein band. In addition, A31 appears to be mis

sing a doublet protein spot with a molecular weî t of approximately 

100,OCK) and a pi of 6.1 (see Fig. 11, Arrow 3* for all gel patterns). 

Overall, it appears that normal and transformed cells all give similar 

l_ m̂ethionine-labeled protein patterns. 

125 The I-lactoperoxidase-labeled two-dimensional protein pat

terns are in general less complicated than those of ̂ ^̂ £7inethionine-

labeled cells, since only surface proteins are labeled (Fig. 12). With 

this method of labeling cells, Â  ̂and 3T12T appear to exhibit a 

greater number of differences than v/ith /"̂ ^̂ /methionine. c5» c5T, MSG, 

and SVTg two-dimensional protein patterns appear more different in the 

number of components labeled. 

Â  ̂has more detectable spots than does 3T12T in its two-

dimensional protein pattern. The most notable difference between the 
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125 Figure 12. Comparison of crude membranes from cells labeled by I-
lactoperoxidase-catalyzed iodination. — Fluorograms of 
125l-lactoperoxidase-labeled proteins resolved by two-
dimensional gel electrophoresis. Labeling and preparation 
of membrane proteins was as described in Materials and 
Methods. 
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two cell line patterns is that 3T12T is lacking all of the M.W, 110,000 

proteins that stretch from the basic to the neutral portion of the 

pattern (see Fig, 12, Arrow 8, for Conversely, 3T12T has a spot 

present that is not detectable in the Â  ̂pattern (see Fig. 12, Arrow 

7, for A_. and 3T12T). 
•̂1-

c5 and c5T do exhibit a new region of labeled spots at approxi

mately M.W. 70,000 at the basic end that are either not present or 

reduced in the other four cell lines (see Fig, 12, Arrow 5, for c5, 

c5T, MSG, and SVT2). These same cell lines all exhibited a double 

quartet of proteins around pi 6.0 aind M.W. 50,000 (see Fig, 12, Arrow 

for c5, c5T, MSG, and SVT2). Another area showing alterations is 

M.W. 90,000 to 95,000 and at the basic end of the gel pattern (see Fig. 

12, Arrow 5, for c5, c5T, MSG, and SVT̂ )m The band in this region de

tected in these transformants appears to be missing from the profiles 

of A31 and 3T12T cells. However, aside from quantitative differences, 

c5 and c5T yield virtually identical two-dimensional iodine-labeled 

protein patterns. 

All cell lines varied in their isoelectric points in the M.W. 

200,000 band and especially in the quantity of label (see Fig, 12, 

Arrow 1, for all cell lines). However, there was a definite shift away 

from the acidic end and towards the basic end of the gel pattern for 

A3I relative to 3T12T, Similar shifts occur at M.W, 130,000 (see Fig. 

12, Arrow 2, for all cell lines) and M.W. 70,000 (see Fig. 12, Arrow 

3, for Â  ̂and 3T12T). 

In addition, all of the transformants exhibited label in the 

basic end of the gel at M.W. 120,000 (see Fig. 12, Arrow 7, for all 
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cell lines) not present in the A31 protein pattern. However, the 

transformants all appeared to vary in the amount and distribution of 

the label. 

We identified gJLycoproteins in the two-dimensional patterns by 

125 treating "̂ I-labeled membranes from SVT̂  cells with neuraminidase 

(Fig. 13). This not only identifies sialoglycoproteins but also shows 

what contribution sialic acid makes to the isoelectric point and pos

sible heterogeneity of glycoprotein bands. It appears that those pro

tein bands which exhibited the highest degree of heterogeneity were 

also sensitive to neuraminidase. Treatment caused a number of effects. 

125 I-labeled bands showed condensation (Arrow 1), extreme shift in pH 

(Arrow 2), or increased heterogeneity (Arrow 3)« 

In another experiment, all of the cell lines labeled with 

^̂ m̂ethionine were treated with neuraminidase. Protein patterns 

from the cell membranes showed shifts in the same molecular weight 

ranges. Data from an experiment using A31 and 3T12T are shown in Fig

ure l4. Although the M.W. 200,000 band of 3T12T was shifted more to 

the acidic end initially, neuraminidase treatment completely removed 

the differences between A31 and 5T12T (see arrow). Thus sialic acid 

accounts for the difference between the normal A31 and the transfor-

msuits in the M.W. 200,000 band. However, the band still exhibits 

heterogeneity indicating that sialic acid alone cannot be responsible 

for this multiplicity. Similar shifts in isoelectric points occur at 

other molec\ilar weight ranges (see Arrows 2, 3, and ̂ ), but none of the 

transformants produce patterns identical to that of the A31 protein 



125 + 
Figure 13• Comparison of I-labeled SVT2 crude membranes -

nexirajninidase • 

125 . FluorogTEons of I-lactoperoxidase-labeled SVT̂  proteins 
- neuraminidase resolved by two-dimensional gel electro
phoresis, Labeling and preparation of membrane proteins 
was as described in Materials and Methods. (A) SVTj 
incubated in neuraminidase-free buffer for 60 minutes, 
(B) SVT2 incubated in 5U neuraminidase for 60 minutes. 
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125 + Figure 13. Comparison of I-labeled SVT crude membranes -
neuraminidase. 



Figure I'f. Comparison of ̂ ^̂ m̂ethionine-labeled crude membrauies from A,- and 5T12T cells -
neuraminidase. 

Fluorograras of S/methionine-labeled proteins - neuraminidase resolved by two-
dimensional gel electrophoresis. Labeling and preparation of membrane proteins 
was as described in Materials and Methods. (A) Â ]̂  incubated in neuraminidase-
free buffer for 60 minutes. (B) A51 incubated in 5U neuraminidase for 60 
minutes. (C) 3T12T incubated in neuraminidase-free buffer for 60 minutes. 
(D) 3T12T incubated in 5U neuraminidase for 60 minutes. 
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bands at other than M.W. 200,000. The effect of nexiraminidase treat

ment on all of the /̂ ^̂ m̂ethionine-labeled cell lines is shovm in 

Figure 15-

V.'hen the 6 cell lines were labeled with /"̂ ^̂ glucosamine 

basically only the k molecular weight ranges sensitive to neuraminidase 

as noted in Figure l4 were labeled heavily. This confinns that the 

^̂ ^̂ methionine and ̂ ^̂ I-labeled heterogeneous bands are glycoproteins. 

""I't ~7 A31 and 3T12T / ĝlucosamine-labeled protein patterns are compared 

in Figure l6. The extent of the shift in isoelectric point varies at 

three different molecular weight ranges (see Arrows 1» 2, and 3) but 

all exhibit extensive heterogeneity. The heterogeneity appears as 

discrete spots with ̂ ^̂ £7glucoBaraine as the label. The two-dimensional 

glycoprotein patterns of all six cell lines are shown in Figure 17» 

The similarities among the cell lines are quite clear. 

V/hen ̂ ^̂ ĝlucosamine-labeled cell crude membranes were 

treated with neuraminidase, a marked effect on isoelectric point dis

tribution of glycoproteins was observed in all six of the cell lines. 

A comparison of the two-dimensionail glycoprotein pattern of 3T12T cells 

with and without neuraminidase treatment is presented in Figure l8. It 

can be seen that virtually all of the glycoprotein molecular v/eight 

classes are affected by removal of sialic acid residues with neuramini

dase. The glycoprotein bands also appear to be resolved more sharply 

by isoelectrophoresis. Neuraminidase treatment also reveals an area of 

overlap of apparently different glycoprotein species at the acidic end 

of the gel at M.W.>100,000. 



77 

IF IF 

A31 3T12T 
*• 

' 4iw» 

MSG 

5 4 

-200 

- 100 

- 50 

? 

c5T X 
-200 ^ 

I 
- 1 0 0  g  

- 50 ^ 

o: 
< 
-J 
3 
o 

^̂ -200 § 

- 100 

- 50 

PH 

I I 
5 4 

Figure 15. Comparison of ̂  ̂methionine-labeled crude membranes from 
cells - neuraminidase. — Fluorograms of neuraminidase-
treated ̂ [~35̂ raethionine-labeled proteins resolved by two-
dimensional gel electrophoresis. Labeling and preparation 
of membrane proteins was as described in Materials and 
Methods. 
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Figure l6. Comparison of crude membranes from Â -ĵ  and 3T12T cells 
labeled with ^̂ glucosamine. — Fluorograms of 
glucosamine-labeled proteins resolved by tv/o-dimensional 
gel electrophoresis. Labeling and preparation of mem
brane proteins was as described in Materials and Methods. 
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Figure 17. CompÊ ison of crude membranes from cells labeled with 
2fT-̂ 2/el̂ c°samine, — Fluorograms of /~̂ Ĉ/glucosamine-
labeled proteins resolved by two-dimensional gel electro
phoresis. Labeling and preparation of membrane proteins 
was as described in Materials and Methods. 



Figure l8. Comparison of C/glucosamine-labeled 3T12T crude 
membranes - neuraminidase. 

Jluorogrsims of ̂ ^̂ ĝlucosamine-labeled 3T12T proteins 
- neuraminidase resolved by two-dimensional gel electro
phoresis, Labeling and preparation of membrane proteins 
was as described in Materials and Methods. Top, 5T12T 
incubated in neuraminidase-free buffer for 60 minutes. 
Bottom, 3T12T incubated in 50 neuraminidase for 60 
minutes. 
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Figure 18. Comparison̂ of £_ ĝlucosamine-labeled 3T12T crude 

membranes - neuraminidase. 



It was possible to trace the distribution of heterogeneous 

glycoprotein species at this molecular weight with and without neu

raminidase treatment using a Quick Scan R and D (Helena Laboratories, 

Beaumont, Texas). The X-ray pictures from the two-dimensional glyco

protein patterns of c5T and MSG cells were scanned and the results are 

presented in Figure 19. It can be seen that the scan of the glyco

protein band from c5T (panel A) and MSG (panel C) patterns are quite 

similar. When the c5T crude membranes were treated with neuraminidase, 

a significant shift in the percentage of label occurs at the neutral 

(left) end of the gel pattern (see panel B), However, the effect on 

the pattern of MSG with neiirauninidase treatment (see panel D) is far 

more obvious. Virtually all of the glycoprotein species vanish from 

the acidic (right) side of the pattern, except for one peak which may 

not represent the same gene product. However, as with c5T membranes, 

no new peaks appear to be generated by neuraminidase treatment in this 

pH range. Hence it must be concluded that this glycoprotein is mainly 

though not completely sialylated in c5T and MSG cell membranes. How

ever, because neuraminidase significantly reduced the MSG glycoprotein 

heterogeneity over the pH range studied, this may well reflect the 

accessibility of sialic acid residues on the MSG glycoprotein to neu

raminidase as opposed to c5T, Hence, a structural orientation or mem

brane organizational difference rather than a qualitative difference 

may account for the observed difference in neuraminidase effect on the 

glycoprotein heterogeneity of the regressor MSG sind the progressor c5T. 

2D-PAGE was also used to attempt the identification of com

ponents in the /"̂ ^̂ methionine protein patterns of the various cell 



Figure 19. Glycoprotein band scans from ^̂ ucosamine-labeled c5T and MSG fluorograms -
neuraminidase. -- Fluorograms of /̂ ^̂ glucosaraine-labeled proteins ~ neuramini
dase resolved by two-dimensional gel electrophoresis were scanned in a sialogly-
coprotein region of apparent M.W, l60,000 and their tracing patterns recorded, 
(a) c5T incubated in neuraminidase-free buffer for 60 minutes, (B) c5T incubated 
in 5U neuraminidase for 60 minutes, (C) MSG incubated in neuraminidase-free 
buffer for 60 minutes. (D) MSG incubated in 5U neuraminidase for 60 minutes. 

00 
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lines. Using antibody prepared against murine leukemia virus, precipi

tates were obtained from all of the cell lines tested. The comparison 

of the / ̂̂ m̂ethionine-labeled protein pattern of 3T12T cell membreines 

with the m̂ethionine-labeled protein pattern of 3T12T cell mem

brane proteins precipitated with antibody to the purified virus is 

shown in Figure 20. It is obvious that no unique cell surface antigen 

was detectable as many / m̂ethionine-labeled proteins were precipi

tated. A heterogeneous, presumably glycosylated protein of MV/>100,000 

was precipitated which appears in the middle of the protein pattern 

close to the top. However, none of the other glycoproteins which were 

demonstrated to be affected by neuraminidase treatment in the previous 

figures was precipitated by the antibody. Therefore, the alterations 

observed in these cellular glycoproteins are not related to viral gene 

products or information. This is the salient point of this experiment. 

Though this result is inconsistent with random non-specific precipita

tion of cell membrane components, the large number of cellular macro-

molecules precipitated by the antibody casts doubt upon the identifica

tion of all of the precipitated proteins as viral related or viral 

coded. 

Thus, the two-dimensional electrophoretic method was able to 

show a difference in normal and transformant patterns at the glycopro

tein level. However, the demonstration of heterogeneity in the 

isoelectric focusing dimension which appeared to be imique to glyco

sylated proteins was of considerable interest. 



Figure 20. Detection of murine leukemia virus antigen-related com
ponents from ̂ ~5̂ 7methionine-labeled 3T12T crude 
membranes. 

Fluorograras of /~̂ _̂̂ methionine-labeled proteins -
Moloney-murine leukemia virus antibody precipitation 
resolved by two-dimensional gel electrophoresis. 
Labeling and preparation of membrane proteins was as 
described in Materials and Methods. Top, total crude 
membrane proteins. Bottom, membrane proteins in the 
antibody precipitate. 



Figure 20. Detection of murine leukemia virus antigen-related com
ponents from /~55̂ methionine-labeled 3T12T crude 
membranes. 
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Isolation of the Sialoglycoprotein 

It was observed that concanavalin A preferentially binds a gly

coprotein which has a molecular weight similar to that of the glyco

protein which exhibited a difference in heterogeneity between the 

normal and transformed cells (MW 160,000 band). Therefore this sialo-

glycoprotein was chosen to be isolated and studied as an example of a 

change at the glycoprotein level between the normal and transformed 

cells. 

The normal cell line, labeled with /~̂ ;̂̂ glucosamine, and 

the spontaneous transf ormant, 3T12T, labeled with /"̂ ĝlucosamine were 

grown in preparative quantities in roller bottles. A crude membrsine 

fraction was prepared along with a nuclear fraction. These two frac

tions were extracted independently and the extracts passed through a 

concanavalin A-Sepharose column along with a cytosol fraction which had 

been concentrated by Amicon ultrafiltration. The sialoglycoprotein as 

well as other macromolecules were eluted from the column. This mate

rial was eventually subjected to preparative SDS-PAGE to isolate a 

purified sialoglycoprotein. 

The isolation of the sialoglycoprotein and the recovery of 

material during the steps of the procedure are described in Tables k 

and 5» Most of the glucosamine-labeled components are extractable from 

the crude membranes. However, usually only half of this labeled mate

rial could be extracted from the membranes within the first three hours. 

Less glycosylated material is extractable from nuclei, although more 

than half of the label is still extracted. Some of this material could 

represent glycosylated macromolecules extracted from whole unbroken 



Table ̂ f. Cell fractionation and glycoprotein recovery. 

% cpm % Total cpra % Total cpm % Yield of 
Cell Type Fraction Extractable Applied to ConA Eluate Pure SialoGP 

31 Total 
nuclear 
cr. memb. 

61 i 5 
85 i 6 

30 j 6 
26 t 1 

I'+.l i 0.2 0.360 

Ĥ-3T12T Total 
nuclear 
cr. memb. 

71 
93 

22-2 
31-2 

lO.tf t 2.1 0.4tf2 

A51 and 5T12T cells were fractionated into a nuclear, a crude surface membrane, and remaining 
supernatant solution fractions as described in Materials and Methods. The first two fractions 
were extracted with detergent separately and the percentage of radioactivity extracted was 
determined. The percentage of the total radioactivity applied to a lectin affinity column 
from each of these fractions was calculated. Extracted material was applied to a con-
canavalin A-Sepharose column and the percentage of radioactivity bound and eluted was deter
mined. The final yield of the purified sialoglycoprotein class which was bound and eluted 
from the lectin affinity column was also calculated. 

Table 5. Yield of sialoglycoprotein. 

Amount of Amount of FinsJ. Yield of 
Cell Type Starting Material Eluted Material Sialoglycoprotein 

(mg) (mg) (pg) 

Si Bif 2.6 30k 

3T12T 135 k.k 597 



cells, which would still retain their plasma membranes. However, it 

was interesting that almost half of the glycosylated material isolated 

from the cells was contained in the cytosol fraction, though much of 

the label may not have been incorporated into glycoproteins. 

Only 10-14?̂  of the labeled material applied to the concanavalin 

A-Sepharose column could be eluted with 5̂  a-methylmannoside« However, 

much of the eluted material represents sialoglycoprotein. This glyco

protein appears to be present in a slightly higher concentration in the 

treinsformant 3T12T than in the normal Â  ̂cells, but is still present 

at approximately 400 pg per 100 mg protein from whole cells (approxi-
O 

mately 2.5 x 10 cells). 

The profile for the application and elution of extracted 

glucosamine-labeled components from A,, is shown in Figure 21 and that 
pl 

from 5T12T is shown in Figure 22. Extractable material v;as applied to 

the column separately to avoid possible cross-contsimination of prepara

tions containing proteases and/or glycosidases. It was noticed that 

even after several hours of elution with ̂  a-methylmannoside, a sig

nificant amount of ̂ Ĥ7glucosamine-labeled material extracted from 

3T12T cells still remained bound to the lectin affinity coltimn. How

ever after incubating overnight at ambient temperature in the presence 

of the sugar hapten, this material completely exchanged off the column, 

possibly reflecting an extremely specific high affinity binding to the 

lectin. 

After collecting the eluted material, it was subjected to pre

parative PAGE, Aliquots from these samples were analyzed by SDS-PAGE 

in tube gels. The concanavalin A-affinity column eluate of boiind 



Figure 21. Concanavalin A-Sepharose chromatography of IIP-UO extracted material from 
/̂"I'̂ ĝlucosamine-labeled Â  ̂cells. 

Material extracted by Nonidet P-'fO from A51 cells v/as applied to and eluted 
from a concanavalin A-Sepharose column as described in Materials and 
Methods. Approximately 3 ml fractions were collected and measured for 
radioactivity. 1, material from the cell cytosol fraction. 2, material 
extracted from nuclei. 3t material extracted from crude membranes. 
4, material eluted from the column with ̂  a-methylmannoside. 
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21. Concanavalin A-Sepharose chromatography of NP-'fO extracted material 
ŷ T-̂ '̂ ĝlucosaraine-labeled cells. 



Figure 22. Concanavalin A-Sepharose chromatography of NP-40 extracted material 
from ̂ -̂ î glucosamine-labeled 5T12T cells. 

Material extracted by NonidetP-'K) from 3T12T cells was applied to 
and eluted from a concanavalin A.-Sepharose column as described in 
Materials and Methods, Approximately 5 ml fractions were collected 
and measured for radioactivity, 1, material from the cell cytosol 
fraction, 2, material extracted from nuclei, 3» material ex
tracted from crude membranes, material eluted from the column 
with 5̂  a-methylmannoside, 5» materisil eluted from the column 
after overnight equilibration with 5̂  a-methylmannoside. 
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Figure 22. Concanaveilin A-Sepharose chromatography of NP-'fO extracted material from 
/~5l̂ glucosaraine-labeled 3T12T cells. 
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material from Â ĉells is highly purified material with a MW>100,000 

(Fig. 23). When this material is run over a preparative SDS-

polyacrylamide gel, the majority of the radioactivity is purified away 

from lower molecular weight material (Fig. 2̂ ). The designated frac

tions 60-85 when pooled aind re-electrophoresed by SDS-PAGE in tube 

gels result in an apparently homogeneous peak of greater than 999̂  

purity (Fig. 25). 

The same procedure was used in the isolation of the sialogly-

coprotein from ĵ ^̂ glucosamine-labeled 5T12T extracts. Figure 26 

shows the distribution of lectin bound material by SDS-PAGE in tube 

gels. This material is less pure than the material from Â  ̂cells at 

this stage of purification. A second component with an apparent 

mobility between that of ovalbumin sund bovine serum albumin is clearly 

visible, although still less prominent than the sialoglycoprotein. 

The material which was tightly bound to the lectin column and eluted 

after an overnight exchange with a-methylmannoside gave a virtually 

identical pattern by SDS-PAGE (Fig. 27). 

V/hen the concanaveilin A-eluted material was run over a pre

parative gel, the pattern in Figure 28 was obtained. A smaller per

centage of the label was associated with the sialoglycoprotein 

fractions, when compared with the Â  ̂pattern. The separated pooled 

fractions were obtained and designated pool 1, pool 2, and pool 3« 

The last two pools were subjected to electrophoresis in the same manner 

as the elutant pool from Â  ̂cells. When these pools were resolved by 

SDS-PAGE in tube gels, different patterns of label distribution were 

obtained. Figure 29 represents the SDS-PAGE pattern of material from 



Figure 23» Analytical gel electrophoresis of eluted ŷ '̂̂ î glucosamine-labeled 
Â  ̂components from a concanavalin A-Sepharose column. 

Material from A31 cells eluted from a concanavalin A-Sepharose 
column with 5̂  a-methylmeinnoside was prepared for analytical 
sodium dodecyl sulfate-gel electrophoresis as described in 
Materials and Methods. Samples were electrophoresed at 2 mA per 
gel until the tracking dye reached the bottom. The gel was sliced 
and the radioactivity in each slice was counted. Stack, stacking 
gel; run, running gel. 
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Figure 2km Preparative gel electrophoresis of eluted ̂  
glucosamine-labeled A31 components from a concanavalin 
A-Sepharose coliunn. ~ Material from A31 cells eluted from 
a concEinavalin A-Sepharose column was prepared for pre
parative sodium dodecyl sulfate-gel electrophoresis as 
described in Materials and Methods. Gels were electro-
phoresed at 125 mA, Approximately 3 nil fractions were 
collected and measured for optical density and radio
activity. Pooled fractions containing sialoglycoprotein 
are marked. 



Figure 25. Analytical eel electrophoresis of purified sialoglycoprotein from 

Material from A51 cells pooled after elution from a preparative 
sodium dodecyl sulfate-polyacrylamide gel was prepared for analytical 
sodium dodecyl sulfate-gel electrophoresis as described in Materials 
and Methods. Gels were electrophoresed at 2 mA per gel until the 
tracking dye reached the bottom. The gel was sliced and the radio
activity in each slice was counted. Stack, stacking gel; run, 
running gel. 
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Figure 25. Analytical gel electrophoresis of purified sialoglycoprotein from 
/~l̂ <̂ glucosamine-labeled Â  ̂cells. 



Figure 26. Analytical gel electrophoresis of eluted /"̂ Î glucosamine-labeled 
3T12T components from a concanavalin A-Sepharose column. 

Material from 3T12T cells eluted from a concsmavsilin A-Sepharose 
column with 5/̂  a-methylmannoside was prepared for analytical sodium 
dodecyl sulfate-gel electrophoresis as described in Materials and 
Methods. Samples were electrophoresed at 2 mA per gel until the 
tracking dye reached the bottom. The gel was sliced and the radio
activity in each slice was counted. Stack, stacking gel; run, 
running gel. Molecular weight standards are: 1, myosin; 2, 
/S-galactosidase; 3» phosphorylase b; and bovine serum silbumin. 
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Figrire 26. Analytical gel electrophoresis of eluted ̂ ^̂ glucosainine-labeled 
3T12T components from a concanavalin A-Sepharose column. 



Figure 2?. Analytical gel electrophoresis of eluted tightly-bound /"̂ ĝlucosamine-
labeled 3T12T components from a concanavalin A-Sepharose column. 

Material from 3T12T cells eluted from a concanavalin A-Sepharose column 
after overnight equilibration with ̂  a-methylmannoside was prepared 
for sinalytical sodium dodecyl sulfate-gel electrophoresis as described 
in Materials and Methods. Samples were electrophoresed at 2 mA per gel 
until the tracking dye reached the bottom. The gel was sliced and the 
radioactivity in each slice was counted. Stack, stacking gel; run, 
running gel. Molecular weight standards are: 1, myosin; 2, 
;8-galactosidase; 3» phosphorylase b; and bovine serum albumin. 
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Figure 2?. Analytical gel electrophoresis of eluted tightly-bound ̂ Ĥ]7glucosamine-
labeled 5T12T components from a concanavalin A-Sepharose column. 



Figure 28, Preparative gel electrophoresis of eluted ̂ Î̂ glucosainine-labeled 
5T12T components from a concanavalin A-Sepharose column. 

Material from 3T12T cells eluted from a concanavalin A-Sepharose 
column was prepared for preparative sodium dodecyl sulfate-gel 
electrophoresis as described in Materials and Methods. Gels were 
electrophoresed at 125 niA. Approximately 3 ml fractions were 
collected said measured for optical density and radioactivity. 
Pooled fractions containing sialoglycoprotein are marked. 
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Figure 28. Preparative gel electrophoresis of eluted /~\7glucosamine-labeled 
3T12T components from a concanavalin A-Sepharose column, 

vO cr> 



Figure 29« Analytical gel electrophoresis of pool 1 from /~̂ H7glucosamine-
labeled 3T12T cells. 

Matericil from 5T12T cells pooled (pool 1) after elution from a 
preparative sodium dodecyl sulfate-polyacrylamide gel was pre
pared for analytical sodium dodecyl sulfate-gel electrophoresis 
as described in Materials and Methods. Gels were electrophoresed 
at 2 mA per gel until the tracking dye reached the bottom. The 
gel was sliced and the radioactivity in each slice was counted. 
Stack, stacking gel; run, running gel. Molecular weight standards 
are; 1, myosin; 2, /3-galactosidase; 3» phosphorylase b; and 
bovine serum albumini 
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Figure 29« Ansilytical gel electrophoresis of pool 1 from /"̂ ĝlucosamine-
labeled 5T12T cells. 
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pool 1. This pool contained almost no label with a mobility similar to 

the sialoglycoprotein and was not further analyzed. Pool 2 material is 

represented in Figure 30. This material appears quite homogeneous, yet 

the peak covers a wide molecular weight range that averages110,000, 

Figure 31 shows the label distribution of pool 3 after electrophoresis. 

Again, the material appears fairly homogeneous but a wide molecular 

weight range is covered which averages 135»000, 

It was also of interest to determine whether the sialoglyco

protein class was completely removed by concanavalin A chromatography 

or whether some of the material might have voided the column. The dis

tribution of radioactivity of void material from Â  ̂cells by SDS-PAGE 

is shown in Figure 32, Though most of the label is distributed at im-

interesting molecular weights a small peak at slices 23-24 could repre

sent unbound sialoglycoprotein. Hence, the voided material was 

subjected to preparative SDS-PAGE and the pattern obtained is presented 

in Figure 33« Though no peaks of radioactivity were observed, two 

pools detected by optical density measurement were collected in the 

sialoglycoprotein range, 

V/hen pool 1 was resolved by SDS-PAGE, the pattern in Figure 3̂  

was obtadned. The majority of the material migrated at a low molecular 

weight. However, a peak of radioactivity does appear in the same 

molecular weight range as did the sialoglycoprotein. The material from 

pool 2 gave an even more interesting pattern (Fig, 35)• Apparently two 

radioactive peaks are obtained. One is a smaller peak with the same 

mobility as the sialoglycoprotein. The other coinciding larger peak 

had a mobility>150,000 MW, 



Figure 30. Analytical gel electrophoresis of purified sisLLoglycoprotein (pool 2) 
from /"̂ ^̂ glucosaraine-labeled 3T12T cells. 

Material from 3T12T cells pooled (pool 2) after elution from a pre
parative sodium dodecyl sulfate-polyacrylamide gel was prepared for 
analytical sodium dodecyl sulfate-gel electrophoresis as described 
in Materials and Methods. Gels were electrophoresed at 2 mA per gel 
until the tracking dye reached the bottom. The gel was sliced 
and the radioactivity in each slice was counted. Stack, stacking 
gel; run, running gel. Molecular weight standards are: 1, myosin; 
2, /3-galactosidase; 3t phosphorylase b; and bovine serum 
albumin. 
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Figure 30. Analytical gel electrophoresis of purified sialoglycoprotein (pool 2) from 
/"̂ g/glucosamine-labeled 3T12T cells. 



Figure 31• Analytical gel electrophoresis of purified siailoglycoprotein (pool 3) 
from 2̂ -̂ ĝlucosamine-labeled yE12T cells. 

Matericil from 3T12T cells pooled (pool 3) after elution from a pre
parative sodium dodecyl sulfate-polyacrylamide gel was prepared for 
analytical sodium dodecyl sulfate-gel electrophoresis as described 
in Materials and Methods. Gels were electrophoresed at 2 mA per 
gel until the tracking dye reached the bottom. The gel was 
sliced and the radioactivity in each slice was counted. Stack, 
stacking gel; run, running gel. Molecular weight standards are: 
1, myosin; 2, jS-galactosidase; 3» phosphorylase b; and 'f, bovine 
serum albumin. 
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Figure 31« Analytical gel electrophoresis of purified sialoglycoprotein (pool 3) 
from /~3}^glucosamine-labeled 3T12T cells. 



Figiire 32. Analytical gel electrophoresis of voided ̂ "̂̂ ^̂ glucosaraine-labeled 
Â  ̂components from a concanavalin A-Sepharose column. 

Material from kyi cells which voided on a concanavalin A-Sepharose 
column was prepared for analytical sodium dodecyl sulfate-gel 
electrophoresis as described in Materials and Methods. Samples 
were electrophoresed at 2 mA per gel until the tracking dye reached 
the bottom. The gel was sliced and the radioactivity in each slice 
was counted. Stack, stacking gel; run, running gel. 
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Figure 32. Analytical gel electrophoresis of voided 2f~̂ '̂ _̂ glucosainine-labeled 
Â  ̂components from a concanavalin A-Sepharose column. 



—1̂  -7 Figure 35« Preparative gel electrophoresis of voided ĝlucosamine-labeled 
components from a concanavalin A-Sepharose column. 

Material from Â ]̂  cells which voided on a concanavalin A-Sepharose 
column was prepared for preparative sodium dodecyl sulfate-gel 
electrophoresis as described in Materials and Methods. Gels were 
electrophoresed at 125 mA. Approximately 5 ml fractions were col
lected and measured for optical density and radioactivity. Pooled 
fractions containing sialoglycoprotein are marked. 
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Figure Analytical gel electrophoresis of void pool 1 from ̂ f̂ ^̂ glucosamine-
labeled Â  ̂cells. 

Material from cells pooled (pool 1) after elution from a prepara
tive sodium dodecyl sulfate-polyacrylamide gel was prepared for 
analytical sodivim dodecyl sulfate-gel electrophoresis as described in 
Materials and Methods. Gels were electrophoresed at 2 mA per gel 
until the tracking dye reached the bottom. The gel was sliced and 
the radioactivity in each slice was counted. Stack, stacking gel; 
run, running gel. 
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Figure 3̂ » Analyticeil gel electrophoresis of void pool 1 from ̂ ^̂ ĝlucosamine-
labeled cells. 



Figure 35- Analytical gel electrophoresis of void pool 2 from ̂ '̂̂ ^̂ glucosamine-
labeled Â  ̂cells. 

Material from cells pooled (pool 2) after elution from a prepara
tive sodium dodecyl sulfate-polyacrylaraide gel was prepared for 
analytical sodium dodecyl sulfate-gel electrophoresis as described in 
Materials and Methods. Gels were electrophoresed at 2 mA per gel 
until the tracking dye reached the bottom. The gel was sliced and the 
radioactivity in each slice was counted. Stack, stacking gel; run, 
running gel. 
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The same procedure was performed on 2f~̂ Î glucosamine-labeled 

5T12T extracted material which voided from the lectin affinity column. 

The pattern obtained from this material on SDS-PAGE gels is shown in 

Figure 36. Again as with cells, a peak of radioactivity was ob

tained at the mobility of the sialoglycoprotein class. V.'hen the voided 

material was resolved by preparative SDS-PAGE, the pattern shown in 

Figure 57 was obtained. As with Â  ̂cells, no radioactive peaks were 

obtained. However, two pools of material were collected as with the 

cells which contained a majority of the label in peaks with the same 

relative mobility as the sialoglycoprotein (data not shown). 

Material was isolated from Â  ̂and 3T12T cells in two different 

experiments each. The glycoproteins isolated in the first set of ex

periments were hydrolyzed to determine the carbohydrate content by gas 

chromatography. A tube gel containing purified glycoprotein from lec-

1̂ - 3 tin bound material was run by SDS-PAGE containing both C and H-

labeled glycoprotein. This dual-label experiment showed that both frac

tions co-migrated. The data from the gas chromatography sugar analyses 

are presented in Table 6. It can be seen that the Â  ̂glycoprotein 

appears to have significantly more fucose than does the 5T12T glyco

protein while most of the other sugars appear to be comparable. There 

is no apparent explanation for the differences in carbohydrate content 

of the voided material from Â  ̂and 5T12T cells. 

In the second set of experiments, isolated material was treated 

with neuraminidase to determine the effect of sialic acid on the iso

electric focusing pattern of the sialoglycoprotein. Also, a portion of 

the material was acid hydrolyzed to determine sialic acid content. 



Figure 36. Analytical gel electrophoresis of voided /"̂ ĝlucosamine-labeled 
3T12T components from a concanavalin A-Sepharose column. 

Material from 3T12T cells which voided on a concanavalin A-Sepharose 
column was prepared for analytical sodium dodecyl sulfate-gel elec
trophoresis as described in Materials and Methods. Samples were 
electrophoresed at 2 mA per gel until the tracking dye reached the 
bottom. The gel was sliced and the radioactivity in each slice 
was counted. Stack, stacking gel; run, running gel. Molecular 
weight standeirds are: 1, myosin; 2, )3-Ralactosidase; 3» phos-
phorylase b; and 'f, bovine serum albumin. 
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Figure 36, Analytical gel electrophoresis of voided /"̂ F̂ glucosamine-labeled 
3T123? components from a concanavalin A-Sepharose column. 



Figure 37• Preparative gel electrophoresis of voided ̂  H/glucosEimine-labeled 
3T12T components from a concanavalin A-Sepharose column. 

Material from 5T12T cells which voided on a concanavalin A-Sepharose 
column was prepared for preparative sodium dodecyl sulfate-gel 
electrophoresis as described in Materials and Methods. Gels were 
electrophoresed at 125 mA. Approximately 3 ml fractions were col
lected and measured for optical density and radioactivity. Pooled 
fractions containing sialoglycoprotein are marked. 
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Figure 37. Preparative gel electrophoresis of voided /f̂ Î glucosamine-labeled 
3T12T components from a concanavalin A-Sepharose column. 
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Table 6. Determination of the carbohydrate composition of glycoproteins by gas chromatography 

% of Total Carbohydrate 
Fraction Fuc Man Gel GlcNĤ  GalNĤ  

eluate 9.82 - 0.01 33.0 
+ 
0.1 2̂ 1.0 

+ 
0.1 32.5 

+ 
0.1 0.71 

+ 
0.25 

3T12T eluate 7.62 i 0.01 36.8 
+ 
0.3 27.1 

+ 
0.3 27.5 

+ 
0.7 0.89 

void (pool 1) 0 37.7 
+ 
0.1 18.9 

+ 
0.1 0 

5T12T void (pool 1) 0 39.3 
+ 
0.1 33.5 

+ 0.1 2̂ .0 
+ 
0.1 3.21 

+ 
0.67 

Aĵ  void (pool 2) 0 66.5 
+ 
0.1 25.8 

+ 0.1 7.73 
+ 
3.22 0 

3T12T void (pool 2) 0 k8.o 
+ 0,0 26,k 

+ 
0.1 2k.3 

+ 
7.5 1.13 

Various purified siailoglycoprotein fractions from and 3T12T cells were acid 
hydrolyzed and alditol acetate derivatives of the ĉ bohydrate moieties prepared 
as described in Materials and Methods. The relative amount of each sugar present 
in the sialoglycoprotein is expressed as a percentage of the total amount of the 
sugars analyzed. Fuc, fucose; Man, mannose; Gal, galactose; GICNH2, 
N-acetylglucosamine; GalNĤ , N-acetylgalactosamine. 
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The results from the determination of sialic acid present in 

the various sialoglycoprotein fractions is shown in Table 7. No sig

nificant difference between sialic acid content of and 3T12T 

sialoglycoprotein fractions is detectable. 

However, neuraminidase treatment did have a significant effect 

on the isoelectric focusing patterns of the sialoglycoproteins. Fig

ure 38 shows the pH distribution over which the sialoglycoproteins 

were resolved and also the pattern obtained from A,, material which 
J5J-

voided the lectin column. 

The effect of neuraminidase is dramatic with eluted Â ^̂  

sialoglycoprotein, as shown in Figure 59* Nearly half of the radio

activity is no longer acidic enough to focus in the pH range. However 

the neuraminidase shift is even more dramatic with eluted 3T12T 

sialoglycoprotein, as shown in Figure ̂ 0. Again, nearly half of the 

radioactivity is associated with ̂ ycoproteins which are not acidic 

enough to focus in the pH range. For the majority of the radioactivity 

which does enter the gels, the patterns of neuraminidase-treated A__ 
pi 

and 3T12T sialoglycoproteins are similar, though not identical. 

The difference of this large glycoprotein in the Â  ̂and 3T12T 

fluorograms previously shown is very obvious in the sliced IF-PAGE 

patterns (panels A from Figures 39 and kO). It is obvious that the 

presence of sialic acid has a considerable effect on the isoelectric 

point distribution of the sialoglycoproteins although a difference in 

totsG. sialic acid content was not observed. Also, the Â  ̂sialoglyco

protein which voided the lectin column focused less acidically (Fig. 

38) but had a higher sialic acid content (Table 7) than did the 
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Table ?• Determination of sialic acid content. 

Fraction Treatment 

Amount 
Protein 
(ug) 

Amount 
Sialic Acid 
(ng) 

Sialic Acid: 
Protein 
(mol/moD* 

Â  ̂eluate 511 neiir. 
0.1 N H2S0̂  

6.9 
6.9 
6.9 

20 
kz 
74 

2.96 

void 5U neur. 
0.1 N HgSÔ  ̂

5.9 
5.9 
5.9 

3 
35 
86 

4.03 

3T12T eluate (pool 1) 5U neur. 
0.1 N H2S0î  

21.9 
21.9 
21.9 

1 
194 
291 

3.69 

3T12T eluate (pool 2) 5U neur. 
0.1 N Ĥ SÔ  

18.9 
18.9 
18.9 

56 
213 
117 

3.13** 

•Assuming the sialoglycoprotein M. W, = 100,000 

*"Based on neuraminidase-released material 

Various purified sialoglycoprotein fractions from A51 and 3T12T 
cells were acid hydrolyzed and the sialic acid content determined 
as described in Materials and Methods. Sialic acid content is 
expressed on a mole per mole of sialoglycoprotein basis, assuming 
a M. W. of 100,000 for the latter. 
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Figiu'e 38, Isoelectric focusing pattern of voided c7glucoBamine-
labeled sialoglycoprotein. — Purified sialoglycopro-
tein from cell material which voided on a concanavalin 
A-Sepharose column was prepared for anailytical isoelectric 
focusing as described in Materials and Methods. Gels were 
electrophoresed as described. The gel was sliced and the 
radioactivity in each slice was counted. (A) pH gradient 
determined from eluting ampholines from 2 mm gel slices 
into water and making measurements with a pH meter. (B) 
Gel pattern of the purified sialoglycoprotein. 
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Figure 39« Isoelectric focusing pattern of eluted /~̂ ĉ7glucosaraine-
labeled sialoglycoprotein - netiraminidase, — Purified 
sialoglycoprotein from A51 cell materiail which was eluted 
from a concanavalin A-Sepharose column was treated with 
neuraminidase and prepared for analytical isoelectric 
focusing as described in Materials and Methods. Gels were 
electrophoresed as described. The gel was sliced and the 
radioactivity in each slice was counted. (A) Gel pattern 
of the purified sialoglycoprotein xmtreated. (B) Gel pat
tern of the purified sialoglycoprotein after neuraminidase 
treatment. 



113 

11/ 

30 40 60 60 
SLICE NUMBER 

Figure ̂ 0. Isoelectric focusing pattern of eluted /"̂ [̂ glucosamine-
labeled 3T12T sialoglycoprotein i neuraminidase, — Purified 
sialoglycoprotein from 3T12T cell material which was eluted 
from a concanavalin A-Sepharose column was treated with 
neuraminidase and prepared for analytical isoelectric 
focusing as described in Materials ajtid Methods. Gels were 
electrophoresed as described. The gel was sliced and the 
radioactivity in each slice was counted, (A) Gel pattern 
of the purified sisiloglycoprotein untreated, (B) Gel pat
tern of the purified sialoglycoprotein after neuraminidase 
treatment. 
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eluted A,- sialoglycoprotein. Hence distribution of sialic acid on pJ-

oligosaccharides which could affect pKĝ  may exert a greater effect than 

does the actual number of sialic acid residues. 

Figure kl depicts a similar experiment without (panel A) or 

with (panel B) neuraminidase treatment of the concanavalin A overnight 

eluted material extracted from 5T12T cells. Similar to the effect of 

neuraminidase on the pxirified eluted 3T12T sialoglycoprotein, only the 

most acidic components are shifted, with much of the label now focused 

on the neutral side of the gel. The other undetermined glycosylated 

components focused in the gel appear to be unaffected by neurauninidase. 
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Figiire ̂ 1, Isoelectric focusing pattern of eluted tightly-bound /~5h7-
glucosamine-labeled 3T12T material i neuraminidase — 
5T12T cell material which was eluted from a concanavalin A-
Sepharose column after overnight equilibration with a-
methyl.mannoside was treated with neuraminidase and prepared 
for analytical isoelectric focusing as described in Mate
rials and Methods. Gels were electrophoresed as described. 
The gel was sliced and the radioactivity in each slice was 
counted, (A) Gel pattern of the purified sialoglycoprotein 
untreated. (B) Gel pattern of the purified sialoglyco
protein after neureuninidase treatment. 



DISCUSSION 

A number of alterations in normal and transformed cells have 

been noted in the literature, A system has been developed in this 

laboratory which not only permits the biological observation of dif

ferences but chemical characterization of these differences as well. 

It is hoped that the chemical eilterations detected combined with the 

biological differences observed will lead to a better understanding of 

the malignsint disease state in cancer. 

The BALB/c mouse fibrobleist cell system used in these studies 

is an ideal one for a number of reasons. Many of the transformants 

used arose spontaneously in culture, just as the majority of tumors may 

arise in the host animal. Though a great deal of information can be 

gained from the study of chemical and viral transformation, the degree 

of malignancy is not always investigated. And when the malignant 

capacity of the cells is verified experimentally, the physiological 

relevance of the results may be dubious, V/ith our spontaneoud trans

formants, we have a cell line that causes tumors which always regress 

in the face of an immune response mounted by the host. In addition, 

there are two cell lines, c5T and 3T12T, which cause ttamors that pro

gress in growth until animal death. One of these cell lines, c5T, 

however, will give rise to a tumor that regresses if the immunocompe

tent animal has previously been immunized against the cell line. Hence, 

this cell line is an immunogenic progressor. The other progressor cell 

116 
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line, 3T12T, always gives rise to a killing tumor regardless of whether 

the animal has been immunized or not. This cell line is therefore a 

nonimmunogenic progressor. Also, a DNA virsil transformant and a RNA 

viral transformant were included in the studies to see if there were 

any differences between spontaneous and viral transformants as well as 

differences between the normal cell line and the transforraants in 

general. 

When differences among the surface membrane glycoproteins of 

the cells were first observed by isoelectric focusing, it was difficult 

to describe adequately the observed differences. Since isoelectric 

focusing is such a sensitive method whereby each macromolecular species 

has its own point of electric field neutrality, very subtle differences 

can be observed. However as more and more differences do occur, the 

picture becomes clouded and the results are uninterpretable. Therefore 

a better method was necessary to resolve the membrane glycoproteins so 

that the differences among the cell lines could be defined and charac

terization of the differences begun. The method chosen to accomplish 

this goal was two-dimensional polyacrylamide gel electrophoresis. 

The two-dimensional protein pattern of the normal cell line 

A-̂ 1 compared with a number of transformants. Two immunogenic spon

taneous transformants, c5 and c5T, have patterns which are very similar 

to those of 2 viral transformants. In contrast, A51 has a gel pattern 

which differs dramatically from these tramsformants. The nonimmuno

genic spontaneous transformant 3T12T has a gel pattern which is similar 

to that of A3I. Two changes were found in the ̂ f̂ ^̂ raethionine gel 

patterns where A31 is missing labeled spots which were present in all 



118 

of the transformsint profiles. It was not possible to correlate these 

changes with txunorigenicity. A difference present in several of the 

cell lines which may represent a cell surface antigen previously demon

strated in our laboratory was observed. Glycoproteins were found to 

be very heterogeneous in the isoelectric focusing dimension, which was 

not due entirely to variations in sialic acid content. However, sialic 

acid had some effect on shifts in isoelectric points. The shift in 

glycoprotein isoelectric point is the only change which correlated with 

tumorgenicity. 

Strand and August (1977) observed that two-dimensional profiles 

of /_ m̂ethionine-labeled proteins from viral transformants differed 

markedly from that of normal cells. Their findings in two viral trans

formants, MSG and SVT̂ , have been confirmed and it was found that the 

immunogenic spontaneous transformants, c5 and c5T, yield similair re

sults. These observations are consistent with earlier studies showing 

a simplification of glycolipids in these viral and immunogenic trans

formants. Apparently, multiple changes in cell membrane proteins and 

glycolipids are correlated with increased immunogenicity and decreased 

tumorigenicity (Grimes and Greegor 1976; Van Nest and Grimes 1977). 

The labeled protein patterns of c5 and c5T were strikingly 

similar. Morphologically, the cells are virtually undistinguishable. 

However, in vivo c5 produces a tumor that will regress while the tumor 

produced by c5T grows progressively to kill the host. A few differ-

125 ences were also observed in the -̂ I-labeled protein patterns. It is 

possible that some of these protein differences might be reflected in 

the fate of the tumor. It is known that both c5 and c5T have a 
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glucosamine-labeled surface antigen with a molectilar weight of 95iOOO 

that is not detectable on either A31 or 3T12T cell surfaces (Grimes, 

Van Nest and Kamm 1977). 

The spontaneous transformant 3T12T does not fit into the above 

category. The two-dimensional l_ ̂ ^̂ methionine-labeled protein pat

terns of A3I and 3T12T were the most similar of all cell lines compared. 

3T12T is the most msilignant of the transformants and yet has a more 

normal morphology and characteristically normal methionine pattern. 

This is consistent with the in vivo fate of a 3T12T-caused tumor. 

These tumors grow progressively to kill the host within 1 month. 

Attempts to immunize mice against 3T12T cells with either UV-irradiated 

cells or 3T12T crude membranes failed to protect the mice (Grimes, Van 

Nest and Kamm 1977)• Conversely, c5T cells will not cause a progres

sive tianor in mice which have either received c5 cells or irradiated 

c5T cells. 

The significance of the two /_ ^̂ m̂ethionine-labeled protein 

regions present in the transformants and missing from A3I cells is un

certain. These changes were observed in three separate experiments. 

However, in a more recent study, A31 cells cultured in DMM containing 

5̂  fetal calf serum sind 5̂  calf serum showed ̂  ̂methionine labeling 

in these regions. It may be that these changes sire caused by cell 

growth conditions rather than transformation. 

n pc 
strand and August (1978) in a subsequent study using I-

lactoperoxidase labeling did not find major surface changes between the 

normal cells and transformants. This second technique labels acces

sible tyrosine residues of external cell membrane proteins and 
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glycoproteins (Morrison, Bayse and Banner 1970). The use of three 

different labeling methods in these experiments identified proteins, 

glycoproteins, and exposed surface proteins, providing information 

about membrane structure and surface orientation. Each of the labeling 

techniques yielded a different labeled gel pattern. However, differ

ences between normal and transformed cells were observed with all three 

labeling methods. Most of these differences occurred in membrane pro

teins and glycoproteins with molecular weights of greater than 100,000. 

In studies where exponential acrylamide gradient gels were used, these 

changes may not have been apparent (Leavitt and Moyzis 1978; Strand and 

August 1977). A number of proteins appeared heterogeneous by all three 

labeling methods. Treatment with neuraminidase identified these 

heterogeneous areas labeled by either ̂ ^̂ m̂ethionine or 

lactoperoxidase as glycoproteins. This conclusion was confirmed by 

^̂ ^̂ glucosamine labeling. 

classes of virtually identical molecular weight where the glycoproteins 

vary according to pi. If a hypothetical glycoprotein contained just 

three N-linked oligosaccharide chains (e.g., transferrin-type) (Sia is 

It appears that in several instances, there are glycoprotein 

S iâ —Gal—G1 cNAc 

Man 

Sia-Gal-GlcNAC 

Man-(GlcNAc)2-Asn 

Sia-Gal-GlcNAc 

Mcin' 

Sia-Gal-GlcNAc 
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sialic acid, Gal is galactose, GlcNAc is N-acetylglucosamine, Man is 

mannose, and Asn is asparagine), there is a possibility of 13 different 

glycoprotein isoelectric points when allowing the number of sialic acid 

residues alone to vary. Hence it is easy to see how a small chainge 

could make a significant difference in the isoelectric point. This is 

merely an example and it is not intended to be the entire expleination 

for the observation of glycoprotein heterogeneity. 

Neuraminidase treatment caused shifts but did not reduce gly

coprotein heterogeneity in the isoelectric focusing dimension. This 

suggests that sialic acid alone does not account for the multiple spots. 

However, it was not shown that neuraminidase caused a complete removal 

of sialic acid. Studies on human leukocyte interferons by Stewart 

et al. (1977) showed that glycoprotein heterogeneity could be abolished 

by periodate treatment. 

The heterogeneity could be due to the presence of more than 

one gene product in the sialoglycoprotein molecular weight region. 

Also, the labeling methods used would label glycoproteins in various 

stages of biosynthesis. Modification reactions such as phosphorylation, 

sulfation, and amidation could also account for the observed hetero

geneity. 

Another argument for observed heterogeneity is aggregation of 

different molecular arrangements in the isoelectric focusing dimension. 

This is highly unlikely, and others using a two-dimensional electro-

phoretic technique have observed this heterogeneity phenomenon 

(Anderson and Anderson 1977; Raghow et al. 1978). Peptide mapping can 
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be used to explore sequence homology of the glycoprotein bands having 

identical molecular weights and varying isoelectric points. 

The increased sialylation of transformed cell glycoproteins 

gave the best correlation with tumorigenicity. V/arren et al. (1973) 

have previously reported that glycopeptides from transformed cells 

have more sialic acid than do those from normal cells. This glyco

protein shift probably reflects the change observed in glycopeptides# 

Smets et al. (1976) has also made the suggestion that increased glyco-

peptide molecular weights are strongly correlated with cancer. They 

showed that these changes are not just related to transformation but 

to malignancy as well. It has previously been reported by our labora

tory that the glycopeptide shift was one of the few changes detected 

when 3T12T cells were compared with A31 (Van Nest and Grimes 1977), 

It was observed that the intensity of ̂ ^̂ m̂ethionine label 

incorporated into glycoproteins varied from experiment to experiment. 

This variation was not seen with nonglycosylated proteins, A possible 

explanation for this is the existence of intracellular glycoprotein 

pools (Doyle et al, 1978), which may vary in size. 

The turnover of the components of the plasma membrane has 

recently been reviewed (Doyle and Baumann 1979), It could be that 

this turnover of plasma membrane (Tweto and Doyle 1976) has a relation

ship with intracellular pools. The turnover of rat hepatoma plasma 

membrane glycoproteins has been studied (Baumann and Doyle 1978), 

Though most of the glycoproteins appear to be at the cell surface, 

there exists an intracellular membrane system which may function as a 

reservoir for cell surface components (Baumeinn and Doyle 1979̂ )* In 
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support of this concept, it was demonstrated that lysosomal enzyme 

receptors can be regenerated even in the absence of protein synthesis 

(Rome, Weissmann and Neufeld 1979). Perhaps this may represent pre

fabricated receptor from an internal pool. The existence of fucosyl 

glycoprotein pools has been known for years (Atkinson 1975) and the 

pool size and equilibration of these focusyl glycoproteins has been 

studied (Yurchenco and Atkinson 1977)• It is only recently that a 

relationship between internal glycoprotein pools and surface glyco

protein turnover has been well established. The existence of intra

cellular glycoprotein pools could account for the extensive glycopro

tein heterogeneity also observed with /"̂ ^̂ glucosamine when maturation 

is involved. Since the cells were trypsinized just prior to labeling, 

this could force a turnover of surface membrane glycoproteins with 

rapid incorporation into nascent and possibly incomplete glycoproteins. 

125 The heterogeneity is diminished in fluorograms of I-lactoperoxidase-

labeled cells which were not trypsinized prior to labeling. 

Neither c5 nor c5T appear to be viral producers. Sera prepared 

from mice bearing MSG tumors contain antibody which is reactive against 

surfaces of c5 and c5T cells (Kamm and Grimes 1978). In addition, c5 

125 and c5T I-labeled cell surface proteins are cross-reactive with 

antisera against murine leukemia virus-associated antigens. Hovrever, 

when these antibody-precipitated membrane proteins were resolved by 

two-dimensional electrophoresis it was not possible to conclusively 

identify viral associated antigens in the fluorograms. In any event, 

no differences among the antibody precipitates from each of the cell 

lines studied were detectable. So, the virus-associated antigens 
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would have to be regarded as not being cell line specific and therefore 

would not represent a rejection aintigen in the immunogenic tumor lines. 

The two-dimensional polyacrylamide gel electrophoretic tech

nique permitted the cell line comparisons which led to the selection 

of a sialoglycoprotein for characterization. Because the fluorograms 

of labeled and 3T12T membranes were consistently similar, these two 

cell lines were chosen to represent the normal and transformed cells 

for comparison of the sialoglycoprotein. Again it should be remembered 

that 3T12T, the most malignant and the nonimmunogenic cell line, seems 

to resemble most the normal Â  ̂cell line morphologically and by other 

chemical characteristics. 

The isolation and purification of one sialoglycoprotein from 

Â  ̂and 3T12T cells has been reported here. However the glycoprotein 

homogeneity observed by electrophoresis in the presence of ionic de

tergent proved to be glycoprotein heterogeneity by isoelectric focus

ing. The question is whether this isolated material represents one 

gene product which has undergone substantieil modification in the carbo

hydrate and/or polypeptide portions of the molecules or whether more 

than one gene product accounts for the mtiltiplicity of spots and peaks. 

Isoelectric focusing has been used previously to show that 

more than one component can arise from a single gene produce. Iso

electric focusing in polyacrylamide slab gels has been used to show 

differences in IgG light chain from mammalian species (Gibson 1977)• 

Strominger's group has demonstrated that sialic acid changes have an 

observable effect on HL-A2 antigen isoelectric point (Strominger et al. 

1976). Sialic acid appears to have a wide range of effects in animals 
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(Lloyd 1975) which may be relevant to the observed chsinges during iso

electric focusing. The number of sialic acid residues caused hetero

geneity of glycoprotein(s) 69/71 in murine leukemia virus (Murray and 

Kabat 1979). 

In the "life" of a glycoprotein, sialic acid is one of the last 

sugars added and appears to be one of the first sugars removed. There

fore, cells in culture which eire many days old might be expected to 

have this sialoglycoprotein present on the cell in many derivatized 

forms. It should be remembered that the sialoglycoprotein in these 

studies was obtained from internal membranes and intracellular com

partments as well as from the plasma membraine. Hence maximum hetero

geneity of any one gene product isolated might be expected. 

However, sialic acid is certainly not the whole story. Dif

ferences were still observed after nexiraminidase treatment of both the 

crude membranes and the isolated sialoglycoprotein. It has been shown 

that the differences in glycopeptides from normal and polyoma-

transformed baby hamster kidney fibroblasts are the result of more than 

just sialic acid residues (Ogata, Muramatsu and Kobata 1976). There 

appeared to be a difference in the fucose content of the sialoglyco

protein from and 3T12T. Fucose is added to secreted M0PC-if6 light 

chain as the final step, even after N-glycolylneuraminic acid addition 

(Knopf et al. 1975). 

Biosynthetic differences between Â  ̂and 5T12T pathways could 

also account for observed differences. Different pathways for protein 

and glycoprotein biosynthesis were previously observed in work with 

vesictileir stomatitis viral glycoprotein (Atkinson, Moyer and Summers 
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1976). Also, environment and growth conditions may affect the process

ing of the sialoglycoprotein. Variable oligomsinnosyl core in human 

diploid cells has been reported (Muramatsu et al. 1976). When these 

cells stopped growing, there was a decrease in the number of mannose 

residues with a corresponding increase in the acidity of the glycopep-

tides. 

The importance of this siailoglycoprotein is not known, but 

similar glycoproteins have been observed in other systems. For in

stance, a melanocyte contact inhibitory factor has been reported to be 

a glycoprotein of MW l60,000. Because the behavior of the isolated 

sialoglycoprotein on sodium dodecyl sulfate gels in the presence of 

borate ions seemed somewhat anomsilous, it is difficult to determine the 

exact molecular weight. However, it always rem in excess of MV̂  100,000 

by itself and never more than MW l60,000 in the presence of other mem

brane components. 

It is interesting to speculate on why not all of the sialogly

coprotein bound to the concanavalin A-Sepharose column. It is possible 

that the voided material represents a different gene product than the 

eluted material and hence would be glycosylated differently. Another 

possibility is that both fractions represent the same gene product but 

at different stages of glycosylation. Since neuraminidase caused a 

shift of the eluted sialoglycoprotein from Â  ̂cells and the voided 

sialoglycoprotein already shows a shift by isoelectric focusing perhaps 

the voided sialoglycoprotein is undersialylated eluted glycoprotein 

(or sialylated in a different way). If so, this might imply that the 

presence and positioning of sialic acid is required for the binding 
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of the glycoprotein by concanavalin A. Also, fucose was only detect

able in eluted material by gas chromatography, which could reflect 

oligosacchsuride maturation. 

The goals of this dissertation included the development of a 

reproducible method for making relevant cell-cell comparisons. It has 

been demonstrated that the technique of two-dimensionail polyacrylamide 

gel electrophoresis allows comparison of many normal and transformed 

cell lines. The two techniques combined in this procedure, isoelectric 

focusing and sodium dodecyl sulfate-polyacrylamide gel electrophoresis, 

can each be done preparatively. Lectin affinity columns can be used to 

separate glycoproteins from proteins and/or ̂ ycoproteins with altered 

oligosaccharide side chains (Pearlstein 1977). Therefore, protein 

(spot) differences can be isolated and characterized using microchemi-

cal techniques for carbohydrate as well as protein alterations. 

These procedures were employed to isolate and purify a class of 

glycoproteins which exhibited varying mobilities in gel patterns from 

normal and transformed cells. A procedure has been developed to obtain 

relatively large quantities of this membrane glycoprotein class in 

routine fashion. Perhaps the development of an antibody preparation 

to this isolated material would improve the yield several fold. In any 

event, initial characterizations have been done which hopefully may 

provide information to other investigators currently working with mem

brane glycoproteins. 

The procedure of two-dimensional gel electrophoresis may lead 

to classification of various tumor cells. Knowing the possible degree 
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of cell membrane protein alteration in transformation may be relevant 

to deciding between various possible therapeutic protocols (i.e., 

immunogenic or nonimmunogenic tumors). 
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