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Three Chinese hamster ovary ce1l l-ines (wíld-type, concanaval-in

A-resístant varianË, and a concanavalin A-sensiËíve revertant) were

anaLyzed for N-aceËy1-ß-D-hexosaminidase, o-L-fucosÍdase, and cr-D-

mannosídase acÈivities. Ion-exchange chromatography revealed that

each cell line had three hexosaminidase forms (I, II, and III), but

only hexosaminidases I and III were secreted. The specífic acÈívities

of the glycosidases varied when the growth conditions of the cel1s

were changed. The specific activities of the glycosidases in

extracts of the wíld-type and reverËant ce1ls were similar, but

differed from the specifíc activiÈies of the glycosídases ín extracts

of the variant cel1s. The specífic activities of the wÍld-type

extracellular hexosaminidase forms differed from the specific

acËivities of the variant exËracellular hexosaminidase forns.

The properties of the three wild-type hexos¡minidase forms were

invest.igated and found Èo be different. These hexosaminidase forms

were also partially purified.

The wild-type and variant mernbrane glycopeptídes ¡trere analyzed

by affiníty chromatography and geJ- filËration. The wild-type cells

were found t.o contaín a group of large mol-ecular weight glycopeptides

that was absent in the variant cells.
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INTRODUCTION



Membrane structure - an overvle\r

The plasrna membrane mediates cellular behaviour. CeI1 adhesíon,

contact, movemenË, and recognition are all thought to be functions of

the menbrane (1). The membrane can be rigfd and unresponsive, or fluíd

and viËa1, dependíng on the circumstances. This wide variety of resPonse

is índícative of the membranets complexíty. AlÈhough the membrane is

composed of onJ-y three rnajor elements (1ípid, protein, and carbohydrate),

Ëhe interactíon of these elemenËs with one another and with themselves

creates the complexity (2).

The fluid-mosaic model proposed by Singer and Nicolson (3) is the

currently accepted concept of membrane structure (Figure 1). Lipids are

shown to form an impermeable barríer between the exËracellular and

intracellular environment,s. Proteins are embedded in, or attached to'

the lipíd bl1ayer, either traversing the enËire membrane, or facing the

insíde or outside of the ce1l. The proteins may act as receptors, or

enz)rmes, or Ëheymayformchannels for the passageof metabolítes throughthe

lipid (4). Movement of proteins within the lipÍd bilayer can be either

free or restrícted, thereby establishíng a means of controlling membrane

rigídity (4).

Membranous proteín and I-ipid can be found associated with carbohydraÈe

in Èhe fonn of glycoproteíns and glycolipíds (2). These molecules usually

have their carbohydrate portfons orientated toward Èhe extracellular milieu

INTRODUCTION



Figure 1-. A rnodel of Ëhe cell surfr."(t). The ce11 surface

is shor"¡n to be connected to the ínternal cyto-

skeleton by protein complexes composed of collagen

(c), fibronectin (capsule-shaped nolecule), and

integral membrane proteins, Interactions betr¡een

these components are depicted to involve the

oligosaccharide chains of the integral proteins.

The integral proteins also link the complex Ëo the

rnicrofilaments (Mf) and microtubules (Mt) of the

internal cytoskeleton.





(2). Only recently has the functíon of the carbohydrate been

elucidated. Glycoproteins and glycolipids are thcught to be

involved in cell-cell interactions, cell adhesion, and recognítion

(1r 5, 6, 7, B).

In thís Ëhesís, the emphasis ís placed on glycoprotein and

glycolipid structure, bíosynthesis, degradaËíon, and function.

StrucËure of mammalian glycoproteins

Glycoproteins do not contain all the monosaccharídes found in

naÈure. Only the sugars listed ín Table T have been shown to be

involved in glycoproteín structure.

The most dístinguishing characterístic of glycoproteins ís the

covalent linkage between the first sugar residue in the oligosaccharíde

chain and an amino acid in the polypePtíde chain. The carbohydrate-

protein linkages may be either N-glycosidíc or O-glycosídic (f0). Three

main types of amino acid-sugar línkage have been identified in glycoproteins.

The mosË coulmon is the glycosylamine l-inkage involving the amide group

of asparagine and the hydroxyl on C-l of N-acetylglucosamine (fl).

Glycoproteins such as ovalbumín, fetuin, thyroglobulin, and the immuno-

globul-ins contain this línkage (11, L2, 13, 14). Human erythrocyte membrane

glycoproteins also contain the N-acetylglueosaminyl-asparagine linkage (15).

The other thro types of linkages found in glycoproteíns involve O-glycosidic

bonds. In the mucíns, the glycosidic bond Ínvolves the hydroxyl groups

of serine or threonine linked to N-acetylgalactosamine, while in collagen,



Monosaccharide constituenÈs of glycoprot"írr"t

llexoses

TABLE 1

Deoxyhexoses

HexosamÍnes

Sialic acids
PenÈoses

Galactose

Mannose

Glucose

L-I'ucose

*

¿
I

t,aken f rom ref erence 10.

the typical sugar consËituents of mucopolysaccharides are
listed.

N-Acetylglucosamine

N-Ace tyl ga 1ac to samine

Acylneuraminic acids

Xylose

L-Arabinose

rro t



the glyeosidic bond is between the hydroxyl group of hydroxylysine

and galactose (10). A detaíl-ed discussíon of sugar-amino acid linkages

has been rrrritten by Zinn et a1. (16).

Although only a few glycoprotein oligosaccharide chaíns have

been sequenced in their entirety, two main types of chain seem to

predominate; these are referred to as simple and complex chaÍns (L2).

Ovalbumin is an example of a glycoprotein wíth sirnple carbohydrate

chains, containing only the sugars nannose and N-acetylglucosamine

(Figure 2A). Complex chains contain the additional sugars N-acetyl-

neuraminic acid, fucose, and galactose (Figure 2B). These 1aËter

chains are characteristic of the serum glycoproteins (l7) as well as

some membrane glycoproËeins (15).

Bíosynthesis of manmalian glycoproteins

The imrediate precursors of the sugars ín the glycoprotein

oligosaccharide chains are the nucleotide sugars. All of the nucleoËide

sugars can be synthesized from glucose, as is illust,rated in Figure 3.

Sugar nucleotide synËhesis occurs in the cellular cytoplasn (18) ' v¡hile

glycoproteins are assembled ín the endoplasmíc retículum and Golgi

apparatus (19). The nucleotide sugars musÈ consequently pass through

cellular membranes in order to be utilízed (20).

Lipid-sugar intermediaËes have recently been ínplicaËed in the

synthesis of glycoproteín oligosaccharide chaíns (2) . In mamnals, the

lipid intermediate is a long chain polyprenol called dolichol (20)



Figure 2. Examples of simple (A) and complex (B) carbohydraËe

chains (L2).
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Figure 3. Pathway of sugar nucleotíde synthesis (fO¡ .
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(Figure 4A). The línkage of the monosaccharides glucose, xylose,

N-aceËylmannosamine, nannose, and N-acetylglucosamine Èo polyprenol

phosphaÈes has been demonsËrated (20). The structure of a-D-manno-

pyranosyl dolíchol phosphate is gíven ín Figure 48.

Oligosaccharide-lipid inËermediates have also been shown to exist

(2L, 22). The sugars N-acetylglucosamine and nannose are thought to

be aËtached to dolichol monophosphate by the pathway shown in Fígure 5.

The enzymes responsible for catalyzíng the synthesis of the oligosaccharíde

chain are called glycosyltransferases (15).

The glycosyltransferases are very specifíc enz)rmes, requiríng

both the correct sugar nucleotide and acceptor molecule for caËalysis

Èo occur (23). The aceeptor molecule may be either a glycoprotein,

glycolípid, proËein, lípid (ceramide), or, as mentioned previouslY, âD

oligosaecharide-lipíd intermediate (Figure 6). In view of the substrate

specif iciËy of these enz)rmes, Lhere are t.hought to be a 1-arge number

of transferase systems presenË in the various cellular organelles, each

systen being specific for a particular type of acceptor molecul'e (23).

Glycoprotein assembly and secretÍon

Pal-ade (24) has divided Ëhe process of protein secretion ínËo six

steps: synthesis, segregation, intracellular Ëransport, concentratíon,

intracellular storage, and díscharge. Secretory ploteins appear to be

synthesized on polyribosomes attached to the rough endoplasmic ret,iculum

(25). According to the "mulËisíËe" model for the biosynthesis of



Figure 4. The strucËures of polyprenol (A) and cr-D-manno-

pyranosyl dolichol phosphate (B) (15).
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Fígure 5. Proposed pathv¡ay for the assembly of oligosaccharíde-

dolichol intermediates (20).



c
U

D
P

-G

U
M

P
 _

C
N

A
c

c
G

lc
N

A
c-

P
-p

-D
ol

-D
ol

 -
 P

U
D

P
 _

P
o

G
lc

N
A

c 
- 

G
lc

N
A

c 
- 

p 
- 

p-
D

ot
to I 

nG
D

p 
_ 

M
on

la
G

D
p 

-l 
-G

D
p-

M
on

 
nG

D
P

-l 
-n

D
ol

-P
lP

P
 

P
 

c 
nM

on
,-

P
-D

ol

M
on

 - 
G

lc
N

A
c 

- 
G

lc
f'¡

A
c 

- 
p-

 p
-D

ot

oå
r-

 p

o
-U

D
P

- 
G

lc
N

A
c

.c
 

ß
 

p 
c

(M
on

)n
- 

M
on

 -
 G

lc
N

A
c'

- 
G

lc
N

A
c 

- 
p-

p-
D

ol

H o



Figure 6. The react,ion catalyzed by glycosyltransferases (23) .
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glycoproteíns (26, 27), the protein is glycosylated r¡hile ír is

sËil1 in the process of being synthesízed (Figure 7). The inítial

sugar, usually N-acetylglucosamine, is attached Ëo the protein at

the first asparagine resídue capable of formíng a linkage. Only

asparagine residues whích are part of the tripeptide sequence -Asn-

*-(FnJ- are capable of beíng glycosylated (28).

been recogn|zed as a coding unít for carbohydrate

and is referred to as a sequon (Figure 8).

In L976, Molnar (19) postulated that the synthesis of glycoproteín

oligosaccharide chains occurred in a sequential nanner, only one sullar

being attached to the chain at a time by an appropríaËe glyeosyl-

transferase (Fígure 7). Although oligosaccharide-lipid intermedÍates

vrere knov¡n to exísË (20), their involvement in glycoprotein oligosaccharíde

chain synthesis had not. been demonstrated. Recently, Chen and Lennarz

(29) have shown that oligosaccharide chains can be transferred en bloc

frorn lipid carríers to unglycosylated proteíns (29). The concept of

olígosaccharide chain synthesis has consequently been modified.

Figure 9 illustrates the current concept of glycoproteín synthesis.

I2

This sequence has

chain attachment

The synthesis of oligosaccharíde-lipid intermediates has been discussed

previousl-y and ís shor,¡n ín Figure 5. The olígosaccharíde-lipid inter-

nediaÈes, in addition to contaíning mannose and N-acetylglucosamine, also

contain terminal glucose resídues (29 , 3L). SËudies have shown thaË

these glucose residues, and some mannose resídues, are removed by

specific glycosídases after the oligosaccharíde chain has been attached



Figure 7. The "multisíte" model for the biosynthesís of

glycoproËeins (f9). The symbols RER, SER, and

PM denot,e the rough and smooth endoplasmic

reËiculum, and the plasma membrane, respectíve1y.

Three sítes of sugar aËtachmenË are depicted.

Figure B. A typical o1Ígosaccharide chaín of a glycoproteín.

The sites at which each sugar of the chaín ís

attached are shown (19).
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Figure 9. A rnodel illusËraÍng the currenË concept of glyco-

protein synthesis (30). Precursor oligosaccharíde

is assembled on a lipid íntermediate (a), and then

transferred to the nascent glycoprotein (b).

Glycosidases remove glucose (O) (c) and mannose (O)

(d) resídues. A glycosylËransferase then adds on

an N-acetylglucosamine (|l) resídue (e). Additíonal

mannose resídues are Ëhen removed (f). Finally,

glycosyltransferases add Ëhe sugars N-acetylgluco-

samine (g), galactose (O) (h), and N-acetylneuraminíc

acid (O) (i) onto the glycoproteín.
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to the unglycosyl-ated proteín. This partial degradation of the

oligosaccharíde chain is referred to as processing (30). The

processed glycoproteín is thought Ëo progress from the rough endo-

plasmic reticulum to the smooÈh endoplasmic reËiculum, and finally

to the Golgi apparatus, where the sugars fucose, galactose, and

N-aceËylneuraminic acÍd are atËached by sequential addítion of the

appropriate sugars (30). Subcellular fractionaËíon sËudíes have

confirmed the predorrinance of fucosyl, galactosyl, and síalyltrans-

ferase activiËies in thís organelle (32, 33), thus supporting the

Èheory Ëhat the Golgi complex is the subcellular site for the completion

of the sugar chains. In the Golgí complex, the completed glyco-

prot.eins are compartmentalized ínto vesicles and either discharged

from Èhe cell, stored withín the ce11, or incorporaËed inËo the

cell I s plasma urembrane (24) .

15

Evidence is rapidly accumulatíng in favor of the theory ËhaË

cell surface glycoproteins play a central role in cell-cell and ce11-

lígand ínteracÈions, ínËercellular adhesiveness, and the control of

ce1l dívision (1, 6, B).

Fibronectin serves as an excellent example of the involvement of

glycoproteins in cellular adhesion and malignant transformation (7).

This cell surface glycoprotein has been described as fibroblast surface

antigen (:a¡, cell surface proËein (35), LETS (large exËernal

involvemenË of coproteins in cell surface



transformaËion sensítíve) proteín (B), z protein (36), and fibro-

nectin (37). All of the glyeoproteins listed above are thought to

be related, having a conmon subunít molecular weight of 200r000 -

250,000 daltons (8) and beíng iuununologícally cross-reactive (:e¡.

Cultured fibroblasts, as well as containing fibronectin on Ëheir

ce1l surface, secreËe Ëhe glycoprotein into the medium (7). The

secreted fíbronectin is thought Ëo medíate cell aËtachmenÈ and

spreading on surfaces (39). Cel1s deposit fibronectin onto their

tissue culture substratum, which leads to the speculation that the

molecule Ís requíred for cellular adhesíon (40).

Studies have shown that fibronectin is either reduced or absent

on the surfaces of virally transformed (1, B) and neoplastic cel1s (38).

InteresËingly, both transformed and neoplastic ce1ls dísplay a reduced

adhesion Ëo extracellular matríces (41). By addíng purified fibronectin

to transformed cells, workers have been able Ëo partially restore a

more fibrobl-astic appearance to the cel1s and an increased adhesiveness

(42) .

L6

Membrane glycoproteíns have also been implicated in cell-ligand

inËeraetions. ldanmralian lívers possess plasma membrane glycoproteíns

capable of specifically bínding asíalofserum glycoproteins (43). Morell

et a1. (44) shornred that the injection of asialo serum glycoproËeins

int,o rabbits resulted ín their rapid clearanee frorn the círculatíon by

¿"glycoproteins which have had Ëheir terminal síalic acid resídues removed.



Ëhe liver" Subsequent studíes confirmed the presence of specifíc

liver membrane glycoproteins whích bound the asíalo glycoproteins

by ÍnËeraction wit:h galactose residues exposed by the removal of

sialíc acid (45, 46, 47). Conversel-y, neuraminídase treatmenË of

the purífíed membrane glycoprotein abolished Ëhe receptor's binding

actívíty (46). The termína1 sialíc acíd residues of both the círculating

glycoproteins and the liver glycoproteín receptors T¡rere thus shown to

be crucial in the recognítion and uptake processes.

Cell-ligand interactíons, such as the one discussed above, aTe

thoughË to be intimately involved in the process of cell-cell adhesion.

Slíne molds, for example, exhibit cellular interactions that are

mediated by membrane glycoprotein receptors (44¡. The life cycle of

DictysËeliurn discoideum can be divided into three distineË phases.

Vegetative unicellular amoebae exísË at the begínning of the cycle. I^Ihen

the food supply is exhausted, the amoebae aggregate to form a rnultí-

cellular s1ug. The cells of the slug, in turn, differentiate into

spore and sËalk ce1ls (48). Cells can be isolated at any of the varíous

stages of the lífe cycle, making Èhe sËudy of the aggregaËion phenomenon

possíble. Antibodies have been raísed against cel1s from the aggregating

state, and Ëheir Fab* fragments have been shown to block Èhe aggregation

of amoebae (49). This fíndíng indícated thaL specifíc membrane proteíns

qreïe responsible for the aggregation phenomenon. Subsequently, a

membrane glycoprotein, desígnated cs-A, was purified with the abilíty

L7

antigen binding fragment



to block the acËion of the Fab fragments (6).

Two cell surface carbohydrate-binding proteins, discoídin I and

II, have also been isolated from cells in the sl-iure moldfs aggregating

state (50, 51). Lactose r¡ras found to be the best ínhibitor of discoidin

II, while N-acetyl-D-glucosamine r,ras the prime inhíbítor of discoidin

T (51). Furthermore, the aggregaÈion of developíng ce11s could be

blocked by N-acetyl-D-glucosamine. Rabbit antibodies dírected against

these two discoidins were found to bínd aggregating cells, but not the

vegetative cells (52¡. Clearly, cell surface glycoproteins and

receptors play a role in cell-cell interactions.

Glycolipíds

The urosË common mammalj-an glycolipids are the ganglíosides.

These molecules are si-aloglycolipids and consequenËly possess a strong

negaÈive charge (5). The hydrophobic (lípid) subunit of these

compounds ís ceramíde, a compound between an amino alcohol sphíngosíne

and a long chain (Cr +-CzO) fatty acid (53).

Gangliosíde oligosaccharide chains are believed to be assembled

in a manner similar to glycoprotein carbohydrate chaíns (54). As shown

ín Figure 10, monosaccharide residues are added to the ceramíde by

glycosyltransferases. In cultured fibroblasts, the glycosyltransferases

are associated with membrane fractíons and are thoughË to be located,

not only wíthin the cell, buË also on the cell surface (55, 56). Keenan

et al. (57) have demonstrated the presence of these enzymes in the Golgi

18



Figure 10. The biosynthetíc pathway of ganglíosides (5).
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apparatus of Ëhe líver and braín.

The physical naËure of gangliosídes makes them ideally suíted

as membrane receptors, the ceramíde portíons of these molecules being

enbedded in the membrane with the negatively charged olígosaccharide

chaíns exposed to the external envíronment (58' 59). The prime

example of a ganglioside actíng as a membrane receptor is the

monosialogangliosid", Gorl (Figure 10), which has been shown to act as

a recepËor for cholera toxin (60, 61) . Gangliosídes have also been

implicated as hormone recePtors. The ganglioside, GDlb (Figure 10) ,

inhibiÈs the bínding of thyroíd-stirnulating hormone to thyroid membranes

(62). InterestínglY, GDla (Figure 10), Èhe structural isomer of GDlb'

has 1íttle effecË on Ëhe thyroíd-stimulaËing hormone binding. Thus,

hormone interactíon wiËh membrane receptors appears to be híghly specifíc

for carbohydrate structure.

20

Cel1 surface chenges accospanying transformaËion

In the previous sections, the role of membrane glycoproteins and

glyco1-ipids ín cellular behavíour has been discussed. clear1y,

the rnodífication of these cell surface components would result ín

abnornal responses t,o environmental- stimuli. Transformed and neoplastic

cells dísplay gross glycoprotein and glycolipid changes, as well as many

oLher membrane alteratíons (Figure 11).

Several workers have made the observatíon that the glycoproteins

of nalignant cel1s contain more carbohydrate groups of a larger molecular



Fígure 11. Cell surface alteraËions found after neoplastíc

transformation (1).
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treÍght than the nornal cells from which they are derived (63, 64, 65).

Tuszynski et al-. (66) have recently shown that practically all Rous

sarcona virally-transformed baby hamsËer kÍdney cell membrane glyco-

proteins differ from the normal- hamster ce1l membrane glycoproteins.

The conclusíon reached ¡¿as Ëhat viral Ëransfornation produces altered

glycosylation of glycoproteíns" Nest and Grimes (67), working with

spontaneously Ëransformed Balb 3T3 cells, reached the same conclusion.

Apparently, transformaÈíon leads to extensive rnodifícation of membrane

glycoproteins.

The ganglíoside and neutral glycolipid content of neoplastically

Ëransformed cel1 lines also differs from normal cel1 lines (2). Virally

transformed mouse fibroblasts exhíbit a reduction of the gangliosides

GM2, G"r, and G¡1" (68, 69).

a síngle ganglioside. As an
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with the Kirsten strain of muríne sarcoma virus, accumulate GyI2 (70¡.

Additíonally, hamster ce11 1ines, raË kidney fibroblasts, and human

fibroblasts have been examined and all display glycolipíd changes

when transformed by various viruses (2). These observations, Ëogether

with the known functional role of glycoproteins and glycolipids, strongly

inply the involvemenË of glycoproteíns and glycolípíds in the altered

behaviour of neoplasLically transformed cells.

The membrane glycoprotein and glycolipíd changes described above

are accompanied by alteraÈions ín the levels of glycosyltransferases

Other strains, when transformed, accumulate

example, Balb 3T3 cells, when transformed



and glycosidases (L, 2). C1early, íf the glycoprotein and

glycolipíd carbohydrate chaíns are modífied upon viral transformation,

changes must be occurring in either the biosynthetíc or degradative

pathways of these molecules. As d.iscussed earlier, the glycosyl-

transferases are involved in the biosynthesís of the oligosaccharide

chains of glycoproteins and glycolípids (23). Increased or decreased

levels of Ëhese enz)¡mes would result in either larger or smaller

carbohydrate chains, or perhaps, fewer carbohydrate chains. Glyco-

protein and glycolípid degradaÈíon, conversely, is controlled by a sysËem

of equally specific oligosaccharide hydrolytic enzymes, called glyco-

sidases (2). Elevated or reduced glycosidase levels would also resulË

ín glycoprotein and glycolipíd modífications (7I).

Bosmann and Hal1 (72) shor¿ed that human neoplastic tissue conËained

elevated levels of glycoproteín: sialyltransferase activity as well as

elevated levels of certain proËeases and glycosídases. These observations

led to the Ëheory that changes ín the 1evels of enzymes involved in

glycoprotein and glycolipíd netabolísm may lead to modífications in

tumor cell surfaces resulting ín the alt,ered behaviour of these cel-ls.

Studies have shown that glycosídase 1eve1s also increase when

cells grown in tissue culture are transformed. Kijimoto and Hakomori

(73) found hígher ß-galactosidase aetivities ín transformed hamster-

fibroblast cells. Bosmann et a!. reported elevated glycosidase levels

in transformed mouse (74) and chicken (75) ce1l lines. These obser-

vations seem to índicate a possible correlatíon between changes ín

23



glycosidase and glycosyltransferase levels and transformation, as

well as neoplasia.

Concanavalin A

The cell surface glycoprotein and glycolipíd changes displayed

by transformed cells nay be detected with the aid of lectins, a group

of proteins capable of agglutinaËing a variety of cells (76). The

lectin of prímary concern to this sÈudy is concanavalin A. Thís

agglutinín r,ras isolated from Jack Bean (Canavalia einsformis) meal

(77). Concanavalin A can exist ín either the monomeric, dimeric,

Ëetrameric, or multímeríc form, depending on pH and ionic condiËions

(78, 79>. Below pH 4.6, concanavalin A dissociates ínto rnonomers of

molecular weíght 251500, while from pH 5.6 to pH 7.0, the lectín ís

in a tetrameric forrn (79) . Tbe monomers are identical (80) and each conËaíns

one sugar binding site as well as a calcium and magnesíum binding site

(81). The Lwo caËions are requíred for sugar binding (81) . Concanavalin

A specifically binds cr-D-mannopyranosyl and a-D-glucopyranosyl

resídues (82, 83). The C-3, C-4, and C-6 hydroxyl groups of the D-

arabíno configuration are essentíal for concanavalin A interaction (84).

The lectin is also capable of bínding the non-exposed o-D-rnannose residues

present in the core region of glycoprotein oligosaccharide chains (84).

The ability of concanavalin A to bind glycoproteíns makes iË an

ídea1 membrane probe (76). As discussed previously, the membrane glyco-

proteins and glycolipids of transformed ce11s are drastically altered (1).

24



Consequently, concanavalín A interacts with transformed cells

dif ferently than ít does r^rith normal ce1ls (7 6) . Oncogenically

transformed cells are preferentially agglutínated by concanavalin A

at concentrations that do not affect normal (wild-type) cells (85).

Concanavalin A has many other bíological properties (76). A

noteworthy property ís the lectinrs toxicity to animal cells (86).

The precíse mechanisms involved in concanaval-in A toxicity are not

clear. Kornfeld et al. (87) have shown that the initial step involves

bindíng of the lectin to carbohydrate receptors on the plasma membrane.

The lectin is then thought Ëo enter the cell by pinocytosis and cause

ce1l death by an as yet. unknow¡ rnechanísn (2). Cytotoxíc lectins

such as concanavalín A, wheaË germ aggluËinin, rícin, and phyto-

hemagglutinin have been used as selectíve agents Èo obtain a variety

of lectin-resístant varíants from established cell 1Ínes (30¡. A

large number of these variants are incapable of bínding the lectins

due to alterations in their glycoproteLn oligosaccharide chains (30).

Lectin-resisËant variants are now being used to study how these oligo-

saccharide chain alËerations occur.

25

InËroductÍon to the work

The cytotoxic effects of concanavalin A l¡,lere used by Ceri and

trIrighË (88) to select several concanavalín A-resisËant variant.s from

independent wild-type, concanavalin A-sensitive, Chinese hamster ovary

cell clones. The varianË used in Ëhís thesis, CR-7, is a subclone

sented in this thesís



whích was sel-ected from a mixed population of concanavalín A-resístant

cells" Thís mixed population of ce1ls qlas obtaíned after ten

passages of a wild-type population (!I.T. CO2) at 34oC in growth medium

containÍng 40 ug/n1 concanavalin A (89, 90). The CR-7 cel1 line was

found Èo be temperaËure-sensitive, growíng at 34oC, but not at 39oC

(S9). A concanavalin A-sensitive revertant (RCR-7) was selected from

the CR-7 cell line by naking use of the variant I s temperature-

sensiÈivity. Briefly, the CR-7 ce1ls were incubated at Èhe non-

permíssive Èemperature, 39oC, and the coloníes that appeared r¿ere

Ëested for concanavalin A-sensíËívíty. In this manner, the cloned cell

line called ncR-7 was selected (88).

The concanavalin A-resístant variant exhíbited a complex phenotype

characterized by a modification in growth properties and changes ín

various membrane associaËed properties (88, 89, 91). The CR-7 cells,

as compared to the W.T. CO2 and nCR-7 cells, showed the followíng changes

in phenotype: temperature-sensit.ive gror^/th properties, altered cellular

morphology on culture plates, enhanced sensítivíty to membrane-active

drugs such as phenethyl alcohol and sodium butyraËe, íncreased resistance

to Ëhe cytotoxic effects of concanavalin A, decreased cellular

adhesiveness to subsÈratum, and defective lectin-receptor nobilíty (BB,

89, 90, 9t). Additionally, surface labelling techníques have revealed

the presence of an extra glycoprotein on the CR-7 cel1 surface that is

26

absent in Inl.T. co2 and ncR-7 ce11s (9f¡.

glycolipid metabolísm could result in some

Changes in glycoprotein and

or all of the alteratíons



described above, particularly in the appearance of the extra glyco-
D

protein on the C"-7 cell surface.

As mentioned previously, a correlaËion seems to exist betr¿een

the alÈered membrane propertíes of transformed cells and changes in

glycosidase and glycosyltransferase levels (1, 72, 73, 74, 75). Sínce

P
the C"-7 cells displ-ay similar membrane alterations' the need for

an investigation of the glycosidase and glycosyltransferase levels ín
DÞ

Ëhe trI.T. CO2, C't-7 and RC"-7 cel1 lines became obvious. Although

changes in the glycosyltransferase levels of other lectin-resístant

variants have previously been reported (30), the glycosidase levels

of these variants have not been investigated. Tn this thesis, the

emphasís vras placed on the cellular glycosidases in an attempt to

correlate theír levels with the concanavalín A-resistant phenoËype.

The membrane glycoproteíns of the three cell lines r¡rere also invesÈigated

Ëo gain a better understanding of the glycoprotein changes on Ëhe

varianË cell surface.

27



MATERIALS AND METHODS



Materials
Cell growth material

Material

alpha-minímal essenÈial medium

fetal calf serum

penicillin G

strepËomycin

Brockway botËles

culture plates
spínner bottles

Experímental material

Material

MATERIALS AND METHODS

p-ni tr ophenyl-N-ac e ty1- $ -D - gluc o saminide

p-nitrophenyl-o-L-f uc os ide
p-ni tr ophenyl-a-D-manno s id e

Triton X-100

trypsin
Bio-Rad protein determinatíon kit
Eppendorf mícro test tubes, 1.5 nl.
Amícon cell and fílters
DEAE-cellu1ose

Cll-cellulose
concanavalin A-Sepharose 48

Sephadex G-200

Sephadex G-50

Sephadex G-75

Dextran T-500

Dextran Blue

polyethylene glyco1
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Flow Labs, Rockvílle, Md.

GIBCO Ltd., CaLgary, Alta.
GIBCO Ltd., Calgary, A1ta.

GIBCO Ltd., Calgary, Alta
Brockway Glass Co., Brockway, Pa.

Lux Scí. Corp., Californía.
GIBCO Ltd., Calgary, Alta.

Source

Sigma Chemical Co., St. Louis, Mo.

Sigrna Chernícal Co. , St. Louis, Mo .

Sigma Chemical Co., St. Louis, Mo.

Sigma Chernical Co., St. Louis, Mo.

Sigrna Chemieal Co., St. Louis, Mo.

Bío-Rad Labs, Mississauga, Ont.

Brínkman Instruments , I^Iestbury, N.Y.

Amicon, Lexington, Mass.

Sigrna Chernical Co., St. Louís, Mo.

Sígna Chemical Co., St. Louis, Mo.

Pharmacia, Dorval, P.Q.

Pharmacia, Dorval, P.Q.

Pharmacia, Dorval, P.Q.

Pharmacia, Dorval, P.Q.

Pharmacia, Dorval, P.Q.

Pharmacia, Dorval, P.Q.

J.T. Baker Chemical Co.,
Phillipsburg, N.J.

Source



D-.[6-3H] glucosarnine (20 Ci/mo1e)

Aqueous Counting ScínÈillant (ACS)

pronase

o-methylnannoside

3, 3-dimethylglutaric acid

Cells and culture conditions

Three Chinese hamsËer ovary cell lines rrrere used in these experimenËs:

a wild-Èype ce1l line (I^f .T. CO2), a concanavalin A-resistant variant
Ð

cel1 line (C"-7), and a concanavalin A-sensit.ive revertant ce1l line
D(RC"-7). These cell lines T¡rere kindly provided by Dr. J.A. I^Iright.

The cel1s Þrere grown in alpha-miníu¡al essential medium (92) containing

I0% (vlv) fetal cal-f serum. Penicillin G (100 uni-ts/ml) and

streptomycin sulfate (100 Ug/rnl) were also added to the medium. All

the cell lines \¡rere gro!ün at 34oC in a 5% CO2 atmosphere. The cel1s were

grorrTn eiËher in 16 oz. Brockr¡ay bottles, tissue culture dishes (100 mn X

15 nn), or in suspension. Cell density was measured by diluting the

cel1s in isotonic saline (0.18 M NaCl) and counting ín a parËicle counter

(Coulter Electronics Ltd.).

Cells I¡Iere groi,rn in suspension by adding I-2 X 107 cells to 200 nl

of growth medium in 500 m1 medium bottles. The cells were kept in

suspension by conËinuous stirring with a Teflon coated magnetic stirring

bar. The cultures \¡rere íncubated at 34oC in a \,rater bath. Cell densíty

was maintained at 2-5 X 105 ce1ls/n1 by dilution urith fresh medium.

Amersham, Oakvi11e, Ont.

Amersham, Oakville, OnË.

Calbíochem, San Díego, Calif.

Signa Chernical Co., St. Louis, Mo.

Signra Chemícal Co., St. Louís, Mo.
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Preparation of TriËon X-100 cel1 extracts

exËracts of cells grornrn eÍther in tissue culture dishes or in suspension.

The following procedure was used for ce1ls gro$rn ín dishes. The medium

ín r¡hich the cells T¡rere gro\¡ting was decanted and the cells r¿ere ¡nrashed

with phosphaËe buffered saline (0.2 gm KC1, 0.2 g^ KH2P04, 8.0 gm

NaCl-, 1.15 $n Na2HP04 in 1 litre of water). The cells were removed

from the dishes by trypsínization; 0.05% (w/v) trypsin in phosphate

buffered saline was added to the dishes followed by incubation for

5 minutes at room Lemperature. An aliquot (0.2 ml) of the ce1l suspension

r.7as counted (as described previously) while the remaíning cell suspension

\¡ras centrifuged for I mínute using an Int.ernatíonal Clinical centrifuge

(Model CL) set at speed 7. The supernaËant was decanted and the cell

pellet r¿as solubíLized Í¡rÍ-th 2.5% (v/v) Triton X-100 dissolved in phosphate

buffered salíne. The cell extract was cooled on ice for 5 minuËes.

Undisrupted whole ce11s and nucleí ¡¿ere then removed by centrifugation

for 1 minute ín an Eppendorf centrifuge (Model 3200). The supernatant

was Ëaken and assayed.

The procedure used for cells gro\¡ln in suspension is given below.

An aliquot (2 ml) of the cell suspensíon was taken to determine the

cell densíty. The cel1s were then harvested by centrífugaEion at 6r000

rpm (6,370 g) for 10 minutes in the JA-10 head of a Beckman Model J-21

centrifuge. The supernatant was decanted and Èhe cell pellet resuspended

in phosphat,e buffered saline. Thís cell suspension T¡ras centrifuged for

The glycosidase activiÈies $rere assayed in crude TriËon X-100
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l- minute ín the Internatíonal Clinícal centrifuge (Model CL) at

speed 7. The cell pellet obtained T¡ras exÈracted with Triton X-100

as described above.

Assay for glyeosidase actívities in Triton X-100 exËracts

The assay mixtures for glycosidase activítíes contained: 5-20 ul

ce11 extract, 0.8 mM substrate (either p-nitrophenyl-N-acetyl-ß-D-

glucosaminide, p-nitrophenyl-o-L-fucoside, or p-nitrophenyl-a-D-mannoside),

and 0.1 M citric acid - 0.2 M Na2HPO4 buffer (mixed to give the required

pH) in a final volume of 500 pl. The hexosaminidase acÈivity was

normally assayed at pH 4.2 and pH 6.5. The fucosidase and mannosidase

activíties vrere normally assayed at pH 5.6 and pH 6.3, respectively.

The incubaËionswere perforioed at 37oC for 15-60 minutes. The reacËions

r{ere stopped by the addition of 1.5 ur1 0.2 N NaoH-glycine buffer, pH 9.5,

centrifuged for 2 minutes in an Eppendorf centrifuge (Model 3200), and the

absorbance of each supernatant determined aË 400 nm using a Gilford

spectrophoËomet,er (Model 2400-2). The molar exËinction coefficient

of p-nitrophenyl at 400 nm '^Tas L.77 x 104 l¡-1 cm-]. The units of

enzyme activity were defined as the number of Umoles substrate hydrolysed

per minute. ProËein úras assayed using the Bio-Rad protein determination

kir (93).
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Intracellular hexosaminidase forms

Ion-exchange chromatography r,ras used to resolve Èhe hexosanínidase



(N-acetyl-g-D-glucosanínídase) forms presenË in the w.T. co2 and
D

C"*7 ce1ls. The proced.ure ínvolved disrupting the cells by sonicatíon

Ínstead of treatnent r,¡íth Triton x-100. Ten Brockway bottles of

l^1.T. co2 or cR-7 cells r^rere harvested by Ërypsinization. An aliquoË

of the ce1ls e¡as count.ed to determíne the cell density and the remâining

cel1s were washed and collected as described previously. Ten cell
pellets r,rere obtaÍned, one from each Brockway bottle of cells. Each

of the ten pellets \.ras suspended in 1rnl of cold 20 nl'{ amnonium aceËaËe,

pH 6.0, and transferred t,o a 1.5 n1 Eppendorf centrifuge tube. These

cell suspensions were chílled on íce for l-0 minutes. Each Èube of cells

was sonicated (Artek Sonic Dismembranator set aË 300 watts and fítted

I,rith a P-300-1 probe) for 15 seconds, chilled on ice for 5 minutes,

Èhen sonicaËed agaÍn for 15 seconds. The disrupted ce1l suspensions

r¡ere then centrifuged (Eppendorf centrifuge Model 3200) for 2 minutes.

The resulËíng supernatanËs were pooled and the pH adjusted to 6.0

wírh r% (:tlv) acetic acid. The pooled supernatants r¿ere centrífuged

(sorvall superspeed Rc2-B fitted r^rith a ss-34 head) for 15 minutes ar

20'000 rprn (65 r274 g). The supernatanË obtaíned from thís centrifugatíon

r¿as used for the DEAE-cellulose chromaËography (see below).

Ce1ls grown in suspension were also analyzed f.or hexosamínidase

forms. The volume of suspended cells (either I^I.T. CO2 or CR-7) used

was 1200 nl. The cells were counted and harvested as described previously.

These pellets r,¡ere sonicated and centrífuged in the manner described

above. The resultíng supernat,ants qrere pooled and diluted to 30 ml

with cold 20 mM anmonium acetate, pH 6.0" The pooled, diluted
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supernatants were then treated as descríbed above.

Ion-exchange chromatography of intracellular hexosaminidase forms

The extracts obtained from Ëhe sonicated !J. T. CO2 and CR-7

cells were chronatographed on DEAE-cellulose columns. The exËract

obtained frour either the I^I.T. CO2 or CR-7 ce11s gro\¡rn in Brockway

bottles was applied to a 1,7 cm X 15 cm column of DEAE-cellulose

equíl-ibrated with 20 nnM arrnonÍum acetaËe adjusted to pH 6.0 r¿ith acetic

acid. The colunn was washed successívely with 3 solutions of 20 ml"I

ammonium acetate, pH 6.0 containing 30 urM, 150 mM, and 300 ml"I NaCl ,

respectively. FracÈíons of 2.5 ml were collected and the absorbance

aË 280 nm T¡ras deËermined using a Coleman specËrophotometer (Mode1 101) .

Appropriate volumes from each fraction were assayed for hexosaminidase

aetivíty as prevíously described. The extracÈs obtained frorn I^I.T. COz

D
and C't-7 cel1s grorrrl ín suspension were treated in the nanner descríbed

above, wíth the exception thaÈ the column dímensíons $rere 1.7 cm x 20 cm.

The fractions containing hexosaminídase actíviËy were pooled and used for

kínetic studies. The hexosaminidase form eluted wíth 30 IDM NaCl was

desígnated Hex TI, while the hexosaminidase forms eluted wíth 150 rnl'f

and 300 nl"l NaCl were designated Hex I and Hex III, respectívely.

33

Extracellular hexosaminidase forms

The secretion of hexosaminidase forms by W.T . COz and CR-7 ce11s

grot{n either in Brockway bottles or in suspension r,ras examined. Since

fetal calf serum contains lorv levels of hexosamínidase activíty, the

serun was heat inacËivated at 62oC for 2 hours prior to use ín this



study (g4, g5). Either !1.T. CO2 or CR-7 ce11s were added to 4

Brockway bottles and Ëhe cel-ls were cul-tured for 48 hours. After this

Ëime period, theuediumwas decanted, and 25 mL of freshmediumcontaíníng

IO7" (v/v) heat inactívated fetal calf serum rn'as added to each of the

4 Brockway bottles. The cultures were then incubaËed for an

addítíonal 24 hours. Following this incubation, the nediumwas decanted

from each Broekway bottle and pooled. The pooledmedíumwas ímmediately

cenËrifuged for 10 ninutes at 61000 rpm (61370 g) in a Beckman

centrifuge (Model J-zI) fitted rÀrith a JA-10 head to remove any suspended

cells. The cells attached to the Brockway boËtles r¡rere removed by

trypsinizatíon and counted to determíne the cell density (as descríbed

previously) . After cenËrifugaËion of the medíum, the supernatant (100

ml.) was taken and dialyzed agaínst 4 liËres of 20 ml'l ammonium acetate,

pH 6.0 (dial-yzing buffer) for 48 hours at 4oC. During Ëhis períod,

the dialyzing buffer was changed every 12 hours. The di.aLyzed

medíumwas eollected and concenËrated to 30 m1 usíng an Amicon cell

fítted with an )C{-100 A filter. A, 2.7 cm X 30 crn column of DEAE-

cellulose equílibrated with 20 nlf amronium aceÈate, pH 6.0 was loaded

Ì^rith 25 ml of the concentrated medíum. The column r¡as eluËed as

described above. Tractions of 5 ml were collected and analyzed for

hexosamÍnidase activÍty and proteín as described previously.

The following procedure was used to examine the hexosaminidase forms

secreted by I^I.T . COz and CR-7 cells gror/n in suspension. Both the
D

trI.T. CO2 and C"-7 cells \¡rere gïoïrn in suspension 48 hours prior to use
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in Ëhe experíments. After the ce11s were condítíoned for growth

in suspension, they were harvested by centrifugation for 1 minute

in an International Clinical centrif uge (l'fode1 CL) seË at speed 7.

The cel1 pe11et obtained \^7as resuspended in 100 m1 rnedium conËaining

70"/" (v/v) heat inactivaËed fetal calf serum. The ce11s ürere then

cultured in suspensíon for 24 hours. After this cultivation períod,

the mediurn was co11ecËed and treated ín the same manner as descríbed

above. The DEAE-cellulose fractions containíng hexosaminidase

activity were pooled and used for kinetic studies.

AttempËed purification of W.T. C0r hexosaminidase forms

The I^I.T. COz ce1ls LTere grown in suspension to a density of 5 X 105

ce11s/m1. The volume of ce11 suspension used was 6.4 litres. The

cel1s were harvest.ed and washed as described prevíously. The resulting

ce11 pellets 'brere resuspended in \¡/ateï (2.5 ml vrater per cel1 pe11et).

The cel1 suspensions ï,/ere pooled and the cel1s allowed to swe11 for

30 minuLes at room temperature. The pooled cell suspension was then

chí11ed on ice for 30 minuËes and Ëhe ee11s r,rere disrupted by homo-

genizatíon using 200 strokes of a PoËter-Elvehjem homogenizer rotating

at 1000 rev/minutes. The homogenate rnras centrifuged at 10,000 rpm

(16,319 g) for 30 minutes using a Sorvall Superspeed RC2-B centrifuge

fitted with a SS-34 head. The supernatant was kepË and adjusËed to pH 6.0

\ríLln L% acetic acid. This soluËion rvas centrifuged at 20,000 rpm

(65,274 g) for 30 minutes and the resulting supernatant was applied
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to a 1.7 cn X 24 cm column of DEAE-cellulose and e1uÈed as before.

Fractions oÍ 2.5 m1 were collected and the hexosamÍnidase activiËy

assayed as described prevíously. The fractions collecÈed during

eluËion wíth 30 nM NaCl were pooled and the pH adjusted to 5.0 wíth

102 acetíc acid. This soluËíon was loaded on a 1.7 cm X 15 crn CIî-

cellulose eolumn equilibrated with 20 mM armonium acetate adjusted to

pH 5"0 r¡ith acetic acid. The column was eluted with 120 ml of a linear

NaCl gradient (0.0 to 0.9 M NaCl). Fractions of 2.5 mI were collected

and assayed for hexosamínídase acÈ.ivity as described previously. The

hexosaminidase form eluted was designated Hex If. The fractions eontaíning

Hex IT activity were pooled and run on a 1.5 crn X 7.5 cm column of

concanavalin A-Sepharose 48 equilíbrated r,¡ith 0.1 M sodium acetate, pH

6.0 conËaining 3 mM MnCl2 and 3 mM MgC12 (equilibrating buffer). The

column was washed with equilÍbrating buffer containíng 1 M NaCl

(washing buffer) untíl no more 280 nm absorbing maËerial was eluËed and

then the Hex II actíviÈy r,¡as eluted wiËh washing buffer containíng 0.1 M

o-methylmannoside. Fract,ions of 2.5 mI were collected and assayed for

hexosaminidase activíty as before. The fractions conËaíning Hex II

acËivity were pooled. The hexosaminidase form eluted from Ëhe DEAE-

cellulose column with 150 mM NaCl was desígnated Hex I. The fractions

containíng Hex I actívíty r¡rere pooled and purified using the same

concanavalin A-Sepharose 48 chromatographic method described above.

The hexosamínidase form eluted fron the DEAE-cellulose column with 300

rnM NaCl was designated Ïlex III. The fracËions containing Hex III
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activity \rere pooled and concentrated to 10 nl usíng an Amícon cell

fitted with a Ulf-20 membrane. This concentrate was applied to a

2.9 cm X 33 cn column of Sephadex G-200 equilibrated with 20 nM

ammonium acetate, pH 6.0. Fractions of 5 rnl l¡ere collected and assayed

for hexosaminidase acËivity as before. Several of the fractions

collected formed a precipitate. Thís precípitate $ras removed by

centrifugation at 20,000 rpm (65,274 e) on a Sorvall Superspeed RC2-B

fitted wíth a SS-34 head for 15 minuËes. There vras no hexosamindase

actíviËy ín the precípíÈate. The fractions containíng Hex III activity

were pooled and chromatographed on a 1.7 cm X 14 cn column of DEAE-

cellulose equílibrated with 20 mM ammonium acetate, pH 6.0. The

column was washed ¡¿ith 50 ml of. 20 mlI ammoníum acetate, pH 6.0 cont.aíning

150 nM NaCl. The column rüas then washed wíÈh 120 nl of a linear NaCl

gradient (150 - 300 mM NaCl). Fractions of 2.5 mI r,sere collected and

assayed for hexosamínidase actívity as described previously. The

fracËions containing Hex III actívity were pooled.

Preparation and analysis of !1.T. COz and CR-7 membrane glycopeptídes

37

Six dishes of either I.{.T . COz or CR-7 cells r{ere grown to confluence.

The cells were labelled r^¡íth 3H-glncosamine (10 uci/dísh) for lB hours

before harvest.ing. The media was decanted and the cells ¡¿ere washed

hrith phosphate buffered saline. The ce11s were then covered with fresh

phosphate buffered saline and scraped off the dishes into the saline.

The cell suspensions obtained were pooled and centrifuged for 1 minute



using an InËernational Clinical centrífuge (Model CL) set at speed 7.

The supernaËant was decanted and the membranes \,rere isolated from the

ce1l pellet by the method of BruneËte and Til1 (S0¡. The cel1 pellet

rÀ7as suspended in l-O-3¡l ZnCL2 and the suspension \^7as allowed to stand

at room temperature for 15 minuËes. The suspension was then chilled

on ice for 5 minutes. After coolíng, the cel1s were homogenized usíng

200-300 strokes of a Potter-Elvehjem homogenizer roËatíng at 1000 rev/

minute. The homogenate rnras then eentrifuged at 11400 rpm (361 g¡ for 15

minuËes in theSS-34head of a Sorvall Superspeed RC2-B cenËrifuge. The

supernaËanË r¡ras decanted and the pellet \¡¡as suspended in 40 rnl of a

polyethylene glycol-dexËran T500 emulsíon (96). This suspension rras

centrifuged at 81500 rpm (11,790 g) for 10 minuËes in Ëhe SS-34 head

of a Sorvall Superspeed RC2-B cenËrifuge. The cell membranes were

removed from the int,erface that formed between the dextran T500

and polyethylene glycol. The membranes rvere suspended in 0.01 M

Trís.HCl, pH 7.5 contaíníng 0.1 M NaCl and centrifuged for 1 minute

ín an International Clínical centrifuge (Model CL) set at speed 7. The

supernatanL vlas decanted and the membranes suspended in 0.5 m1 of 1 M

Tris'HCl, pH 8.4 contaíning 0.1 M CaCl2 and 3 mg pronase (97). This

suspension riras incubaËed for 24 hours aL 37oC, then anoËher 3 mg pronase

was added and the reacËion was allowed to conËinue an additíona]- 24 hours.

The react.ion ¡,ras stopped by immersing the mixÈure in a boiling water bath

for 1 minuËe" The míxture rnras centrífuged f.or 2 minutes in an Eppendorf

centrifuge (Model 3200). The supernatant vras collected, díluted to I ml
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r''Íth 0'1 M sodium acetate, pH 6.0 contaíning 3 nM Mgc12 and 3 ur'
Mnc12 (equílibratÍng buffer) and applied ro a 0.5 cn x 50 cm corumn
of concanavalin A-sepharose 48 equilibrated Ì"rith the same buffer. The
glycopeptides that did not bind to the affiníty column r^rere removed by
washing the column with equilibrating buffer containing 1 M Nacl. The
glycopeptídes that vüeïe retaíned by the affiniËy column .hrere eruted
I"rith equilíbrating buffer containíng 0.1 M a-methyrmannosid.e. FracËions
of 2' 5 m1 v¡ere collected. Alíquots r¡rere wíthdrar.¡n from each fraction
and added Ëo scintillation vía1s containing 10 rnl ACS. The
radíoactivity was determined with a packard Model 3003 Trí_tarb 1íquid
scinËíllaÈion spectrometer at a gain sett.ing of 72,/" and a discriminator
setting of 10-1000 uníÈs' Blanks and. standards r.rere counËed routÍnely.
The glycopeptides that r¿ere not retaíned by the affinity column r¡/ere
pooled and freeze-dried. The resídue r^¡as dissolved in 1m1 0f 0.05 M
ammoníum acetate, pH 6.0 and applíed to either a 0.9 cm X 90 cm co]umn
of sephadex G-50 or a o'9 cm x 110 cm column of sephadex G-75 equilibrated
wíth the same buffer' Fractions of 1.5 nl and 2.0 n1 were collected from
the sephadex G-50 and sephadex G-75 column, respectively. The radio_
activity of each fraction was determined as descrÍbed previously.
The glycopeptídes that were retaíned by the affinity column were treaËed
in the same manner as described above.
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D
Glvcosidase activíties ín Triton X-100 extracts of W.T. CO^, C't-7

and RcR-7 cells

analyzed for hexosaminidase (N-acetyl-B-D-glucosaminidase) (EC 3.2.1.30),

o,-L-fucosidase (EC 3.2.I.51), and cr-D-mannosidase (EC 3 .2.L,24) activity.

The pH opÈima, Kr, and Vo,"* wlres of the glycosidases studied are gíven

in Table II. The pH optíma and K, values of each glycosídase rem¡ined

relatively constant in all three ce1l lines (Figure's I2-I9 and Table II).

Maximum hexosaminídase activity occurred at pH 4.2 and pH 6.3 (Fígures

12 and 13). The hexosaminidase activíty r¿as subsequently found to be

due to Ëhree hexosaminidase forms (see below). Lt pH 4.2, two

hexosaminidase forms, designated Hex I and Hex II, were shot¡n Ëo be

active. A Èhird hexosaminidase form, Hex III , rìras demonstraÈed to be

active at pH 6.3. In all of the enz)rme assaysr linear relationships

tTere esËablíshed between the enzyne activít,íes and increasíng proËeín

concentration (Figures 24-27 ), as well as the tine of incubation (Figures

20-23).

Each of the three cel1 lines (I^I.T. Coz, CR-7, and RCR-7¡ was

RESIILTS

40

CR-7 and nCR-7 ce1ls grovTn eíther in dishes or in suspension were

The specific activit,ies of the glycosidases in exËracts of W.T" CO2,

deËermined. The results obtained are shown in Table III. Specífíc

activitíes of Hex III were several-fold (2 - L3 tiures) hÍgher in all of

Èhe cell lines when the ce11s !¡ere gror{n in suspension as compared to ín



Values of K and Vm max
p

of W.T. C02, C"-7, and

4T

for glycosidase actlvities in TrfÈon X-100 exËracts

RcR-7 ce11s.

TAsLE I1

HexosamLni-dases I and I1

Ilexosaminidase III

c-L-Fucosidase

a-ÞMannosidase

pH
0ptinun

W.T. C02

I

2

4.2

Kl v 2
m InAX

unlts per mg proteln

6.3

0.75

0.56

0.16

0.19

cR-z

5.6

9.4

KVm max

6.3

9.6

0.85 4 .8 0.99

0.58 22.6 0.34

0.15 0.87 0.18

RcR-7

3.3

2.C 0.25 2.2 0.25

8.9

qt

2.4

1.8



Fígure L2. The pll-activity

hexosamínidase

r^r.T. co2 (O),

profiles of

II in Triton

cR-7 ( EJ ),

hexosamínidase I and

X-100 extracts of

and RCR-7 CÂl cell-s.
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Figure 13. The pH-actívity profíles of hexos¡minídase III

in TriËon x-100 extracts of I,I.T. Co2 ( O ), CR-Z

( tr ), and ncR-z C Al cells.
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Fígure 14. The pH-actívíty profiles of

X-100 extracts of I,r7.T. C02 (

ncR-7 fAl cells.

a-L-fucosidase in Triton

O ), cR-z ( FJ ), and
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Figure 15. The pH-activíty profiles of a-D-mannosidase in

Tríton X-100 exËracts of tr{.T . COz t O l, CR-7

(tr), and ncR-7 tAl cells.
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Figure 16. Eadíe-Hofstee plots of hexosamínidase I and

hexosaminidase II acÈivities in Triton X-100 extracËs

of !Í.T. coz ( O ), cR-7 ( tr ), and ncR-7 ( A)
cells.
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Figure 17. Eadie-Hofstee ploËs

activíËy in Triton

(O), cR-7 (El ),

of hexosamínidase IIï

X-100 extracts of W.T.

and ncR-7 (A) cells.

coz
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Fí.gure 1-8. Eadie-Hofstee plots of a-L-fucosídase actívity in

Triron x-lOO exrracÈs of I{.T. Coz ( O ), cR-7 ( Et ),

and RCR-7 (A) cells.
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Fígure 19. Eadíe-Hofstee plots of a-D-mannosidase actíviËy in

Trlton x-100 exÈracÈs of trI.T. Coz ( O ), CR-7 ( El ),

and RCR-7 (A) cells.
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Figure 20. The effect of the time of incubaËíon on hexosamínídase

I and hexosaminidase II activities in Triton X-100

extracts of trI.T. COz ( O ), CR-7 ( tr ), and nCR-7

( A) cells.
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Fígure 21. The effect of

III activity

( O), cR-7 (

the Ëine

in Tríton

El ), and

of incubation on hexosaminidase

X-100 extracts of trrI.T. C02

ncR-7 ( A) cells.
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Figure 22. The effect of the tirne of incubaËÍon

activiËy in Triton X-100 exËracts of

cR-z (tr), and ncR-7 (A) cells.

on a-L-fucosidase

w.r. co2 (o),
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Figure 23. The effect of the Ëime of íncubatíon

activity in Triton X-100 extracts of

cR-7 (tr), and ncR-7 (A) cells.

on c-D-mannosídase

tr{.r. co2 (O),
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Figure 24. The effect of increasíng protein

and hexosaminidase II activities

extïacts of trI.T. COz ( O ), CR-7

( A ) cells.

on hexosaminidase

i-n TriËon X-100
I,

( tr ), and Rc^'-7
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FÍgure 25. The effect

activity ín

cR-7 ( El ),

of íncreasing protein on

Tríton X-100 extracËs of

and RcR-7 (A) cells.

hexosaminidase III

trrl.T. CO2 (O),
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Eígure 26. The effect of íncreasíng proteín on o-L-fucosidase

aetiviËy in TríËon X-100 extracts of I^I.T . COz ( O ),

cR-7 (tr), and ncR-7 (A) cells.
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Fígure 27. The effect of increasing protein on

activíÈy Ín Triton X-100 extracts of

cR-z ( tr), and ncR-7 ( A) ce11s.

cr-D-mannosidase

r,t.T. CO2 (O),
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Specific activitÍesI of glycosidases in Triton X-100 extracts of

iI.T. CO2, CR-7, and nCR-7 cells groutn in dishes and in suspensíon.

TABLE III

Enzyme

I,I.T. CO2 4.310.2 4.5t0.3 4.410.3

Hexosaminídases r and rr ncR-7 4.7!o.r 3.7t0.6 3.810.2

cR-z 6.6t0. L 2.oto.5 2.1t0.3

!J.T. CO2 L.7t0.1 1.5!0.2 6'7lL.4

Hexosaminidase Iïr ncR-7 1.710.1 1.6i0. 2 3.6!0.2

cR-z 2.4!0.2 1.2!0.3 L6.o!2.2

Cel-l Subcon- Con- Sus-
Line fluence fluence Pension

57

Growth Conditíon

l^1.T. CO2 tr3 2.4!0.3 n'd'a

a-L-Fucosidase ncR-7 tr 2.L!O'3 n'd'

cR-z tr 0.510.1 n' d'

1"1.T. CO2 1.1!0.2 tr n.d.

a-D-Mannosidase ncR-7 I.2!0.1 tr n' d'

cR-z 1.4t0.2 tr n.d.

lResults are expressed fn units Per mg proteln and represent mean

values of I to 12 separate esÈimaÈions wíthín the given range of
cell denslties.

2Subconfluence is defined as 1-6X106 cells per dish. Confluence 1s

deftned as r-zxio7-;;ii; pár ¿rsn. suspension is defined as 2-5x1os

cell-s per ml .
3Trace amounta of acttvity (1ess than 0.1 uniÈs per Eg Proteín).
4Not deter¡nined.



dishes (Tab1e III). The combined specífic actívitÍes of Hex I and

Hex II in exËracts of I^I.T. CO2 and nCR-7 cells did not vary significantly

nrith the method of culture, but Hex f and Hex II levels in CR-7 cells

íncreased three-fold when the cells Ì,/ere grown at subconfluence insÊead

of at confluence or in suspension. The combined specífic acÈíviËies

of Hex I and Hex II in exËracts of I,{.T. COz and RCR-7 cells gror.m to

confluence in dishes lrere about Ëwo-fold higher than the specifíc

acÈlvítíes of Hex ï and Hex Iï in ext,racts of comparabl. CR-7 cells.

I{hen the Èhree cell l-ines were grown in díshes at subconfluence, the

I^I.T. CO2 and RCR-7 Hex I and Hex If activiÈies were about Ëwo-thirds

of that found in the CR-7 cells. All three cell lines had simílar

specifíc acËivities for Hex III when grown in dishes eíther at confluence

or subconfluence. In suspension, the specífic act.ivíty of the CR-7 Hex

III was approxinately three tímes greaËer than the specific activity

of either the tr{.T. COz or RCR-7 Hex III.

5B

The specific activities of a-L-fucosídase and a-D-mannosidase ín

extracËs of cell-s gror¡Jn in suspension were not determíned. All three

ce1l lines, when grown at subconfluence in dishes, had the same specific

aetivities for c-D-mannosidase (Tab1e III). At confluence, the cr-D-

mannosidase 1eve1s decreased drastically and only trace amounts of the

enz)¡me were detected in all three cell 1ines. The specific acËivities

of o-L-fucosidase were reduced when the cells rrere grown at subconfluence

as compared to confluence. At confluence, the specific activitíes of

s-L-fucosidase ín extracts of ll.T. CO2 and nCR-7 cells were four tímes



greater than that found in CR-7 extracts.

Intracellular and exËracellular hexosamínídase forms

Extracts of I,l.T. COz and CR-7 ce1ls gro!fir. in Brockway bottles

and ín suspension rüere anaLyzed for hexosaminidase forms using ion-

exchange ehromatography. Both cell lines possessed three hexosaminidase

forms (FÍgures 28-31). Hexosaminidase If was eluted from Èhe DEAE-

cellulose columns r^rith 30 mll NaC1. Hexosauinidase I and hexosaminídase

III were eluted with 150 mM and 300 mM NaC1, respecËívely. The W.T. COz

and CR-7 secreted only Hex I and Hex III (Figures 32-35). No Hex II

actívity was found in the media. The intracellular and extracellular

hexosaminidase actívities of each cell line are su arized ín Table TV.

These actívities are expressed relatíve to the proteín applied to the

DEAE-cellulose columns in Table V. The values shov¡n in Table V are an

estiaate of the speeific activities of the individual hexosaminidase forms

ín the original samples. There rrras no difference beËween the specific

activitíes of the ÏI.T. CO2 and CR-7 inËracellular Hex II, but the specific

acËivitíes of the Hex II in both cell lines were elevated two-fold when

the ce1ls !Íere growrl in Brockuray bottles as opposed Ëo suspension (Table V).

In suspension, the specific activity of the CR-7 íntracellular Hex IIï

was l.7-f.o1.d greaËer than the specific actívíty of the I^I.T. CO2 intra-

cellular Hex III. In contrast, the specific activity of the l{.T. CO2

extracellular Hex III was 1.7-fo1d greater than the specifíc activity of
D

the C"-7 extracellular Hex TII. The specífic activities of the tri.T. COz

59



Fígure 28. Ion-exchange chromatography of the l,I.T" CO2 íntra-

ce1lular hexosaminidase forms on DEAE-cellulose.

The I^I .T. COz ce11s htere gro!ün in Broclcqray bottles.
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Tigure 29. Ion-exchange chromatograPhY of

cellular ¡sxss¡minídase forms

The W.T . COz cel1s lrere grorvn

the III.T . COZ inËra-

on DEAE-cellulose.

in suspension.
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Figure 30. Ion-exchange chromatography of the cR-7

hexosaminidase forms on DEAE-cellulose.

cells r.rere groun in Brockt¿ay bottles.

intracellular

rhe cR-7
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Figure 31. Ion-exchange chromatography of the CR-7

hexosaminidase forms on DEAE-cellulose.

ce1ls were gro\¡rn in suspension.

intracellular

rhe cR-7
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Figure 32. Ion-exchange ehromatography of

cel-lular hexos¡minidase forms

The I^I.T . COZ ee11s r^lere grolJn

the I^I .T. COZ extra-

on DEAE-cellulose.

ín Brockway bottles.
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Figure 33. Ion-exchange chromatograPhY of

cellular hexosamínidase forms

The l,I .T. COz cells rrere grolvn

the ll.T. COZ extra

on DEAE-cellulose.

in suspension.
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Fígure 34. Ion-exchange ehrom¡tography of the cR-7

hexosamínidase forms on DEAE-ce11u1ose.

cel1s rrTere grown in Brockway botËles.

extracellular

rhe cR-7
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Fígure 35. Ion-exchange chrom¡tography of the CR-7

hexosaminidase forms on DEAE-cellulose.

rrere grown ín suspension.

extracellular

rhe cR-7 cells
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inËracellular Hex I was tr.ro-fold hígher than the specÍfic activíty

of the CR-7 írrtracellular Hex I, regardless of whether the cells r.qere

groTün in boËtles or Ín suspension. The specific acËivity of the CR-7

extracellular Hex I rsas twice that of the i^I.T. COZ extracellular Hex I.

Properties of the intracellular W.T. CO2 hexosaminidase forms

The properties of the Ëhree hexosaminidase forms deríved from I^I.T.

CO2 ce1ls gror¡rn in suspension were studíed. Two buffers trere used in

these experiments: 0.1 M ciËric acid - 0.2 M Na2HPO4 and 0.1 M 3,3-

dinethylglutaric acÍd - 0.2 14 NaOH. The pH curves of the three hexo-

saminídase forms are shown in Figures 36 and 37. The hexosaminidase

activities r^rere linear with increasíng tirne (Figures 38 and 39) and proteín

(Fígures 40 and 41). The pH optína, Kr, and Vr"* values are shown ín

Table VI. The K, values (obtained from Fígures 42, 43 and 44) and pH

optima for the hexosaminidase forms dÍd not vary sígnificantly wíth the

different buffers. The V,o"* values of Hex I and Hex II also remained

constant, but th. Vr"* value of Hex III was 1.6-fo1d greater when the

enz)¡ne r,ras assayed in the citric acid-Na2HPO4 buffer as compared to

the 3,ldímethylglutari-c acid buffer.

The effecËs of metal íons (¡{n++ and t"tg#) and EDTA on Hex III

activity are shown in Figure 45. Maximum stímulation of Hex III actívity

occurred at an EDTA concentration of 3 mM. In contrast, l{n# and Mg#

inhíbited the Hex III activity 30% aË thís concentraËion. At hígher

concentraÈions of these meËa1 íons (10-30 urM), Hex III acËivíty was

70



Figure 36. The pH-actívíty profíles of hexosaminidases T ( O ),

II ( A), and III ( tr ). The buffer used was 0.1 M

citric acid - 0.2 M Na2HPO4.
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Figure 37. The pH-activiËy profiles of hexosaminídase I ( O ),

I1 ( A ), and III ( tr ). The buffer used was 0.1 M

3,3-dirnethylglutaríc acid - 0.2 l"I NaOH.
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Kinetic properties of Inl.T. COZ hexosamínidase forms.

0.1 M Citric acid- 0.1 M 3,3-Dinethyl-
Kinetic 0.2 M Na2HPO4 glutaric acid-O.2 M NaOH

TASLE VÏ

Property

pH Optinum

K (nM)
m

Vrr* (míts/mg proteín)3.5 2.7 6.8 3.6 2.I 4.I

73

Hex I Hex II Hex IIf Hex I Hex II Hex III

4.4 4.0 6.3 4.2 3.8 6.L

0. 89 0. 63 0.37 0. 91 0. 63 0. 48

Bulfer



Tigure 38. The effecÈ of the tíme of incubation

of hexosaminídases I ( O), 1I (A),

The buffer used r'¡as 0.1 M ciËrÍc acid

on the actívity

and rïI ( El ).

- 0.2 M Na2HP04.
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Figure 39. The effect of the Èíme of íncubation on the activity

of hexosaminidases I (O), II (A), and IlI (El)'

The buffer used was 0.1 M 3r3-dimethylglutaric acíd-

0.2 M NaOH.
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Figure 40. The effect of íncreasing proËein on the

hexosaminidases T (O), II (A), and

The buffer used was 0.1 M citric acid -

Na2HPO4.

activity of

rrr ( El ).

0.2 M
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Figure 41. The effect of increasing

hexosaminidases I (O),

The buffer used was 0.1

0.2 M NaOH.

protein on Ëhe activíty of

rr ( A), and rrr ( El ).

M 3,ÞdírnethylgluÈaric acid-
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Figure 42. Eadie-Hofstee plots of hexosamínidase I

0.1 M citric acid - 0.2 M Na2HPOa ( O)'

3,3-dimethylglutarie acid - 0.2 M NaOH

activity ín

and 0.1 M

( tr ) buffers.
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Fígure 43. Eadie-Hofstee plot of hexosaninidase II

0.1 M citríc acíd - 0.2 M Na2HPO4 ( O ),

3,3-dimethylgluËaríc acid - 0.2 M NaOH

acËiviËy in

and 0.1 M

( El ) buffers.
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Tígure 44. Eadie-Hofstee plots of hexosaminidase

in 0.1 M citríc acíd - 0.2 M Na2HPO4

M 3,3-dimethylglutaric acíd - 0.2 M

III activity

( O ), and 0.1

naori ( El ).
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Figure 45. The effecË of ì,¡nclz (O),ltgCJ2

on hexosaminidase III activitY.

0.1 M 3,3-dínethylglutaríc acíd

(tr), and EDrA (l\)
The buffer used rras

- 0.2 M NaOH.
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stimulat,ed.

The stabÍlity of the three hexosaminídase forms at 50oC ¡,¡as

deËermined. Hexosaminidase II was Ëhe most stable form, retainíng

53"/. actívity after incubaËion at 50oC for 50 minutes (Figure 46).

Hexosaminidase I retained 15% activity, while Hex III retained only

2.57. actívity.

Partial purification of I^1.T. CO2 hexosamÍnidases I, II and III

Hexosaminidases I, II, and III were partially purified from'hf.T.

CO2 eells grorrrn ín suspension. The three hexosaminidases were

separaËed from one another by DEAE-cel1ulose chromaËography (Figure 47).

The fractions (L-25) collected while the DEAE-cel1ulose coluran ¡¿as

being washed with 30 mM NaCl were not assayed for Hex I1 activity, but

were pooled and applíed directly to a CM-cellulose column. This column

nas r.rashed r¿íth a linear NaCl gradienË, the Hex II activity being

eluted at an NaCl concentration of 100 rnl"l (Fígure 48) . The fractions

containing Hex II activity were pooled and applied to a concanavalin A-

Sepharose 48 column. The enzyme specifÍcally bound to the column and

was not eluted when Èhe colurnn was washed wíth buffer conËainíng 1- M NaCl

(washing buffer) (Figure 49). The Hex II activiËy was eluted only when

the column was washed ¡.rith buffer conÈaining 0.1 M o-meÈhylmannoside

(eluting buffer). Hexosaminidase I also bound specifically to the con-

canavalin A-Sepharose 48 column and was eluted only when the column

was washed with eluËing buffer (Figure 49). The Hex III obtained by

82



Fígure 46. The effect of temperaËure (SOo C) on Ëhe activíty

of hexosaminidases I ( O), II t Al, and rIr C tr1.
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Figure 47. Ion-exchange chromatography of tr^I.T. CO2 íntracellular

hexosam'inidase forms on DEAE-ce11ulose.
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Figure 48. Ion-exchange chromatography of hexosaninidase IT

on CM-cellulose.
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Figure 49. Affiníty chrome¿egraphy of hexosaminídases I ( O ),
and II ( EI ) on concanavalín A-Sepharose 48.
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DEAE-cell-ulose chromatography was applied to a Sephadex G-200 column.

This purification step lras only slightly successful, as Ëhe enzyme

activíty r^ras noÈ clearly resolved from Èhe majority of the proteín

(Figure 50). The fractions conÈaining Hex III acËivity were pooled

and rechromatographed on DEAI-cellulose. The Hex III qras eluted from

the colunn atan NaCl concentration of I5O-220 mM (Figure 51). The

elutíon paËtern conËained six peaks of actívity. Hexosaminidase III

did not bind concanavalin A-Sepharose 48. The purification procedures

are sunmarízed in Table VII. Hexosaminidases T, II, and III were

purified 30-fo1d, 33-fo1d, and l9-fold, respect,ively. Although the

homogeneiÈy of the final enzyme preparations could not be determined due

to the 1ow yields; 99.87., 99.9%, and 99.6% of the starËing protein was

removed durÍng the purification of Hex I, Hex II, and Hex III, respecËively.

Anatysis of Ëhe trI.T. COr and CR-7 membrane glycopeptides

87

In the inËroductÍon, a hypothesi-s concerning the relationshÍp between

membrane glycoprotein changes and aIËeratíons in the levels of glycosÍdases

was proposed. Differences betnreen the specific activities of the I,l .T. CO2

D
and C^'-7 glyeosidases have been documented in thÍs section. Accordíng

to the hypothesis, the l^1.T. CO2 and CR-7 nernbrane glycoproteins should

also differ. This corollary ¡¡as investigaÈed by anaLyzÍng the I^I.T. CO2

and cR-7 membrane glycopepËides. The I,I.T. Co2 and cR-7 3H-gltrcosamíne

labelled membrane glycopeptides r¡ere chronatographed on concanavalin A-

Sepharose 48 (Tigures 52, 54, 56, and 58). Thls proeedure separated

the glycopeptides inÈo two classes: concanavalin A binding glycopeptídes
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Figure 50. Elutj.on profile of hexosaminídase III chronato-

graphed on Sephadex G-200.
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Figure 51. Ion-exchange chromaËography of hexos¡minidase III

on DEAE-ce11u1ose.
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and concanavalln A non-bindíng glycopeptides. The I^I.T. CO2 and CR-7

còncanaval-in A binding and non-binding glycopeptídes r,rere chromato-

graphed separaÈely on either Sephadex G-50 or Sephadex G-75 to determine

theír molecular weight classes (Figures 53, 55 , 57, and 59). The
E)

![.T. CO2 and C"-7 concanavalin A binding glycopeptídes had similar

elutlon Pat,terns rvhen chromatographed on either Sephadex G-50 or Sephadex

G-75 indicatíng that both ce1l lines possess concanavalin A binding

glycopeptfdes with simll-ar molecular weíghts. The I,f .T. CO2 and concanavalín

A non-binding glycopeptides, when chrornatographed on eíther Sephadex

G-50 or G-75, exhibíted elution patÈerns characterLzed by two peaks,

A and B (Figures 53 and 57), while the CR-7 
"orr"anavalin 

A non-bínding

glycopeptíde elution patËernç had only a sÍngle pronounced peak, B

(Figures 55 and 59). Apparently, the lÍ.T. COz concariavalÍn A non-bíndíng

glycopeptides were composed of a class of hígh molecular weight glyco-

PePtides thaÈ was either reduced, or not present, in the CR-7 
"orr"anavalin

A non-bj-nding glycopepËíde mlxture.

91



Iigure 52. Elutíon profíle of !1.T. COz glycopeptides chromato-

graphed on concanavalin A-Sepharose 48. The concanavalÍn

A binding and non-binding glycopeptides rrere anaLyzed

separaËely by gel filtration on Sephadex G-50.
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Figure 53. Elution profíles of ll.T, COZ concanavalin A binding

( tr ), and non-bindinC ( O ) glycopeptÍdes chronato-

graphed on Sephadex G-50. Dextran blue eluted in the

fraction indicated by the letter D.
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Figure 54. Elutíon profíle of CR'7 glycopeptÍdes chromato-

graphed on concanavalin A-Sepharose 48. The concan-

avalin A bínding and non-binding glycopeptides were

analyzed separately by ge1 filËratíon on Sephadex G-50.
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Figure 55. Elution profiles

and non-bínding (

on Sephadex G-50.

indicated by the

of cR-7 concanavalín A bindíng ( El )

O ) glycopeptides chromatographed

Dextran blue eluted in the fraction

letter D.
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Figure 56. El-ution profíle of l^1.T. CO2 glycopepËides chromaÈo-

graphed on concanavalin A-Sepharose 48. The concan-

avalin A bindíng and non-binding glycopeptides t¡ere

anaLyzed separately by ge1 fÍltration on Sephadex G-75.
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Figure 57. Elution profiles of !Í.T. CA2 concanavalin A binding

(tr) and non-binding (O) glycopeptides chromato-

graphed on Sephadex G-75. DexËran blue eluted ín the

fraction indícaËed by the letter D.
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Iigure 58. Elution profíle of CR-7 glycopeptides chromatographed

on concanavalin A-sepharose 48. The concanavalin A

binding and non-binding glycopeptides were analyzed

separately by gel fíltratÍon on Sephadex G-75.
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Figure 59. Elution profiles of CR-7 concanavalin A bínding

( tr ) and non-bínding ( O ) glycopeptídes chromato-

graphed on Sephadex C'-75. DexËran blue eluted in the

fracËion indieaÈed by the letter D.
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drastfcally upon víra1 or neoplastíc transformation (1, 2, 63-7L).

These glycoproËein and glycolipid alterations are accompanied by

fncreased glycosidase 1evels (72-75, 98, 99). The íncreased glycosidase

levels in virally transformed cel1s are thought to cause the

nodifícation of the o1j-gosaccharides locaÈed in peripheral- regions

of the ce11u1ar me¡nbrane (76, 104). The nodification of ce1l surface

components produces the heightened sensitívlty of virally transformed

ce1ls to aggluÈinaËíon by the lectin, concanavalin A (L, 7L, 76, 85).

In this study, the glycosidase levels of Ëwo concanavalín A-sensitíve

The gLycoproteins and glycolipíds of normal cells change

DISCUSSION

ceIl 1ines, tr{.T. CO2 and nCR-7, were coupared w1Ëh the glycosidase

1eve1s of a concanavalin A-resistant cel1 1Íne, CR-7. Previous

sÈudíes have shown thaË the CR-7 cells r,Íere approxíma teLy 2.5 times

more resístant to the cytotoxíc effects of concanavalin A than the

100

I{.T. CO2 and nCR-7 cells (BB). lhe CR-7 cell-s, in comparíson wÍth

Ëhe i^I.T. COz and RCR-7 cells, also exhíbited altered cel1 surface

glycoproteÍns (91).

The major glycosidases present in the

hexosaminidases; Èheir specific actívíties

being greater than the specific acËivitíes

cr,-D-mannosidase (Table III) . The specif íc

I and II ín Triton X-100 extracts of I{.T . COZ antt RCR-7 ce11s grown Èo

cells ex¡mined trere the

ín Triton X-100 extracts

of a-L-fucosidase and

acËivities of hexosaminidases



confl-uence, or l-n suspenslon, Lrere approxÍmately the same. In

comparison wÍËh the specÍfic actívitíes of the hexos¡mínídases ín

extracts of CR-7 cellsr the ï{.T. CO2 and RCR-7 hexosaminidase levels

were twice as great. Bosmann has made simllar observations working

with virally transformed 3T3-Va cel1s, an established cell líne

of embryoníc mouse fibroblasts (Table VIII). The major glycosidase

in these cel-ls was also a hexosamínidase. The 3T3-Va cells $rere t,rans-

fonned by either DNA Èumor víruses (polyona virus, slmian virus)

or RNA tumor viruses (muríne sarcona virus, Rous sarcona virus).

The specifíc acËivlties of the hexosamínidase ín extracts of trans-

formed cel1s were found to be at least two-fold greater than the

specific activities of the enz)me j-n extracts of the untransforrned

3T3-Va cells (74, 98).

The specific activities of c-L-fucosidase Ín extracts of confLuent
D

W.T. CO2 and RC"-7 cells lrere the same (Table III). These specific

actívities were elevated four times above Èhe specifíc activity of

a-L-fucosldase in extracÈs of confl-uenË CR-7 cells. Bosmann reported

that there lras no cr-D-fucosÍdase aetivity ín 3T3-Va ce1ls, but found

the specific actívíty of ß-D-fueosidase in ext,racts of RNA Ër¡mor

virus transformed 3T3-Va cel1s to be three times greater ín comparison

to the specífic activity of ß-D-fucosldase in exÈracts of normal

3T3-Va cel1s (98).

The o-D-mannosidase actívity in exÈracts of confluent I,I.T. CO2

CR-7, and nCR-7 cells was minimal. Only trace amounts of activÍty

101



Specífic actfvitiesl of glycosidases Ín extracts

transformed 3T3-Va ce11s.

Enz'rme2
N-ac e ty1- P-D- g J-u c o saminida s e

c-D-mannosidase

TABLE VIII

Enzyme3
N-acetyl- ß-D- glucos¡m inidas e

Ê-D-fucosidase
cr-D-mannosidase

r02

of normal and

1

2

3

nnoles/hr/ng protein
taken from reference 98
taken from referenee 74.

3T3-Va
520!36

90t2

Cell líne
sv-3T3

1350150

L56!4

Ce11 l-íne

3T3-Va
424!2r

22lI
9513

L270!2t

138r8

PY-3T3

MSV-3T3
943181

63!2

208118

RSV-3T3
2392!LO8

68!4

108111



were detected (Tab1e III). Bosmann reporËed a slight increase in

c-D-mannosidase aetivity in the transformed 3T3-Va cells; the mosË

signíficant j"ncrease ín o-D-mannosidase actívity occurring when

the cel1s rf,ere transformed by murine sarcoma virus (Table VIII).

A general trend can be observed by comparíng the W.T. CO2, RCR-7

and CR-7 cel1 ll-nes with Ëhe untransformed and. virally Èransforrned

313-Va cel-1 lines. fhe CR-7 and 3T3-Va cells possess depressed glyco-

sidase 1eve1s when compared with the il.T. COz, nCR-7, and, vírally

transformed 3T3-Va cells. The CR-7 cells seem to reflect Ëhe unËrans-

formed ce11u1ar stat,e while Ëhe I^I.T . COz and nCR-7 cel1s approximate

the transformed ce1.lular state. This analogy can be strengÈhened by

examining the aggluËinatíon of the cel-Is by concanavalin A. The

CR-7 and 3T3 cel1 lines are not readÍly agglutinated by concanavalín A,

while the !1.T. COz, nCR-7, and SV 3T3 ce1ls are comparatively sensitíve

to aggluËínation by the l-ectin (faUte fX). Since concanavalín A

specffl-cally binds cr-D-mannopyranosyl residues (82, 83), the increased

sensitivíty of the W.T. CO2, RCR-7 and SV3T3 cel-ls to the lectln may

indÍcate that all Èhree ce1l lj-nes have undergone the same fundamental

change in their menbrane receptors. The increased glycosídase levels

in these ce1ls rníght be responsible for the modlfication of the ce1l

surface receptors, allowing thexn to lnteract wÍth concariavalín A.

the process of cell- surface modificatfon by the glycosidases has been

referred to as sublethal autolysís (74, 75, 101).

The glycosidase l-evels ín trI.T. CO2, RCR-7, and CR-7 cells grown

103



Ce11 aggLutínatíon ln the presence of concanavalln A.

Cell-
Line

I,l.T. CO21

cR-z

ncR-7

TABLE IX

Concanavalin A Coneentration (ug/rol)

50

62.5

3T32

sv3T3 3

LO4

#

#

]-25_q

500 750 1000

.f+l+

#
-l-#

250

I
2
5

Taken from reference 88
Taken from reference 100
Simían virus transformed 3T3 cel-ls

# #

.{-#

.'|.#

.ffi

1000



at 1ow ce1l densÍties (subconfluence) r^rere approximately the same,

although the specific activities of hexosaminidase I and II in

extracts of the CR-7 cells Tüere elevat.ed.1.5-fo1d when compared to

Ëhe hexosaminidase specific acËíviËies in ertracts of trI.T. CO2

and nCR-7 cel1s.

three. cel1 lines rÀrere readily discernable in confluent ce1ls, or ín

cel1s gro!¡n in suspension. The specifÍc activities of the glyco-

sídases Ín the three cell lines rüere responsive to the growth conditions,

the noÈable exception being the i,I.T . COz and nCR-7 hexosaminidase f

The differences ín the g1-yeosidase levels of the

and II levels, which remaíned constant regardl-ess of growËh conditíons

(Tab1e III). Three sígnificant changes in the glycosidase levels

occurred as the ce11 densiÈy íncreased: the specific actÍviËies of

hexos¡minidases I and If in exËracts of CR-7 ce1ls decreased three-

fo1d, the a-L-fucosidase levels increased drast,ícally in the I^I.T . COz

and RCR-7 cell-s, but only slightLy ín the CR-7 cel1s, and the c-D-

mannosidase levels were reduced to a minímum in all Èhree cel-1 1ines.

In general, the specific activítíes of the gLycosidases ín extracÈs

of confluent CR-7 cell-s ¡vere low in comparison to the specific

activities of the glycosidases in extracts of subconfluent
PD

C^'-7 ce11s and confluent i{.T. CO2 and RCo-7 cells. A possible

explanation for this reducËÍon of the glycosidase levels in confluent

CR-7 cel-1s is that the confluent cel1s trere suscepËible

to contact ínhibltion and l¡ere grotring at a sIo¡¿er rate in

comparison to the subconfluenÈ CR-7 ce11s. Confluent l^1.T. QOz
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and RCR-7 cell-s, being símilar to vfrally transformed cell-s, would

gror; at a fasÈer rate than confluent CR-7 cells, as Ëransformed.

cel1s are l-ess sensítive to eontact ínhíbitíon (102). A difference

ín the growth rates of the I^I.T. CO2, RCR-7 and CR-7 confluent

ce11s would explaín the lo¡+rer specific acÈivities of the glycosidases

ín confluenË CR-7 ceIls.

Further evídence ín support of the j-dea that the glycosidase

levels rùere responslve to growËh condiËions rüas the resulting increase

in the specífic actívÍties of hexosaminidase III in I^I.T. COz, RCR-7,
D

and C"-7 ce11s shifted from growth in díshes to growth ín suspension

(Table III). The mechanísm, or mechanísms, conËrol-1ing this increase

in hexosaminidase fIIlevels is unkno¡,¡n and renains to be ínvestigaËed.

The prelininary survey of the hexosaminídases ín Triton X-100

extracts of the hamster cel1s resulted in several interesting

observations: Ëhe hamster cel-ls contained at least two hexosamínidase

forms; confluent CR-7 cells, in comparison to confluent tr{.T. CO2 cells,

were deficient Ín hexosa:linÍdases I and II , and CR-7 ce1ls grorrrn ín

suspension exhibited exaggerated levels of hexos¡minidase III actívity.

The causes and consequences of these varÍatlons ín hexosaminidase

activity were unknolrn, and formed the basis of investigation for

the remainder of this sectíon of the study.

The hexos¡mínídase forms in human organs have been extensíve1y

investigated, as their defíciency resulÈs in many lysosomal diseases

(103). The standard procedure for isolation of hexos:minidase involves
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separating the hexos¡minidase forms by íon-exchange chromaÈography

(l-04). Thís procedure was applled to sonicaÈed exËracts of I^I.T. COz

and CR-7 ce1ls. The cells were shown to contaín three hexos¡minidase

forms (Fígures 28-31). The hexosamínidase forms in the media were

also analyzed. The cel1s secret.ed on1-y Èwo hexosamínídase forms

(I and III); no hexosamínídase II activity was found in the medía

(Fígures 32-35). There !Ías no difference beËween the specific

activit,ies of the i^I.T. CO2 and CR-7 intracellular hexosaminidase II

forms, but the specifíc acËivíties were thro-fold greater in cells grown

in bottles when compared wiÈh cel1s growï. in suspension (Table V). The

nain dífference betrveen the Èrso ce1l 1Ínes was ín their int,racel-lular

hexosnminidase I levels. The specífie activity of the íntracellular

hexos¡minidase I in l^I.T . QOz cel1s was twíce thaÈ of the CR-7

inËracel-lular hexos¡minidase I. Thís siÈuatíon rras reversed ín

the nedía, Ëhe CR-7 cells secreting 1.5 times as much hexosaminídase

I as the trI.T. CO2 cel1s (Tabl-e V). The hexosaminidase III levels

of W.T . COz and CR-7 ce11s growïr in suspension demonstraÈed the same

balance between intracellular and extracellular enzlme levels. The

specific activity of the CR-7 íntracel-lular hexosaminidase III was

1.7-fo1d higher than thaÈ of the i{.T. C02 Íntracellular hexosamínídase

III, wirÍ1e the specific actÍvity of the I,t.T. CO2 extracellular

hexosemfnídase III ¡¿as 1.7-fo1d higher than the specific acÈivity of

the CR-7 extracellular hexos¡minídase III (Table V). These results

can be explalned by taking into accounÈ the postulated lífe cycle
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of J-ysosomal- enzymes.

The life cycle of lysosomal enzlmes is shown ín Figure 60

and ¡¡as orlginall-y proposed by Hícloan and Neufeld in L972 to explaín

I-ce11 disease or mucolipídoses II (106). FibroblasËs (I-cells)

cultured from Ëhe skfn of patients with mucolipidoses II r+ere found

to lack the 1-ysosomal enz5mes B-galactosidase, cr,-L-fucosidase, and

arylsulfatase A, and had reduced 1eve1s of c,-mannosidase, cr-L-

íduronidase, l{-acetyl-ß-glucoseml-nidase, and pglucuronidase (106) .

These enz¡maÈic defíciencies were noÈ due to a lack of synthesÍs,

sínce el-evated levels of several of the enzymes were found in the

culture medium of the fÍbroblasts (103). The l-cells appeared to ,

have a membrane defecË whích caused the lysosomal enzymes to leak

out (107). Hickroan and Newfeld tested this hypothesis by adding bovíne

ß-glucuronÍdase to the cul-ture medium of l-cells, norrnal human

flbroblasts, and ß-glucuronÍdase deficíent fibroblasts, and measuring

the reËention of this enzlme by the three cell línes. The results

obtaíned showed the l-cells t,o be conslderably more retentive of

Èhe enzyne than the two oÈher celI 1ínes (106). The l-ce11s did not

have a membrane defect. Hiclman and Neufeld then hypothesized that

Ëhe intracellular enz)¡me defícíency of the l-cells was due to a

defect ín the enzJ¡mes. To test thís h¡ryothesís, they measured the

uptake of N-acetyl-ß-D-g1ucs¡minidase derived from normaL cells and f-

cell-s, by fíbroblasts derived from a patient wÍth the t'ot'variant of

Tay-Sachs dísease. These Tay-Sachs fíbrot¡lasts lacked both A and B
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Figure 60. Lífe cycle of lysosomal enzymes (105). The glyco-

sidases are represented by the syrnbol ? Details

of the life cycle are given in the text.
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isoenz]mes of hexosaminidase (106). The experimenÈ showed that

the enzyme derived from normal ceLls was readily absorbed by the

Tay-Sachs fibroblasts while the uptake of the enz)me deríved from the

r-cells was minímal. Hickman and Neufeld proposed that the

lysosomal enz)mes $rere secreted by cells and Ëhen taken up by adjacent

cells and íncorporated inÈo the lysosomes. The upÈake was thought to

ínvolve recognition sit,es on the enzJmes and receptor sítes on

the ce11 surface (106). rn r-cell disease, the recognitíon sites

on the enzymes appeared to be altered. The disease was not due to an

enzJ¡-me deficiency, but rather to the ínabiliËy of Ëhe ce11s to take

up the enz]mes and lncorporate them ínt,o the lysosomes (103).

Evidence that lysosomal g1-ycosídases have specific recognitíon

siÈes which mediate Èheir uptake has emerged only recently. These

recognition sites are norü believed to contain phosphorylated carbo-

hydrate moietíes (108, l-09). ThÍspostuLate ís entÍrely feasible since

glycosÍdases are glycoproteins (110, 111-). Kapl-an er a1. studied

the uptake of ß-glucuronidase by human fibroblasts (10g). They found

that the upÈake could be inhibited by yeast mannans, phosphorylated sugars,

andsugars. The phosphorylated sugar, D-mannose-6-phosphate,

rüas a more pot,ent inhibitor than eiËher D-mannose-1-phosphaËe

or D-mannose. Treatment of &glucuronídase r,¡ith alkalÍne

phosphatase was found to abolish uptake of the enzyme, buË

not j-ts catalytie activity. The conclusion reached rqas thaË the

enz¡nner s recognition síte involved a phosphorylated D-mannose-type

carbohydrate. ullrich et al-. strengÈhened thís conclusíon by
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demonstratíng the ínhibitíon of o and ß-N-acetylglucos¡minídase and

o-mannosídase uptake by mannose-6-phosphate (109). Treatment of

these enz)mes with alka1íne phosphatase also abolished theír uptake

by the human fibroblasts.

The observations díscussed above can readily be applíed to the

resuLts obtained in this thesj.s. Aecordíng to Figure 60, there are

two pathhrays the glycosidases can foll_ow once they have been

synthesized: the fírst pathway involves secretion by the cell inÈo

the medÍum and the second involves direct compartmenlaLízatíon into

the lysosomes. rf the glycosidases are secreted, to re-enter the

ce1l, Èhey must bind a cell surface receptor via their recognítion

síÈes. No hexos¡minidase rr activity was found in the cellular

medÍum (Tables rv and v). Thís observatíon nay indi-cate that the

enz)¡me is not secreËed by the hamster cel1s, but Ëransferred dÍ-rectly

to the lysosomesr presumably frorn the Golgi complex. Hexos¡minidases

r and rrr were secreted ínÈo the cel1ular medíum (TabJ-es rv and v).

The uptake of Ëhese enz]rmes by the cells, according to the hypothesis,

is contíngent. upon two requÍ-rements: the enz)mes must have the proper

recognlËion sites, and the cells musÈ have Èhe proper surface

receptors. If eíther of these are altered, the enz¡mes will not be

internalízed.. rhe cR-7 cel1s, whether they were grolJïr fn suspensíon

or in bottles, had reduced specific acËivitíes of the intracellular

hexosaminidase I in conparison to the I,I.T. co2 cell-s, but ín the medium

the specific actÍvítíes of the CR-7 h"*osamÍnidase ï were elevated. in
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comparison to those of the w.T, co2 hexosamínidase r. These obser-

vations suggest that the CR-7 h.*osaminldase I r^ras incapable of

being internal-ized by the cR-7 cells due to a defect in the enzlmers

recognition site or a defect in Èhe cellsr surface receptors. The

specific activity of the inËracel-lular hexosaminídase III ín

I^I.T. CO2 cells gro\^rn ín suspension was l.7-fold 1o¡¡er than the

specifíc activity of the ínÈrace1lu1ar hexosaminidase III in
D

C"-7 cel1s. The specific activíty of the W.T. COZ extracellular

hexosaminidase rrr was 1.7-fo1d higher than Ëhe specific activÍty

of the cR-7 .*ttacellul-ar hexosaminidase rrr. These observaËions

also lead to speculatíon concerning the I^I.T. CO2 ce11st ability to

ínternalize Èhe extracel-lu1ar hexosaminidase III.

The data presenËed in Table V areindicative of the differences

betr¿een not only the two cell llnes, buË also Ëhe Ëhree hexosaminidase

forms. The specific acÈívities of hexosamínidase I remained constant

in both cell lines, regardless of the growth conditions. In

comparíson, the specifÍc activitíes of hexosaminidases rr and rrr

changed ¡.rhen the cel1s were shifted from growth in bottles to growth

in suspension. The hexos¡mÍnÍdase rr 1eve1s decreased by about a

half' while the specifíc activities of hexosnminidase IIf increased

l-0-30-fol-d. Hexosaminidase III r¿as apparently regulated by a different

mechanism than hexosaminÍdases I and II. Further differences betr,reen

Ëhe three hexosamínidase forms are shosm ín Table X. The data

esÈablishes the identity of each hexosaminidase form, and shor,¡s that
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each hexosaminidase 1s a uníque and clearly distinguÍshable enzyme.

The hanster cel-l hexosaninídase forms are readily comparable

to the hexosaminidase forms found in human tissues and fluíds (Tabl-e

X). The tr¿o najor isozymes present ín human tíssues have been

designated hexos¡minidase A and hexospminídase B (120). The two

isozymes have been shown to differ in amíno acid and carbohydrate

composition (l-16). Hexosaminidase B was reported Ëo contain no

sialic acid, wtrile hexosaninídase A conÈained 1.65 residues/mol

of the enzyme (116). The presence or absence of sialic acid is thought

to determine the behaviour of the hexosaminidases on DEAE-cellulose

chromatographíc columns (121). Since the dÍscovery of hexosaminí-

dases A and B, several oËher hexosaminidase forms have been identified.

The he:rosaminidase forms A, B, P, I, Iz, Sl, 52 have all been shoqm

to have pH optíma in the range 4.0 - 5.0, while an eighth form,

hexosaminidase -C, has the uníque pH optimum range of 6.0 - 7.0 (53,

LL3, L20, !22, I23). The isozymes listed above are thought to be

fnterrelaËed, sÍnce they all have the abllity to uËilize p-nitrophenyl-

N-acetyl-B-D-glucosaminíde as a substrate. Structural and irrmunological

sÈudies of the two major ísozlmes have demonstrated that hexo-

saminidase A Ís a het,eropolyner comprised of cr and ß chains (aB)rr,

while hexos¡minidase B ís a homopolymer eonsÍsËing of ß chains (ß)n

(176, I24, L25). Recently, Srivastava eÈ al-. have proposed Èhat the

subunit compositlons of the hexosaminidase isozymes B, Il , T2, A, Sl,

52 rüere p5¡ ßS41, ß4o-2, Ê3cx3r ß2o4 and Ê1ü5, respectively (726).
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Geiger and Arnonrs finding, Ëhat the o subuniÈs contained the sialic

acid resldues, correlates with thÍs rnodel, as hexosamÍnídase B,

Èhe honopollmer cont,aíníng no sial-1c acid, has the lowest affiníty

for DEAE-ce11u1ose chromatographic columns, whÍ1e hexosaminidase 52,

beíng composed predominantly of sía1ic acid conËaíning cr subunits,

has the highest affinÍËy (116, 126).

The naËure of hexosa¡¡inidase C ræains a mystery. Thís enzyne

has been shoum to be present in exËracts from embryonic tíssues

(liver, braín, and lung), normal adult brain, and neonatal spleen

(118, 119). The uníque nature of hexosamínidase C was suggesËed

when the enzyme failed to ínteract hrith antisera raised agaínst

hexosaminidases A and B (Ll-8). Several oËher observations have been

made Èhat, suggesÈ hexosaminidase C ls unrelated to hexos¡minídases

A and B. Patients sufferí.ng from Sandhoffrs disease were found to

have a compleÈe deficiency of hexosarnínÍdases A and B, but hexosaminÍ-

dase C \,ras present in their t.issues (118) . HexosamínLdase C rsas also

present in a foeÈal- Tay-Sachs brain, which was compleËely deficíent

in hexosnmínidase A C118). Perhaps the most puzzling observatíon

report.ed was the loss of hexosaminidase C acÈivity on DEAE-cellulose

chromatographlc columns. The enzyme appeared to be eiÈher denatured

or irreversibl-y bound Lo the ion-exchanger (118, I27). In view of the

dat,a presented, Braidman et a1. (112) proposed that hexosaminidase

C was under a separate geneÈic control from Ëhe oÈher hexosamínidase forms.

The data presented in Table V suggested that hexos¡minídaselllrwhich

had sinil-aï properÈies to hexosaminidase C, was regulated by a
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different mechanism Èhan hexosaminídases r and rr. The specifíc

activíties of hexosaminidase III ehanged drastically when the cell-s

rüere growî. in suspensÍon as opposed to boÈtles. In contrast, Ëhe

specifíc activities of hexosaninÍdase r did not change, indicating

the lack of an ínterrrelatlonship between Èhe t¡vo hexosamínídase

forms.

The involvement of hexosamlnidases A and B in Ëhe catabolism

of gangliosÍdes has been well documented (53). In víew of the

sl-nilarities betr¿een these isozymes and the hamsËer cell hexosamínidase

forms (see Table X), the hypothesÍs that both seÈs of hexosaminidases

catalyze the seme reactions seems plausible. Studies have shown thaË

hexosaminidases A and B are lysosomal hydrolases capable of. catalyzing

the hydrolysis of termínal N-acetylglucosaminyl or N-acetylgalactos-

amínyl moÍeties fron glycoJ.ipids (Gt{2-ganglioside, GA2-globosJ-de) and

polysaccharídes (53, 128, 729). The hexosaminidases display a remark-

able specificity towards natural substrates. Only hexosamínídase A ís

capable of hydrol-yzing the G1Í2-ganglioside. Hexosaminidase B is

presuued to acË on Èhe GA2-globosíde (128). The absence of one or boËh

of these hexosaminldases causes Tay-Sachs disease (53). There are

Ëhree variants of this dísease. sandhoffts disease (also known as

varíanË ".ot'of Tay-Sachs disease) is characterized by the absence of

both hexosaminídase A and B in the brain of the paÈient (S:¡. As a

consequence of this deficiency, Gl{2-ganglíosíde, asialo-GM2-ganglioside,

and GA2 globoside accrmulate in the braín. In variant B of thís
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disease, only hexosaminídase A was found to be absenÈ, and GA2

globoside díd not accumulaÈe (53). The third variant of Tay-Sachs

disease, 43, is perhaps the mosË interesting. The activíties of

hexosaminidases A and B were shor.m to be substantially elevated

when the ísozymes were assayed using synthetic substrates, buË when

naËural substrates \rere utilizedr the ísoz¡rmes were found to be only

margÍnally actÍve (511. Perhaps these enzymes have a defect in their

amino acid composition r,rhich alters their catalytic acÈiviËy (53) .

The g1yco1íp íd s GlI2- ganglios ide and as ialo-Glf2- gangl io s íde accumulated

in this ínstance (53).

The observaÈíons discussed above índicaËe the intinate relationshÍp

between the g1yco1ípid content of tissues and Ëhe hexosaminídase

levels. The dÍfferences between the specific activíties of the CR-7

hexosaminídases I and III and the W.T. COz hexosamínidase forms could

result in dÍf f erences be$,reen the glycolipids of the tr¡o cell 1ines.

The validity of thís hypothesis is currently undar ínvestigation.

Hexosamínidases A and B have been purifíed fron various human

tÍssues (placenta, kidney cortex, brain)(104, 110, 1l-6, 130, 131, 132).

The purification procedure comnonly used ínvolves concanavalin A

affinity chromaÈography, Íon-exchange chromntography, and gel filtratíon

(104, 116). ¡1s:(es¡minidase C has not been successfully purified (112,

I27, 133). The specífíc actívitíes of hexosamínidases A and B in

homogenates of various human tissues were substantially lower (42-L28-

fold) than the speeific activities of hexosamínídases I and II in
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extracts of Ëhe hamster ce11s (110, 130, 1-32). Consequently, the

purification of hexospminídases A and B from human tissues requíred a

complex procedure ín comparison to the sinplified meÈhod used Èo

purify hexosaminídases I, II and III (see Tables VII and XI).

Hexoseminidases I, II, and III were purifíed 31-, 33- and l9-fold,

respectively (Table VII). These values were low due to the hígh

specifíc activit.ies of the hexosamínidase forms ín the starting

material and were not índfcaËíve of the purification achleved (Table

VII). Lee and Yoshida purified hexosaminÍdases A and B 4,300- and

6,000-fol-d respectively, but the combíned specifÍc actívíty of these

trrTo enz)mes in the sÈarËing fraction was reduced 80-fo1d ín comparison

to the initl-al conbined specLfic activity of hexosnminídases I and II
(tables VII and XI). The amount of conËaminating protein removed

from hexosamínÍdases I, II, and III during their purification was

99.8"A, 99.9% and 99.6"Å, respectívely (Tab1-e VII). These values give

a betËer indication of the purificaÈion achieved. The honogeneity

of the final hexosemÍnídase preparaËÍons rras not determined due to the

1ow yields, but undoubËedly, the enzymes r¡/ere st111 impure. The

purifieation proeedure remaíns to be modifíed in order to increase the

yield and the puríty of the hexosaminidase forms.

AË the beginning of this discussion, the CR-7 and l.f .T . COz ce1ls

Irtere compared to untransformed and Èransformed cells. The I^I.T . COZ

ce11s were shown to be similar to the transformed ce11s. Both of

these eeI1 types, in conparison Èo the CR-7 and unÈransformed cel1s,

118



Purification of placental hexosamínídases A and B.

Fraction

HomogenaÈe

Supernatant

Concanavalin A

Hexosaminidase
A. DE-22

QAE-Sephadex

Sephadex G-200

QAE-Sephadex

Preparative dísc,
ge1 electrophor.li"
QA3-Sephadex

Hexos¡mínídase B

DE-22

Calciun phosphate

Sephadex G-200

QAE-Sephadex

cM-52

TABLE XII

Total
enzyme

activity
(uniËs)

Total S.pecif ic
protein activíty
(rne) (units/mg)

13,000

10,000

5,700

119

373X103

28ox1o3

26sO

4,000

2,400

2 ,000

2 ,000

1,300

750

Purification Yield
(-f old) (7.)

0. 035

0. 036

2.2

660

230

57

46

11

5

6.1

10

35

44

720

150

I Taken from reference 1l-0.

1

63

1,800

1,100

880

900

300

100

77

44

]-74

290

1000

L250

3400

4300

290 6.2

85 13

33 27

33 27

L.45 207

31

L9

15

15

10

5.8

180

370

770

770

6000

L4

5.2

6.8

6.8

2.3



exhÍbited increased glycosidase 1eve1s and an íncreased sensitivity

to agglutination by the lecËín, concanavalin A(Tables III, VIII, IX).

The membrane glycolipids and glycoproteins of nor¡aal cells were

found to be altered upon viral transformation (66-70). These

changes were believed to be responsible for the increased sensitivity

of transformed cel1s to agglutínation by concanavalin A (1).

One of the procedures routínely used to examine Ëhe membrane

glycoproteÍns of cel1s involves 1abe1-1ing the glycoproÈeíns in vivo

wÍth radioactive sugars (92¡. The glycoproËeins are then extracÈed

from the cells and dÍgested with pronase to yield a mixture of

glycopeptides (9t¡. These glycopeptídes are essentially composed

of olígosaccharíde chains and a few amino acíds (134). The glyco-

peptides are analyzed by ge1 filtration (Sephadex c-50) (66, 97 , L34).

I.larren et al. used this procedure to analyze the glycoproteins of

normal and vírally transformed cells (134). The elution profiles of

the glycopeptides deríved from the normal and transforrned cells

were found to be dífferent (FÍgure 61). The glycopeptídes derived

from Ëhe transformed cel1s lrere composed of a group of large molecular

weíght glycopeptides (peak A in Fígure 61), Èhat was not presenÈ in

the glycopeptíde míxture derived from the normal cells (134). Subsequent

sËudies have shown that thls group of J-arge molecular weight

glycopeptides (designated group A) was characterístically elevated

in a r¡ide varíety of malignanÈ cells (136). The group A glycopepÈides

were not retained by concanavalín A-Sepharose affinity columns (135).
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Figure 61. EluËion patterns from a column of Sephadex G-50

(fine) of large'scale Pronase digests from trypsin

treaÈed baby hanster kidney 27-C¡3 ce1ls and C1 3-84

cell-s (134) .

-- O-- 21-C73 (norma1 cells)

-C- 
Cr ¡-B+ (transf ormed cells)

tr'ígure 62. A structural

glycopeptides

model of the majoriËY of the large

from Èransformed ce1ls (135).
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A structural model- of these glycopeptides ís shown in Figure 62.

The W.T. Coz and cR-7 membrane glycoprotefns rsere ana1,yzed

in the manner descríbed above. The glycopeptides derived from each

cel1 l-ine Ifere sePeraÈed into Èrso grouPs on Èhe basis of their

affiníty to a concanavalin A-Sepharose 48 col-umn (FJ-gures 52, 54,

56, and 58). The ll.T . COZ and CR-7 glycopeptides retained by the

affinity col-umn were dete:mined to be of similar molecular weíghts

by gel filrrarlon on sephadex G-50 and G-75 (Figures 53, 55,57,59,

peak c). In comparíson, the l^I.T. CO2 and CR-7 g1-ycopeptides thaÈ were

not reÈained by Èhe affinlty column ochibíted different elution

patterns when chromatographed on Sephadex G-50 and G-75 (FÍgures 53'

55,57, and 59). The ür.T. COz glycopeptides were composed of a group

of large mol-ecular weíght glycopeptides that was reduced in the CR-7

glycopeptide níxture (peak A in tr'ígures 53, 55, 57, and 59). Apparently'

the w.T . coz glycopepËides have the characËeÏístic grouP A glycopeptides

conmon Ëo virally transfonoed cel1s. These results are another

índj-cation of the slmilarity between the tr{.T. COZ cells and Èransformed

cell-s.

t22

CONCLUSION

The glycosidase activÍty levels in confluent I{.T. C02 and RCR-7

ceIls, in comparison to the CR-7 cells, have been shown to be elevated

(Table III). Neoplastic and transformed ce1ls also dísp1ay elevated

glycosidase actívity 1eve1s (72, 74, 98, Table VIII). These elevated



levels may be responsible for the nodificatlon of cel1 surface

glycoproteins and glycolipids. Certainly, an inÈímate relationship

exists betrseen the glycollpid composition of tíssues and the hexo-

s¡minidase actÍvity levels (53). The W.T. COZ and transformed ce11s

seem to have similar membrane gl-yeopeptide al-terations (Figures 52'

56, 61). Both of these ce1l types Possess a grouP of large molecular

weight glycopeptides that is absent from the CR-7 and untransformed

ce1ls (Fígures 52, 54, 56, 58, 61). Perhaps Èhe altered glycosidase

aeÈívíty levels are responsíb1e for thís difference. Evidence índicatíng

the involvement of cell- surface glycoproteins and glycolipíds Ín

cell-cel-l and cell--1Ígand interactíons, intercellular adhesíveness

and Ëhe control of cel1 division Ís rapidly accumulating (1, 6' 8).

AlteratÍons Ín these cel1 surface components would consequently effect

ce11u1ar behaviour. The role of glycosidases in the conÈrol of cellular

behaviour stil1 remains unclear, but l-f these enz)¡mes lrere caPable of

nodifying cell- surface comPonents, they would indirectly exert some

influence on cellular behavÍour.
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