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GENERAL INTRODUCTION 
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. supportive connective tissue network · to 

• • As· our ,·objective 
. ,. ' ,._ 

. • --~~\:::;;): ,;-~~·."'_·;~~~!.:.:; _-.·~;>-f?~.~:t\;o~~~-- . ' 
} celr "d~velopment and 

· · - · -· ·. ·t: P'>i~;-)J·.:t t "<:·_.:; ~ 
~- {::':~)~~"L:- :,·-~:::t-e~~f~~~;- .. _,~~,---"·"·-::..·:_·~,-- ._ · -. 

~ the following discusaion · t.JitQt;l9"~L,.,It'tli"N~~~tl;:~ 
. fft..:t 

rnnm#>'n. t are ·eritical compOnents 
· • < -:: ; .. ~(}~r~;i. \'r:~~J-.:?~'Y-

61' th~",. s'tructufai ·. ; and. rt~~~~~o~1lJ::l~.·~ ~ll:it:.ei~Jiit.;J;:y~.···•~~~ti:' 
~,~}.{ ;(>~-t r,_{ ~?':Ji)/ _ ,. ' : ~ -.. -" 

systems (253). According t~h J:.Jl.e~,f 

?·¥!f;i:ri::r:.·~· >i~:J"'bf '~l'~r ,,\=nd ,f~f~~:'\~~~' :~;;;~~;~: &:~, ; A" ~Ql1•D~Nl!!l~lfl:.lo'3'l!lt:J:r 
;i~~:~,~.;:;p'liQi~J1·~ JJ:i.p.ids and glycolipide arranged., ~sY:l'!Qe,t.ri~alJ;;Y ~JJ'·.t ·fi1· •~:iii 
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these biomers .have been implicated in many cellular responses aiu:l 

as receptors for a multitude of signal and regulatory molecules. 

Glycoconjugates may be glycol ipids, proteoglycans or glyco­

proteins. 

Glycolipids contain carbohydrates conjugated to ceramide, 

the lipid component. Addition of a single sugar to ceramide 

render glucocerebrosides and galactocerebrosides. Myelin 1s 

comprised of predominantly galactocerebrosides and their sulfate 

esters, termed sulfatides. The commonly occ4rring glycosphingo­

lipids are classified into (a) acidic or neuram1n1c acid 

containing gangliosides and (b) neutral glycosphingolipids 

containing mono-, di-, or oligoglycosyl chains attached to 

ceramide. Oligoglycosyl ceramides are further divided into the 

blood group glycolipids containing N-acety lated lactosy 1 ceramide 

core structure and the globoside series containing no amino 

sugars •. Much of the glycolipid carbohydrate, at least in normal 

cell surfaces, appeared unavailable fqr reaction with antisera, 

enzymes such as sialidase and lectins. It was thus inferred that 

these glycolipids may be cryptic, possibly concealed by the 

ramified glyc~protein molecules (112). Gangliosides are normal 

components of mammalian cell plasma membranes and are 

particularly abundant in nervous tissue. Developmental studies in 

humans have revealed that the prenatal period of 'growth spurt' 

occurring between 15 and 30 weeks of gestation is paralleled by 
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an increase in the content of gangliosides and a change 1n their 

composition (184). 

Proteoglycans are a diverse group of proteins containing 

glycosaminoglycan side chains. Glycosaminoglycans are high 

molecular weight linear polysaccharides, generally composed of 

disaccharide repeating units of a uronic acid [D-glucuronic acid 

or L-iduronic acid) and a hexosamine [N-acetylglucosamine or N-

acetylgalactosamine 1. The heterogeneity of these molecules is due 

to different types of repeating disaccharide units, their 

modification by sulfation and epimerisation of specific sugar 

residues, and their occurrence on a variety of different core 

proteins. Normally very little glycosaminoglycan is present in 

the brain [0.02% of brain wet weight in humans]. Most of the 
\ 

chondroitin sulfate and hyaluronic acid in brain is present in a 

soluble form, whereas heparan sulfate largely appears to be an 

integral component of plasma membranes. Glycosaminoglycans, 1n 

particular, hyaluronic acid, are probably important constituents 

of the extracel ar matrix in nervous tissue, where they could 

be expected to play a role in the regulation of brain cell 

microenvironment (216). 

Existence of clinically and biochemically well characterised 

lysosomal storage disorders, sphingol ipidoses and mucopolysaccha-

ridoses and their related neurological manifestations have 

boosted glyco~ipid and glycosaminoglycan research to a great 

extent. Glycoproteins, on the other hand, have been least studied 
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amon·gst the nervous system glycoconjugates. Approximately 90% bf 

brain glycoproteins are integral components of the cell surface . 
internal membranes. Purification of this species to 

homogeneity, a preludeto piochemical characterisation has proven 
' . 

difficult. However, in the past few years, it has become'· 

increasingly apparent that glycoproteins are involved in various 

aspects'of cell sociology, as well as in a multitude of disease 

. ·pr-ocesses, the most notable being mal ignapt transformation •. 

Structure of Glycoproteins 

Glycoproteins differ from glycosaminoglycans in that (a) 

they do not usually contain uronic acid (b) they lack a serially. 
\ . 

repeating unit ( cH they contain a relatively low number of sugar' 

residues in the heterosaccharide, which is often branched and tdf 

they contain ·several· sugars that are not characteri'stic 

components of glycosaminoglycans, e.g. fucose, sialic acid; 

galactose and mannose. Depending on the mode of 1 inkage of th~·:"'''' 

glycan side chain to the polypeptide backbone, glycoproteins m~y 

be 0-linked or N-linked. .. 
Mucins, bloOd · group glycoprotein& and certain serum and, 

membrane glycoproteins contain oligosaccharide units a-b-linked · 

via GalNAc to the hydroxyl groups of serine and/or threonine"'of· 

the protein moiety. The ~Gal'NAc is directly substituted at·c-6 by 

sialic acid in. subniaxilfary mucHis or it ma:y be substi~uted. at: 
' 

c-3 or c--4 by a B-ga.lactosyl residue which serves as the cbre"V' 

region of a variety of larger oligosaccharide chains • Colla~ns·"j . . 

l '" 

>:' 
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and basement membranes contain another . type of glycoprotein 

linkage structure consisting of Gal and Glc8 ( 1-2 )Gal disacc-

harides linked 0-glycosidically to the hydroxyl group of hydroxy-

lysine in the peptide (180). Glycosaminoglycans are linked to 

protein in proteoglycans through the typical Xyl-serine linkage 
I 

(277). A novel GlcNAc-Ser/Thr linkage has recently been 

identified on many proteins localized in the nucleoplasmic and to 

a lesser extent, the cytoplasmic compartments of the cell (136). 

Carbohydrate chains may be 8-N-linked through GlcNAc to the 

amide nitrogen of asparagine residues in the protein moiety. All 

Asn-linked oligosaccharides share a common pentasaccharide core 

structure enclosed within the boxed area in Fig.1. Based on the 

structures of their outer branches, N-linked glycans are 

categorised as high mannose, complex and hybrid types. The high 

mannose-type oligosaccharides have 2-6 addit.ional mannose 

residues linked to the (Man) 3 (GlcNAc) 2 core. Complex-type 

structure contains the sialyl lactosamine sequence and presents 

two other commonly found substituents, namely, a fucose o.(1-6) 

1 inkage to the, innermost <HcNAc residue in the core and a 

'bisecting' GlcNAc linked 8(1-4) to the 8-linked mannose residue. 

This complex-type structure may be modified both by the addition 

of extra branches on the o.-mannose residues or by the addition of 

extra sugar residues that elongate the outer chains. The majority 

of complex-type chains contain two, three or four outer branches 

or antennae, but units with five outer branches have been found 
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on avian ovomucoids ( 256). The wide variety of complex-type 

glycans identified, contain GlcNAc, Man, Gal, NeuAc and Fuc as 

the basic monosaccharide units. The third class of Asn'-linked 

oligosaccharides are the hybrid-types which specify f~atures of 

both high-mannose and complex-type glycans. Most hybrid molecules 

have the 'bisect.ing• GlcN.Ac IJ ( 1-4) Man·~'- structure (345). All N.:.. 

linked oligosaccharides share a common core structure because 

they a.re formed from the same biosynthetiG precursor lipid-linked 

glycan (181). 

Glycosyla't\ed asparagines almost always occur in the sequence 

Asn-X-Ser/Thr where X·' could be any amino acid except possibly 

proline and aspartic acid (219l. Most N-glycosylatedasparagines 

are located in segments favouring the formation of B-turns (23). 

An examination of protein sequences have revealed that only about 

one third of the p<:>tential Asn-X-Ser/Thr sites in prbteins ate 

actually glycosylated ( 185). It has been suggested that rapid 

folding of the nascent polypeptide is responsible for the lack of 

glycan chains at · potential glycosylation sites. since 

glycosy1ation occurs co-translationally, once the protein has 

folded, potential glycosylation sites are no longer accessible 

the oligosaccharyl transferases (259). Amino acid sequences on 

proteins servi,ng as potential sites for 0-glycosylat:ion have ndt 

been identified. 
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Glycoprot~~-Biosynthesis 

The polypeptide backbones of all glycoproteins, lysosomal, 

secretory or ~lasma membrane, are synthesized on membrane bound 

polyribosomes of the rough endoplasmic reticulum [RER] by the 

same machinery that assembles non-glycosylated proteins on .(ree 

ribosomes. Each of these proteins contain a hydrophobic amino-

terminal signal peptide that interacts with the signal 

recognition particle, an llS ribonucleoprotein, thereby 

initiating vectorial tram:lport of the protein across the RER 

membrane into the lumen of the organelle (348). During synthesis 

the proteins are. extruded into the 1 umen of the RER where they 

remain membrane bound {membrane glycoproteinsJ or become soluble 

(secreted glycoproteins] depending on their. ultimate destination. 

'The attachment of the C<;lrbohydrate side chain commences during 

translation, although some residues are incorporated pot;lt"'"' 

translationally. The glycoproteins are glycosylated and processed 

as they trav~rse various functional regions of the endoplasmic 

reticulum, the cis, medial and trans Golgi system to the last 

Golgi compartment, the trans Golgi network. Movement of 

glycoproteins through the endomembrane chain is a.dissociative 

process most probably mediated by vesicles budding from the rims 

of the donor ER or Golgi membranes and moving to and fusing with 

t:he target cisternae. Stepwise synthesis of both N-linked and 
• I 

.0-linked oligosaccharides are carried out by different mechanisms 

on the luminal side of the endomembrane system by specific 
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. glycosyltransferases. Each of these enzymes catalyses the precise 

and sequential transfer of a sugar residue from an activated 
. ~ ' 

donor substrate to the hydroxyl group of an acceptor substrate on 

the growing oligosaccharide chain ( 26) • Donor substrates .are 

usually nucleot;.ide sugar derivatives, althoug.h lipid-linked 
I 

sugars dolichOlphosphoryl mannose IOol-P;:...ManJ and dolichol­

phosphoryl glucose IDol-P-Glcl also .. ser:v~ as donor .substrates for 

several en~ym.es. Glyc()sy'ltransferase_s are conv·~niently'classifl.ed 
-rfi. ., 

according;to the sugar transferred • 

. The biosynthesis of Asn-linked glycans is a multistep 

process~ involving (a_) assembly of a lipid-linkedpligosaccha:ridc 

intermediate (b) _tra.nsf.er of the oligosaccharide ~~om the lipid 

carrier.to the growing peptide chain and (c) processing of the 

oligosaccharide bound to protein. 

'synthesis of the lipid-linked oligosaccharide entails 

sequential addition. of sugars to the lipid membrane ancho'r, 

dolichol phosphate · I Dol-PJ, a phosphorylated polyprenol 
. \ . 

containing 16L.22 i.soprene Units, with a saturated ·a.-isopren0:id 

unit, by membrane bound glycosyltransferases of the RER (24). The 
> I 

dolichol phosphate ~ycle results in th~·formation of an oligo-

saccharide consisting of Glc3Man9GlcNAc2 linked to dolichol via a 

pyrophosphate as illustrated in Fig.2. 

Monophosphoryl dolichol is derived from dolichol 

pyrophosphate by hydrolysis [Step 71 or from phosphorylation of 

dolichol by CTP·,(Step 81. Synthesis begins with the reversible 
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Adapted from Kornfeld,R. and Kornfeld,S. (1985) Ann~R'eN.Biochem. 54, 631-664. 
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a recognition site ,for a transport receptor for certai.n secretory 

proteins (205). An alternative explanation for these findings was 

that glucose removal is necessary for the maturation of 

glycoproteins to a correct functional conformation (297). When 

the glycoprote~ns arrive at the Golgi, they traverse the stack 

from the cis through medial to trans cisternae by vesicula.r 

transport (25, 282,. 281). Lysosomal enzymes undergo a highly 

specific mannose phosphorylation in the cis Golgi. The high 

mannose oligosaccharides on non-lysosomal glycoproteins are 

further trimmed by mannosidase I to yield Maf1sGlcNAc2 structure 

in either the cis or medial Golgi cisternae. Those oligosac­

charide chains destined to become complex-type structures are 

further processed by addition of a GlcNAc residue catalysed by 

GlcNAc transferase I. The resulting intermediate forms the basis 

of the hybrid structure types which are stabilized by addition of 

another GlcNAc moiety to the core tl.,..linked Man to give a bisectef} 

structure. Further processing invo1 ves removal of · two mannose 

residues by Golgi a.-mannosidase II, the subsequent addition of 

another outer chain GlcNAc residue by GlcNAc transferase 

the possible transfer of a fucose residue to the innermost 

in the core. The final steps of complex oligosaccharide synthesis 

take.place in the trans Golgi cisternae and consist of addition 

of outer chain galactose, sialic acid and other terminal sugar 

residues catalysed by their respective transferases. The newly 

synthesised glycoproteins are·sorted and packed into secretory~ 
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disgorge their contents by reverse pinocytosis after fusion with 

the plasma membrane ( 320) • 

The biosynthesis of 0-linked oligosaccharides does not 
\ 

involve lipid intermediates and occurs almost entirely by 

sequential glycosylation, where the product of one glycosyl 

transferase is uti! ised as an acceptor substrate by another 

glycosyltransferase. Initiation of 0-glycosylation is catalysed 

by the enzyme UDP-GalNAc:polypeptide transferase localised 

predominantly in the Golgi membranes. Endogenous peptide 

acceptors for this transferase are essentially confined to. the 

RER signifying that initiation of 0-glycosylation is primarily 

post-translational. Synthesis commences with the t.ransfer of 

GalNAc _ to the hydroxyl group of serine or threonine on the 

polypeptide acceptor. Transfer of Gal to form Gal tHl-3) GalNAc 

directs the pathway towards the synthesis of a wide variety'of 

chains containing Fuc, NeuAc, GlcNAc or Gal as· the constituent 

monomers. Chain termination occurs in the Golgi by addition of 

fucose or sialic acid prior to packing for either secretion or 

incorporation into the plasma membrane. The diversity of 0-linked 

glycans though impressive, is not: disorganised suggesting th'~ 

existence of a mechanism regulating the synthesis and destination 

of specific carbohydrate structures (284). 
\ 

Biosynthetic controls that determine branching and 

microheterogeneity of protein bound oligosaccharides has still 

not been fully understood. The specific localisation of the 
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. l>roce1:1.sing enZYillE:S to the. RER or the cis, medial or tr~ns Golgi 

·cisternae and ·their rigid substrate specificities, provides •a 
. 

mechanism for controlling their sequential action on newly 

syn~hesised glycoproteins in ·both. space and time l' The l:aJ:<tte 

riumber of inte.rtacti~g metabolic pathways traversed by, a suga,r 

residue en· rqute to the.glycosylatioh of a 'Protein also .f',u:tn~$h 

many potential sites for:~regulation. Facto,rs that could .ai£tebt 

.glycosylation include.· tthe•.rate of syat.hes~s ofinuplea:ti:de su-r 

donors~ the iptracellular transport .of donov. substJr'ates, 't:ae 
!<if • ( 

accessibility · and structure of acceptor substrates;, the 

concentra.tion of. inhibitors .such as· the nucleotide products~:~~ 

, glycosyltrans.ferase reac:::ttons, competition with other g,lycO:ayl · 

transferases . of overlapping .•. specificiti.es and. depleti.i.on :~£ 
' ·, j 

subs,f~ates. by degradati ve enzymes such as pyrophosphory1.as.elb.:~t" 

glyooaidase.s. <;enetic factors such as .species and ·tissue specifliJ? 
~~.-~""* f 

differences, genetic p<>.lymorphism within a species, differential 
~ . ' . . 

gene expre-ssionwithin an individual and·endomembrane factqrs due 

to transport .thrdtlgb3the complex endomembrane .. assembly .. lin~ 

complicate the issue .:furthe~ l2.94l.· Finally;._ 'Signals traaamit.d 

.by cell surface :.macromolecules may trigger. 

biosynthesis as is obv~ous duJ;'ing devel<tpment and di£fecent:itataQ>n · 
i 

(293).· 

Elucidation rof the glycoprotein, biosynthetio . 
. / 

been accomplished · prirqarily with ·the ·. help. 
\. 

·deficient mutants . and the use of inhibitors 
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pathways at specific steps. The resulting accumulation of 

intermediates prior to the block and/or the formation of altered 

or unusual glycoproteins are in addition, useful tools to 

investigate the biological functions of the carbohydrate side 

dhains of ~lycoproteins. Inhibitors of cholesterol biosynthesis 

such as compactin can also block the formation of dolichol, 

thereby limiting 'the levels of carrier lipid. The nucleoside 

antibiotic, T,unicamycin has been shown to inhibit the first 

reaction in the lipid-linked saccharide pathway, namely, the ., 

transfer of GlcNAc-1-P from UDP-GlcNAc'to Dol-1-P to form GlcNAc.;.. 

P-P-Dol, and is widelr used to block N-glycosylation in vivo, a'nd 

in vitro. Inhibitors of glycan processing, such as Swainsonine, 

a potent inhibitor of «l-mannosidase II and the plant alkaloid 

diminished Castanospermine, which i~ibits glucosidase I, 

considerably the synthesis of complex type chains in various 
' ·~, 

mammalian cellf,~lines (73). 
"' 

Post-translational modifications on oligosaccharide chains 

Asn-linked oligosaccharides may undergo further post-

translational modifications including phosphorylation of mannose 

residues, sulfation of mannose and N-acetyl hexosamine residues 

and a-acetylation of sialic acid residues. Lysosomal hydrolases 

acquire phosphomannosyl moieties which serve as the essential 

component of a recognition marker that allows binding ':1to a 

.specific Man-6-~ receptor in the Golgi and subsequent 

translocation to lysosomes (50). Different mannose residues on 
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the glycan chain may be phosphorylated and individual molecules 

can contain one or more phosphates, however, oligosaccharides 

with phosphomonoesters are the physiologic ligands for binding to 

the receptor ( 345). Fibroblasts from patients with lysosomal 

storage diseases, I-cell disease (mucolipidosis II] and pseudo 

Hurler polydystrophy (mucolipidosis III] are severely deficient 

in N-acetyl glucosaminyl phosphotransferase activity (50, 1.14). 

Another recognition system involving Man-6-P has been 

detected in embryonic chick neural retina, 1n a family of 

glycoproteins that bind to the cell surface basepl~te protein, 

ligatin (159). These·glycoproteins contain high mannose oligo-

saccharides with the Man-6-P residues in diester linkage to the 

1-carbon of terminal glucose residues ( 213). The binding of · 

ligatin is medJ_ated by the diester rather than the monoester as 

in the case of the lysosomal Man-6-P receptor. This-diester is 

synthesized in a fashion analogous to the transfer of GlcNAc-P to 

mannose residues of lysosomal enzymes (183). 

A variety of secretory and membrane glycoproteins are known 

to contain sulfat~ residues on their N-linked oligosaccharides. 

Seve.ral pituitary glycoprotcina includillg bovine lutropin !I.IiJ 

and thyroid stimulating hormone ITSH] specify, on their 

a-subunits, biantennary complex-type oligosaccharides with 4-0-. 
sulfated GlcNAc and GalNAc residues at the two nonretiucing 

,• 

termini (254,22,8). By contrast, placental human chorion;ic 

gonadotropin [hCGJ which shares the cominon a-subunit, lacks 
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sulfate and has terminal sialic acid residues, indicating that 

.the sulfation reaction can be tissue specific (226,170}. 

Anionic modification of N-linked oligosaccharides, such as 

sialylation, phosphorylation and sulfation are of interest 

because it is likely that these signals, and not the underlying 

oligosaccharides, confer biological specificity or function to 

some N-linked carbohydrates. 

Nervous system specific carbohydrate structures 

Approximately 85-90% of the carbohydrate in brain glyco-

proteins are N-glycosidically linked, the remainder being found 

as 0-linked glycans.· ·Most of the N-linked oligosaccharides in 

nervous tissue glycopro~eins are of the complex-type (216). An 

unusual polysialosyl sequence [NeuAc «(2-8)]" NeuAc «(2-3) Gal­

has been found in the complex glycopeptides of developing rat 

·brain by Finne (82). These unique structures were absent in adult 

brain. The number of sialic acid residues varied from 8-12 in 
\ 

glycopeptides having -3-4 outer branches. Polysialosyl glyco-

peptides have also .been isolated from a neural tumour cell line 

(217). The polysialosyl chains have been identified during the 

period characterised by the outgrowth of axons and dendrites and 

the formation of syn~pses. Recent observations have implied the 

occurrence of similar developmentally regulated polysialosyl 

multiantennary complex-type glycoprot~ins in human brain too. 

The 0-linked glycans of neural tissue comprise of the core 

disaccharide Gal B ( 1-3) GalNAc-, which occurs as such or is 
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substituted with sialic acid at c-3 of Gal and/or C-6 of GalNAc. 

The a-anomer of the core disaccharide has also been detected in 

rat· brain 0-glycans and appears to be specific to nervous 

tissue (84). 

Chondroitin sulfate proteoglycan purified from rat brain 

.contains ·sulfated N- and 0-glycosidically linked glycoprotein 

oligosaccharides. In addition, this proteoglycan specifies a 

.. series of novel 0-linked mannose oligosaccharides ( 83). This type 

of carbohydrat~-protein linkage has subsequently been described 

for kerat-an s~lfate side chains present as minor components of 

the predominantly chondroitin sulfate proteoglycan of brain 

(187). 

Microheterogeneity 

Different molecules of the same glycoprotein may differ in 

. the size and composition of their carbohydrate units, most 

commonly in sialic acid or fucose distribution. 
' 

Microhetero-

geneity represents that variation in carbohydrate groups of 

glycoproteins produced by partial substitution of sugar residues 

on a basically similar core structure. For example, the single 

carbohydrate unit of ovalbumin is not identical in all the 

molecules of a single preparation (227). M1croheterogeneity is 

believed -to be an outcome of the mechani-sm of biosynthesis of the 

carbohydrate units, which are secondary gene products and are 

attached to the nasce~t polypeptide chain by a co-translational 
Jl'·• 

modification. This is a non-template mechanism of information 

I 
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transfer and hence is subject to a higher incidence of error than 

a template mechanism. It is evident that the factors regulating 
\ 

glycoprotein biosynthesis play key roles in determining the range 

and extent of heterogeneity encountered, and the~variations in 

oligosaccharide' structure that occur. The chain terminating 

mechanism may also play a role in the phenomena of heterogeneity, 

albeit the lack of knowledge of this mechanism. The paucidisperse 

, homologues and microheterogeneity observed in many glycoproteins 

may represent oligosaccharides in varying stages of completion or 

resulting from transglycosylations that lack an absolute 

specificity. Although: most cells have the capacity to process 

protein bound structures ranging from simple high mannose units 

to extended complex-type units and can produce such an array at 

any particular asparagine that is glycosylated, this kind of 

gross heterogeneity is not common. Rather, individual glyco-

sylation sites tend to have ~haracteristic oligosaccharides and, 

when heterogeneity is encountered, it usually consists of· a 

family of closely related glycans which differ from the· 

oligosaccharides at another site on the same protein (4). 

As a result of microheterogeneity, it is very often 

difficult to elucidate the structure of carbohydrate chains o~ 

glycoproteins. The use of immobilized lectins have facilitated 

the isolation and purification of such mole~ules and helped in 

coping to a great ext;,ent with the problem of ~icroheterogeneity. 
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Lectins are a group of di- or polyvalent proteins of 

noninunune origin that bind carbohydrate specifically and non­

covalently, and cause the agglutination of cells or precipitation 

of glycoconjugates. Lectins are widely distributed in plant and 

animal systems, as soluble and membrane bound forms. Although 

lectin binding can be reversed by simple sugar inhibitors 

specific for each lectin, it has been evidenced that lectin 

interaction is governed by a more complex sequence of sugars as 

well as the conformation of sugars in the carbohydrate side 

chain~ This aspect of lectin-carbohydrate interaction £orms the 

basis of the use of lectins as tools in biochemical and clinical 

studies (192). 

Catabolism of glycoprotein& 

Lysosomes are principal sites for the digestion of 

biosynthetic material. The numerous hydrolytic enzymes present in 

these organelles usually exert their actions within the cell, in 

the vacuolar system of the· cytoplasm, either on exogenous 

material engulfed by endocytosis or on endogenous cell 

constituents segregated by autophagy. Nevertheless, lysosomal 

enzymes can also be excreted by exocytosis to be active outside 

the cell in the degradation of some extracellular components. The 

lysosomes contain a highly acidic environment, optimal for the 

activities of the numerous acid hydrolases associated with this 

organelle. Integrity of the membrane shield surrounding the 

lysosomal particles is essential for the latency of the enzymes. 
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/\n injury Lo the HH~mbrarH' by known abnonnd I B i tuaL ions c.tn 

liberate the contained enzymes and lead to the digestion of the 

cell itself (56). 

The products of intralysosomal digestion, if sufficiently 

small, either diffuse or are transported across the lysosomal 

membrane to enter cellular metabolism. The non-digestible 

products accumulate 1n the lysosome, and cause pathological 

overloading of these organelles, since most cells appear unable 

to discharge the residue of their lysosomal digestion. This 

phenomena is accelerated 1n var1ous storage disorders 

characterised by the congenital lack of one or· mon~ of the 

lysosomal hydro lases. The observa1~ion t~hat lysosomal storage 

diseases arc characterised by the accumulation of abnorma I 

glycolipids, glycosaminoglycans and glycoproteins presenting a 

common b:~rminal residue whose catabolic pathway 1s blocked, 

indicates that glycoconjugates share common enzymes in their 

respective degradative pathways (341). 

Lysosomes carry out digestion of biological material through 

a large collection of hydrolytic enzymes acting on most of the 

bonds found in protf"ins, nuclf'ic acids, lipids, oliqosaccharides 

and polysaccharides. The stepwise hydrolysis of glycoproteins by 

lysosomal hydrolases 1s schematically represented 1n Fig.3. 

Catabolism of glycoproteins 1s initiated by the action of either 

proteolytic enzymes or glycosidases. Proteins are digested 

through the synergistic action of a ser 1es of exo and endo 
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peptidaHt:~H Lh;l L re l <~a He pepL i deH and ami no acids. 'I' he ca LhPpH i nH 

A, B, C, and Dare important amongst the peptidases of lysosomes. 

The cathepsins carry out extensive hydrolysis of proteins at acid 

pH, including the peptide backbone of glycoproteins (120). 

Glycosidases, implicated ln the catabolism of oligo-

saccharides and the carbohydrate chains of glycoconjugates are of 

two types - endoglycosidases acting within the main chain, and 

exoglycosidases mediating the stepwise attack at the nonreducing 

end groups of the polymorphic carbohydrate structures. Complete 

degradation of glycoprotein requires as many glycosidases as 

there are distinct: glycosidic bonds in the molecule, an unknown 

number of proteolytic enzymes and a specific enzyme cleaving the 

carbohydrate to protein linkage. Lysosomes contain enzymes that 

cleave practically every type of glycosidic linkage found in 

~lycoproteins. The carbohydrate portion of the glycoprotein ls 

split off sequentially from the nonreducing end by exoglyco­

sidases, the absence of a particular exoglycosidase preventing 

the action of the enzyme next in line. The first step in the 

degradation of the glycan side chains involves the removal of 

termin~l si<.dic ilCid by lysosomal neuraminid;u~e. DAsialylatc>d 

glycoprot.eins are then sequentially acLed upon by tl-galacto­

sidases, N-acetyl-~-hexosaminidases, a-mannosidases and a-L­

fucosidases. 

The carbohydrate-peptide linkage in mucin-type glycans are 

cleaved by the lyB0riomal N-acetyl-a-galact.osaminidase ( 321). 
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linkage has also been demonstrated (343). Certain endo-

glucosamindases are present in the cytoplasm and have a higher f~l 

optima of pH 7.5 approximately, than the usual lysosomal acid 

hydrolases (258). 

Functions of carbohydrate chains i~ycoproteins 

Cell surface glycoproteins play important roles in 

pinocytosis, 'differentiation, tumorigenesis, intercellular 

recognition and adhesion, as receptors for hormones, leetins, 

biogenic molecules, toxins and viruses, and as mediators of 

immunological specifieity. Soluble glycoproteins function as 

enzymes, hormones, inununoglobulins, lectins, serum transfer and 

membrane transport proteins. The exact contribution of carbo-

hydrate to biological activity of the protein JS not always 

clear, apart from the observation that glycoconjugates are 

invariably present at sites of functional importaQce. Carbo-

hydrate 1s considered to act as a chemical 'tag • Iabell ing 

proteins destined for secretion from the cell. Glycosylation, 

however, 1s not obligatory for protein export or translocation, 
I 

neither is it a prerequisite for biological activity of 

glycoproteins (243). 

Nonetheless, the glycan chains can exert a modulatory 

control by altering the physicochemical properties of the protein 

such as hydrophobicity, electrical charge, molecular mass and 

s1ze, in addition to acting indirectly by influencing protein 
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foldin9 and conformation. Cat·bohycit·ate C(Hlf<'t· a n~slsL\nc<~ to 

cellular proteolysis, thereby increasing the life and stability 

of t:.he newly synthesized g lycoproteins. The protection ag<:~.insl 

proteolytic degradation is attributed to steric hinderance by the 

carbohydrate as well as the more stable coitformation adorned by 

the glycosylated protein ( 48) • Glycoproteins are major 

constituents of plasma membranes where they contribute to the 

structural integrity of the membrane bilayer. Insertion, proper 

orientation and conformational stabilisation of integral membrane 

proteins is effected by the oligosaccharide side chains contained 

in them ( 264,156). Carbohydrate moieties of glycopn>Leins have 

also been implicated in the transport of metabolites across cell 

membranes (244). The high viscosity of mucus glycoproteins have 

been attributed to their saccharide chains ( 116). Antifreeze 

glycoproteins of Antarctic fish are dependant on the integrity of 

their disaccharide units for biological activity (57). 

Carbohydrate moieties of glycoproteins provide important 

prerequisites for recognitive mechanisms by virtue of their 

enormous potential for structural diversity and thereby as 

potential carr1ers of biological information. In proteins and 

oligonucleotides, information content is based only on the number 

of monomeric units and their sequence, whereas in carbohydrates 

information can also be encoded in the position and anomeric 

configuration [ n or 13] of the glycosidic units and ln the 

occurrence of branch points. Further stroctural diversification 
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1s effected by covalent attachment of sulfate, phosphate and 

acetyl groups to the sugars. Thus, in theory, an enormous number 

of compounds oan be derived from a relatively limited number of 

monosaccharides, augmenting that carbohydrates have an enormous 

potential for encoding biological information. The high degree of 

selectivity and specificity characteristic of biological 

processes is generally provided by a specific stereochemical fit 

between complementary· molecules, one a carrier of biological 

information and the other capable of decoding such information, 

in other words the 'lock and key' hypothesis (305). 

The immune response is eminently involved in recognition 

phenomena, best characterised being the interaction between 

antibodies and blood group substances. The blood group 1/i, ABH 

and Lewis. [ Le 1 determinants on the surface of erythrocytes are 
. \ 

carbohydrates,. The, fetal i antigC::n presents a linear repeating 

poly-N-acetyllactosamine structure, while the adult I determinant 

contains a branched structure. The ABH and Le structures are 

formed on I I i structures. I I i determinants appear on oligo-

saccharides, glycolipids and glycoproteins. Glycoproteins carry 

both 0-linked and N-linked I/i antigens. Blood group I/i 

antibodies are less common than ABO antibodies and are often 

associated with disease states. Although the exact functions of 

blood group antigens are poorly understood, ~there are evidences 

that expression of these antigens are related to cell cycle and 

differentiation events. 
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Immune recognition lS mediated through sevet-a l types of 

carbohydrat~e-binding prole ins. The glycosy l a lion pattern of 
\ 

immunoglobuLins can affect their bindinq specificiLies. Mon' 

recently, evidence has accumulated to implicate recognition of 

carbohydrate structures in the activation of complement, namely 

by carbohydrate-binding C' components. Glycan structures are also 

recognised by soluble immune mediators such as lymphokines and 

monokines, surface lectins, cell surface enzymes including 

glycosyltransferases and glycosidases and carbohydrate-mediated 

uptake systems (273). 

The ubiquitous presence of lectins 1n plant and anima.! 

systems focus on the possibility that carbohydrate-lectin 

interactions may be yet another facet of the lock and key 

complementarity mediating cell-sociology. Several membrane-bo~nd 

iectins have been shown to participate 1n selective binding, 

uptake and clearance of circulating glycoproteins and cells 1n 

higher animals. The Gal and GalNAc specific lectins in rabbit 

hepatocytes are involved 1n clearance of glycoproteins from the 

circulatory system (11). Rat peritoneal macrophages express a 

galactose specific cell surface lectin that mediates binding to 

desialylated erythrocytes and glycuproteins as a prelude to 

phaqocytosis and lysis. Similar mecl1anisms have been attributed 

to clearance of aged blood cells by Kupffer cells of the 

reticuloendothelial system. The intracellular trafficking pf 
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lysosomal hydrolases already discussed, 1s a well characterised 

illustration of lectin-carbohydrate interaction. 

Charact.eristics of polypeptide glyeosylation include the 

follow1ng: (a) Different glycoproteins from the same cell contain 

different oligosaccharide structures (b) Individual polypeptides 

usually carry several different structures (c) Many structures 

are found at the same glycosylation site (site heterogeneity] (d) 
I 

The pattern of oligosaccharide heterbgeneity at a single 

glycosylation site during a constant physiological condition is 

reproducible and not random, and (e) The cell-type plays a role 

in oligosaccharide processing. This form of post-translational 

modification of a polypeptide serves to create discrete subsets 

or glycoforms of a glycoprotein that have dif£erent physical and 

biochemical properties leading to functional diversity. Glyco-

sylation of a polypeptide creates a set of glycoforms all of 

which share an identical polypeptide but differ with respect to 

gJycosy I a Lion. Hence, a glycoprotein has composite activity, 

which a cell cari control by varying the relative incidence of 

each glycoform. Displaying the entire spectrum of oligo-

saccharides simultaneously may be necessary to avoid 

immunogenicity at later developmental stages. 

Recent data suggest that oligosaccharide biosynthesis at a 

given glycosylation site is not independent of the biosynthetic 
\ 

events occtlrring at other glycosylation sites, thus giving rise 

to cerLain allowed glycoforms. Such an interact:ion would be 
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necessary if the oligosaccharides o( cell surfac(~ ~Jlycoproteins 

are recognised in clusters and not individually. This may be one 

reason why the majority of glycoproteins contain multiple 

glycosylation sites. The set of glycoforms of a given polypeptide 
\ 

expressed by an organism is dependent on its physiological state. 

Examples include the control variations in the N-glycosylation of 

human serum transcortin and thyroxine-binding globulin during 

pregnancy (318), changes in hepatic N-glycosylation of cx-
1 

antitrypsin and a 1 -acid glycoprotein during acute inflammation 

(238) and changes in outer-arm galactosylation of human serum IgG 

N-linked oligosaccharides· during aging (267). Tlw!->e varL:1LionR 
. 

may significantly affect the bioactivity of the glycoprot~in in 

question. For example the increased specific bioactivity of TSH 

secreted after exposure of the pituitary to TRH [Thyroid 

Releasing Hormone 1 as compared with basal TSH has been attributed 

to a change ~n the oligosaccharides of TSH (228). The up and dpwn. 

regulation by glycosylation of the bioactivity of glycoproteins 

that interact with cell-bound receptors has become a recurring 

theme in th~ analysis of oligosaccharide function. Collagenous 

proteins such as gelatin are involved with fibronectin in forming 

a fibrillar network on the surface of various cells including 

connective ti~sue cells. The presence of polylactosamine-

containing oligosaccharides on the gelatin-binding domain of 

fibronectin resulted in weaker binding to the gelatin, compared 

with fibronectin which carried smaller complex-type glycans. The 
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differential expression of LheHe glycofornm can n~Hult Ul firH~ 

control of the fibrillar network as required, for instance, at 

different HLages of development (366). The differential binding 

activities of the A and E forms of N-CAM is another illustration. 

The extent of glycosylation can control the biological 

activity of a polypeptide.The relative occupancy of glycosylation 

sequons on the regulatory IgE-binding protein is crucial to the 

activity of this protein in potentiating' or suppressing IgE 

biosynthesis (155). Extrinsic tissue plasmin,ogen activator [tPA] 

is a serine protease that converts plasminogen into plasmin and 

thereby induce clot lysis. Gly~osylalion of tPA ts itself 

physiologically significant in that it prevents the protein 

moiety from converting plasminogen to plasmin in the absence of 

a fibrin clot. In addition, the two variant forms I and II differ 

in the number of attached oligosq.ccharide chains and exhibit 

different binding kinetics, th~reby conferring greater control 

and sensitivity to the tPA mediated thrombolysis. The occupancy 

of N-linked ~lycosylation sites on tPA is also associated with 

the efficiency of secretion (2£2,60). 

Species specificity of N-glycosylation 1s evident 1n some 

glycoproteins. Rat a 1 -acid glycoprotein is N-glycosylated in a 

quite different way from human a 1 -acid glycoprotein, the major 

difference relating to the degree of branching, fucosylation, and 

outer-arm decoration of the complex oligo~accharides (361). Ah 

1nverse relationship between species-specific glycosylation 
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characteristics and the presence of natura.lly occurrtng 

antibodies against carbohydrate epitopes present in other species 

has been demonstrated with respecL to terminal Gal a(1-3) Gal 

structure in, new and old world primates and humans ( 104). 

Similarly tissue specific differences ]_fl oligosaccharide 

structures have been evidenced in the glycoforms of Thy-1 from 

rat brain and thymus ( 17) • These differences may be a unique 
I 

cellular means of defining its specific glycotype. ,:1 
9 

The location and nature of oligosaccharides on viral surface 

glycoproteins, in some cases, determine the efficiency and range 

of cellular infection. The expression of viral glycans are 

dependent and consistent with the biosynthetic pathways of the 

host, the latter therefore can play an important role in defining 

the infective range of a virus. Further, viral surface oligo-

' saccharides may be ligands for host cell-surface lect:yts,\ and in 

this way exert a considerable effect on the spread of. viruses 

between different hosts. It has also been proposed that the 

carbohydrate side chains on the surface of viruses,might provide 

them with significant protection against the host's immune 

response during a primary infection. 

Lympho<.~ytes exhib i.t a variety of migratory patterns 

encompassing all or some of the organs of the body. These 

patterns can be altered during certain infections or disease 
\ 

states, either by change 1n the cell surface prqperties of 

lymphocytes or the 
' ' 

target tissues. Lectin-carbohydrate 
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" interact ionH have been suggested aH a ~J('ne r·a I llH~chan i Hm for· 

lymphocyte migration. Any change 1n the glycosylation of 

lymphocytes that render them 1 igands for· any l t~ct in of a t i sstH~ 

can lead to retention of those lymphocytes within that tissue 

with the cons1equent possibility of an 1 autoimmune 1 reaction. 

Since lymphocytes also express a variety of lectins, tissue 

specific recognition of lymphocytes by endothelial cells may 

arise from cell-specific glycosylation characteristics of these 

latter cells with concomitant lymphocyte extravasation (267). 

Development of the Nervous System 

The nervous system develops from a thickened area of 

embryonic ectoderm kriown as the neural plate. This plate appears 

by day 18 of gestation and is infolded to form a fteural groove 

and neural folds. When the neural folds fuse to form the neural . ' 
tube, some neuroectodermal cells a,re not included but remain 

between the neural tube and the surface ectoderm as the neural 

crest. Deve~opment. of the neural plate and neural tube 1 is 

believed to be induced by the notochordal process and paraxial 

mesoderm. The cranial end of the neural tube forms the brain, 

consisting of the forebrain, the midbrain and the hindbrain. The 

forebrain gives rise to the cerebrum; the midbrain forms tlw 

adult midbrain; and the hindbrain differentiates into the pons, 

\ 
cerebellum and the medulla oblongata. The remainder and the 

longest part of the neural tube forms the spinal cord. The lumen 

of the neural tube gives rise to the ventricles of the brain and 
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the C('nLral canal of the spinal cord. Tht• walls of th(~ n<-tn·a.) 

tube are thickened by proliferation of neuroepithelial Cf:-11 s, the 

source of all nerve and the macroglial C(dls, compr·ising of 

astrocytes and oligodendrocytes, in the central nervous system. 

When neuroepithelial cells cease the production of precursor 

neuroblasts and glioblasts, they differentiate into ependymal 

cells which gave r1se to the ependymal epithelium lining the 

central canal of the spinal cord and ventricles. Microglia are 

believed to differentiate from mesenchymal cells which enter the 

CNS with the blood vessels. The neural crest gives rise to most 

of the peripheral nervous system e~HlsisLing o( cells 1.n tht• 

cranial, spinal and autonomic ganglia, Schwann or neurilemmal 

cells, most of the autonomic nervous system and all chromaffin 

tissue, including the adrenal medulla (231). 

The development of the nervous system is initiated between 

dorsal ectoderm cells and underlying mesoderm cells. This process 

termed neural induction is very poorly understood. Experiments 

relating to the early development of the nervous system 1n 

amphibian embryos suggest that there are two signals involved 1n 

the process of neural induction. The inductive signal had three 

consequP~Les: morphogenetic movements leading to the formation of 

t:he neural t:ube began, t.he future anatomical organisat~ion of the 

nervous. system was laid out on the neural plate, and t:hc 

physiological properties of neural plate cells altered which were 

manifested as the act:ivation of additional sodium pumps within 
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neuronal phenotype ( 350). Remarkable findings were that the 

destiny of neural cells were already progr~ammcd at t.he p,arliPst 

stages of neural: tube formation and that the cells c~ontinued t~o 

differentiate sequentially and temporally in tissue culture aH 

they did in vivo. Thus a unique model system was made available 

\ ' 
for the study of cell lineages of neural cells under controlled 

environmental conditions. The application of tissue culture 

methods, neuroimmunocytochemical techniques and the continuous 

addition of new cell markers have made possible the 

jdenLification of specific cell populations. Studies on neu•-.:11 

cells have established that astroglial and oligodendro']lial cells 

begin to develop early in neurogenesis, rather than after neurons 

have completed their development, and that the development of 

var1ous neural lineages are interdependent. Neuro~s depend on 

radial glia for guidance, and some early neural and oligo-

dendroglial precursor cells depend on astroglial precursor cells 

as a substratum, at least in culture. Cell differentiation in the 

' astroglial cell lineage occurs throughout embryogenesis and in 

postnatal life. The earliest cells from the astroglial lineage 

identified so far are the gliobla.sts (Fi.g.4.). These give rise to 

proastroblasts which contain vimentin intermediate filaments 1n 

their cytoplasm and express the Ran-2 antigen. Proastroblasts 

form astroblasts, identifiable by the presence of two types of 

intermediate filaments containing vimentin and glial fibrillary 
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acidic as well aH expression of Han-2 anti gen. 

Astroblasts differentiate into astrocytes having a distinctive 

stellate,shape. Oligodendroglia! precursor cells g1vc rise to 

oligodendroblasts containing galactocerebroside. Oligo-

dendroblasts form oligodendrocytes, which are identified by the 

presence of galactocerebroside and myelin basic protein. Post­

mitotic oligodendrocytes undergo three distinct stages of 

maturation forming light, medium and finally dark 

oligcM)endrocyles. The oligodendroglia! lineage differs from the 

astroglial lineage 1n being biphasic. There appears t.o be a 

production of oligodendrocyles 1n Lhe early stages of 

embryogenesis and then a period of quiescence, followed 1n 

postnatal life by another peak of oligodendrocyte production and 

maturation. Oligodendrocytes also have regional sequences of 

development which are related to the sequence of myelination. 

Intermediate forms between astrocytes and oligodendroglia have 

been observed, indicating that the lineages may have more 

plasticity than classical hierarchical concepts of lineages 

encompassed (77). 

Nerve fibres which remain with the brain and spinal cord 

receive support from, and are ensheathed by neuroglial cells. The 

axons are enclosed 1n a sheath of myelin which facilitates 

saltatory conduction of impulses. In the peripheral nervous 

system these myelin sheaths are derived from the plasma membranes 

of Schwann/neurolemmal cells. The myelin sheaths of axons in the 
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CNS are formed in a similar manner by oligodt~tulroeytes •. Nerve 

fibres in different parts of the brain and spinal are myelinated 
I 

at different stages of development that correlates with t:he time 

. they become fully functional. In humans, myelin formation be<}ins 

'in the ·spinal cord ·during mid-retal l•ife [.4th 'month] •and; its 

conipleted ~nly by the second to third year. ·of pos.tnatal ll.f'~. 

iPibres irf ·the ' bra·in ·are large.ly unmyelinated at birth, 

my~Tinat.ion Lcontiriues until ad:o}e.scence. Myel inat:ibn has; beeh 
1 

·associated with the milestones of human developmt~nt ~ 

.. The nature of cell interacti.ons a11d the signal's: indt:.lciing 

phenomena leading to•the next stage of differentiation. is stFB' 

involvement of cell surface· carbohydrates: are emphasi~ea .by. 

·reports that a marked · ihducti\on :. of N-linked · gly<F:'op.Foteih 

synthesis correHates temporally with· the onset of r1auronal ·rand 

·gli~l differentiation (27) • Er1z:Ymological studietrwith ml.c.to5oma1 

pteparations from developing· brain al:so demonstrate· ·increase ··i:n' 

·activities . in the N-glycosylation. pathway durin9 .:ictiv·e 

myelination ( 13.4) and synaptogenes.is ( 157). 'The ;identification ;of 

several ~marker antigens specific to neural tissue have. 

contributed :V~luable information withi respect to nerN~UB' sy.stam 

morpho9~nesis, function and . pathol'Ogy. Histog~hesis 'duri·n'q 

~ embryonic development· 1s often , initiated 
/ 

adhesivenes·s between cells.· The• available. data suggfust ttShaf 

basement .membrane 'proteins and cell a;d:l\Fesidm llloleoute's · tCAM.I'\'ii.te 
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involv<~d I II 1\ l I Ct' I I iHilH~H i 011 

molecules are integral membrane glycoproleins synthesized by the 

cells on which Lhc~y function. 

Neural cell adhesion molecule {N-CAM] 1s first expressed in 

the chick embryonic blastoderm and is found in conjunction with 

liver cell adhesion molecule [L-CAM], another pr1mary CAM 

probably expressed as early as the 2-cell stage. At the Lime of 

neural induction a dramatic change occurs in N-CAN and L-CAM 

distribution, N-CAM levels an~ markedly increased tn the rc~1ion 

of the neural plate while L-CAI"1 rapidly disappears, whereas in 

the re9ion of the som.atic c~cLodenn, L-Cl\M is Pnhanc<•d dS N-Cl\1\1 

slowly diminishes. Placodes destined to build neural structures 

express both primary cell adhesion molecules but eventually lose 

L-CAM. After an initial differentiation event, N-CAM and L-CAM 

diverge in cellular distribution and are modulated in prevalenc(~ 

within var1ous reg1ons of inductions, or actually decrease 

greatly when mesenchyme appear or cell migration occur. N-CAM 

disappears from somatic ectoderm and from endoderm, except for a 

population of cells J_n the lung. L-CAM J_s expressed on all 

ectoderma 1 and endoderma l epithelia but r<"mains rest ric ted in the 

mesoderm to epithelial derivatives oJ the urogenital system (51). 

N-CAM has been identified in chicken (151), rodent (49) and 

human neural tissues (221). This developmentally regulated glyco-

protein manifests as a polysialylated embryonic [ E 1 form 

containing 30% sialic acid by weight and a less sialylated adult 
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[A] form contal.ning 10% sialic acid by weight. The molecule 

mediates homotypic binding of neuron to neuron and heterotypic 

binding of neuron to striated muscle, in both cases, by a calcium 

independent hemophilic binding mechanism. Conversion from 

embryo.nic to ,adult forms occur during the perinatal period, with 

a concurrent increase in the efficacy of .binding. Although sialic 

acid is not dir~ctly involved in binding, it modulates binding 

presumably through its high negative charge. N-CAM chains consi~t 

of three domains, an amino-terminal domain containing a region 

mediating hemophilic binding, a middle domain containing three 

attachment Hites for the bulk of carbohydrate~, and a carboxy-

terminal domainw part of which spans the plasma membrane (67). 

The glycoprotein is conserved structurally and functionally 1in 

widely differing species and l.S implicated in neurite 

fasciculation (283), retinal lay~ring (42), f orma.t ion of · 

retinotectal maps (90) and in neuron-myotube formation (121). 
I 

N-CAM is present on neurons, and on predominantly immature 

astrocytes, oligodendroglia and Schwann cells. 

Just prior to the appearance of glia, a secondary adhesion· 

molecule termed neuron-glia cell adhesion molecule [Ng-CAM] is 

expressed in chick embryo. These glycoproteins are present only 

on the post-mitotic neurons of the CNS and on neurons and Schwann 

cells of the periphery ( 168; 330). The .adhesion molecule' binds 

homophilically to Ng-CAM on neurons and heterophilically to 

different molecules on astrpglial cells (123). Ng-CAM is 
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structurally and immunologi<·ally sim.ilar to the mouse I.l antigen 

(272,291) and has been shown to be identical to the nerve growth 

factor· inducible large ext<'rnal glycoproLein lNli.EI in r·al PC'l2 

cells (91). These integral membrane proteins are involved in the 

forma Lion and bund 1 ing of axons ( 271) , mi grat: ion of granular· 

cells along radial glial cells (198,199), 1n neuron-neuron 

adhesion and neurite outgrowth ( 94,86). ln developing cerebellum, 

granule cells continually express N-CAl-1 but aft:er they become 

post-mitotic in the superficial layers they exprcsH N<_J-CA!I-1, emit 

parallel fibres 1n the granule cell layer, and then migrat:e 

i·nward along Bergmann glial cells. 

Cytotactin is an extracellular matrix glycoprotein of neural 

and non neural tissues that mediates glia-neuron interaction and 

1s synthesized by glia but not neurons 1of the central and 

peripheral nervous system. Cells isolated from smooth muscle, 

kidney and lung also synthesize this protein (122) .irnmunochemical 

methods demonstrate that N-CM-1, Ng-CAr--1 and cytotaetin are highly 

concentrated at the nodes of Ranvier of adult chicken and mouse. 

In contrast, unmyelinated axonal fibres are uniformly st~ined by 

specific antibodies to both CAMs but not by antibodies to 

cytoLactin. Adhesive interactions between neurons and glia 

mediated by the CAMs and cytotactin may thus be a ~equirernent for 

establishing and mainLaining the nodes of Hanvier (275). 

Cytotactin has been found to share similarities in molecular 
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weight and antigl~nic proper·t i eH with the· ant tgt~n .J 1, another 

neuron-glia adhesion molecule (186). 

Myelin associated glycoprotein [MAG) restricted to the 

periaxonal loop of myelin, is now believed to be involved Hl 

neuron to oligodendrocyte or oligodendrocyte t_o oligodendrocyte 

interactions and myelination (265,354). 

All the above adhesion molecules are antigenically related 
\ 

and share common carbohydrate epitopes consisting of a sulfated 

glucuronic acid recognised by the monoclonal antibodies 1.2 and 

HNK -1 ( 16 2 ) • 

The novel adhesion molecule on glia lAMOG} does not belong 

t.o the 1.2/IINK-1 family. This calcium independent adhesion 

molecule lS an integral membrane glycoprotein expressed by 

Bergmann glial cells 1n the cerebellum at critical developmental 

stages of n~uron-glia interaction and granule neuron migr~tion 

preceding synaptogenesis. Astrocytes synthesize ANOG, which 

mediates neuron to astrocyte but not astrocyte to ast.rocyte 

adhesion. It is also expressed by oligodendrocytes and possibly 

subserve an adhesive function on these glial cells too. AMOG is 

detectable shortly before the onset of granule cell migration and 

unlike Ll and N-CAM that persists also in adulthood, ccdses to be 

expressed on Bergmann glia at the end of the migratory period. 

The adhesion molecule contains a carbohydrate epitope recognized 

by t~he monoclona.l antibody L3, also present. on I.1 and MAG but not 

on N-CAM nor J1. The functional significance of these cross 
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reactivities and of llH' 1.3 (~pitopP haH not lH'<'Il <'sl.tblir;lu~d as 

yet ( 6) • 

Recent reports have demonstrated that AMOG is a homologue of 

the ~-subunit of Na,K-ATPase suggesting that these molecules or 

variants of the ~-subunit of the Na,K-ATPase, tightly associated 

with an a-subunit, are recognition elements for adhesion that 

subsequently link cell adhesion with ion transport (113). 

Another cell surface glycoprotein distinct from N-CAM and 

NILE and termed Astrotactin, has been identified on nwuse granule 

neuron cells. This antigen appears to play an important role i•• 

the formatlion of neuron-gl ia cell contacts and ts n·qu ired for 

neuronal migration along astroglia and for neuronal regulation of 

aslroglial cell growth (70) . .Studies with norm.1l and w<~d.ver- mtce 

strains have established that astroglial differentiation into 

forms that support migration, appear to rely on proper inter­

actions with normal granule neurons (141). Thus it is likely t~at 

astrotactin 1.s important for a variety of contact mediated 

relationships between neurons and astroglia. 

Histogenesis is not limited to cell-cell interactions. The 

exlracellulilr matrix components provide at,tachmenL sit.es for 

cells and thus mediate cell-matrix interactions necessary for the 

maintenance of a proper tissue histoarchitecture. All matrices 

contain glycoproteins, collagens and proteoglycans as major 

structural elements. The basement membrane is a special type of 

matrix that is deposited in a polar fashion around epithelial and 
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endothelial cells. Around fat cells, muscle and Schwann cells it 

is seen on all sides of the cell. Experimental studies on tissue 

repair have shown that basement membranes are import~anl for Lhe 

maintenance of tissue· structure, and embryological studies 

suggest a role for these membranes in histogenesis (333). 

The adhesive properties of basement membranes have be~n 

ascribed to glycoproteins. These substrate adhesion molecules 

l SAM] mediate cell~substrate and substrate-substrate interactions 

which can al Ler the biological properties of the individual 

basement membrane comp'onents crucial to morphogenesis (72). The 

exlraccllular matrix ·glycoprotcins _laminin and fibroneclin are 

known to stimulate rapid and profuse neurite elongation from a 

wide variety of central and peripheral neurons. This fact, 

coupled with the presence of laminin and fibronectin immuno­

reactivity in embryonic tissues through which axons grow, suggest 

the involvement of these SAMs in nerve growth-, in vivo ( 278) • The 

increased expression of SAMs during embryogenesis corroborate its 

participation in the adhesion and migration of cells. The effect 

of matrix proteins would be mediated by binding to eel 1 surfac<~ 

receptors. An illustration of CAM-SAM interaction 1s the 

conjugate relation between N-CAM expression and fibronectin 

appearance in the development of neural crest cells (3~1,62). 

Fibronectin has been detected 1n embryonic and early postnatal 

mouse brain restricted t~ a re~ion along the route of cerebellar 
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granulf! efd I migration. However, this glycoprotein does not 

appear to be present in adult brain (142). 

The matrix proteins too demonstrate speeific binding sites 

for cell surfaces and other matrix proteins •. It is evidenced for 

laminin that a heparin binding domain appears to promote neurite 

outgrowth, another domain interacts with Type IV collagen while 

the central core regl'on of the molecule is i involved with cell 

binding. Fibronectin also has separate domains that bind 

respectively to collagen, heparin or cell surfaces (72). 

The presence of Ll, N-CAM, MAG and L2/HNK-1 epitopes have 

been demonstt·ated on. basement membranes and collag(~n fi.brils. 

Similarly, the. adhesion molecule Jl has been observed on collagen 

fibrils 1n the proximity o( denervated but not innervated 

neuromuscular junctions. It is suggested that these CAMs are 

secreted by unevenly localized celltilar sources and are xetained 

by the extracellular matrix, where they subserve yet unknown 

functions. Nevertheless, a salient inference is that a rigorous 
\ 

classification of adhesion molecules into those that mediate 

interactions with·other cells and those mediating interactions 

with the extracellular matrix is futile, as adhesion molecules 

have now Leen found both as inLt~gr<l.l membrane coawt LLuenLR dH 

well a~ part of the extracellular matrix (220). 

It is evident that development of the nervous system specify· 

distinct, yet coordinated morphogenetic steps : neural induction, 

·cell proliferatio~, migration, aggregatio~, cytodifferenti~tion, 
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synapsl~ for-mat. ion, cf>l I death and synapsr~ elimination. Three 

separate kinds of supramolecular systems are involved 1n the 

generation and maintenance of these phenomena, v1z. cell-cell 

adhesions mediated by the CAMs, cell-substrate adhesions mediated 

by the SAMs and cell contacts via intercellular junctions such as 

' gap and tight junctions and desmosomes. Each system contain 

different gene products, but certain portion$ of each of these 

systems interact heterarchically with the others and mutually 

modulate their functions. It has been proposed that cell-ceLl 

recognition occurs by means of local cell surface modt1lation of 

a sma II number of proLPins rathPr· t.han by PXprPH~>ion ol lan1c 

numbers of different cell surface markers. 

Perturbation studies w1Lh antibodJes a~1ainst HpPeif 1c 

molecules indicate that migration of granuLe cells involve 

Ng-CAM, Ll antigen, cytotactin, a glial-derived neurite promoting 

factor (GdNPF] . which in addition 1s a potent serine protease 

inhibitor ( 263), AMOG and possibly N-CAt-1. 

Studies on mouse sciatic nerve have revealed that axon-

Schwann cell interactions are characterised by the sequential 

appearance of cell adhesion molecules and myelin basic protein 

apparently coordinated in time and space. l·'rom thiH sequencl':.~ it 

has been deduced that Ll and N-CAM are involved in fasciculation, 

initial axon-Schwann cell interaction, and onset of myelination, 

with MAG to follow and myelin basic protein to appear only in 

compacted myelin. The formation of compact myelin is the basis 
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for rapid propa9ation of action potentia 1 s throw1h sa I tatory 

conduction in the axons. In contrast to Ll, N-CAM is probably 

involved in t:he maintenance of compact. mye I in and axon-myel in 

apposition of larger diameter axons (286). 

Another recent observation was that the cell adhesion 

molecule Ll interacted with itself, the avidity of which was 

enhanced by specific association of Ll and N-Cl\M on the cell 

. surface of one of the interacting partner cells ( 163). This 

functional coop(~rativity between N-CAM and 1.1 was ca r-bohydt~ate 

dependant, based on the presence of particular complex and hybrid 

glycan structures on these molecules (164). 

It 1s thus probable that adhesion molecules do not act 

independently of each other, but cooperate synergistically 

exerting thereby an additional modulatory control to the overall 

morphogenetic processes. The modulatory effects of one adhesion 

molecule on the other would endow a particular cell with 

combinatory possibilities in regulating the quality and strength 

of cell surface contacts. 

At least three kinds of regulatory signals responsible for 

modulation have been suggested - (a) Prevalence modulation or 
\ 

signals for ce11 adhesion molecule gene expr~ssion, Cb) polarity 

modulation or signals caus1.ng alterations 1n distribut:ion at 

different locations on an individual cell, v1z. mechanisms 

governing the transport of cell adhesion molecules to the cell 

surface, and their metabolic turnover, and (c) signals inducing 
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chemical modification of the cell adhesion molec~les such as the 

E to A conversion of N-CAM. At present, very little is known 

regardirig the nature of the signals responsible for act:ivation of 

the various CAM genes in the expression sequence. One potential' 

factor 1s the release of morphogens following cell contact, which 

serve as signals at the sites of embryonic induction as 

illustrated by the observation that nerve growth factor could 
\ 

enhance the expression of neuron-glia adhesion molecule in PC12. 

cells (91). There are evidences that physiological alterations 

can induce altered CAM expression as illustrated in the event of 

peripheral nerve injury and repair (54). The proliferation of 

neuroglial cells is important in the early development of the 

CNS. After the cessation of development in t_he mature CNS, nearly . 
all of the neuroglial cells withdraw from the cell cycle and 

enter a quiescent state, or have a very low rate of turnover. It 

has been evidenced however, that certain of the glial cell types 

coUld respond to CNS trauma in adult animals by· an increase _in 

proliferative activity which contributed to the formation of a 

glial scar (173). These observations are indicative of a complex 

' \ 

signalling system relating morphology to CAM expression. The 

possible role of neurotropic agents, hormones, neuropeptides and 

other environmental factors in the induction and coordination of 

\ morphogenetic events should therefore be a major consideration in 

the overall analysis of the modulatory and regulatory mechanisms 

governing the formation and maintenance of nervous tissue. 
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A second type of signal generating mechanism for CAM gene 

express1on would be the asymmetric interaction at the cell 

surface of CAMs themselves, leading to global cell surface 

modulation that would directly effect induction through 

cytoskcletal changes. This would 1n turn alter CAM gene 

expression and CAM surface transport by propagation through the 

cycle. Another alternative, not yet demonstrated, is a cellular 

interaction with SAMs such as laminin, fibronectin and collagens, 

followed by global surface modulations and alterations in CAM 

express1on. Cyclic appearances of N-CAM and L-CAM do occur in 

embryogenesis whatever the nature of the signals. 

In vitro experiments have demonstrated that N-CAM turned 

over at~ the cell surface and t~hat the E-form was rep I aced at 

least in part by the A-form. When combined with the structuraJ 

work showing that sialic acid 1s nmdulated, and not the 

carbohydrate attachment sites, these observations suggest that an 

intracellular sialyl transferase or sialidase is being regulated 

along with the transport of the molecule to the cell surface. 

Thus it is a combination of dynamics of expression, 'the 

regulatory loops, and various modulation mechanisms acting on a 

relatively few cell adhesion molecules of different specificity 

that epigenetically yield the differentiation patterns in neura] 

histo~1enes is. 

Adhesion is not a purely physical phenomena. Cell-ce]J 

adhesion can trigger biochemical si9nals leading to alterations 
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1n gene expression and/or functional properties of neural cells. 

Direct contact between glial cells and neurons 1n vitro promote 

biochemical changes in several differf~nt types of glial ct:dls. 

Such changes include the ability to express mature biochemical 

properties, such as cortisol-mediated glutamine synthetase 

induction in chick retinal and tectal glia (200,201), stimulation 

of rat Schwann cell division (133) and morphological differen­

tiation accompanied by cessation of proliferation in mouse 

cerebellar astrocytes (140). Neuron-neuron contact has led to 

changes in cellular levels of the neurotransmittei biosynthetic 

enzymes tyrosine hydroxylase, choline acetylLransferase and of 

the neuropeptide, Substance P, 1n chick sympathetic neurons and 

rat PC12 cells (2,210,367). 

Besides the comparatively well characterised adhesion 

molecules several neural marker protein antigens have been 

identified. These antigens have been mainly used to date as 

immunochemical tools to distinguish various neural cells and cell 

structures. Many of these proteins have been demonstrated 1n a 

wide variety of species. The conservation during evolution 

further supports the assumption that a protein not required by 

another tissue, has a potentially important ·function possibly 

specific to nervous system. A few relevant neuroglial markers 

have been enumerated. 

Glial fibrillary acidic protein [GFA] was first isolated 

from tissues rich in fibrous astrocytes and from human brains 
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with a pathology leading to fibrous gliosis, r~.g. mull iple 

sclerosis plaques. Subsequently, this protein was isolated from 

normal bra in tissue and from a wide rangr~ of vertebrate species. 

GFA is absent in peripheral nerve and other organs, is localized 

in glia, predominantly in astrocytes, and hence is used as an 

astroglial marker. Intermediate astroglial filaments distinct 

from actin or tubulin contain GFA as the major constituent. 

Proteins immunochemically related to GFA have been demonstrated 

recently in non-glial cells such as human fibroblasts (32). 

A soluble brain specific acidic glycoprotein, az-glyco­

protein, has been report~ed lo be specifically localized on 

astrocytes. This marker exhibits differential distribution in 

neural tumours and is always present in astrocytomas but absent 

in glioblastoma multiforme. However, the function is not known 

( 349) • 

Nervous system antigen-1 [NS-11 is found only 1n brain and 

neural tumours. Several mammalian spec1es manifest this antigen 

which appears before onset of myelination 1n oligodendroglia! 

cell surfaces but not on astroglia or neurons (33). 

Alterations in Glycosylation - Rel~tionshiE§ __ tCl___Qi~~~l~-s~_ 

A comparative analysis of the N-glycosylation of particular 

glycoproteins provides an excellent probe for acquired or 

inherited cell-type-specific or tissue-specific dysfunction. 

Several inherited diseases categorized as lysosomal storage 

disorders are known to be associated with abnormalities in the 
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genes for glycosidases. Comparatively, only a limited numbe1- of 

genetic diseases caused by defective oligosaccharide biosynthesis 

are known,for e.g. I-cell disease and pseudo-Hurler polydystrophy 

in which a deficient phospho-N-acetylglucosaminyl transferase 

activity 1s manifested as defective transport and targeting of 

lysosomal enzymes. 

Immune complex formation in rheumatoid arthritis has been 

attributed to an altered N-glycosylation in'the Fab domain as 

well as the presence of agalactosyl structures in the Fe domains 

of these patients (342). 

The presence and integrity of N-linked oli9osaccharides of 

the a-subunit gonadotropic hormones are essential for the 

activation of adenyl cyclase 1n the target tissue but not for 

binding to the hormone receptor. Deglycosylation is associated 

with increased affinity of binding to the recep~or (285). 

Cancer 1s a disease 1n which abnormalities of both cell 

growth and cell development are found. Transformed cells have 

altered surface membranes as demonstrated by the occurrence of 

tumour-specific surface antigens, decreased cellular adhesiveness 

and cohesiveness, increased agg 1 utinabi 1 i ty by plant lectins, 

altered patterns .1n glycolipids and glycoproteins, loss of 

contact inhibition and metastatic spreading. Such alterations in 

the surface membranes are possibly related and could be 

manifestations of an overall process 1n which the reg11lation of 

internal metabolic events by cell-surface macromolecules 1s 
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altered by transformation (12). Transformed cells are capable of 

indefinite proliferation and are able to overcome some of the 

physiological and mechanical constraints that restrict the 

population growth and territorial expansion of normal cells. In 

addition, tumour cells are frequently immature and lack the 

functional attributes of normal cell counterparts. 

Tumorigenesis, growth control and metastatic spread involve 

recognitive phenomena and are mediated through cell-surface 

biomolecules~ Changes detected in structure and composition ~f 

carbohydrate moieties of glycoproteins in oncogenically 

transformed cells serve as a basis to propose functional 

involvement of the phenomenologically described alterations. 

No causally related alterations in amino acid sequence have 

been found in tumour membrane glycoproteins, and subunit inter­

actions of these components seem, in general, to conform to 

normal patterns. Changes in the glycan structure was observed 

with consistency but many of these w~re not associated 

exclusively with the malignant phenotype. 

Appearance of an abundance of high molecular weight 

sialylated glycopeptides on tumour cells that promote premature 

migration of immature malignant variants have been evidenced. 

Malignant cells expressed more highly branched structures, 

containing an increased degree of sialylation. The high levels of 

sialic acid in the surface exposed carbohydrate of tumour cells 

is a necessary condition for the manifestation of invasiveness 
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and Lumori~Jenicity and correlates dirf~ctly with mf~tastatie 

potential (360,296). 

Comparison of fucose labelled glycopeptides derived from the 

surface of malignant and corresponding normal cells established 

that structural changes 1n fucose containing N-glycosidically 

linked carbohydrates, constituted a discrete step 1n the 

progressive multistep process of malignant transformation, and 

was a specific' and necessary determinant of the tumorigenic 

phenotype. Increased binding of fucose specific lectins to more 

highly metastatic variants have also been evidenced. Trans­

formation of a number of cell-types resulted in an increase in 

the size of fucose containing cell surface glycopeptides (312). 

According to the lock and key complementarity hypothesis, 

proteins capable of specifically recogn1s1ng these sugar 

determinants such as the glycosyl transferases, sugar specific 

antibodies or endogenous lectins should also reflect variations 

1n expression and composition. Differentiation-dependant changes 

ln the patt:ern of carbohydrate-binding proteins 1n the 

intracytoplasmic and intranuclear compartments of brain tumour 

cells, have be~n demonstrated suggesting the probable involvement 

of the 'glycoconjugate-endogenous receptor' system in malignant 

cell transformation (19). The endogenous lectins are assumed to 

participate in regulatory processes of tumour growth (96). 

Tumour immunology has uncovered many tumour distinctive 

antigens defined by monoclonal antibodies selected by 
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preferential reactivity of tumour cells over normal cells and 

tis~ues. Many of these antigens are directe.d to carbohydrate 

antigens in glycolipids, glycoproteins or proteoglycans. T~e 

identified tumour associated glycan structures are .closely 

related to the classically known blood group antigens and the 

major human alloaritigens highly expressed in epithelial tissues 

( 127,78) • They are fucosy lated, sia ly lated mul tiantennary chains. 

Most types of tumour associated carbo}Jydrate antigens have been 

found to be highly expressed .at certain defined stages of 

~mbryogenesis and fetal development, while others were found at 

the stem cells of a certain cell lineage during differentiation 

and matu"ration ( 107). In an attempt to explain human cancer the 

concept of a transforming gene or oncogene was introduced, 

however, the majority of human cancers did· not express any 

oncogene whatsoever (189). In striking contrast, aberrant 

glycosylation could be found not only in experiment~! cases but 

essentially in all types of naturally occurring human cancers.· 

Thus . carcinogenesis presumably results from a combination of 

genetic and epigenetic alterations and involves aberrant 

glycosylation of glycoconjugates but not the amplifiqation or 

expression of oncogenes (16). 

The tumour antigens are expressed in the majority of human 

cancers, and combinations of these antigens seem to cover the 

expressiol) tumour-associated • carbohydrate antigens 1n of 
'\ 

essentially all human cancers. In spontaneous human cancers, 
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tumour development is a mult:istep process from in situ cancer at 

its earliest stage to a highly metastatic tumour that becomes 

lethal to the host. Glycosylation patterns have been found to 

reflect the stage of tumour development. 

Information with regard to (a) the mechanism of regulation 

of carbohydrate expression at the transcriptional and post­

translational levels and the organisation of glyco~y 1 transferases 

1n membranes (b) the functional concept of carbohydrate 

expression and developmental changes associated with oncogenes is, 

and (c) the mechanism of recognition of carbohydrate 
. I 

immune 

chains, is fragmented. Currently, monoclonal antibodies and anti-

idiotype's directed to carbohydrate antigens on oncogenically 

transformed cells, used alone, or as conjugates 1n cancer 

therapy, in tumour imaging, and in the targeting and delivery of 

drugs 1S un_der investigation. Active immunization with 

carbohydrate antigens is another probable line of approach to 

cancer therapy. Since cancer is essentially a disease of 

phenotype regardless of its genetic mechanism, diagnosis and 

treatment should be focused on phenotype. Of the many phenotypic 

is the most obvious with chemically well defined parameters. It 

therefore appears to be the best target for diagnosis.and therapy 

(129). 

It 1s indisputable that glycoproteins and their oligo-

saccharides are important participants 1n cell-sociology and 
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physiology. Many glycoproteins have been identified 1n nervous 

system tissues, however, a detailed understanding of the 

composition and structure of complex oligosaccharides associated 

with only a few glycoproteins have LP-en determined. In spite of 

the progress made in this a ea, the function of the majority of 

brain glycoproteins remains unknown. Major obstacles in the stu~y 

of brai.n glycoproteins are due to the vast cellular heterogeneity 

of nervous system tissues as well as difficulties in obtaining 

large and homogeneous quantities of individual glycoproteins. The 

role of cell surface glycoproteins in adhesion phenomena has been 

best studied. Nonethel~ss, the described functions for such cell 

surface, nervous system-specific glycoproteins have in large part 

been elucidated or partially understood using in vitro systems. 

Their specific 

developmental 

investigation. 

understanding 

roles within the nervous system, either 1n a 

or differentiation setting, await 

In this context, an important 

nervous system development would 

future 

goal 

be 

in 

the 

identification of cell surface glycocomponents involved in neural 

recognition, guidance, migration and in the formation of synaptic 

contacts. Progress in technological areas as well as the use of 

monoclonal antibodies and other specific molecular probes should 

provide answers to some of these elusive questions, and the 

molecules involved, in the future. 
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AIMS AND OBJECTIVES 

It is evident that cell surface glycoproteins are implicated 

in a multitude of cellular processes in~olving recognition 

phenomena, such as, morphogenesis, oncogenesis as well as 

receptor-ligand interactions. Cell-sociology has not yet been 

fully defined at the biochemical/molecular levels. This is 

especially so with respect to the mammal ian nervous syst(~m due to 

its diverse and complex nature. Fetal tissue is a differentiating 

and developing system and would therefore manifest best the 

entire spectrum of events constituting cell-sociology. The 

molecular characterisation of a developing system is expedient to 

understanding the basis and mechanisms of cellular development 

and differentiation to form functionally mature cells, as also 
\ 

the kind of structural elements necessary for functional 

maturation. In addition, the studies would enable one to 

determine how the control of different.iation of tumour cells 

differed from that of normal cells. It has been established that 

a close parallel exists between normal immature cells and 

oncogenically transformed cells. Antigens claimed to be tumour-

specific have been subsequently demonstrated as the adhesion-

proliferation and differentiation antigens in fetal tissues or 

immature cells 1n the adult. The identification of oncofetal 

proteins and the expression of prol iteration-differentiation 

antigens 1n transformed cells suggest that tumour cells are 
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probably arrested at, and representative of, a certain stage of 

maturation along the normal developmental pathway. The 
\ 

application of such differentiation markers in the classification, 

of tumour cells as well as in the diagnosis, therapy and 

prognosis of cancer has in fact become a feasible possibility in 

recent years. 

A number of nervous system specific, cell membrane glyco-

proteins mediating crucial cellular events in CNS development and 

sociology have been described in the preceding section. However, 

it is worth noting that most of the characterisation work on 

neural tissue are limited to ;n6n-human, mainly avian and rodent 

systems. Most of the information available on human CNS sociology 

has been obtained through indirect, extrapolatory protocols. 

Besides, 1n compar1son with neuronal types very little 
\ 

cell 

information is available on the molecular aspects of glial cell 

d~velopment and function. Hence the characterisation of a few 

glial cell surface-specific glycoproteins from developing human 

brain would contribute towards a better understanding of glial 

cell-sociology and functions in general, and have more pertinence 

to its role in human development. 

The objective of the present study is to isolate, identify 

and characterize glial cell surface-specific glycoproteins from 

developing human brains. The study involves, (a) Separation of 

glial cells and neurons from II~ [CR length = 9-20 em] arid III~ 

[CR length = 24-36 em) trimester human foetal brains. (b). 
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Isolation of C(~ll surfacf~ qlycoprotcins from qlial C('lls of 

different gestational age groups. (c) Physicochemical /biochemical 

characterisation of the isolated glial cell surface glyco­

proteins. (d) Age related compar1son of identified glycoproteins 

from II~ and III~ trimester groups to ascertain whether these 

glycoproteins are subject to developmental regulation, and (e) 

Immunolbgical characterisation in order to verify if the isolated 

glial cell surface g lycoproteins are ce 11, tissue or spec1es 

specific. 



CHAPTER. - I I 

MATERIALS AND GENERAL METliODS 



MATERIALS 

D-glucose~ ·o-galactose, D-mannose, N-acetyl glucosamine, N-

t:i.cetyl galactosamine, N-acet:ylneuraminic acid, H<'rotonin, bovine 

serum albumin, ovalbumin, ferritin, soybean trypsin inhibitor, 

fetu:in, dansy~ . chloride, dansyl derivatives of amino acids, 

".4-N .~' :-dimethy 1 aminoazobenzene-4'- isothiocyanate, 3, 3' -d iamino-.. 
benzidine., Coomassie Brilliant Blue G-250, Sudan Black B, Amido 

Ill • •. • 

Bl~ck, fluo;escein isothiocyanate, Tris, sodium lauryl sulfate, 

dithiothreitol ,1 acrylamide, N,N'-methylene-bis-acrylamide, 

~,N,N',N'-tetramethylenediamine, iodoacetamide, iodoacetic acid, 
'~$ .. ~ "' 

~uar gum, thiobarbituric acid, 1,4-butanediol diglycidyl ether, 

N<:t~NBH4 , Neuraminidase [Clostridium perfr ingens 1 , Lysostaphin, 

Horser<ldish peroxidase, Trypsin, Trypsin (TPCK treated], 

'Galactose oxidase [Dactylium dendroides], and Freunds adjuvant 

were· purchased from Sigma Chemical Company, St.Louis, U.S.A. 

Coomassie Brilliant Blue R-250 was a product of Pierce Chemical 
.. 

Company, Rockford, U.S.A. Triton X-100, Tween 20, KBH 4 , phenyl 

i~thiocyanate, phenyl methane sulfonyl fluoride, benzamidine 

hy4~ochloride, guanidine hydrochloride, 2-amino pyridine, amino 
" "' -":*'41" ·~ 

naphthol sulfonic acid, trifluoromethane sulfonic acid, 

trifluoroacet,ic acid and Deoxyribonuclease II [from bovine 

spleen] were obtained from Fluka, Buchs, Switzerland. Sodium 

\ 
periodate, NaAs03 , NaBH4 , 1-0-methyl-a-D-glucopyranoside, and 

N-ethyl morpholine were procured from Koch-Light Laboratories 

Ltd., Colnbrook, England. Silica gel TLC plates were obtained 
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from E.Merck, Darmstadt, Federal Hepublic o( Gc~rmany. Soybean 

agglutinin was a gift from Dr. Nathan Sharon, Dkpt.of Biophysics, 

Weizmann Institute of Science, Rehovot, Israel. Barbituric acid 

and barbitone were obtained from BDH Chemicals, Ltd., England. 

Nitrocellulose paper and Biogel P-4 wei;"e products of BioRad 

Laboratories, Richmond, U.S.A. Ficoll 400, Sephadex G-75, 

Sepharose 48, Sepharose 6B and Sephacryl S-300 were rmrchased 

from Pharmacia LKB Biotechnology, Uppsala, Sw,eden. DOWEX 50x8 and 

amino acid standards were from Serva FeinbiochPmiea, Hidelberg, 

·cermany. Human IgG was purchased from Behringwerke, AG, Marburg, 

Federal Republic of. Germany. Goat anti-rabbit f-globulin was 

procured from Immunodiagnostics, New Delhi; India. NaB[ 3 H]-4 and 
., 

3 H-acetic anhydride were supplied by Amersham International, plc, 

England. 14C-acetic. anhydride was a product of Bhaba Atomic 

Hesearch Centre, Bombay, Jndia. All other reagents wc·n~ of 

analytical grade and were obtained from local sources. 

GENERAL METHODS 
Protein ~as estimated by an adaptation of Bradford's protein 

dye-binding method (37) or a modified Lowry method (64). 

Reagents 

i) Coomassie Brilliant Blue G-250 dye solution - 0.06% 1n 0.3M 

\ perchloric acid. 

ii) Solution A - 2% Na-K tartrate in water. 

iii) Solution 8 - 1% CuS0~.5H20 in water. 
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iv) Solution C - 2% Na2C03 in O.lN NaOH containing 3% SDS. 

v) Alkaline tartrate reagent - the solutions A,B and C were 

mixed 1n the ratio A:B:C,l:l:98 (v/v/v) just prior to use. 

vi) Folin reagent - lN solution. 

In the dye-binding assay, l.Sml of protein solution was mixed 

with an equal volume [l.Sml] of Coomassie Blue dye solution and 

the resulting colour was read immediately at 620nm. Crystallin~ 

bovine serum albumin was used as the reference standard. 

The modified Lowry estimation was carried out in a total volume 

of O.Blml. To !SOul protein solution was added 600ul of freshly 

prepared alkaline tartrate solution. After 10 min, 60ul of lN 

Folin reagent was added and mixed. The blue colour was read after 

30 min at 660nm against the reagent blank. Crystalline ovalbumin 

was the standard protein employed. 

Total carbohydrate was measured by the phenol-sulfuric acid 

method of Dubois et al in a total volume of l.lml (63). D-mannose 

was used as the standard. The assay system comprised of lOOul of 

carbohydrate solution to which was added 200ul of a 5% phenol 

solution and BOOul of ice-cold concentrated H2 S04 • The optical 

density of the dev~loped colour was read after 15 min at 485nm. 

Sialic acid was estimated by the thiobarbituric acid 

protocol of Warren (351): 

Reagents 

i) Periodate solution - 0.2M NaiO_. 1n 9M H3 P04 • 

--~ --- ~---~-----~--
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ii) Arsenite reagent - 10% Nal\.s03 In O.lN II2 SO, containing O.SM 

iii) TBA reagent - 0.6% thiobarbituric acid in O.SM Na2S04 • 

Glycoconjugates were desialylated in 0.1N H2S04 at 80oC for 1 h. 

The hydrolysate [25pl] was mixed with 25pl of periodate solution 

and kept in the dark at 25°C for 20 min. To this mixture was 

added 250pl of arsenite reagent and vortexed until colourless. 

The solution was then mixed with 750pl of TBA reagent and heated 

for 15 min at 100°C in a boiling water bath. The cooled solution 

was vortexed with 750pl of methyl cellosolve, centrifuged, and 

the supernatant filtered through a Whatmann No.1 microfilter 

apparatus. The absorbance of the clear filtrate' was measured at 

549nm against the standard, N-acetylneuraminic acid. Fetuin was 
"'f:t ' 

used as a reference sialylated glycoprotein. 

Phosphorus estimation was adapted from the procedure of 

Bartlett (21). 

Reagents 

i) Ammonium molybdate solution - 0.44g ammonium molybdate 1n 

100ml water containing 1.4ml H2 SO,. 

ii) ANSA reagent- 3g sodium metabisulfite, 0.6g Na2 S03 and 0.05g 

of 1,2,4-amino naphthol sulfonic acid was dissolved and made 
\ 

upto 25ml in water. The solution was kept in the dark for 

12-16 h at 4°C and filtered. Working reagent was prepared by 

diluting the.stock solution 1:12,ANSA:water (v/v). 



The sample [50ull was refluxed with 0.2ml perchloric acid and 

25vl of ammonium molybdate solution for 2-4 h at 240"C in a sand 

bath Lo oxi.diHe all organic material and quantitativ<~ly convert 

the organlc phosphorus into 
. . 
lnorganlc phosphate. To the 

colourless solution was added O.Gml of ammonJum molybdate 

solution and 0.6ml of ANSA reagent. The mixture was boiled at 

100°C in a boiling water bath for 10 min and cooled. The blue 

colour was measured at 830nm. Potassium dihydrogen orthophosphate 

was used as t.he standard. 

I. Sodium dodccyl sulfat:e- polyacryl.amidc gels of 7%, 8%, 10°& 

and 12% (w/v) concentrations were respectively prepared as per 

the procedure of Laemmli (190). All preparative and analytical 

SDS-PAGE were carried out on vertical slab gels of 1.5mm 

t:hickness Hl a minigel unit: [ 8. 3 x 7. 3cm 1 or .ln the Broviga 

vertical slab gel unit [12 x 15cm]. A 3% spacer gel was layered 

over the separating gels. 

Preparation of 3-12% gradient SDS-polyacrylamide slab gels 

were adapted from procedures reviewed by Hames (131). 

Reagents 

i) Acrylamide solution [50%, w/v] - 48.Gg of acrylamide and 

1.315g of methylene bisacrylamide was dissolved, made upto 

100ml in water and filtered. 

ii) Separating gel buffer - 3M Tris-HCl, pH B.85, containing 

0.4% SDS. 
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iii) Ammonium perHul fatP. Holution [ lOOmg/ml 1 waH fH"f!pan•d freHh. 

iv) 3% gel solution was made up of Sml separating gel buffer, 

1.2ml acrylamide solution and 13.8ml of water • 

. v) 12% gel solution was made up of Sml separating gel buffer, 

4.8ml acrylamide solution and 10.2ml of water. 

Similarly, for a 5-25% gradient gel the respective 5% and 25% gel 

solutions were prepared 1n a total volume of 20ml. All gel 

solutions were degassed before delivering into the gradient mixer 

apparatus. 

A 3-12% gel gradient was formed with a gradient mixer 

apparatus. To the reservoir chamber of the apparatus transferred 

17ml of 3% gel solution mixed with 40pl of ammonium persulfate 

solution and 7ul of TEMED. The mixing chamber contained 16ml of 

12% gel solution to which was added 32pl of ammonium persulfate 

solution and 6pl of TEMED. The gel gradient was delivered from 

the mixing chamber via a peristaltic pump to the slab gel unit at 

a flow rate of 3-4ml/min to complete gradient formation within 

15 min. Gradient gels were utilized directly without the 3% 

spacer gel. 

Electrophoresis was carried out in 0. OSM Tris-0 .192M glycine 

-0.1% SDS, pH 8.3 chamber buffer, at a constant current of lSmA 

for minigels and 40mA for standard slab gels. The gels were fixed 

in 50% methanol containing 0. OS% formaldehyde to remove SDS, 

replacing the solution thrice over a period of 1 h. 
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Tlu~ g<~IH wen~ stained for protein with CoomasRie BriJ I iant 

Blue-R250 and · destained according t.o lhe met.hod of Weber and 

Osborn (353). 

Silver staining was carried out directly after electro-

phoresis or on CBB stained gels by the procedure of Wray et al 

(358). Gels destined for silver staining were first made 

completely frc~e of SDS by several chan9es in fixin9 solution with 

boiling, followed by soaking for a minimum of 24 h 1n 50% 

methanol. This treatment abolished back~)round colour during 

' silver staining. 

Carbohydrate 1,n glycoproteins were specifically detected 

after SDS-PAGE by the Thymol-sulfuric acid staining protocol of 

Gander (108). 

Identification of Con A-binding glycoproteins on SDS-PAGE 

gels was effected with FI'fC-Con A according to the method of 

Furlan et al (93). 

Sudan Black B staining for lipids was carried out on 50% 

methanol fixed SDS-PAGE gels as per the procedure of Fringes et 

al ( 92) • 

The standard molecular weight marker proteins used were 

bovine serum albumin [67 KDa], immunoglobulin G light chain [2~ 

KDa], immunoglobulin G heavy chain [50 KDa], ovalbumin [45 KDa] 

and Con A [27 KDa]. All the protein samples in chamber buffer 

containing 2% SDS, 10% 2-ME and 20% glycerol were heated for 

3 min in a boiling'water bath at 100°C prior to application on 
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the gel. Standards were loaded 5-15}1g per well while glial 

proteins were applied at higher concentrations of 25-lOOltg to 

enable their detection. 

II. Acid urea-PAGE. was carri:ed out. at pH 4. 2 in 5% polyacryl...., 

amide gels dontaining 6M urea by a modified pracedure·(301). 

Reagents 

·i·) Acrylamide-ur~a solution''"" ;fg acrylaJnide, 27. 7mg methyJen:•' 

· 'hisacrylamidei 7.2g tu·ea, 1.046ml glac'ial acetic ac.id and 

116}11 TEMED were dissolved in water and adjusted with KOH to 

pH 4.2. The solution was made upto. a tdtal volwne <)Cf .P~.33:mcl 

and filtered through .Whatmann No.lpaper .. 

ii) lilim:u:;,.nium persulfate solution ;,.:. 6% in water. 

iii) · Chambe'r bUffer - 14g glycine and ,1. Sml acetic acid was· made 
~ . 

uptc.vlT• in: water to >give a pH 4:.2. 

T&e gel ~pol;ymerisation rea.ct'io·n: •was commenced··by mixing 14. ~m} ·~· . 
• i i 

acrylamide-urea solution with O:i5ml· of a:mmonium persulfat.e" '~i''k~ 

mixture ·was ·.·quickly transferr.ed •to the slab gel apparat•lis a8iij· 

allowed · to set at 25°C . for 3 h ~· The gel was• run in abamb~i 

·buffer, ·pH 4. 2 at ambient ·t-emperature in reverse. mode ... >.R~tY+•:~ 

constant current of 12mA with mett·hylene blue as the: track\;i:'n<j,' 

Samples\were prepared in chamber buffer containing 8M ureac~: 

2-"ME and 20% glycerol; adjusted't.o<pH 4.2, and heated 

at 100°C before loading 59-lOUllg protein per well. The 

S'tained with CBB, and/or silve:r as described earlier.; 
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Electroelution o~roteins 
~ - ·--~ =:::::..-:=--- z-- = :o::=-=,. 

The protein bands were excised from fixed CBB stained SDS-

PAGE gels. During large scale preparation of protein a single 

well was stained on the methanol fixed gel and corresponding 

bands were then cut out from the rest of the wells. The-protein 
. 

was recovered from the gel slices by an electrophoretic elution 

procedure ad~pted from methods employing a discontinuous 

conductivity gradient (251,317). 

Reagents 

i) Solubilization buffer, pH 8.8 - 0.025M Tris-0.075M glycine-

1% SDS (w/v)-0.005M DTT-40% glycerol (v/v). 

ii) Recovery buffer, pH 8.8 - Q.025M Tris-0.075M glycine-O.OOlM 

DTT-40% glycerol (v/v). 

iii) Chamber buffer, pH 8.8 - 0.050M Tris-0.15M glycine. 

The fixed protein in the gel was resolubilized within the gel by 

incubating in solubilization buffer, changing the buffer every 

15-30 min three times at 25°C and finally boiling at 100°C for 

3 min during the fourth change. The equilibrated gel slices were 

arra~ged over, a 10% supporting tube gel of:length Scm, 3 piedes 

per tube, then immersed in and covered over with 250pl of 

recovery buffer, taking care to remove any tr~pped air bubbles. 

Above this, was carefully layered 2M NaCl, the high conductivity 

zone that served to retain eluted protein within the recovery 

buffe·r. Both chambers of the Broviga tube gel apparatus were 

filled with chamber buffer, taking care not to disturb the 2M 
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NaCl layer :tn the lubes. Electroelution was conducted 1n t:he 

reverse mode at 4mA/tube for 1. 5 h. The eluted protein was 

distributed in the recovery solution and as a precipitate of SDS-

protein complex at the NaCl interphase. The recovery buffer 

containing protein was collected, made 1% SDS (w/V), heated at 

l00°C fo~ 3 min and filtered through Whatmann No.1 microfilter to 

remove contaminant gel pieces. The protein was first: ~n·ec i pi t.ated 

with 5 volumes of cold methanol at -20°C, then washed thrice in 

ice-cold l:S,water:met.hanol (v/v) and stored at -20°C in minimal 

" volume of dist~lled water. 

Preparation of Lectins 

Concanavalin A [Con A] was isolated from Canavalia gladiata 

according to the method of Surolia et al (323). 

Wheat Germ Agglutinin [WGA] was purified from wheat germ on 

chitin as described by Bloch and Burger (30). This lectin was 

also prepared by affinity chromatography on GlcNAc-Sepharose 4B 

matrix. Wheat germ was extracted with 10 volumes of 0.02M 

phosphate buffered saline, pH 7.2.iThe protein precipitated at 

35% ammonium sulfate saturation was dialysed extensively at 4°C 

against the same buffer and centrifuged at 10,000 x g for 20 min. 

The supernatant [ 20ml] was loaded on a GlcNAc-Sepharose 4B column 

[1 x Scm] at 4°C. The column was washed with phosphate buffered 

saline, pH 7.2 and eluted at 4°C with O.lM acetic acid. The 

eluted protein was dialysed against phosphate buffered saline, 
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pH 7.2 and checked for hemagglutinaLlon wtLh Lrypsinized rabbit 

RBCs (203). 

Castor Bean or Ricinus cummun.Ls was t:he source for Ricinus 

Cummunis Agglutinin [RCA]. The purification of RCA was carried 

out by affinity chromatography on cross-linked guar gum according 

to Appukuttan et al (9) . 

.Jack Fruit Seed /\gglutinin LJS/\J was prepared fr·om ,Jn.ck 

fruit, l.{?_rtocarpus jni,_!:'_9_Life>L!·.:~l seeds by the protocol of Sun!sh 

(:~tal (322). 

Artocarpus hirsuta Agglutinin [AHA} was isolat:ed by the 

method of Antony et al from wild jack fruit seeds (7). 

Preparation of Pea seed lectin [PSA} from Pisum sativum was 

according to the procedure of Driessche et al (61). 

Arachis hypogaea was the source of Peanut Agglutinin [PNAJ 

which was purified by a modified protocol. Peanut seed extract 

was prepared Hl 0 .15M NaCl, saturated to 60°s with ammonu:tm 

sulfate and the resulting protein precipitate dialysed against 

saline at 4°C as per the procedure of Lotan et al ( 206). The 

protein was then chromatographcd aL 4"C on an asialofetuin-

Sepharose 48 affinity column. The matrix was washed with saline 

and eluted with 0.05M galactose in saline.The lectin was dialysed 

to remove sugar inhibitor and checked for haemagglutinating 

activity (203). 



H~e~~~g}_.~t.i~~-!::1:~~~-A~sar_ ( 203) 

Human or rabbit blood collected 1n acid citrate dextrose 

anticoagulant solution, was washed thrice with 10 volumes of cold 

0.02M phosphate buffered saline [PBS], pH 7.4. A 5% cell 

suspension was prepared in PBS containing 0.1% trypsin and 

incubated at 37°C for 1 h. The trypsinized cells were washed 

three times 1n PBS, pH 7.4 and suspended in the same buffer. The 

. agglutinin to be checked was diluted in PBS to a starting 

concentration of 1mg/ml. The haemagglutinat.ion assay was carried 

out on agglutinin, serially diluted with PBS ·in a total volume of 

0.2ml.To these solutions were added SOul of the 5% trypsinized 

RBC cell suspension. The agglutination was read after 30 min at 

25°C. 

Preparation of Affinity Matrices 

Con A-Sepharose 4B was prepareq by the procedure of Kohn and 

Wilchek (175). Sepharose 4B [10~1 was washed respectively with 5 

volumes of water, acetone:water,3:7 (v/v) and acetone:water,6:4 

(v/v) at 0-4°C. The gel was prechilled in lOml of acetone:water, 

6:4 (v/v) to ~l5°C in a salt-ice bath with gentle stirring. To 

the cooled gel, lOOmg CNBr in lml acetone was poured in one lot 

followed by dropwise addition of triethyl amine l152mg in lml 

acetone] ov~r the 2 min reaction period, taking care to maintain 

the temperature between -15 to -l0°C. The gel was quickly 

transferred to a sintered glass funnel and washed respectively 

with 10 volumes of ice-cold distilled water and 250ml of 0 .1M 
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NaHC03 , pH 8.5, coupling buffe Coupling of the CNBr activated 

Sepharose 4B to Con A was ca out by m1x1ng the gel with 

lDOmg of lectin in lOml of co~pling buffer, pll 8.5, and stirring 

slowly at 4°C for 18 h. The unreacted active groups on the matric 

were then blocked by addition of lOOvl of ethanol amine to the 

gel mixture and continuing with stirring for 3 h at 4"C. The gel 

was washed successively with 10-25 volumes each of ice-cqld O.lM 

NaHC03 buffer i pH 8.5, water, 0. 05M sodium formate-acetic acid-1M 

NaCl, pH 4 buffer, water, 0.05M Tris-BCl-lM NaCJ, pH 8 h'uffer, 

water, 2M sucrose, pH 7, water and finally equilibrated in O.Oa5M 

Tr is-HC 1, pH 7. 4 containing 0. OOlM each of Ca~·, Mg~· and Mn:,• at 

4°C.Con A-Sepharose 4B was stored at 4"C in the same e(IUilibration 

buffer in presence of sodium azide. 

Preparation of WGA-Sepharose and RCA--Sepharose affinity 

matrices were also carried out by similar protocols. The coupled 

gels were washed in 1M NaC1 coo~aining buffers at pH 4 and pH 8 

respectively, and. s.tored in the equilibration buffer comprised of 

0.02M Tris-HC1-0.15M NaClt pH 7.4 in presence of sodium azide at 

GlcNAc-Sepharose 6B was prepared by coupling the amino sugar 

( 347) to epoxy activated Sepharose ( 339). Sepharose 6B was washed 

with water and 0.6N NaOH. To lOg of the washed and suction dried 

gel added lOml of 1,4-butanediol diglycidyl ether, lOml of 0.6N 

NaOH containing 20mg of NaBH4 and stirred at 25°C for 10 h. Th~ 

gel was subsequently washed in excess of distilled water and then 
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with 0 .1M NaOH. Epoxy activated gel was coupled to GlcNAc by 

addition of 400mg of the sugar in lOml of O.lM NaOH followed by 

incubation with stirring at 45°C for 15 h. The product was washed 

extensively w~th water, 0.05M Tris~HC1-0.5M NaCl, pH 8 and o~05M 

sodium formate-acetic acid-0.5M NaCl, pH 4 buffers respectively 

before equilibration in 0.02M phosphate buffered saline, pK 7.2 

Asialofetuin was prepared by desialylation of 200mg fetuin 

in 0 .lN Hul fur ic a{'!id at. 80"C for 1 h (58). Th0. desialylated 

protein was dialysed against 0 .1M NaHC03 , pH 8. 5, with three 

changes, at 4°C for . 18. h. Asialofetuin was coupled to 20m! o.f 

packed CNBr activated Sepharo.se 4B by the method of Axen et al 

<14). The washed gel was suspended in 20m! water and 40ml of 2M 

NazC03 • When the temperature of the slurry was maintained at l0°C 

added 0.6g of CNBr dissolved in minimal volume of dimethyl 

formamide an,d stirred for 5 ~in •. The act~vated gel was wa$hed 
-"'11: 

with 0 .1M NaHC03 , pH 8. 5 and c~tieled to asialofetuin as described 
d';f~ . ', 

f 0 r Con A-Sepharose. 

Protein A was extracted.~t:ol\1 Staphylococcus aureus [Cowan 

strain I l by digestion witlt '(ly~ostaphin according to the 

procedure of Sjoquist et al ( 309) and immobilized on CNBr 

activated Sepharose.4B as per the method of Axen et al (14). 

Preparation of Protein-conjugate~ 

A procedure adapted from The and Feltkamp was employed for 
\ 

the preparation of FITC~Con A (329). Con A {20mg1 was dissolved 
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in 2ml of cold 0. 25M Na 2cn .. -NaHC03 , pH 9. 0 buffer. To this 

solution was added 0.05mg FITC/mg protein and stirred gently at 

4°C for 12-16 h. The uncoupled FITC was removed by extensive 

dialysis at ~C aga~nst 1L x 3 changes of'0.02M Tris buffered 

saline, pH 7. 4 containing 0. 001M each of Ca2 .. , Mg2 • and Mn:z• 

followed by dialysis in the same buffer in absence of metals. 

Alternatively, the free FITC could be separated from the FITC­

protein conjugate by gel-filtration on a BioGel P4 column [1 x 

32cm] in Tris buffered saline containing mt~tals at: 4°C to recover 

FITC-Con A in the void volume. 

Conjugation of.horseradish peroxidase [HRP] with lectins, 

immunoglobulins and serotonin was carried out according to th~ 

method of Nakane and Kawaio (236).Horseradish peroxidase (1-10mg] 

dissolved in 1ml of 0.3M NaHC03 , pH 8.5, was mixed with 50pl of 

1% 1-fluoro 2,4-dinitrobenzene solution in absolute ethanol and 

incubated with gentle mixing at 25°C for 1 h, in order to block 

the free amino groups on the protein. To this solution added 1ml 

of 0.06M Nal04 and continued incubation in the dark for 30 min at 

25"C to generate reactive a.ldP.hyde groups on peroxidase. The 

excess periodate was neutralized with 1ml of 0.32M ethylene 

glycol, keeping at 25°C in the dark for 1 h. The activated enzyme 

was dialysed overnight at 4°C against 500ml x 3 changes of 0.01M 

Na2 C03 -NaHC03 , pH 9. 5 buffer. Similarly, dialysed the lectin, 

immunoglobulin or serotonin to be conjugated to peroxidase 

against the same buffer. Equal proportions (.1:1, w/w) of 

I 
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peroxidase and protein/serotonin were conjugated by m1x1ng at 4°C 

for 4 h. Free aldehyde groups were subsequently blocked with 1% 

KBH4 , adding 100pl/ml of protein solution and then incubating at 

4°C for 1 h. The HRP-conjugate was successively dialysed at 4°C 

against 1L each of O.OlM NaHC03 , pH 8.3, 0.02M Tris-HCl-0.05% 

Tween 20, pH 8.0, and 0.02M Tris buffered saline-0.05% Tween 20, 

pH 7.4, to m.inimize precipitation of the conjugate. The 

supernatant obtained on centrifugation at 5000 x g for 10 min was 

u~ed for analytical·studies. 

Radiolabelling of Glycoproteins 

The amino groups in the protein ~ere N-acetylated with 3 H-

acetic anhydride by the method of Finne and Krusius (85). The 

protein [500pg] in one volume of aq~eous medium was extracted 

twice with four volumes of chloroform:methanol [C:M),1:2 (v/v) 

(325). To the delipidated protein pell~t suspended in 1ml of 0.5M 

NaHC03 , pH 8.5, was added 3 H-acetic anhydride [12 x 106cpm/0.2ml 

acetone] and incubated at 25°C for 30 min with periodic shaking. 

At the end of this interval added 42mg of solid NaHC03 to 
\ 

maint.ain pH at 8.5, fo'llowed by lOpl of cold acetic anhydride and 

incubated further for 15 min at 25°C. The mixture was acidified 

with 100pl of glacial acetic acid and 'dialysed extensively 

against 1L x 6 changes of distilled water at 4°C. 

Glycdproteins were labelled at the carbohydrate side chains 
.. 

by the periodate oxidation-3 H-borohydride reduction procedure of 

Spiro (315). The prot.ein [100pg] in 200pl of 0.2M sodium acetate-

I 
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acetic acid, pH 5.6 buffer was treated with an equal volume of 

0.02M Nal04 solution 1n water and incubated at 4°C in the dark for 

16 h. The reaction was arrested by addition of lOpl of ethylene 

glycol and keeping 1n the dark at 25°C for 30 min. The solution 

was adjusted with 1M NaOH [ 25pl 1 to pH 6. 0-6.5 and reduction 

reaction carried out by addition of. NaB[ 3 H 14 [ 5 x 106 cpm/20pl 

O.OlN NaOII, ~ncubating at 25°C for 1 h. The solution was cooled 

1n ice, acidified with 25pl of 6N HCl and dialysed at 4uc against 

lL x 6 changes of distilled water. 

The excess free radioactivity was better removed by 

precipitation of the protein with 8 volumes of ice-cold methanol 

and repeated washing of the pellet in,1:8,water:methanol,(v/v) at 

0-4°C. 

Radioisotope measurement 

Samples labelleq with3 H or14 C were counted 1n Bray's liquid 

scintillation fluid (38). The .scintillant contained 60g 

naphthalene, 4g PPO, 0.2g POPOP, lOOml methanol and 20m! ethylene 

glycol made upto lL in 1,4 dioxane. 

Radioactivity of proteins fixed 1n gels after SDS-PAGE 1 was 

determined by the protocol of Bonner and Laskey (35)~ The lanes 

on the slab gel were transversally cut into O.Scm segments. Each 

polyacrylamide gel piece [0.5 x 1 x 0.15cm] was incubated at 37°C. 

for 24 h in lml of H20 2 :30% ammonia solution,19:1 (v/v) to degrade 

the gel matrix. The resulting solution was counted in 4ml of 

Bray's scintillant against a background gel blank. The recorded 
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cpm values were subjected to quench correction. The counting 

efficiency in presence of lml of the H2 0 2 reagent was calculated 

t_o be 8. 5% for tritium from the prepared quench cal ibrati~n 

plots. 

Amino-terminal Analysis 
----~----~--==--------=~----=· - ~ - -~ 

All solvents were redistilled under anhydrous, non-oxidising 

and aldehyde free conditions before usc. Glass double distilled 

deionized water was used. Solvents and standard samples prepared 

for HPLC were filtered through 0.45pm microfilters [Millipore]. 

All solvents employed in HPLC were degassed pr1or to introduction 

into the system. 

I. Dansyl-Edman procedure: The Edman degradation protocol was 

modified from Gray (117).GJial protein [150pg] or Con A 

[6 n moles] 1n 150pl of 2% SDS in water was boiled at lOOQC for 

5 min. Kept aside a 50pl aliquot for dansylation. To lOOp] of 

sample added 100pl of 5% PITC in anhydrous pyridine, flushed the 

tube with niLro9en, sealed with parafilm and kept. for .t h at 

37QC. To this solution added lOvl of PITC directly, flushed with 

nitrogen, sealed and incubated further for 1 h at 37"C. The 

contents were diluted with 300pl water, air dried and then dried 

overnight in vacuo over NaOH. The residue was treated with 200pl 

of anhydrous TFA, kept for 1 h at 37°C and air-dried. This sample 

was partitioned by addition of lml O.OlN HCl and 2ml of n-butyl 

acetate, vortexed, centrifuged, and the upper organic phase 

containing the cleaved off N-terminal amino acid as the phenyl-
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thiohydantoin derivative was aspirated off. The lower phase was 

extracted thrice with 2ml each of n-butyl acetate, air-dried and 

then dried 1n vacuo over NaOH for 30 min. The residue was 

suspended in 20pl of 10% SDS and 80pl of water and boiled for 

5 min at 100°C to solubilize. Another 50pl aliquot was kept aside 

for dansylation. The remaining protein solution was made upto 

100pl with water and subjected to the next cycle · of Edman 

degradation. 

Due to the insoluble nature of the protein, dansyl 

derivatization was carried out in presence of SDS according to 

method of Tapuhi et al (327). To the air-dried protein aliquot 

added 20~1 of 10% SDS and 100pl of 0.04M LiC03 , pH 9.5 buffer, 

and boiled for 5 min at 100°C. The solution was mixed with 5pl of 

dansyl chloride solution [2.5mg Dns-Cl/0.1ml acetonitrile] and 

incubated 1n the dark ~t 37°C for 1 h. The protein was 

·precipitated with 5 volumes of ice-cold acetone and washed twice 

in acetone:0.1N HC1,5:1 (v/v) to remove SDS. The dansylated 

protein pellet was air-dried and subjected to acid hydrolysis. 

Digestion of t~e protein was carried out with 200pl of aziotropic 

6N HCl in nitrogen flushed and sealed ampules at 110°C for 18 h. 

The hydrolysate was dried, dissolved in 50pl of LiC03 buffer and 

centrifuged at 15,500 x g for 1 m1n in an Eppendorf microcentri-

fuge. The supernatant [ 20pl 1 was injected into the RP-HPLC 

system. 



TABLE.l. 
LICHROSORB RP~I8 HPLC SOLVENT GRAPIENT rBOGRAM FOR 

SEPARATION OF DNS-AMINO ACIDS. 

Solvent A: 0.6% aceti~ acid-D.008% TEA-water, 

Solvent B: methanol. Flow rate = 0.5 ml/min. 

Time (min) % Sol B Time (ml.n) % Sol 

0 30 45 56 

1 32 50 60 

3 34 55 6/t 

5 36 60 67 

10 39 70 75 

20 J 42 80 100 

30 45 90 100 

35 48 92 30 
I 

40 52 

B 
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Separation and identification of Dns-amino acids by RP-HPLC 

was standardized employing a Lichrosorb RP-18 column [ 5pm, 4 x 250. 

mm] and guard,column [7pm,4 x 30mm] connected to the HPLC system 

[LKB-Bromma,Sweden]. The procedure was adapted from Marquez et al 

( 218) and utilized a modified gradient programmed between the! 

solvents, Sol A: 0.6% acetic acid and 0.008% triethyl amine in 

water, and Sol B: methanol, at a flow rate of 0.5ml/min. 'fhe 

gradient system has been tabulated in Table.!. Dansyl-amino acids 

were detected by their fluorescence at excitation maxima = 333nm 
• 

and emission maxima = 510nm, using a Shimadzu Spectrofluoro-

photometer RF-540 and identified by their respective retention 
I 

times obtained with standard Dns-amino acids. 

II. DABITC-PITC procedure: The DABITC-PITC manual micro-

sequencing method of Chang et al employed a double coupling 

technique wherein a first coup! ing with the coloured Edman 

reagent, 4-N,N'-dimethyl aminoazobenzene 4'-isothiocyanate was 

followed by coupling with phenyl isothiocyanate to achieve a 

quantitative coupling reaction (45,44). After acid cleavage and 

conversion, the red coloured DAB-thiohydantoin l DABTII 1 amino 

acids were easily distinguished from the by products which were 

coloured blue. As ensuing DABITC-PITC cycles were impeded by a 

progressive prbtein insolubility, only the first N-terminal amino 

acid was identified by this method. 

Glial protein [ lOOpg 1 or Con A [ 2-4 n moles 1 was washed· free 

of salt and other contaminants with water:methanol,l:5 (v/v) 
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followed by acetone:O.lN HC1,5:1 (v/v) and dried in vacuo. To the 

protein suspended in 20pl of 50% pyridine added lOpl of DABITC 

solution [2.82mg/ml pyridine], vortexed, flushed with nitrogen, 

sealed with parafilm and incubated at 70°C fo~ 50 min. The second 

coupling was commenced with the addition of 3pl of PITC. The 
\ 

mixture was vortexed, flushed with nitrogen, sealed and incubated 

at 70°C for 15 min. By products like diphenylurea and 

diphenylthiourea were extracted out by successive partitioning 

[4-6 t:imes] with 200yl aliquots of heptane:et.hyl acet.ate:67% 

pyrid:ine,4:2:3, upper phase (v/v/v). The yellow coloured upper 

organic phase containing the by products was discarded while the 

lower aqueous phase was dried in vacuo over P20 5 and KOH, adding 

small aliquots ot ethanol periodically to ensure complete drying 

of the sample. The residue was treated with 50vl of anhydrous 

TFA, vortexed, flushed with nitrogen, sealed and incubated at 
.•' 

. i' 
55°C for 15 min. The solution was evaporated to dryness in vacuo 

over KOH. To the dried sample added 50pl of water and extract~d 
·I 

thrice the liberated N-terminal DAB-4'-thiazolinone amino acid 

derivative with lOOpl each of n-butyl acetate. The pooled butyl 

acetate extract was evaporated 1n vacuo over P20 5 and KOH. 

Conversion to red coloured DABTH was effected in 50pl of 50% TFA, 

sealing under nitrogen and incubation at 80°C for 10 min. The 

DABTH-amino acid solution was dried completely over P2~ and KOH 

in vacuo, dissolved in 5-lOpl of 80% ethanol and identified by 

TLC. 
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Standard DABTH-ami no acids were prepared by a procedure 

adapted from Chang (46). To lmg amino acid in 200pl of TEA-acetic 

acid buffer [50ml water, 50ml acetone, 0.5ml triethyl amine and 

5ml of 0.2M acetic acid, adjusted to pH 10.651 lOOpl of DABITC 

solution [1.13mg/ml acetone] was added, mixed and incubated at 

54°C for 1 h. The contents were dried in vacuo over P20 5 and KOH, 

redissolved in 200pl of 50% TFA and incubated at 54°C for 45 m1n. 

The solution was evaporated 1n vacuo and the residue was 

dissolved 1n 200vl of 00% ethanol. Dl\BTH-di<~Lhylamine was co-

chromatographed with every sample as an internal reference 

standard. This derivative was prepared by mixing together 5pl of 

diethylamine, 58.8pl of DABITC solution [2.4 mg/ml ethanol] with 

441pl of ethanol and was used directly. All Dl\BTH-derivatives 

were stored at -20°C. 

Two dimensional thin layer chromatography was carried out on 

polyamide sheets [ 2. 5x2. 5cm, Schleicher and Schull, Germany] • The 

solvent system employed in TLC were, 

1s~ dimension - acetic acid:water, 1:2 (v/v) 

2~ dimension - toluene:n-hexane:acetic acid, 2:1:1 (v/v) 

The spots were visualized after the run by exposing the dry 

plates to HCL vapours. 

RP-HPLC of Protein 
- - -

Derivatized protein samples were chromatographed on reverse 

' 
phase Lichrosorb RP-8 column [5pm,4 x 250mml and guard column 

[7pm,4 x 30mml HPLC system. Two gradients, I and II run at the 
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same flow rate of 0. 5ml/min but of differing shapes, formed 

between the solvents, Sol A: water-0.1% TFA, and Sol B: 

isopropanol-0.1% TFA were employed. The respective programs for 

Gradient I and Gradient II are tabulated in Table.2. 

Separation and identification on HPLC of carbohydrate derivatives 

Fluorescent labelling of carbohydrates at their reducing 

termini with 2Laminopyridine was attempted by the method of Hase 

et al (137,139). The potential aldehyde groups of carbohydrate 

were coupled to 2-aminopyridine by reductive aminat_ion with 

NaCNBH4 • The product was isolated by adsorption on DOWEX 50 [H"] 

followed by washing and elution with 0.7M aqueous ammonia. The 2-

aminopyridyl derivatives were separated by HPLC on LKB-Ultropac 

TSK-NHz-60 column [5pm,4.6 x 250mm1 with LKB Ultropac Lichrosorb 

RP-8 [7llm,4 x 30mm] precolumn. A gradient elution system between 

the solvents, Sol A: 0.015M KH2 P04 -KOH, pH 5.2 and Sol B: Aceto­

nitrile, was employed at a flow rate of 1ml/min. The gradient 

program constituted an isocratic elution at flO% B for 25 min, a 

linear gradient from 80-35% B for 45 min followed by isocratic 

elut:ion 1n 35% B for 10 m1.n. The peaks; were detected 
. \ 
.Ln a 

Shimadzu Spectrofluorophotometer RF-540 at an excitation maxima 

= 320nm and em1sslon maxima 400nm. Standard mono and 

oligosaccharide derivatives were quite well resolved under the 

given conditions. Characterisation of glycan side chains was 

however limited severely by the inability to release sufficient 

quantities of oligosaccharides from the prepared glial glyco-



TABLE.2. 
L I CHROSORB ~£=§_ H PLC____ii_Q1Y£<:]'1'_JiM1li_EN't __ p~Q!-~RM1~-£Q_R 

J'lJlLSJ~PARA1'1QtLili'_:_ffiO__'fJ'J1Lll.E.R I Y_ATIYE_S • 

Solvent A: water-Q.l% TFA. Solvent B: isopropanol-

0.1% TFA. Flow rate = O.Sml/min. 

GRADIENT I GRADIENT II 

Time(min) % Sol B Time(min) % Sol B 

0 0 0 0 

3 0 5 30 

20 30 50 60 

40 60 70 100 

60 100 80 100 

70 100 85 0 

75 0 90 0 

80 0 
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proteins to enable their detection as fluorescent derivatives on 

HPLC. 



CHAPTER - III 

RE ULTS AND DISCUSSION 



PAHT I: ISOLATI9M OF 

Morphological studies of the central nervous system have 

revealed an incredibly compleX network of neuronal and glial 

somata, axons, dendrites and glial processes, myelin and 

capillaries. The biochemical characterisation of this tissue was 

separate cell type. It was apparent that neurons, astrocytes, 

oligodendroglia, microglia and the other cells composing the 

brain or even specialized regions of a single cell, such as, the 

dendritic tree, neuronal pericarya and axon, presented their own 

particular ultrastructure, function and complement of subcellular 

organelles. Therefore most probably they also specified an unique 

composition ~nd biochemistry. Over the years many efforts h1ve 

been made to resolve this complex tissue into individual cellular 

components and determine their respective contributions to the 

total biochemi st.ry of the brain. A 1 og ical approach to the 

elucidation of any complex structure was to separate the 

individual components and then to study them 1n isolation. 

Microdissection techniques pioneered by Deiters, Lowry, 

Giacobini, Hyden and others ( 279) were restricted to certain 

large and possibly highly specialised or atypical cells, could 

not furnish pure glial cells, and of course,limited studies to 

very small samples. 
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The complexity of the nervous system, with its intertwined 

processes and minimal extracellular space, presumably inhibited 

attempts to extend the normally applied cell separation 

techniques to brain. The first major effort to prepare a cell 

suspension and CNS cells in bulk was credited to Korey and co-

workers (176). They attempted to isolate glia from white matter. 

Although the cell separation was crude, the basic techniques used 

by these investigators have been continued in most of the 

subsequent investigations. 

Several elegant procedures are now available for the balk 
\ 

isolation of neurons. and glial rich fractions from rat brain 

(280,147,75), rabbit brain (31), bovine brain (261), embryonic 

chick ganglia (257), and postmortem human brain (158). All these 

procedures were based on the following guidelines. 

i) Preparation of a suspension of free cells by disruption of 

intercellular adhesion without destruction of the cells. The 

extracellular matrix was disrupted mechanically by consecutive 

sieving through nylon or steel meshes (176,280,158), 

preincubation with or without hydrolytic enzymes such as trypsin 

( 261), hyaluronidase and collagenase ( 1.48) or by employing 

organic medi~ (288). Most popular methodologies combined a 

preincubation step with disruption through sieving. 

ii) Separation of different cell types by centrifugation. Most 

procedures utilized discontinuous density gradients of sucrose 

and/or Ficoll or continuous gradients of sucrose, Ficoll or 
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Percoll. A major consideration during cell isolation was that 

cellular integrity had to be maintained through the various steps 

involved. Temperature, pH, mechanical stress during disruption 

and centrifugation, hypertonicity of the gradient during cell 

separation, exogenous and endogenous proteolytic activity were 

factors affecting cell integrity. Hence the selection of a 

suit.able medium which could maintain C(~ ll integrity was 

obligatory. 

All media used so far incorporated a high mo]ceuLlr weight 

material, either Ficoll, polyvinylpyrrolidone, gangliosides or 

albumin. The mode of action of these polymers was not clear but 

they appeared to have a protective action on cell membranes, 

stabilising them and thereby reducing cell breakage. Low 

temperatures [ 0-4"C] were ideal as they reduced exogenous and 

endogenous hydrolytic activity. An optimum of pH 6 was favoured 

by many workers though there have been reports of cell isolation 

carried out at physiological pH 7.4. Processing freshly obtained 

brain tissue within minimal period of time obtained better yields 

of intact cells. However frozen tissue have also been used. The 

cellular integrity was better preserved when freezing was carried 

out in the presence of cryoprotective agents like glycerol or 

DMSO. These agents prevented the formation of ice crystals, the 

ma1n factor caus1ng tissue damage during the process of freezing 

and thawing (87). Protease inhibitors, bacteriostatic and 
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fungicidal agents have also been employed to minimize proteolytic 

and other degradative activities. 

The objective as already stated was to study cell surface 

glycoproteins 1n glial cells of developing human brain. A 

preliminary aim t:o ach-i..(;lfe this goal would natura.lly entail the 

isolati6n of human foetal glial cells. The methodology optimised 

waB a modification of previously pub I i shed procedun!s 

(75,261,158). 

Collection of human foetal brain tissue 

The collection and study of developing human foetal brain 

was approved by the ethics commi.t tee, Department of Obstetrics 

and Gynaecology, Medical College Hospital, Trivandrum- 695 Oli. 

Human foetal specimens were obtained from t_he Department_ of 

Obstetrics and Gynaecology, Medical College Hospital, Trivandrum 

695 011. The procured second trimester human foetuses were 

expelled through spontaneous or Ethacridine induced abortions. 

Third trimester and still born foetuses were mostly intra uterine 

deaths due to unknown causes.The crown-rump [CR] lengths measured 

in foetal position, correlated with age as calculated from the 

last menstrual period. The relationship between CR length and 

foetal age given by Hamilton et al (132) was used as a general 

guideline. The foetal specimens studied were catego~ized on the 

basis of CR lengths into II~ trimester [CR = 9-20cms] and III~ 

trimester [CR = 24-36cms] groups. 
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The foetal specimens were collected in ice, brought to the 

laboratory and processed within 12 h of abortion. The brain was 

dissected out, the meninges were removed and the tissue stored at 

-20°C in a cryopreservative Medium I made up in Buffer A [0.01M 

phosphate or Tris-maleate-0.1% NaN3 -0.0001M PMSF-0.002M 

benzamidine.HCl, pH 6.0] containing 20% DMSO, 5% Fructose and 8% 

Dextrose. Brains have been stored .1n this medium for 1 year 

without appreciable loss in integrity. Dimethylsulfoxide served 

a cryoprotective role while dextrose, fructose ,·protease inhibitors 

and azide contributed to the preservative function of the medium. 

It has been documented that brain cells were better preserved at 

pH 6.0. 

Isolation of Neurons and. Glial cells from human foetal brain 

tissue 

Brain tissue stored at -20°C was minced and brought to 25°C. 

The cryopreservative medium was removed by centrifugation at 4°C 

at 2000 x g for 10 min. All further steps were carried out 

between 0-4°C \unless specifically mentioned. The tissue was 

suspended in 2 volumes (w/v) of Medium II (0.32M sucrose-2-4% 

Ficoll 400 in Buffer A, pH 6.0] and mechanically disrupted by 

forcing successively through 1mm Pasteur pipette, 80 and then 200 

mesh nylon sieves under mild pressure into a Buchner flask. The 

resulting cell homogenate comprising of a suspens.1.on of free 

cells was diluted· further in Medium II to obtain a protein 

concentration of 5-20mg/ml (37). Extensive cell lysis rendered 
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highly v1scous cell homogcnates. In such situations, the cell 

homogenate was mixed with 0.1-3% DNAase II [w/w protein:DNAase 

II] and incubated for a period of 1-10 h, to digest the released 

nuclear material. The homogenate was suspended with 12 strokes in 

a loose fitting Dounce homogeniser just piior to loading on a 

discontinuous sucrose density gradient. The discontinuous density 

gradienL was prepared by layering 5ml of 2M, 7ml of 1.55M, 7ml of 

1.35M and 9ml of 0.9M sucrose in Buffer A. The cell homogenate 

[10m]] was carefully loaded over Lhis gradient and centrifuged 

[HS-4 rotor in Sorvall RC-58 or Spinco SW.25.1 rotor in Beckman 

L5-50 centrifuge} at.3300 x g for 15 min. Pure neuronal pericarya 

banded at the 2M interface and was collected with a syringe. 

Myelin and cell debris were found in the 0.9M layer while large 

particulate material, undisrupted tissue and capillaries pelleted 

at t.he bottom of Lhe centrifuge tube. The 1.35M and 1.55M 
\ 

interfaces contained a crude glial fraction v1z. glial cells 

contaminated by neurons. These fractions were collected, pooled, 

resuspended as before, layered over 8ml of 1. 65M sucrose and 

centrifuged at 3300 x g for 45 min. The resulting neuronal pellet 

was pooled with the neurons obtained at the 2M sucrose interface. 

Relatively pure glial were collected from the 1.65M interface. 

The cells in hypertonic sucrose medium were diluted slowly with 

gentle stirring in 2 volumes of ice-cold Buffer A and pelleted at~ 

3300 x g for 10 m1n. The cells were washed thrice with Buffer A-
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O.l5M NaCl, pH 6.0 {Medium II:fl and stored in the same medium 1.n 

ice until further use. 

Another more conven;i:ent p:.::qce?ure ha~ also been employed for 
the separation qf~neurons and glial,cells. The cell homogenate in 

'Medium II containing 5--2om9 prqt~inlml was dilut-ed 1: l with 2M 
" ' ' 0 0 >'' A ' ''f 

homogeniser, 1. 65M. ,suc~ose and·· 

centrifuged atr"l'l:(}:Q·,' X• 9, f;or 45 min" ~ure .heur:ons pelleted anq, . 
c" ,· '" ;<e· 

. ·. ·_,,.·.~:;;. 

were ·collected. The 1. 65M ir1terface was · resuspen<led and,' 

centrifuged over 8ml of 1.65M sucrose for 45 min as before. 

Relatively pure glia banded at 1.65M intetface at the end of the 

2nd or rd centrifugation stee~. :, The neuronal and glial c~11 
I ·!~~~~:. ~·<: ;. < 

fractions' were washed thrice ~92 ti~dium III and stored in ice. 
, .· . . [!~i ri:;~ · · 

Based on protein estimat~d ',in the" to~al ,cell homogen<;lt~, 

neuronal an<l. glial cell fra6t"i' r;espectively, yields we~e 
. .l!~i~H 

calculated. to be 5-20% for gJ~~; ... ells and 1-15% for neuro~,s~. 
. :,;f:n:h~" l · 

Yields were found t,o ,be higher~~~!g:Cstation ages 16-24 weeks 'for 
'·.-

neurons and 20-36 weeks f9r g,lial cells. 

The cells were.· identif.icrd,::by. ·light and pht;Jse .. contra~;t. 

microscopy of wet' ptepar~tlo~~,~ . .N~qtons appeared as elongat-rd 
. -4~-·j ~ 

,,-,,·,;,, 

cells ~horn of processes with prominent nuclei and nuch.~oli 
. - '<-/: 

(Fig.S.). Glial cells were mqstly astrocytes with sm':i:ll cell 

bodies with a radiating me,sh ·.of elongated processes. !A few 

.spherical oligodendroglia could be observ¢d (Fig.6.)• 

Morpl.'iological\ly the cells froni .. foetal brain appeaTed s.j,mil~t 
'!> 



Fig.S. 

Fig.6. 

Human Foetal Neurons. Phase Contrast Micrograph 

(pH X 300). 

Human 'Foetal Glial Cells - Astrocytes and Oligo­

dendroglia. Phase Contrast Microg'raph (pH x 300). 



Fig.?. 

1 2 

~lil!idi!l~.d.Jl~!!HID:L and gliaJ 
cells. Coomassie Blue stain. Experimental ,. 
details are given under Ge~eral Methods. Lane 

1: neurons, Lane 2: glial cells. 
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those isolated from other spec1es and correlated with the 

descriptions already published in literature. NcvE~rthcless, our 

critetia for ascertaining purity of glial fractions was to 
I 

observe the complete removal of neuronal cells from the glial 

preparations. Recentrifugation over 1.65M sucrose was repeated 

until glial fractions were free of neurons. Generally this was 

achieved by the end of the second density gradient centrifugation 

step. Neurons were separated on the basis of rate zonal migration 

of these Cf~]Js in the centrifugal field, a Lime dependant factor, 

whereas glial cells banded isopycnically on the 1.65M density 

layer. 

The brain cell types isolated by th.e present procedure 

appeared morphologically intact and distinct from one another on 

microscopy. Delipidated and SDS solubilised glial ~nd neuronal 

cells rendered dissimilar profiles on SDS-PAGE (Fig.7.). Further 

studies were'pursued with the above menti~ned glial cell rich 

fractions. 

~--------"·--~-~·"--~~--~-.-.,-



ISOLATION OF CONCANAVALIN A BINDING GLVCO-

PROTEINS FROM GLIAL CELL SURFACES 

The well documented role of cell surface glycoproteins in 

cell-sociology has been described in the introductory chapters. 

Physicochemical characterisatioq of a few of these surface 

glycoproteins from developing human glial cells, would contribut~ 

further towards understanding the molecular basis of glial cell 

development and interaction. 

Mo~t procedures available for characterisation of a given 

protein, required the species to be present in pure form and in 

sufficient quantity~ The priority therefore entailed the 

selection of a methodology ~uitable for the isolation of a 

homogeneous preparation of glial·cell surface glycoproteins in 

sufficient yield. This was a complicated endeavour considering 

the heterogeneity of nervous ti~sue; largely circumvented by the 

development of procedures for isolation of specific cell types 

and highly enriched subcellular fractions; and because in the 

cell membranes that have been well characterised, glycoproteins 

were classified ~s integral membrane components (308). 

Membrane proteins have been roughly classified into two 

categories depending on the conditions required to extract them 

from the membranes. Peripheral or extrinsic proteins were 
I 

associated with one or other of the membrane surfaces by 

electrostatic and dipolar interactions and .could be solubilized 

by chelating agents or by varying the pH/ionic strength of the 
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medium. Integral or Structural proteins contained regions partly 

embedded in the membrane matrix or lipid bilayer, that is, they 

were presumed to be stabilized by hydrophobic forces and were not 

easily solubilised and separated from membrane lipids into 

aqueous, low ionic strength, neutral solutions, compatible with 

the procedures used for further purification of the glycoprotein. 

Their solubilization n~quired disruption' of the bilayer by 

detergents, chaotropic agents or organ.1c sol vents, liable to 

cause denaturation and loss of biological activity. Another 

limitation for many extracted integral membrane glycoproteins \vas 

their tendency to aggregate.One of the causes of such aggregation 

was interaction b~tween the hydrophobic segments of the peptide 

chain, normally buried within the lipid bilayer of the membrane. 

Protein denaturation during extraction could increase aggregation 

by exposing further, the hydrophobic sections of t~he peptide 

chain. 

Some workers have .these solubilization relat~d 

problems by using glycopeptide~, released from cells or membrane 

preparations by proteolytic di~estion, as their starting material 

for characterisation studies ,(179,85). This strategy was 

convenient if the objective was to characterise the carbohydrate 

moieties of glycoproteins. However, only a generalized picture of 

glycan composition and structure was obtained with little 

indication of in-situ localization of the glycopeptides of 

interest. A study of intact glycoproteins, though problematic 
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with regard to solubilization and handling, yielded more specific: 

information. 

Approximately, 90% of the brain glycoprotein& were integral -

components of cell surface and internal membranes (216,269). 

Plasma membranes isolated from immature neurons (146) ,· glial 

cells (289,290,260), synaptosome& (125) neuroblas'toma and tumoral 

glial cells (126) have beell shown to contain glycoproteins. More 

than 80% of the carbohydrate in nervous system glycoproteins were 

linked via N-acetyl glucosamine to amide nitrogen of asparagine 

residues of the protein moiety. Most of the N-glycosidically 

linked oligosaccharide& of brain were of complex-type and were 

characterised as (a) containing galactose, fucose, and sialic· 

acid in addition to mannose and glucosamine, and (b) being more 

extensively branched when compared to the neutral high-mannose 

glycopeptides (255)._ 

Brain glycoproteins have been isolated using conventional· 

procedures (229,266,340) or by affinity chromatography of 

detergent solubilised integral membrane glycoprotein& on 

immobilized lectins ( 363,298,224,306) or specific antibodies 

(49,111,52). 

The presence of cell surface glycoproteins on human foetal 

glia were confirmed as follows: 
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borohydride reduction 

This method introduced a tritium label specifically into 

carbohydrate units. The technique involved an initial oxida.tion 

of monosaccharide moieties with periodate to render aldehydes· 

which were thE:m labelled by reduction with Lritiated borohydride. 

The procedure. developed by Lee Van Lenten & Ashwell (344) for 

soluble gJycoproteins was adapted for application t.o membrane 

bound glycoconjugates by many workers. Our method was a modifi.., 

cation from thos.e of Gahmberg et al ( 99,101) for labelling of 

cell surface glycoconjugates. 

Glial cells [5mgl were washed thrice in 1ml ice cold 0.02M 

phosphate-0.15M NaCl-0.1% NaN3 [PBS] pH 6.0 at 15,500 x g for 

20 sec, and suspended in 1ml of the same buffer. The test sample 

was made 0. 005M Nal04 by adding the weighed amount of solid 

periodate and incubated in the dark in ice [0°C) for 10-15 mih~ 

The cells were washed three time~ with cold PBS pH 8.0 at 15,500 

x g for 20 sec and suspended in lml PBS pH 8.0. To this was added 
\ 

NaB{ 3 H] 4 [1-2 x 10scpm/10-100l!l 0.01N NaOHJ and kept for 30 min at 

25°C. The pell.eted cells were washed 8 times with cold PBS pH 6.0 

to remove free radioactivity.A control was run simultaneously 

wherein no p~riodate oxidation was carried out to correct for non 

specific labelling. About 5·-10% of the total radioactivity was 

incorporated into glycoconjugates. 
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The labelled cells were delipidated by washing first with 

methanol and then extracting respectively with 3ml each 2:1rC:M 

(v/v),1:1,C:M (v/v) and 1:2,C:M (v/v), centrifuging at 2000 x g 
\ 

for 15 min at 25 .. C. The pelJ et. was dried in vacuo to remove 

organ1c solvents and then solubilized in 2% SDS by boiling for 

5 min at 100°C. The organic phases were pooled and evaporated 

off. The delipidated pellet and lipid phase were estimated for 

radioactivity as given under Materials and General Methods. The 

incorporated t:ritium was distributed equally between 1 ipid and 

proteip indicating the presence of glycolipid and glycoprotein on 

glial cell surfaces., 

b) Con A-FITC labelling of glial cell membranes 

Freshly isolated glial cells [2mgl wer~ washed thrice witll 

0.02~ Tris-Maleate-0.15M NaCl-0.1% NaNi pH 6.0 [TMS] at 4°C at 

3000 x g for 5 mins. To one aliquot of the packed cells was added 

0.2ml TMS pH 6.0~4% BSA and O.Sml Con A-FITC [5mg/m1 in 0.02M 

Tris-HCl-0.15M NaCl-0.1% NaN3 [TBS}, pH 7.4]. The other aliquot 

was run as a cont,rol and contained cells in 0. 2nd TMS, pH 6. 0-:-4% 

BSA-2M a.-methyl glucoside {a.-MGl and O.BmJ Con A-FITC. Both 

samples were incubated in ice for 30 min. The cells were washed 

thrice with TMS, pH 6.0, containing 1% BSA at 4°C and observed 

under fluorescence microscope (Fig.8.). Glial cell surfaces were 

labelled by FITC-Con A indicating presence of Con A-binding cell 

surface glycoproteins. The controls were not labelled confirming 

the specificity of Con A-binding which was reversed in presence 



Fig.8. Fluorescence JlliotonricrQgrap_h of FITC-Con_ __ A 

.lab_ell~d_lilllll~uLioetaL_glial_cells. _L100xl. 



of its specific hapten inhibitor a-MG. BSA pn•vented cell lysis 

ln presence of Con A-FITC and thereby served a protective 

function. 

c) Tritium labelling of cell surface glycoconj~ates using 

Galactose oxidase (100) 

Three samples containing 5mg each of glial cells were washed 

thrice with cold PBS, pH 6.0 at 15,500 x g for 15 sec. To these 

samples were added 0.95ml PBS, pH 6.0 and 50vl 0.2M cold sodium 

borohydride in 0.01 N NaOH and incubated at 25°C for 30 min with 

occasional stirring. This was to prevent non-specific labelling. 

The cells were washed 4 times in cold PBS, pH 6.0. To one aliquot 

[test] added 200mU Neuraminidase and 2.5U Galactose oxidase. To 

the second aliquot added G.alaFtose oxidase [ 2. 5U 1 alone. The 

third sample served as a control and contained no enzymes. All 

t.he samples were incubated at 37"C for one hour with occasional 

shaking. The cells were washed thrice wi~h cold PBS, pH 6.0, 

suspended in lml buffer, treated with NaB[ 3 H ] 4 11 x 105 cpm/50-

lOOvl 0.01 N NaOH], and kept at 25°C for 30 min. The cells were 

washed 8 times in cold PBS, pH 6.0 until the washings were free 

of radiolabel. The pellets were suspended in 0.2ml buffer and 

counted for tritium. No label was incorporated on the cells over 

the control.Thus glial cells were not labelled by this technique. 

Gahmberg and Hakomori (102) studied labelling of neutral 

glycosphingolipids in normal NIL cells and transformed NILPv cells 

and observed that the specific activity of the labelled glyco-
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lipids was 10 to 20 times higher in the transformed cells. These 

glycolipids were assumed to be 'cryptic' or less accessible in 

normal cells. This property of cryptocity may be involved in many 

of the observations of changes ~n cell surface antigens with 

development and oncogenesis. 

Our initial rationale for isolation of some of these 

Con A-binding glycoproteins from h6man foetal glial cell surfaces 
'H 
1' 

was to prepare glial plasma membrahes which could subsequently be 

used as a source for the glycopro~eins of interest. A procedure 

modified from previously published methodologies (160,154,153) 

was adopted. Glial cells [100-200mgm protein] were suspended ~n 
i 

10-20ml of cold hypotonic Buffer~ [0.01M Tris-HC1-0.0001M PMSF-

0.1% sodium azide-0.005M 2-ME, pH 7.4] and stirred at 0-4°C for 
l 

:i: [, 
1 h. The cells were lysed in Pottier Elvehjm homoge!l,i.ser with 45 

.'( '" 

strokes and centrifuged at 15oq;,-· for 15 min. The supernatant 
!il ,, 

was recentrifuged at 1500 x g fcf:' ;~ min. The pooled pellets were 
J:i i!tf . 

suspended in Buffer B containing.!', l sucrose ( w /v) and 3% DNase IT 
~ ~:]}--~ :l 

(w/w protein) with Dounce homog~~,:~er, loaded over 28ml of a 25-
~l, ~i~'n ,: . f; ',., II. i 

:··;.';1-' i 

40% (w/v) continuous sucrose d4js~ty gradie~t in Buffer B at 
" t· ~ 

-j 

0-4°C, and centrifuged in a Spine~ typ~ SW.25.1 rotor at 100,000 

x g for 180 min. Plasma membranes banding near the top of the 

gradient were collected, washed at 40,000 x g for 15 min in 

Buffer B and stored at -40°C. 

Plasma membranes were characterised on the following 

criteria. 

v 
f! 

'. ~ ,. 
' 
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Microscopy. - · obse.r:ved under. the .. liroited magnification of, 

4;0-.lOOx available with Light and Phase c;ontrast m.icroscopes •. 

qJ Isqpycnic density - Plasma membr()nes banded at a sucrose 

o~ncentration of 34% (w/v) corresponding to a density of ·1•12 •. · 
. •. f > ~· 0 

·o;:tJ~st,imat1on of plas~~a membrane enzyme mar:kers -·Glial cells and 

b.lteir plasma membrane. f;racti:ons were . assayed for the membrane. 

5'. Nucleotidase (10) 1 (ii:) Acetyl clwline esteras.tr~ 

-'·--"'"'""'"'-""..A. JS01b·_ .tii2iL . Glutamine s.ynt-.etase ( 222) , ( iv) Carhoni:u~ 

and (v) Sialic acid (351) respectively:. 

Bovine brain •glial cells Elt;ld 1 plasma membrane f.rac.tions·' 

cpntained detectable 5'Nucleotidase and Acetyl choline~esteraee· 

a€~ivi:ties. Hwna.n foetal glial cells were positive ,for Aoetyl 

choline ·esterase and sia·l ic acid only • However, none of , ;the, 

sp_ecified membrane markers could be .q.ete<J!t:ed in the glial plasmaJ 

m~brane fractions from human foeJta.l brain •. The .Iimitatiion.s bfr . . . -:q;~ l 
. e~trelll<;'}y low Tields as w.ell as i~er characterisati<>ll o'£: the< 

p~a.· sma membrane preparations ob11~~rd, precluded our I>Ursufurrg: 

th1s route. further. . ,.#·'·JJ 
·).<,> ·~r 

· , Thee procedure of Zanetta .. j~:fl al for the isolatH:m~: ,1of 

membrane •J~tf~lycoprotei•ns i 
S,~YI!laptt>so:ma1 plasma 

<c > rr.'~ ·,;· ~; 
'. t' 

by 

chromatography on Con A. ( 364) was ~xtended to glial cells. Hwnan 

fo·eta1 glia J50mg. protein] stored in• PBS, pH. 6 ~ 0 at 0~4°ct Were. 

w~shed .once in distilled wat:er-c:a;nd oHe·e in methanol at.·2000 x :g 

f:or 15 m:tn. The· cell ;pellet was: .qelipidated by sequential 

extractions with 6ml each of 1:2,C~M (v/v), l:l,C:M Cv/v) and 
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(v/v), stirring for 2 min and pelleting down at 2000 x g 

for 15 min at 25°C. The delipidated protein was washed with 

I . 
methanol, dried in vacuo and suspended in 7ml of 0. 02M Tris-

HCl~pH 7.0 containing 10% 2-ME gaturated with EDTA and kept at 

4°C overnight. Th~s step released peripheral membrane proteins, 

broke down aggregates possibly formed by interactions between 

cations and proteins, and also caused breakage of disulfide 

bonds .. The protein was centrifuged at 100,000 x g for 60 min and 

the ensuing pellet solubilised in 5ml of 0. 02M Tris-HCl-0 .1M 

NaCl-4% SDS-9.002M 2-ME, pH 7.0, _followil)g which the pH was 

·adjusted to 8. 0 with 1M NaOH. Alkylation of sulfhydryl groups was 
i 

effected by adding 10 fold excess ~he protein concentration of 

iodoacetamide, flushing and sealin~r:~n nitrogen, and incubating 
4i:-~:ri 1i. ~,~::;r ' 

for 12 .h in dark at 25°C~ The Ulk;y'lated protein was dialysed 

against 49 volwnes of distilledl~:lf~~er at room temperature for 

48 h to bring down SDS concentr~t#-,iP.l) to 0. 08%. The 100,000 x g 
-~!:,_)) 

for 60 min supernatant containing':"ab'out 10-15mg_ protein/ml (64) -
. !·.·jr' 

was loaded at 25°C 'on Con A-Sepharose 4B [ 6ml gel/ml sampie] 
I 

. '• . 

equilibrated in 0.02M Tris-HCl-O.lM NaCl-0.0002M PMSF-0.1% NaN3 , 

pH 7.0 [Buffer C] containing 0.04% SDS .. The.affinity column was· 

washed with the same buffer and eluted at 25°C with O.SM o-MG in 

Buffer C-0. 04% SDS. The Con A eluate was precipitated with 4 

volumes methanol and 1.5 volumes ethyl acetate and washed'with 

80% methanol to remove the hapten sugar. 



99 

On SDS-PAGE it was observed that the major protein band 

corresponded to Con A in molecular weight, suggesting the 

leaching of Con A from the matrix. Zanet:ta et al (365) have 

reported similar situations whic.h has been attributed to two 

factors mainly. 

a) Presence of noncovalently bound Con A on the matrix. This was 

removed by prolonged and repeated washings of coupled gel at 

alkaline pH 9 and acid pH 4 in O.lM buffers in presence of 1M 

NaCl, followed by washing in 0.5M sugar inhibitor and finally 1n 

buffer containing 0.08 % SDS. The gel was lhen equilibrated with 

O.OlM metals [Ca2·, -Mn2• and Mg2•] before bringing it to Tris 

buffer-0.04% SOS. 

b) Formation of degradation products during chromatography. This 

effect was more significant at ambient temperatures and could be 

reduced by using concentrated ~~?t~in solutions and minimum gel 

Con A is made up of 4 subunit~ held together by noncovalent, 

hydrophobic forces. Detergents and chaotropic agents used for the 

solubilization of membrane glycoproteins could dissociate the 

native lectin molecules. Previous reports have indicated the! 
\ 

occurrence of possible hydrophobic interactions between lectins 

immobilized on CNBr-activated Sepharose and water soluble and 

detergent solubilised glycoproteins (55, 234). The effect of 

detergents on the activities and stability of immobilized lectins 

have been studied by Lotan et al {207). According to them anionic 



caused the mo~t pronoun~ed deleteriou~ effects on the 

glycoprotein binding efficiency of Con A-Sepharose than cationic 

or zwitterionic detergents at concentrations of 1-2.5% .Con A was 

sensitive to ionic detergents even·at 0~1% concentration. Sodium 

sulfate,a potent protein denaturant,under mild conditions 

[0.05% SDS for 1 h at 23°CI decreased the binding efficiency of 

Con A by 30% which correlated with the release of noncovalently 
! 

lectin subu~i.ts from Con A-Sepharose. Even longer exposure 

[0.05% SD,S for 16 h at 23°C] or more drastic conditions (1% SDS 

for 1 h at 23°C] did not dramatically decrease the activity of 

immobilized Con A. The binding efficiencies however, wen~ 

markedly di~inished due to extensive leaching of lectin subunits 

from the matrix. A higher SDS concentration J 0.1% l was mon~ 

harmful, especially after prolonged incubation. Non ionic 

detergents such as Nonidet P-40 or Triton X-100 at concentrations 

of upto 2.5% did not decr~ase the binding o{ glycopr~teins to 

Con A-Sepharose by more than 25% • Helenius & Simons ( 145) had 

observed that Triton X-100 was very inefficient in breaking 

QQncovalent bc,:mds which were responsible for the quaternary 

structure of multimeric proteins. These observationa suggested 
t ~ ' 

that nonionic detetgents were most suitable for lectin affinity 

chromatography because their effects on lectins were minimal. 

Considering these above. factors lectin affinity chromato-

graphy was attempted, replacing SDS with the nonionic detergent 

Triton X-100. Chromatography was carried out at 4°C in TBS, pH 
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7.4-0.1"& Triton X-100-0.0002?>1 PMSF [Buffer Dl. Glial proteins 

solubilized by Zanetta's procedure were dialysed against 0.1"& 

Triton X-100 at 4°C before loading on the gel. The column was 

washed with Buffer D and eluted at 25oC with 0.5M m-MG in Buffer 

D. The eluted fractions were concent:rated by ultrafiltration 

through YM-10 membrane and dialysed against cold water to remove 

a-MG. The leaching of Con A as revealed by SDS-PAGE, prevailed 

undiminished in spite of the presence of nonionic detergent and 

low(~r Of)(~ra Ling tr~mpe ra Lures. 

To verify whether this excesstve leac;hing of Con A was 

caused by U1f~ presence o ( detergent, i so I at ion of g I ycopr·oteins 

was carried out in the total absence of detergents. Glia were 

delipidatcd 1n chloroform-methanol and suspended 111 0.02M Tris­

HCl, pH 7.0-1% 2-ME-saturated with EDTA and kept at 4°C for 2 h. 

All further steps were carried out al 0-4°C. The suspens1on was 

centrifuged at 3000 x g for 20 m1n, the pellet washed thrice in 

water to remove soluble proteins, suspended 1n TBS-O.OOlM PMSF, 

pH 8.0 and sonicated at a frequency of 22~ for 30 sec x 4 times. 

The pH was adjusted to 7.4 with dilute acetic acid and the turbid 

protein homogenate [0.2-0.Smg protein/ml by Bradford assay] was 

filtered throu~Jh \'lhatmann No:l filter paper· to n~move large 

particulate material. About 50% of the total protein was in the 

filtrate which was loa.ded on dn equal volume of Con l\-Sepharose 

4B. The column was washed at 4°C with TBS, pH 7.4, and eluted at 

25°C with two bed volumes of 0.5M m-MG in the same buffer. The 
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Con A eluate was concentrated by ultrafiltr·ation through YM-10 

Lo 5ml and dialysed i~xtensively at 4"C against 3-4 changes x lL 

of distilled water. Further concentration if required was 

achieved_by flash evaporation or by precipitation in presence of 

J?o SDS with 4-5 volumes of cold methanol or acet~one. This 

protocol also yielded an eluate containing Con A as the major 

protein component illustrating that detergent was not the only 

factor responsible for Con A leaching. 

Prior del ipidation of glial samples bPfore I he affinity 

chromatography step was carried out for basically lwo reasons -

(a) an increase in the binding efficiencies of the glycoproteins 

of interest was imperative in absence of interfering glycolipid, 

and (b) presence of hydrophobic lipid could angment an already 

prevalent problem of leaching of Con A subunits from Lhe matrix. 

Solubilization' of the protein in the absence of detergents was 

difficult to achieve. Sonication was therefore used as a means to 

render homogenous cell suspensions in the absence of detergent~. 

The suspensions prepared from delipidated glial cells, though 

filtered, caused considerable column blockage indicating 

break down ineffectiveness of the applied condi Lions to 

particuJaLe ag9regates. Increasing the frequency and/or time of 

sonication, mandatory to achieving better homogenisation, 

resulted in loss of earl.>ohydrate. The loss was upLo 25% as 

determined from carbohydrate estimation of samples dialysed 

ext(~nsively before and after sonication at 22v frequency for 
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30 sec x 4~B times (63). Glial cells could b<" homogenised more 

easily without preliminary delipidation to n~nder solutions more 

compatible with affinity chromatography. 

Solubilisation was finally effected ~n a buffer consisting 

of 0.025M Tris-0.7M glycine, pH 7.8, used for transblotting of 

hydrophobic integral membrane proteins (311). Glial cells [30mg] 

were washed thrice at 5000 x g for 10 min [4°C] with distilled 

water. The cells were homogcniscd in 50m1 of 0.025M Tris-0.7M 

~]lycine-0.1% NaN3 [Buffer El pH 7.8, wit:h 10 strokes tn Pottc~r 

Elvehjm homogeniser followed by stirring for 1 h at 4°C. The pH 

was adjusted to 7.4 with dilute acetic acid and centrifuged at 

150 x g for .t min to settle large particulate material. The 

supernatant was chromatographed batchwise by mixing with an equal 

volume of Con A-Sepharose 4B, keeping for 2 h with occasional 

stirring at ~C. The gel-protein mixture was packed into a glass 

column, washed with one bed volume of Buffer E, pH 7.4, and then 

in cold TBS, pH 7.4. Elution was carried out at 25°C with 0.5M 

a-MG in TBS pH 7.4. Significant leaching of lectin was observed 

Hl this procedure too (Fig. 9.). Con A-Sepharose 4B affinity 

chromat6graphy has been used routinely 1n our lab to isolate a 

wide variety of glycoproteins, however this extensive leaching of 

Con A to constitute the majority of the eluted protein has only 

been demonstrated in the present case. 

Haemagglutination studies with trypsinzed human RBC were 

carried out on the unbound and hapten eluted fractions derived 



Fig.9. 

1 2 

Illustration of Con A leaching on 12% SDS-PAGE. 
Coomass,ie Blue stain. Details are given in 

text~ Lane 1: Con A, Lane 2: Con A eluate. 



104 

from the above procedure. The fraction of glial homogenate that 

did not bind to Con A-Sepharose and was collected as breakthrough 

was ~iluted 1:1 (v/v) with 0.005M Tris-HCl, ·pH 7.0, and used 

directly for the haemagglutination assay at a protein concen-

tration of 100pg/ml. The O.SM a-MG eluted fraction was dialysed 

extensively against distilled water {1L x 4 changes] and 

concentrated by ultrafiltrati6n through YM-10 membrane at 4°C. 

The concentrate was made 0.025M Tris-0.7M glycine by addition of 

solid salt, pH was adjusted to 7.4 with acetic acid and the 

solution diluted 1:1 with 0. OOSM Tris-HCl, pH 7. 0 to render a 

protein concentration of 100pg/ml. Haemagglutination assay system 

comprised of 0.2ml protein solution and 50p1 of a 5% suspension 

of trypsinzed human RBC's tn TBS, pH 7.4, at 25°C. The 

agglutination was monitored after 2 h. 

The protein 

agglutinated human 

'' I') 

fraction cRtl~cted in the breakthrough 
: 5 !' 3 

i·: ~ 

RBC's. Since the;proteins did not exhibit this 
' I 

property before applicat'ion on th(:! .}ectin matrix it was concluded 

that agglutination was caused by Con A released from the matrix 

during loading of protein sample. This initial loss of lectin 

from the column during chromatography of glial proteins was a 

transient occurrence as no protein was detectable in the effluent 

at the end of the washing step. Con A leaching wa~ again observed 

during elution of the bound glycoproteins with specific sugar. 

Although Con A constituted the major protein in the eluted 

fraction, a noteworthy observation was that the O.SM a-MG eluted 
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fraction [Con A eluate] did not. agglutin.:.it_e RBC's under the 

conditions of the haemagglutinalion assay. The evidence suggested 

that Con A present 1n the Con A eluate was not in a nati w~ 

conformation favouring formation of crosslinkages between RBC 

cell surfaces. It was possible that noncovently associated Con A 

subunits leaching from the gel during elution existed as 

monovalent forms incapable of haemagglutinating activity. 

Inhibition of the lectin in haemagglutination, by the co-existing 

Con A-specific glycoproteins eluted from the column, could not, 

however, be ruled out. Obviously prewashing the gel with buffers 

of high I.ornc strength and extn'mes of pH were ineffective 

towards removing Con A subunits noncovalently associated with the 

Sepharose matrix. 

The problem has now been circumvented by introducing a 

pretreat-ment step for the immobilised lectin wit~h guanidine 

hydrochloride [Gn.HCl]. Freshlyprepared Con A-Sepharose 4B was 

washed respectively in O.OSM formate, pH 4.0 and O.OSM Tris-HCl, 

pH 8.0 buffers in presence of 1M NaCl, 0.3M sucrose, and finally 

Ln water. The gel was then treated at ambient temperature with 10 

volumes 6M Gn.HCL pH 7.0, over a period of 3 h. This step 

removed .:Llmost all the noncovalently associated Con A from the 

gel matrix. After the pretreatment step, Con A-Sepharose 4B was 

thoroughly washed with water and equilibrated overnight at 4°C in 

O.OlM Tris-HCl, pH 7.0, containing O.OOlM each of Ca~, Mn2", and 

Mg2•. This gel was used for affinity chromatography. Rechromato-
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graphy was carried out on the same gel after washing with water, 

1M NaCl and equilibration Jn buffer conLajning metals. 

The binding capacity of this gel though diminished yielded 

glycoprotein fractions relatively free of contaminant Con A. The 

final proced11re for the isolation of Con A-binding glycoproteins 

from glial cell surfaces has been elaborated below. 

PreE_<:'!Ta!-i_?_n_p_f=-----.f.:!la.sma membrane enriched f rae t ion from human 

foetal glial cell~ 

About 50mg qlial cells were suspended 1n l5ml ice-cold 

distilled water containing 0. OH1 EDTA-0. 25% 2-ME, lysed by 20 

strokes in Potter Elvehjm homogeniser and pelleted at 8000 x g 

for 10 min at 4°C. The pellet was rehomogcnised as above by 20 

strokes 1n same medium. The 8000 x g for 10 min pellet was 

suspended with 10 strokes 1n cold 0.25% 2-ME to ensure maximal 

cell lysis, which could be moni'tored by light or phase contr<u;t 

m1croscopy. The plasma membrane enriched pellet was washed once 

more with 0.25% 2-ME and then twice 1n cold distilled water at 

8000 x g for 10 m1n to remove adhering cytoplasmic constituents. 

This fract.:ion was stored .1n J.ce 1n distilled wat~er-0 .1 9<> NaN;s 

until further use. 

L'i?Jil_\.:_ !() _ri ___ ~!J=----~:g_r_~--~::}.:>)::!l5Lic!l_9_:tlyt;_() I? E.?J::t~j_Il_!'i_ -- LE!)!ll __ El_<t s '!l·,~--'!~~l!'l2..!'.<lf)_~' 

enriched fraction 

The plasma membrane enriched _pellet was suspended at 0-4'"'C 

by 10 strokes in Potter Elvehjm in Buffer E-O.OOlM PMSF-1% Triton 

X-100, pH 7.8, diluted 1r1 the same buffer to get a protein 
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concentration of 0.2-0.5mg/ml (64) and sonicated at 2-4p 

.frequency: for 15 sec x 4 times. The pH was adjusted to 7.4 with 

acid and the homogenate centrifuged at 150 X g for 

2min topelletpa:rticuL3.1::e material. The pellet, if any present, 
!" ; 

W<HS. resuspended in the above buffer, sonicated and centrifuged. 

The .ppoled supernatants [3o-4omf aliquotsJ were mixed with ~qt,~a} 

,volumes of, the pretr'eated a'nd equi I ibrated Con A-Sepharose 4a Jn 
c,4J./ ,. , , ::; 

beaker c ~and kept lor a minimum of 2 h with occasional!,¥ 

stirring, at 4°C. The mixture was packed into a column, washed at· 

4oc first •with one' bedt'volume of Buffer E-:-0.1% ·Triton X-100, pfl 

7.4 a\nfl t~he;n in TBS..-0.1% Trifon X-100, pH 7.4 [Buffer ~]. The 

~olu~m Jwas eluted in bulk with two bed volumes of Buffer F 

cont~ining 0.5M a-MG. The eluate was.either filtered through 

Wh~tmann No.1 or 'cen.r.:tifl.lged at 5000 X g for 10 min to remo.vc:! gel 
' . '} ,' f•1 

parti~~es if i?resen t, d ii li ted ~mt,1 with 0 o 0 1M TBS, pH 7 o 4., an !I, 
co.n~entn:1ted at 4°C by ul traf:l'¥tl!~ation through YM-10 or PM-,10 

••• < • • • qJi;:r :t. "; 
membrane. The turbid conceritrat.~Vlsml1 was dialysed extensive]y . 

!··,·' 

in th:e cold a;gainst 4 x lL dlstiil'ed water to remove hapten s!lgar 
,•, ' 

and del?ergent. The d:ialysed protein was stored at -20"C ~ 

T.be ·samples eluting· at 25°C presented a faint band .cor res-
I • 

p<~ndjng. to Con A in molecular wt:~ight on SDS-PAGE (Fig.lO.). Tt•at . ' ''- ', 

the 27 KOa .protein was indeed Con' A was confirmed by N-terminal 

an.:Jly§iS of this band cut out from SDS-PAGE gels. ElectroeJut~.o·n 

of this protein from the gel slic~s al1d N-terminal sequencin<J by 

Dansyl-Edman and DAB!Tc'.:...'prtc m~thods as described under Materials 



lOH 

& General Methods revealed that the N-terminal sequence for the 

27 KDa band was Ala-Asp~The- which corresponded to that of Con A. 

persistence of the Con A band 1.n 25°C eluted samples, 

although considerably reduced after pretreating the gel matrix, 

not be explained as an effect caused by 

Eliminating Triton X-100 in tb~ (l}:>ove isolation procedure did riot~ 

abolish this Con A band. Cotttra.rily, Triton X-100 was 

tn<::.rc'!ase t:he yield of at least 

by enhancing the solt1lJilisation 

maintained in all the buffer$~ 

Finally, it was established that carrying out 

procedure of Con A chronratogr:aphy and elution at 4°C 

glycoprot£:~in fraction free • This fraction did not 

any ConA band on 

Leachin~J ' was 

subunits noncovalently but lly associated 

Sepharose matrix a>nd/or with Con A 

This dissociation was aided by the presence of 

glycoproteins, lipid or det:ergent molecules in t~he mobile 

As Con A leaching was maxifual during elution ~ith 

was likely that the glial Con A-binding glycoproteins furni 

the hydrophobic environm~nt suit~ble for 

A subuni1:s from the gel. 

The.· appearance of Coh A even after drastic 

Con A-Sepharose tn 6M Gn.HCl corroborated with the vari 



Fig.lO. 

1 2 3 

10% SDS-PAGE of fractions eluted froro~on A_~ 

Sepharose 4B a~C anL25'C. Coornassie Blue 

stain. Details are given in text. 

Lane 1: 25'C eluate, Lane 2: 4'C eluate. 

Lane 3: Con A. 



Fig.ll. 

A B 

Orcinol-sulfuric acid stained thin layer 

chromatogram of lipid extracted from ltOOpg 

protein eluted respectively at 25'C I AI and l~·c 

lJll.. TLC was carried out in 7:3, 

n-propanol :water ( v/v) solvent system at 2S•c. 

See text for details. 
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observed b~tween ~he 25°C and 4°C eluted samples. This temperature 

d<~pendenL leaching of Con A from pretreated gels has now been 

ascrib~d to the presence of noncovalently associated glycolipid 

coeluting with the. glycoprotein. Identification of this lipid 

fraction and characterisation of the Con A eluate has been dealt 

with in the succeeding chapters. Therefore only the role played 

by ljpid in relation to lectin affinity chr6matography has been 

discussed here. It was observed that during eluti~n, tlw 

glycolipid profile closely paralleled that of Con A and that cold 

eluted. samples co11tained negligible lipid as compared to the~ 

fractions eluted at 2S°C (fig.ll.J. 

Considering the occurrence of hydi-ophobic patches on Co.n A, 

substantiated by reports on the possible occurrence of 

hydrophobic interactions between lectins immobilized on CNBr 

activated Sepharose and or 

glycoprotein~' (55,234), 

hydrophobic membrane 

it 

glycoproteins, 

det.ergent solubilised 

to hypothesize that:. 

detergent and lipid 

stabilized in the form of mixed micelles offered an environment 

conducive for solubilisation of Con A subunits. Con A subunits 

associated through hydrophobic interactions with covalently 

coupleq Con . A had a higher affinity towards these micelles, 

probably by virtue of the presence of a highly nonpolar micellar 

core, and thus eluted in th~ mob~l~ phase. Low temperatures. did 

not favour micelle formation restricting mobility of lipid due 

phase transition, thereby dec;reased the hydrophobicity offered 
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lectin subunits and prevented l caching of Con A. This (~ould 

explain the relative absence of glycolipid and Con A evidenced 

when elution was carried out at 4°C. 

One fact to be kept in mind however, was that Con A leaching 

was observed in the absence of detergent and/or lipid. A possible 

explanation for this phenomenon could be that the gly6dprotei~ 

binding t.o Con A was itself amphipathic and could form self 

micel tr~s of sufficient hydrophobicity to include Con A. Trit:on X-

100 and' glycolipid enhanced and further stabilized micelle 

[ormation in the form of mixed mice lies of prot.ein, 1 ipid and 

detergent. 

Con A-binding glycoproteins were prepared from glial ce1ls 

isolated from IT~ [CR=9-20cms] and III~ [CR~24-36crns] trimester 

brain tissue respectively• Glycoprot-ein yields were calculated as 

between 2-49<> of the total protein Jha:ded on the affinity matrix. 

Remov.:d of contaminant 1 ipid and ··Con A from the E_!"epare<l 

_gl y c O.J:?£..<?.!~.1- n s 

Lipid was extracted by the method of Svennerholm & Fredman 

(325). One volume of an aqueous suspension of glycoprotein was 

treated with 4 volumes of 1:2,C:M (v/v), to obtain a 4:8:3,_C:M:W 

(v/v/v) mixture. The sample was vorf,exf~d for 2 m.1n at roon\ 

temperature and centrifuged at 3000 x g for 15 m1n. The pellet 

was suspended in water and extracted once agaJ n as above. The 

supernatant cootained all the sol ubi 1 ized glycpl ipid and could be 

used for analysis of glycolipids. Lipid also separated from the 



111 

glycoproteins during SDS-PAGE and migrated as a diffuse band 

close to the dye front. 

Con A was removed electrophoretically by SDS-PAGE in tube 

gels. Electroe1ut~on of glycoproteins directly from the gel or 

from cut gel slices containing individual glycoprotein bands was 

employed to recover samples absolutely free of Con A. The Con A 

eluate was subjected to SDS-PAGE in 12% tube gels of 5.5cms 

length according to the method of Laemmeli (190) in O.OSM Tris-

0.192M glycine-0.2% SDS, pH 8.3, chamber buffer. Con A-FITC was 

run simultaneously as a marker until the visible Con A-FITC band 

moved out of the gel. ·The proteins freed of Con A were electro-

eluted out directly from the tube gel. The lower anodic chamber 

was filled with fresh Lamme.li buf.(e,r. The solution over the gel 
'i ';i -/ ~~-
,._. '/·-- ' 

was blotted out and the gel lay~red~ith 150pl recovery solution 

consisting of 0. 025M Tris-0. 075M gJycine-40% glycerol-0. 001M DTT, 

pH 8.8 (317). pver this, 2M NaCl~ high conductivity zone, wa's 

carefully layered till the top of tube. The upper cathodic 

chamber was filled with Laemmli buffer free of SDS, the current 

was reversed so that the upper chamber was the anode and electro"'" 

phoresis carried out for twice the initial. running time at 

4mA/tube. Protein eluted into the recovery solution and was 

prevented from migrating further by the 2M NaCl high conductivity 

zone. After the run, protein was collected 1.n the recovery 

solution, precipitated in 5 volumes ice cold m,ethanol, washed 2-3 

times with 1:8,0.IN HCl:acetone (v/v) to remove SDS, freed of 
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organ1c medium by evaporation ~n vacuo and used as such or stored 

at -20°C Jn water. Some~ loss of prot.ein was incurred by these 

procedures. However the yield was sufficient to carry out 

characterisation studies requiring such a degree of sample 

purity. 

----------· 



PART III: CHARACTERISATION OF CQN~ANAVA~I~ A­

~-~-"-~!-~-~""_{;_~ YJ;_~c~~Q_T_f;_!t:!~ 

Glycoproteins were prepared from glial plasma membrane 

enriched fractions as described 1n the preceding section. 

Extensive dialysis against water did not remove the detergent 

completely, hence the glycoprotein fraction was obtained after 

Con A chromatography as a dispersion in water-Triton X-100 

medium. This sample has been referred t.o as Con A eJ uate. 

Most standard methodologies for protein characterisation 

were hindered appreciably by the poor to limited solubility of 

the isolated protein. Organic solvent precipitation of the 

glycoprotein aggravated the existing problem as expected. 

Exercising drastic conditions for solubilisation such as boiling 

for 5 min at l00°C in presence of denaturants 1 ike 2-4% SDS, 

8M urea, or 6M Gn.HCl could only achieve solutions of protein 

concentration not greater than 0. 5mg/ml. Characterisation studies 

were therefore carried out on homogeneous protein suspensions. 

Wherein protein solubilisation was imperative, highly sensitive 

techniques were employed to enable detection. 

The protein was concentrated further by flash evaporation at 

37°C, lyophilization or by methanol precipitation. The recovery 

was less when employing drying procedures as a means of protein 

concentration due to sticking of sample to the container walls. 

The entire protein could be precipitated with 4-5 volumes of ice­

cold methanol in presence of 1% SDS. In the absence of SDS only 
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70% of the total protein precipitated in 80% methanol. Efficient 

recovery of protein in absence of SDS was possible by 

precipitation with 8 volumes of cold methanol. Organic solvent 

precipitation, in addition removed all the residu~l Triton X-100 
\ 

carried over from the glycoprotein isolation step. The pr~or 

removal of the nonionic detergent by organic solvent 

precipitation was essential to procedures such as SDS-PAGE, 

because Triton X-100 was found to interfere with protein 

migration during electrophoresis and caused smearing of bands. 

Protein concentrations were determined by the modified micro 

Lowry method (64). The percent carbohydrate/weight protein for 

the room temperature eluted Con A-binding fraction was 45:!:20 % 

irrespective of whether the estimation was done directly on the 

Con A eluate or on methanol precipitated glycoproteins (63). The 

poor solubility in spite of such a high carbohydrate content 

could not be explained •. 

A complex banding pattern was observed on SDS-PAGE in 8% and 

10% gels as well as 3-12% gradient slab gels for the Con A eluate 

as illustrated in Fig.12. and Fig.13. (190). An appreciable amount 

of protein did not migrate into the gel and remained at the 

bottom of the sample well. In addition were present~ faintly 

stained multiple bands of Mr ranging from 35 KDa to above 

100 KOa. A faint but distinct band corresponding to Con A in M 

[27 KDal was obtained for the Con A-binding fraction eluted at 

25°C but was absent in samples eluted at 4°C (Fig.10.). Finally, 
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a broad diffuse band staining with silver or CBB was observed 

near the dye front at the bottom of the gel. For ease of study 

the glycoprotein bands were divided into five Mr groups, viz. Go 

[protein retained at the point of application], G 1 [ 75-130 KDa], 

Gu [65-72.5 KDa], Gm [52-63 KDa] and ,G1v [43.5-48.5 KDa] 

respectively (Fig.14.). The band corresponding in Mr to Con A was 

designated as Con A-band. Sblubilizing the protein sample in 

larger volumes abolished the G0 band, however protein concen-

tration within the gel was too low for detection. A protein 

concentration of 0.5-lmg/ml was mainLained optimally for samples 

loaded on SDS-PAGE. 

Glial plasma membrane fraction and the Con A eluate at a 

concentration of lOOpg protein/25pl/well were applied on a 7% 

mini slab gel and subjected to SDS-PAGE at a constant current of 

lOrnA. The gel was stained for carbohydrate with thymol-sulfuric 
\ 

acid (108). Diffuse carbohydrate staining in the upper half of 

the gel indicated the presence of high molecular weight glyco-

proteins. The well containing Con A eluate however stained 

negative except at the point of application where the concen-

tration of the insoluble glycoprotein was higher. Considering the 

low solubility of the sample it was probable that glycoprotein 

concentration within the gel was too low to be detected with the 

staining procedure used. A similar picture was seen on Con A-FITC 

staining of the Con A eluate after SDS-PAGE in 10% slab gels 
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Silver stain. See text for details. 
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(93). Con A-FITC binding could be visualized only for protein at 

and close to the point of application on the gel. 

To ensure that the CBB stained bands obtained after SDS-PAGE 

on 8% and 3-12% gradient polyacrylamide gels, respectively, were 

glycoproteins, individual bands were cut out and the protein was 

electroeluted. The eluted protein-SDS complex was washed 4 times 

in 80% methanol to remove contaminants, redissolved by boiling 

(100°C for 5 min] in lOOul of 0.04M LiC03 -2% SDS ,pH 9.5 buffer, 

and estimated for carbohydrate. The bands Go, G1 , GII, G1 n, and G111 

each contain~d 160±90ug carbohydrate/mg protein. The Con A-band 

contained no carbohydrate, an evidence supporting the existence 

of Con A, an artifact of the isolation protocol. 

An analogous decrease in carbohydrate content from 450±200 

pg/mg protein to 160±90ug/mg protein was also noticed on 

delipidation of the 25°C Con A eluate, with 2:1,C:M (v/v) (88) or 

with Fredman's solvent, 8:4:3,M:C:W (v/v/v) (325). The evaporated 

organic phase was carbohydrate positive when reacted with phenol­

sulfuric acid reagent. This discrepancy in carbohydrate content 

after SDS-PAGE or del ipidation, supported by the presence of 

carbohydrate positive material extractable into organic solvents 

suggested the presence of glycolipid in the Con A eluate. The 

diffuse silver/CBB staining observed near the dye fronts after 

SDS-PAGE of the Con A eluate was attributed to this lipid 

(Fig.12.) component, since delipidated samples did not exhibit 
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this feature (Fig.l3.). The presence of glycolipid was confirmed 

and identified by TLC. 

~ipid analys~~-Jrr __ :rLc 

Commercial Silica gel plates (2.5 x lOcms, E.Merck, Germany) 

were activated for 1 h at ll0°C. The lipid, extracted from the 

Con A eluate in 8:4:3,M:C:W (v/v/v) was concentrated by 

evaporation in vacuo and 20pl spotted on TLC plates. Ascending 

chromatography in 7:3,n-propanol:water (v/v) solvent system was 

carried out at 25°C. The air dried pl~tes were stained 

respectively with iodine vapour, orcinol-sulfuric acid, and 
. 

resorcinol-HCl (188). All the lipid stained positive with iodine 

vapour were also stained with orcino}-.,.aulfuric acid indicating a 

predominance of glycolipids. Resorcinol-HCl only stained a small 
\ 

area near the solvent front corresponding most likely to GM4-G~ 

gangliosides (Fig.15.). The presence of noncovalently a;sociated 

lipid component in the Con A eluate was thus evidenced. This 

lipid was obviously glycolipid in nature, the majority ~f which 

were nonsialylated, possibly as ceramide oligosaccharides. 

Ganglioside was present only as a 'minor component. It was apparent· 

that these glycolipids closely associated with the Con A~binding 

glycoproteina were carried through the isolation procedures. The 

lipid contaminant was separated from the glycoprotein by SDS-PAGE' 

or by delipidation with Fredman's solvent. 

The glycoprotein fractions eluted from Con A-Sepharose at 

4°C were found to contain 190:!:60llg carbohydrate/mg protein which 
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paralleled the observation that the glycolipid content was 

considerably reduced tor these samples. A ganglioside component 

could barely be detected in these eluates. This aspect was 

verified further. by sialic acid estimations of the Con A eluate. 

The 25"'C eluted fractions contained 20±5 n moles sialic acid/mg 

protein (351). A slight decrease to 18±5 n moles/mg protein was 

obtained aft,er delipidation of the .above sample. The sialic acid 

content was·: 2'5±5 n moles/mg protein for the 4°C eluted fractions 

and remained unchanged even after delipidation. Contamination of 

the cold eluted· glycoprotein with Con A was negligible as 

visualised by the disappearance of the Con A-band on SOS-PAGE of 

these samples. The higher sialic acid content for the 4°C eluted 

fractions was therefore in concurrence with the increased purity 

of the isolated species. 

It has been reported that plasma membranes were particularly 
\ 

rich in glycosphingolipids as compared with intracellular 

membranes (59,355,172,274). The presence of closely associated 

glycolipide could serve as an evidence in favour of the plasma 

membrane locale of the isolated glycoproteins. 

Con A eluate in 0. 6ml water, freshly labelled on carbohydrate 

residues by periodate oxidation-tritiated borohydride reduction 

(315) was subjected to Folch pattitioning in 3ml of .2:1,C:M (v/v) 
. 

(88~. The lower phase and upper phases were respectively 

collected, evaporated to dryness and counted for.trit~um in 1ml 

of Bray's scintillant lrefer Materials and General MethodsJ. The 
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protein interface was washed twice in 80% ice-cold methanol and 

counted as above. Only 30-40% of the total cpm was recovered 

collectively in the three phases. 80-85% of this fraction was 

protein label. The remaining label was in the Folch upper phase, 

most probably in the soluble glycolipid fraction. The organic 

phase was free of radiolabel. Con A eluate delipidated with 
I 

Fredman's solvent also recovered in the supernatant and pellet 

together, only 30-40% of the initial radioactive label. Of this, 

more than 90% of the radiolabel was contained in the protein 

pellet. The observed loss in radioactivity was not delved into 

further. 

The distribution of glycoprotein during organic phase 

partitioning was traced by DEI.LA [refer Part IV]. The separated 

organic, aqueous and interphase obtained on Folch partitioning of 

the Con A eluate were respectively evaporated, the residues were 

suspended in 0.04M LiC03 -0.05% SDS buffer, pH 9.5 and spotted on 

nitrocellulose sheets. The glycoproteins were detected by their 
\ 

binding to each of the HRP coupled lectins, Con A, WGA and JSA. 

The Folch upper phase and interphase bound the three lectins 

respectively, indicating that the glycoprotein was distributed in 

these two phases. This accounted for the small amount of 

radioactivity persisting in the ~"olch upper phase of samples 

delipidated prior to partitioning. The label separating into the 

Folch aqueous phase was most likely contributed to by glycolipid 

in conjunction with minor amounts of glycoproteins. 
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A relevant observation made 1n the course of radiolabelling 

studies was that the excess free radioactivity was not 

efficiently removed by extensive dialysis. More than 70% of this 

label was retained with the protein inside the dialysis bag. 

Washing the protein 6-8 times with 8 volumes of cold methanol wa_s 

obligatory for complete removal of free radioactivity .Nonspecific 

sticking of label to hydrophobic proteins may have been a reason 

for this phenomena. However, considering the amount of free label 

retained in the present case, it was doubtful whether this was 

the only factor. The inherent property of the isolated glial 

glycoproteins to form micelles had alree1dy been hinted at in 

relation to Con A leaching. Entrapment of free radiolabel within 

glycoprotein micelles, thereby hindering their removal by 

dialysis could be yet another contributing factor. Methanol being 

an agent which destabilized micelle formation aided in the 

release of free radioactivity. 

The above presumption was best illustrated during 3 H-acetic 

anhydride labelling of the glycoprotei~ fractions. Samples 

dialysed extensively against water to remove excess acetic 

anhydride, on Folch partitioning, gave up 80-90% of the total 

radiolabel into the lower organic phase. A control consisting of 

an aqueous solution of 3 H-acetic anhydride ,on phase partitioning 

rendered an identical amount l 80-90% J of label into the Folch 

lower phase confirming that free acetic anhydride exhibited a 

higher affinity for the nonpolar phase. The preference shown by 
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acetic anhydride for the non polar phase was possibly satisfied 

within the hydrophobic core of glycoprotein micelles resulting 1n 

its retention along with protein under the conditions of 

dialysis. 

The amphipathicity exhibited by glial glycoproteins was a 

characteristic of integral membrane glycoproteins in accordance 

with the fluid mosaic model of Singer and Nicolson (308). Several 

well studied integral cell membrane glycoproteins such as human 

RBC glycophorin (214,334), rhodopsin from mammalian retinal rods 

(250,135), lipophilin from myelin (98) etc were asymmetrically 

oriented across the membrane bilayer. These q.Lycoproteins 

consisted of a hydrophilic carbohydrate rich N-terminal sequence 

exposed at the outer surface of the membrane and a hydrophobic 

section which interacted with the membrarie bilayer. 

~-=-~~!:_!1!:LI:l~L-~Jl<!lY!35_~ 

The determination of N-terminal sequence was based on the 

degradation scheme developed by Edman (69). Phenylisothiocyanate 

reacted with the amino-terminal amino acid of a polypeptide at 

basic pH to form phenylthiocarbamyl derivative. On acidification 

with trifluoroacetic acid, the first amino acid was ~leaved off 

as its 2-anilino-5-thiazolinone derivative, exposing the amino 

group of the second amino acid. The thiazolinone derivative was 

converted to the more stable thiohydantoin in dilute acid. The 

amino acid derivative was removed by extraction, the remaining 

polypeptide was dried and the next Edman cycle repeated. 
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Amino-terminal analysis was carried out by two independent 

techniques. In the indirect. Edman procedure, an a 1 iquot_ of the 

protein was removed at the beginning and after each cycle of 

Edman degradation. The N-terminal of the aliquot was determined 

by dansy lation of the protein followed by hydrolysis of the 

protein and analysis' of the liberated dansyl am1no acids by 

RP-HPLC. Intensely fluorescent derivatives resulted from the 

reaction of Dns-Cl with free .amino groups. The dansyl amino acids 

were stable to acid hydrolysis and exhibited yellow fluorescence 

(118). The second protocol involved direct ~dman degradation by 

DABITC-PITC followed by the isolation and identification of the 

cleaved off N-terminal DABTH-amino acid by TLC on polyamide 

sheets. 

Amino-terminal sequence of the Con A eluate as determined by 

Dansyl-Edroan procedure was Ala-Asp-Thr-. This was identical to 

the published N-terminal sequence of Con A (28), also confirmed 

by us. Although Con A eluate prepared at 4°C did not exhibit the 

Con A-band on SDS-PAGE, DABITC-PITC method revealed Ala- as N­

terminal of these samples.The N-terminal was therefore determined 

1n samples completely freed of Con A as follows. 

Con A eluate was subjected to preparative 3-12% gradient 

slab gel electrophoresis, loading the sample 1n all the wells. 

Individual bands were cut out and the protein electroeluted out 

as described under general methods. The eluted proteins were 

washed thrice in 80% methanol and then with 80% acetone in O.lN 
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HCl to remove SDS, dried in vacuo and sequenced. To ensure that 

artifactual N-terminal blocking by unpolymerised acrylamide or by 

other reactive agents during electrophoresis and electroelution 

did not occur (109), certain preventive measures were taken as 

suggested by Moos et al (232). All slab and tube gels used with 

proteins destined for sequencing were cast a day in adv~nce so 

that polymerisation · was complete. Pre-electrophoresis of the 

polymerised gels were carried out for 14-1b h at 40mA/slab or 

4mA/tube in ~eparating gel buffer 10.75M Tris-Hcl-=-0.1% SDS, pH 

8.851 containing 0.01H reduced glutathione in the cathodic 

chamber buffer. Glutathione removed charged impurities, reduced 

peroxides and residual radicals and served as a scavenger for 

uncharged reactive species like acrylamide monomer, free or 

incorporated acrolein or other reactive carbonyl compounds. Th~ 

buffers were discarded after th~ run, the chambers weie fill~d 

with the running chamber buffer and electrophoresis or electro-

elution was carried out with the sample. 
~ . 

The N-terminal appeared to be blocked for each of the 

glycoprotein bands G0 to G1..,. DABITC-PITC procedure did not 

indicate any DABTH-amino acid on polyamide TLC. Identification of 

Dna-amino ac'.ids by reverse phase HPLC on L.:lchrosorb C18 column of 

hydrolysed dansylated proteins detected only e-Dns-lys,confirming 

a blocked N~terminal f~r the glial glycoproteins (Fig.16.). The 

Con A-band however presented Ala as N-terminal amino acid in both 

the protocols. 
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The validity of these observations were checked as follows. 

Con A eluate was first dansylated to-rule out any artifactual 

amino group blocking. The·dansyl proteins were subjected to SDS-

PAGE in tube gels until Con A-band moved out of the gels. FITC-

Con A was run simultaneously as a marker. After removal of Con A-
\ 

band,the current was reversed and the protein was elut~d directly 

out of the gel into recovery buffer as described in the preceding 

sections. The eluted dansy 1 proteins were hydrolysed and the 

dansyl-amino acids were separated and identified by RP-HPLC. Only .. 
e-dns-lya could be detected, reiterating that N-terminals were 

blocked for the isolated species (Fig.16.). 

Several cell surface receptors especially invo1 Vf~d in signal 

transduction through interaction with guanine nucleotide binding 

proteins were blocked at the amino terminal and hence were not 

amenable to amino terminal analysis in the intact form of the 

receptor ( 268). It has also been reported that amino acids 

containinlJ modified «-amino groups or carrying carbohydrate ~ide 
I 

chains were resistant to Edman degradation ( 328, 356). Presence of 

sites of glycosylation at or near the vicinity of the amino-

terminal, commonly encountered in integral membrane 

glycoproteins, may account for the blocked N-terminal indicated 

by the sequencing procedures. 

The excised protein bands G0 to G1v obtained on SDS-PAGE in 

10% and 3-12% gradient gels respectively, were subjected to a 

"' 1. 
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second SDS-PJ\GI·: under ident1cal condittorw au Lht~ firHt: run 

(Fig .1 7.). Each protein group generated the same muJ tiband 

profile spann1ng the Mr range observed during the first SDS-PAGE. 

Protein concentrated predominantly in the Mr ranges corresponding 

to the bands GII, GIIr and G1v. The Con A-band was absent 

illustrating that it was distinct from the other proteins. This 

evidence supported the established stature of the Con A-band as. 

an artifact of the isolation procedure. 

The obvious conclusion from the above experiment was t:hat 

under the conditions of SDS-PAGE glial glycoproteins form(~d 

aggregates over a wide molecular weight range. These aggregates 

were interconvertible and exhibited a dynamic equilibrium between 

three major states corresponding to Gu, G111 , and G1v. The high Mr 

bands G0 and G1 were converted to the lower Mr forms by a shift in 

this dynamic equilibrium towards the favoured and.possibly more 

stable states. The tendency of hydrophobic membrane proteins to 

form irreversible aggregates in SDS ( 326,41) and the ensuing 

problems during SDS-PAGE (149) have been reported. Though these 

workers have recommended that SDS treatment of protein be carried 

out at lower temperatures [ 0-Jrc J as boiling increased the 

procJivity for aggregation, we found no difference in the case of 

our samples. Higher loading protein concentrations could only be 

achieved after boiling in 2-4% SDS at 100°C for J-5 min. Samples 

which proved particularly resistant to SDS solubilisation were 
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clarified tara limited extent by boiling with SDS in presence of 

urea (197,204). Urea had no effect on SDS-PAGE otherwise. 

A notable observation was that contiguous protein bands · 

visual-ised aftel'- SDS-PAGE differed in M by 2-4 KDa only. This r , . <!' 

signified a' balific monomeric unit of very low molecular weight~ if,· 

aggregation was the prime factor responsible for the complex 

multiband profile on<.SDS:..,PAGE. HoweveT such a species, if presen;t,., 

cou~d·not~he -identified on the gel or dye front. This discrepancY 
• 

was explained on the basis of two properties characteristic qf 

glycoproteins and which contributed appre:ciab:ly d~ring SDS-·~AG£ 

of these molecules~ 

The hydrophilic carbohydrate side chains present, on. g.l,y;co ...... 

proteins' prevented stoichiometric hydrophobi~ b'inding of SDS tq 

the protein . backbone resulting ·in dec-reased SDS to prol:t~i·n.,:: 

binding ratios, lower mobilities and higherapparent tt,. on.S,I>S7 
' 

PAGE (3;012, 40,. J:91 t 287) •. The prqblem. was more .;Complicated for 

membrane glycoproteins where higher SDS binding coulq pe obta~n~d 

due to the preseQce of highly .hy;drophobic lipoph.ilic segm,~nte Oil. 

the protein molecule as seen for human erythrocyte glycopbo..r:;in. 

This glycoprotein bound 5-7g SDSlg protein .1n contr<}st to l-:-~g 

SDS normally bound per gr.am protein•Jll9). 

The anomalous SDS-protein binding rat;iios led to 

in surface charge and hence altered mobilities on SDS-'PAGE. Th~ 
- \ . 

. apparent M,. therefore .differed from the actu.al M,.. 
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PAGE profiles could be microheterogeneity of the oligosaccharide 

side chains in the glycoproteins.Fine differences in carbohydrate 

structure and sequence could manifest as minor differences in 1'-1 

on SDS-PAGE (328,227). 

It was conceivable that all these factors Vl.Z. ag9regation, 

anomalous SDS binding and microheterogeneity were collectively 

responsible for the glycoprotein profile on SDS-PAGE. A more 

eommiLted auggestion would be that these il(JgrP9<li.es were a 

heterogeneous mixture of protein-SDS micelles formed under the 

prevalent conditions of partial solubilisation of membrane 

proteins with SDS (39). It was clear that glial glycoproteins 

could not be totally solubilised in SDS.Mixed micelles containing 

varying amounts of protein and/or SDS and differing slightly in 

molecular weights were formed, thus giving rise to t:he complex 

multiband profile on SDS-PAGE. The slight differences in Mr of 

adjacent bands could be credited to variations in SDS concen­

tration and to some extent microheterogeneity. The Mr of the 

basic protein monomer was irrelevant here. Micelle formation was 

also governed by a dynamic equilibrium dependent on solubili­

nation criteria. More conclusive evidence for this hypothesis 

would certainly contribute towards evolving a definite theory on 

the physicochemical nature of glial cell nurface glycoproteins. 

The factors responsible for such anomalous behaviour on SDS­

PAGE were delved into.The first aspect to be verified was whether 

specific structural components in the glycoproteins influenced 
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their mobilities on SDS-PAGE. The presence and effect of 

structural elements demonstrating non-stoichiometric binding t~ 
\ 

SDS, such as highly hydroph~lic or hydrophobic dom~ins, and/or 

capable of imparting an inherent amphipathic'ity to the molecule 

thereby aiding in micelle formation were looked into. The ext"ent 

of contribution of .st.Euctural modi£ications characterisj.::i¢ o;f the 
,: .-- - , , ~ - ' . , . ' r 

glycoproteins towards, their anomalous behaviour on SDS-P~~E w·e,re. 

studied .. 

An increasingly larige number of membrane assoc:lat~i~~otei~s' 

in eukafybtic. c{dls ar~ riow known to contain covalentj:.y bound 

lipid. The hydrophobicity imparted by lipid helped in protein 
;- " ~ 

interaction with the membrane lipid bilayer and in anclihrin~:f of. 

membrane proteins ( 301,337,81). Three modes of fatty acid linkag~c 

to eukaryotic proteins have been described ( ~'ig .18.) • '_fhese ar$"" 

(a) post-translational attachment of fatty acid 

palmitate though c12 to c18 acyl chaih lengths ,were also found} 

a thioester or ester bond to cyste1ne, serine or 

residues. Myelin proteolipid proteins (316,98,89), 

transferrin receptor (248), rhodopsin (240) and HLA glycoprotein 

( 167 ~ ;we:r~ some examples "of ester link:ed. protein fatty acid 
' ' ' ~ ' 

acylation. Th~ covalently hound fatty acid WaS readily 

by hydroxylamine treatment (211,310) or mild alkaline 

lysis·(247). (b) Co-translational myristoylation of proteins 

amino terminal glycine residues via an amide" li"nkage. 

majority of ' these proteins were soluble, 
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proteins, transiently associated with membranes. Protein kinaseS' 

such as cAMP dependant kinase ( 43) , tyrosine kinase p6ov-..-c of 

Rous Sarcoma Virus (300•, phosphatases such as calcineurin B (3) 

and bovifle brain G a-subunit ( 299) that had important roles in 
/ 0 ' 

modulating cellular metabolism through interaction with membran'e·s 
. l 

or membrane bound components were. N-myristoylated. The amide 

linkage wa's resistant to hydroxylamine or_ mild methanolysis'atid 

requ:tred ·drasti.~ 'acid methanolysis t 2N HCl, in 83% methanol '·a't' 

95"'C for 60 hl for cleavage ( 246). (c) Carboxy-terminal add:i.i!ftin: . 

of a phosphatidyl inositol containing glycan moiety to proteins 

shortly after the· completion of the polypeptide chain' 

biosynthesis. Several eel} surface proteins like Thy:-1 gly.co-

pr;otein (209),'acetyl'choline esterase.<95) ,neuronal cell adhesion 

molecule:-120 ( 144) and 5 'Nucleotidase C208) were anchored vii" 

their GPI -tail to the membra·ne 1 ipid bilayer. 'Nitrous 'adHJ:' 

deamination .( 80) and cleavage with phosphatidyl inositol spec'if1H:i" 

phospholipases 'Az· C or D (130,215) have been employed· H1r' 

cleavage of lipid from protein moiety • 

\ 

Ca~bohydrate 
. , 

side chains added considerably to the 

hydrophilic miture of glycoproteins. Their effect on glycoproUhtc 

behaviour and· mobility on SDS-PAGE was discussed above. In 
.. ),:·5 

addition to inherent structural features certain external facto".t!J''' ···' 

may have induced protein experimental aggregation ' . the under 

' 
conditions thereby giving rise to the complex interconvertible 
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multiband protein pattern on SDS~PAGE. This was the second aspect 

investiga~ed. 

At this point we sought answers to the .. following questions, 

(a) was covalently bound lipid the cause for aggregation? (b) did 

the glycan side chains influence protein behaviour on SDS-PAGE? 

and (c) could SDS itself be the cause for anomaly? 

Glial cell glycoproteins were analyzed for the presence of 

covalently linked fatty acids (276). The glycoprotein 1150pg) was 

extracted with 3ml aliquots of 8:4:3,M:C:W (v/v/v) twice and then 

with 2:l,C:M (v/v) once to eliminate all noncuvalently associated 

lipid. The delipidated samples were used for lipid estimation 

studies. 

Hydroxylg@ine hydrolysis of ester linked fatty acids 

The protein [150pg] was treated with 400pl of 1M NH20H.HC1 

adjusted to pB 7. 0 at 25°C for 120 min. The suspension was 

extracted three times with lml n-hexane. The organic phase was 

evaporated in vacuo and the residue analyzed for fatty acids by 

TLC. 

Alkaline methanolysis cleavage of ester linked fatty acids 

The protein llSOpgJ was digested at S~C for 30 min with 

400pl of 0.3M methanolic KOH and neutralized with 6N HCl. The 

liberated fatty acids were extracted into n-hexane as above and 

analyzed by TLC. 
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TLC of fatty acids 

E'atty acids were separated on commercial Silica qf!l plates 

[20 x 20cm, E.Merck, Germany). The solvent system employed was 

petroleum ether:diethyl ether:acetic acid,80:20:1 (v/v/v) (80). 

Myristic acid, stearic acid, palmitic acid and their corres­

ponding methy 1 esters were used as standards, spotting 25pl 

sample per lane. Reagent blanks were run simultaneously along 

with test samples. 

The chromatogram was visualized with iodine vapour and then 

stained for lipid with saturated K 2Cr2 0 7 in 70% sulfuric acid, 

followed by ,heating at 150°C for 15-20 mins. Lipids were 

perceived as charred spots (188). 

Detection of GPI-Tail 

Cleavage of phosphatidylinositol from glycan component of 

the GPI tail was effected by deamination with nitrous acid as per 

the protocol of Ferguson et al (80). The liberated phospholipid 

was then identified by estimation of its phosphorous content. The 

delipidated glycoprotein [300pg] was treated with 450pl of 0.25M 

NaN02 in 0.25M sodium acetate-acetic acid bu~fer, pH 3.5, at 25°C 

for 16 h. To this was added 45ul lN HCl, 1.2ml chloroform and 

0.6ml methanol, and the suspension was vortexed and centrifuged. 

The lipid partitioning into the organic phase was collected and 

evaporated to dryness. The residue was refluxed 1n 0.2ml 

perchloric acid in a sand bath [ 240°C J for 4-6 h in order to 

oxidise all organic material and convert ethereal phosphate to 
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inorganic phosphorus. The clf•ar solution waR aRHayP.d for 

phosphate by Bartlett's method (21). A protein Hample run 

identically e~cept for the deamination step which was excluded, 

served as control for nonspecifically liberated phosphate. 

No identifiable fatty acid was detected by TLC. The 

phosphate determined for test and control protein samples were 

identical signifying absence of GPI-tail. The proteins after 

treatment with lipid cleavage reagents did not bf~have with any 

dispar~ty on 10% sns~PAGE when compared with untreated samples. 

Corroborative evidence was also obtained independently by 

staining glycoproteins separat·ed on 10% SDS-PAGE for lipid with 

Sudan Black B (92). The proteins were not stained by Sudan Black 

B indicating the absence of covalently bound lipid components. 

Although the collective data suggested absence of covalently 

associated lipid, it was possible that the sensitivity of the 

protocols applied were not enough 1n the present situation. 

Nevertheless it was apparent that lipid was not the factor 

responsible for anomalous behaviour of the species on SDS-PAGE. 

To assess whether carbohydrate side chains contributed to 

the abnormal behaviour of glial glycoproteins, SDS-PAGE was 

carried out on deglycosylated and desialylated samples. Vacuum 

dried delipidated glycoprotein ll50pgJ waH sub)ected to chemical 

deglycosylation by treating with 50-lOOpl of TFMS at ooc for 3 h 

acco,rding to So jar and Bah! ( 314) • The protein solution was 

cooled to -20°C and slowly neutralised by addition of 150-300pl 
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prechilled 60% pyridine. The deglycosylated sample was then 

precipitated with 8 volumes of cold methanol. 

The glycoprotein {150vgJ was desialylated in 30Uvl of O.lN 

sulfuric acid at: B0°C for 1 h and precipitated with 8 volumes pf 

cold methanol (143). 

The above modified proteins were subjected to SOS-PAGE. An 

increase in Mr by 4 KOa was apparent for TFMS treated samples 

over the untreated controls CFig.l9.). Oesialylation rendered a 

single band of Mr around 80 KDa CFig.20.J. The amount of protein 

retained at the point of application was considerably higher in 

both cases. The Con A-band characteristic of untreated samples 

was missing for TFMS and acid digested protein samples. It wa~ 

likely that increased hydrophobicity imparted by removal of 

carbohydrate residues, resulted 1n the formation of larger 

aggregates. Apparently, a major portion of the protein did not 

enter the gel. The disappearance of Con A-band could probably be 

attributed to the association of Con A within these hydrophobic 

aggregates. However, whether this observed effect was itself a 

manifestation of the drastic chemical treatment rendered, was not 

studied further. 

The role of SDS 1n glycoprotein aggregation and its 

consequential effects were then examined.Resolution of the Con A 

eluate was attempted in absence of SOS. Gl ycoproteins were 

solubilised in BM urea buffers at pH 4.2 llOOvg protein/wellt and 

subjected to 6M urea-PAGE in 5% ~ini slab gels at pH 4.2 (307) as 



Fig.l9. 3-12% Gra~bent . SDS-PAGE . of IFMS treated. 

glycoproteins. Silver stain. Lane 1: TFMS 

deglycosylated protein, Lane 2: native protein. 

Details are given in text. 



Fig.20. 

1 2 

10% SDS-PAGE oL d~_sialc.YL<!!ed _ _g_lial CQ_!! __ A-'-: 

l!in_<l_tng_gJyc_i>_p_[QJ-~ip§.. Coomassie Blue stain. 

Lane 1: desialylated protein, Lane 2: native 

protein. See text for details. 
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' described under"Materi<tls and General Methods. The glycoproteins 

were resolved into three components, a dens~ly stained band at 
\ 

the point of application U0 , a slow moving component U1 which 

actually comprised of two close bands in juxtaposition,_ and a 

moderately mo~ile band Uu (Fig.21.). The protein bands were cu,t 

out and resolubilized by incubation for 15...,.30 min in three 

changes of glycine-acetic acid chamber buffer, pH 4.2 containing 

8M urea.;...40% glycerol-0. 005M 2-ME I heating for 5 min at l 00°C 

during the last change. The gel pieces containing the solubilised 

protein was placed directly in the sample wells of a 5% slab gel 

• and a second acid urea-PAGE was carried out in conditions 
. 

idehtical to the first run. It was found on re-electrophor~sis 

that, U0 resol\red into U1 and Uu indicating the former to be ,the 

insoluble ~rotein fraction. The band U1 remairied unaltered in 

mobility while U11 manifested a portion of its protein as the ' 

slower moving forms, _suggesting a possible conversion o£ U11 to 

the U1 form (Fig. 22.). On interpretation there appeared to be two 

basic forms for the native gl ycoprot~ins, a slow moving component 

and a faster moving compOnent which was inclined towards 

conversion into the former presumably higher Mr aggregated forms. 

This propensity for aggregation independent of SDS was studied in 

det{lil. 

Gel-filtration studies on acetylated glycoproteins 

The Con A eluate was delipidated in Fredman's solvent and 

radiolabelled with tritiated acetic anhydride (S5). After 



Fig .21. 

---------- u. 

_}-u, 

1 2 

Acid urea-PAGE of Con A eluate. Silver 

stain. Lane 1: Il" 4 trimester glyco­

proteins, Lane 2: III'' trimester glyco­

proteins. Samples were not delipidated. 

See text for details. 



Fig.22. 

--- ----u, 

- -

1 2 3 

Second acid urea-PAGE of protein bands u,-Uu. 
Lane 1: U11 , Lane 2: U1 , Lane 3: U~. See text 

for details. 
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extensive dialysis against distilled water at 4°C, the aqueous 

protein suspension was made 0.025M Tris-0.7M glycine-0.1% NaN3 , 

pH 7.8 [Buffer E) and centrifuged at 15,500 x g for 5 min. The 

supernatant (SGFJ containing 80-85% of label w~s resolved by gel­

filtration (5). The pellet [P~) was retained for further analysis 

by HPLC (Fig.23.). Initially, gel-filtration was attempted oh 

Sephacryl S-300 [1.4 x 100cm) at 4°C in Buffer E, pH 7.8, loading 

1ml of the supernatant ll05 cpmJ .A flow rate of 8-12 ml /h was 

maintained an~ 1ml fraction~ were collected. The radioactivity 

was measured 1n 200~1 aliquots. All the label eluted within the 

void volume of indicating that the species was excluded on · 

Sephacryl S-300 gel-filtration. 

Gel-filtration was carried out at ambient temperature on 

Sepharose 6B column [1."4 x 100cmJ in Buffer E, pH 7.8, at a flow 

rate of 8-12ml/h. The labelled sample was applied in 1ml and 

fractions were collected and counted as above. Two peaks were 

identified, Peak I eluted in the void volume and Peak II at 2.7 

times the void volume. Peaks I and ll were collected, dialysed 

against water and concentrated by lyophilization. 

The two fractions were characterised on the following 

criteria. 

a) Second gel-filtration of the respective peaks on Sepharose 6B 

under identical conditions as the first run. Reloading of each 

peak individually on the gel-filtration column did not alter 

their respective elution volumes. Peak I eluted in the void 
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Fig.23. 
RP-HPLC of [lHl labelled glycoproteiq§.. HPLC was carried out 

on Li.chn.1sorb RP-8 culumn in Gradient I (0---0] lH~tweeu the 

Solvents, A:water-o.l% TFA and B:isopropanol-Q.l% TFA at a 

flow rate=O.Sml/min for 80 min. Profiles A, B, C, D, 

correspond to Sepharose 6B gel-filtration Peak I, Peak II, 

samples s,, and P,, respectively. Refer text for details. 
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Fig.24. 
J;el.::-f:Utration of [ lH] labelled glycoproteins on Sepharose 

6B [I. 4 x 100cm1. Eluant :0 .025M Tris-{). 7M glycine-0 .1% NaNP 

pH 7.8. Flow rate=8-12ml/h. See text for details. A- first 

gel-filtration of Con A-binding glycoproteins, B - second 

gel-filtration of Peak I, C - second gel-filtration of 

Peak II. 



Fig.25. ~ 

8% SDS-PAGE of gelliiltration Pgak I [Lane 11 

and Pea~. Coomassie Blue stain. 

Detail$ are given in text. 



-TABLE.J. 

RADIOACTIVITY INCOkrQRATED IN PROTEIN BANDS RESOLVED 

ON 8% SOS-PAGE OF SEPHARQSE 6B GEL-fiLTRATION fEAKS. 
1 Af!D II. Corresponding bands were pooled. Background 

and Quench corrections have been applied. 

" SAMPLE RADIOACTIVITY (cpm) 

Total protein 100,000 

-·Band G, 660 

Band G" 670 

Band G111 506 

Band G" 447 
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volume and Peak I L at 2. 7 times the void volume as before 

(Fig. 24.). The observation suggested that the two peaks were 

distinct and non-interconvertible 1n the detergent free Tria­

glycine buffer system used for the study. Peak I was excluded on 

Sepharose 68 indicating that it was of very high Mr. The 

centrifugation of this fraction at: 100,000 x g for bO m1n 

recovered all the radioactivity 1n the supernatant thereby 

confirming that Peak I was a soluble very high molec••lar weight 

micellar aggregate. 

b) Both Peaks exhibited analogous lectin binding properties on 

DELLA verifying that these fractions were glycoproteins with 

similarities in carbohydrate structure. The question of whether 

Peak I was a micellar form of Peak II arose at this juncture. 

c) Peaks I and II appeared identical on 8% SDS-PAGE, furnishing 

multiband protein profiles comparable to those obtained for glial 

glycoproteins and concentrated in the regions corresponding to 

GII, Gm and G1v ( r'ig. 25. ) • This observation established that the 

characteristic aggregation pattern on SDS-PAGE was 1n all 

probability an artifact of protein-SDS interactions. To ensure 

t.hat the CBB stained bands coincided with the radiolabelled 

spec1es, individual bands G0 , GII, GII 1 and G1~ were excised and 

counted for radioactivity after digesting the gel matrix (35). A 

suitable piece of gel was counted for background (Table.3.). 

It was obvious that only 2% of the total radiolabel loaded on 

SDS-PAGE was recovered as protein label. An explanation for this 
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occurrence was the inefficient removal of free label by dialysi~ 

as discussed earlier. Methanol precipitation as a prelimin~ry 

step although effective in eliminating the free radioactivity~ 

reduced considerably the solubility of the protein in the 

detergent free Buffer E used in subsequent procedures, and hence 

was avoided. 

d) The gel-filtration peaks were analyzed by RP-HPLC on 

LichrosorbHP-B column (5pm,4 x 250mmJ fitted with a guard coh1nm 

[7pm,4 x 30mm]. A gradient elution system (Gradient IJ between 

the sol vents, Sol A: water,_CJ .1% TFA and Sol B: i.sopropanol-0 .1% TFA 

was applied at a flow rate of O.Sml/min at 25°C {refer Materials 

arid General Methods}. The gel-filtration samples S&F' Peak 1 and 

Peak II 1n Buffer E, pH 7. 8 :r was acidified with TFA to 10% 

concentration (v/v), while the undissolved pellet P,F wa.s 

dissolved in 50% TFA. The samples were centrifuged at 15,500 x g 

for 3 mins and lOOvl of the supernatant [ 5000cpmJ was injected on 

the RP-HPLC system. Fractions were collected every minute for 80 

minutes and cqunted directly in lml scintillation fluid. The 

respective retention times for the four labelled samples were 

Peak I=6111lin, Peak II=49 min, Sc"=57 min and P&F=57 min (Fig.23.). 

The resul Ls Huqqested that Peaks 1 and 1 I wer<~ <hsLinct and non-" 

interconvertible even in the non polar environment prevalent iri 

RP-HPLC. Peak I eluting later, was more hydrophobic than Peak II. 

The micellar structure of the high M,. Peak I appeared to be 

retained under the conditions of RP-HPI,c. Another stirprisiri<_:f 



observation was that SGF which gave rise to Peaks I and ·II 

Sepharose 6B. gel-filtration, did not resolve corresponding:.ly 
-."~ ~ -

RP-HPLC. This protein eluted as a single entity separate. f 

Peak I- and-Peak~ II. The retention time of s._ ... averaged tqose 

Peaks I and II, possibly· a cumulative effect of tbe~e 

. fractions. An identical pr9f;ile <>btCl.iliflQ for the pellet :P~. 

emphasized the limited solubil,it.t oJ .. tl't~ glycoprotein to .c?lPt,]l,lB.I'it1'~'·: 

insoluble 

glycoprotein. 
0"" 

d) Peak I an~ Peak II on '6M ;uJ!:~a~~ACE .. fit pH 

single fast moving band close tp tlt~l''dye front verifyin.g· 
. . . . . ' .... ·. ~ . •·' .·:/•t . :; ·. . . . .. ::.. 
was a micellar form <ill· . .- ~a~tl:i.'c ~nit eluting as pe•af( 

•• ;.~::":_.' :.",~ '.· -~' ' - • • .<, ., ,,,·· -.' - 1 

factots, ·charge contributed by .baJ;ti6 ~~:i.no acids prea~·nt 

~~g_;t:b~ mass of th~ .RtQ~~~'-~:t;Djrl\e• fllct .t.hat the 
{' -~-;- ~,:-;,_o<, ·;<·-

·itself indicative of a higbe.r con:tent.'of (basic aminq acid~· 
~ ' . - ' ' 

·. . .. · f; . 
polypeptide b~ckbone .. N-acetylatic;,n1' of l,he proteinf3 a4t?J4~~ 

decr~asedrnobility on acid ur,ea-:-PAGE. The opposit9 was 

. in, this cas~. Tne ace.tylated gel-filtration peaks moved ·.-a 
twice a~~·rfa~t as ·tbt7 .b.an4 ·uu . obt.ain-~q · ~P~.: ~on~~eri v.~~l~e«i 

'.·· '~ ;_- .;, '• . ' ' ,· ::·. :;, : __ -;., ·. ·. -·. '"- . ' -. ·. --.-_' 

elu~te on acid urea-llAGE in 5% gels~· l:t was thus conclud!MI'";~ 

the decreased surf(lce charge was presumably compensat~(f! 
. . 

molecular size of the acetylat¢<f species •. A low M,_ 

as Peak II, may be the basic '·manoltleri:e 



Fig.26. 

1 2 

Acid urea-PAGE of gel-filtration Peak I [Lane 
11 and Peak II [Lang 21. Silver stain. See text 

for details. 
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the micellar form [Peak IJ of the isolated glycoprotein could be 

a possibility. It was noticed on comparison of gel-filtration 

peaks with non-acety lated glycoprotein on urea-PAGE that the 

latter resolved into at least three bands whereas the former 

rendered a single fast moving band. Mobility of the non­

acety lated protein would be 'Joverned by both charge and mass. 

Since these proteins were comparatively slow moving it was 

inferred that the contribution of charge was negat~ed by high 

molecular weight of the protein species, thereby resulting 1n 

retarded migration during electrophoresis. Alternatively, these 

bands could be disparately charged forms of similar molecular 

weight species which on acetylation rendered a single band. Bul 

as such a fast mov1ng spec1.es was totally absent 1n non­

acetylated protein, the first argument had greater credibility. 

The non-acetylated native protein probably existed under the 

conditions of urea-PAGE as soluble heterogenous micellar 

aggregat~es resistant to cleavage by urea into monomers. ~rhis 

incapability of urea to break up protein micelles was evident 

during resolubilization of fixed protein as a preliminary to the 

second urea-PAGE. 

Micelles formed with N-acetylated protein, on the other hand 

appeared vulnerable to cleavage by urea and rendered low 

molecular weight monomeric units. Whether N-acetylation served to 

generate micelles of decreased stability by virtue of altered 

charge properties and thereby affected amphipathicity of the 
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glycoprotein was debatable. Experimentally however, N-acetylat:ion 

appeared to be a key factor influencing micellar integrity in 

8M urea. 

Attempts were made to determine the Mr of Peak II proteins 

by gel-filtration. The Mr standards used in Sepharose 6B gel­

filtration experiments were bovine serum albumin [67 KDa], 

ovalbumin [45 KDaJ, immunoglobulin G [150 KDa] and Ferritin [540 

KDal at a protein concentration of lOmg/ml in Buffer E, pll 7.8. 

The standard graph on extrapolation obtained an approximate value 

between 9-20 KDa for Peak II. On this premise, molecular weight 

determination was attempted by Sephadex G-75 gel-filtration. The 

Peak II protein was loaded at 25oc on Sephadex G-75 ll x 63cm] 

equilibrated 1n Buffer E. The sample was loaded in 0.3ml and a 

flow rate of 6-8ml/h was maintained. Standard Mr proteins co­

chromatographed were ovalbumin, bovine serum albumin, cytochrome 

c [12.5 KDa l, soybean trypsin inhibitor [20.1 KDal and 

horseradish peroxidase l40 KDa]. A linear standard graph could 

not be obtained especially with respect to low Mr standards, a 

likely possibility considering the limiLations in techniques such 

as gel-filtration and SDS-PAGE 1n determining Mr of small 

molecules. Nevertheless, iL was quite evident that Peak II eluted 

after cytochrome c,the proLein having the smallest Mr amongst the 

standards loaded. Although an accurate estimation of the Mr was 

not possible, it was apparent that Peak II had a Mr below 12.5 

KDa, most probably less than 10 KDa (Table.4.). Such a species 



TABLE.4. 

. 

GEV-FIL'fRATION OF PF.AK ·II FROM SEPHAROSE 61} ON 

SEPHADEX G-75. See text 'for details• 

PROTEIN MOLECULAR ELUTION VOLUME 
WEIGHT (ml) 

l 

BSA 67.000 21 

Ovalbumin 45,000 24 

Peroxidase 40,000 25 

STI 20,100 27 

-
, Cytochrome C 12.500 30 

Peak II 42 --

. I 

\ ' 
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would be difficult to visualise on SDS-PAGE •. The hypothesis tha.t 

a mul tiband pattern on SDS-PAGE consisting of a series of bands. 

differing only slightly in Mr may quite possibly be the result .of 

agg.regation o.f, such low M,. mono.mers could not,_ therefore be ruled 

out completely. 

Carboxvmethylation of Glial proteins 

The pr-ocedure was adapted frqm suryanarayana et al (324 ), .. 

. prQt,eiq, (.100\lgl was' .del ipidated in. Fredman's sol vent and 
< c- • '' ' i ~ '• ' ? • ' ; 

incubated in 501,11 O.lM NaHC03 , pH 8.5 buffer containing 6M Gn.HCl 
; 

and 0. 02M DTT .in a non-oxidising atmosphere of nitrogen at 37"'C 
" : 'l - . ' . - ·, 

for 1 ,h,,. .To the solution was added 50)Jl of. 0 .2M iodoacetic aci,d 
- ,'' 

in the same buffer and flushed with nitrogen. The tube was sea.led 
I ' ;- , -

and incubated in the dark for 2 h at 37°C. The protein .was preqi-
- . • ~ ~ • 'c - . . , , .r-

pitatedand washed. thrice in 8 volumes cold methanol. 

Proteolytic. d.iaeation of ,the glycoprotein. with trypsin .. <.3l~J.1 

'l'he carboxymethy:lated protein was's:uspended in 400pl of O.lM " 

sodium phosphate buff.er, pH 7. 6 containing 2M u,rea and digested 
I , - .,. '. ,,,• ,; _:;_ 

with.l.Olll TPCK-:Trypsin llmg/ml 0.01 N H.CJJ.at 25°C for 24 .h. a'he 
,- i 

reactio.n was arrested by boiling at 100°C for 5 min and adjusting 
_,. '; '· ;.}1. ', 

to pH 9.5 with NaOH. Protein controls were run simultaneous.Jy 

without e11zyme •. The free altlino groups in the, tryptic .digests. we:t;e 
. - -.- --;.:;. . ;;; 

dansylated by add.ition of 50pl Dns-:-Cl· ( 2.8mg/O.,lm1 acetonitrile' 

and incubation 1 at 37"'c for 1 h in the dark. 'fhe solutipn ~"li:l 
• 

acidified with 50pl of 50% TfA and centri,fuged at 15,500 x .. 9 for 

3 min. The- supernatant containing the . peptide fragments w~s 
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collected and concentrated in vacuo. The samples were centrifuged 

to remove particulate material and ·lOOp! was injected into 

Lichrosorb RP-8 columnof the HPLC system. Enzyme blanks consis-

ting of Trypsin 'treated identically with Dlls-Cl ·were· also run. 

The dansyl1 peptides were separated and identified by RP-HPLC 

applying the same Gradient I ~t a flow rate of 0.5ml/min between 

Sol A:water-0.1% TFA and Sol B:i,13ofjropanol-O.l% TFA as ment;ion~d 

earlier.. Ho-wever~ in this case peptides were identifieq by 

fluorescence of the coupled dansyl groups. The fractions ~ere 

collected every minute for 80 min, made upto 2.5ml with. water and 

the fluorescence was measured. The HPLC profiles for the proteins 

were obtained. by plotting fluorescence against time. The peaks 

positive for fluo~escence were collected, lyophilized to dryness, 

redissolved in lOOp! of 0.04M LiC03 , pH 9.5 buffer and subjected 

to differential lectin binding studies by DELLA as ~esdribed ·in.· 

the succeeding section. 

The HPLC profiles obtained were rather complex wiih 

fluorescent peaks distributed over the entire gradient (Fig. 27.). 

All these peaks bound the different lectins ~n an ideQtical 

manner and hence were indistinguishable on the basis. of carbo-
.- f'; 

hydrate compoRition (Table.5.) ~ The, enzyme blank with Tr:ypsin 

gave a small peak which did not bind 'lectirts. However in presence 

of glycoprotein~ as was the case for the test samples, this peak 
. ~ ' ' ",' ~!' ., -

was overlapped by a lectin positive peak .characteristic·of the 

glycoprotein. The profiles obtained with 'the protein coritr61s run 
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Fig.27. 
RP-HPL~ of Dansylated Trypsin digested gl~QBiotein§. 

HPLC was carried out, on Lichrosorb RP-8 column in 

Gradient I [0--o] bet:ween the Solvents,.A:water-0.1% TFA 

and B:isopropanol-(}.1% TFA at a flow rate = O.Sml/min for 

80 min. Proteins were detected by fluorescence me<L<>ured at 

Excitation = 33Jnm, Emission 510nm [---]. E-enzyme 

blank, X-II•' trimester, Y-Illr' trimester, c-control 

protein, t-trypsin digest. See text for details. Refer 

Table.5. 
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'I· 

I 

- OOT ENZYME LINKED kECTHi<ASSAY OF DANSYLATED TRYPTIC 

PE£TIPE~ SE£ARAIED »Y RP-HI~L£. 
(refer Fig.27 .) • E-Enzyme blank. x-n•• trimester, 

Y-Iii•4 trimester, c-control protein. t-,trypsinzed 

protein.· Fluorescent ·peaks eluting on. HPLC arc 

desi;nated.~ -: p. Res.ults denoted as.(+) for positive 

and (-) for neg&tive lectin binding. See text for 

'details. 

.. 

HRP-LECTIN 
SAMPLE · ' :pEAKS· 

.. con A ····WGA 'RCA ·•,· JsA·· 

' 

E a- g -
!, j .: 

i .. ,: .. 

Xc ·a .p + + '+ 
·. 

Xt a - p + + + + 
. ,· 

n-:-,:.,.-,"-io.....o;-_,..;.,.'"'-4......;.-;_;_-'-l--u,.;_;_;_;___._-+__.;.___..;_;_ __ +---_..-.;..;.-'-'--'-'-+-__.;.-..-.;..;.;.;.._-ll''· ; ,·...::._ ::. ..::.. ·~ 

Yc. ,;/ a ·- m + + + ·+ 

Yt a - m + + + ' + 

i / 
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in absence of enzyme, were similar to those observed for the 

trypsin digested test samples and indicated no peaks specific f.oc 

the trypsinized protein. In addition, the trypsinized .test,. 

samples and . their corresponding protein controls on 5-2~: 

g}:'adie.nt SDS-PAGE ~ppeared identical (Fig .28.). It ~as po!l~M>~~f 

that -the multiple peaks on R:P-HPLG were a reaul t of: gJycoprq~ill, 

aggregation enhanced' .by· the. increased hydrophohici ty impart"ftJllr 

tbrot(gh :danav l""t.i<l>n ... 

The refractory nature of the glycoprotein to cleavage by! -

trypsin was verified by a different,. more sensitive protocol,,. 

Protein wa.s radio1ahelled on carbohydrate. residues to faci;l,itai't:e 

detectiou. All c·.aVClilable amino groups were blocked and the csoi 

modified ... · species was ·subjected to digestion by ·proteasefU.l 

Proteolysis "would generate free amino groups at the sit-es' ~.fii 

q-leav&ge, w.hich-could he identified by labelling :tP.ese· gr<>UPs ·wi-:Uh .. 

an i.tsot.Qpe distinct from the label. on ,carbohydrate. Acceptanpe,.ot 

the second isotope was itself indicative of proteolytic cle.av.;t;ge,"'\, 

In addi,ti0 n, glyc::opeptides could be. specifically identi£ie,Q inj 

the protease digest. ··,. 

Carboxymetby lated protein ( 400\lg J was dansylated to bll<Jp:~, 

all free primary am.ino groups. The protein in 200pl of 0.(),414,,~ 

Lico3-;2% sos, pH 9.5 buffer was boiled at. HJOoC for 5 min ... ' To:t;bJ;j.,~z, 

. was addf;'!d 30111 Dns.,.Cl [2,.8mg/O.lm1 acet;OnitrileJ and,i;nauba;,ted 

37°C for 1 .h in the dark .. The solution was acidifi~d w:i.th 

6N .. HCl and the protein was precipitated by 8 volumes of 



acetone •. The pellet was washed once with l!S,lN Hcl:acetone (v/v-<1· 

to remove SDS, suspended in 100111 of 0. 4M sbdium acetat'e buf'fet:'.t t 

pH 5;.6 c6rit<iining 8M urea and boiled for 5 min at lOO"c to remove' 

resiauarc- organic · sol vent. · Thf~ carbohydrate residues of ·· th~" 

gl:yboprot.~in'we't-e··t.hen lalielled with tritium. t>eriodate ox'idlitib'fVJ;, 

wi:is cati':ied out tilith 0 .. 01M ·'Nai04 • in O.lM sodiulrt acet~te-'2M ure'll~~li'' 

pfl" 5~6- buffer' J:n a total ''volunle •of '4001111 at. 4"c ·in the dark'tt~i ·.· 

16"··tE:··t:;xce·aa ~·per:iodate was nefitrai ised by addiit:ion of· ~O).a.li 

ethytene· 'glycol followed by furtheJ::' incubation in the da•rk attn 

rooln t~mperature for 30 min. 'fhe pH was adjusted to 2: 8 with 25111 

1M ~a'flll,' add'eatNaB[ 3Hl~ 115 X lU"cpml25l11':().01N NaOH] and kept fo.r 

1 h at? '25"e~ Th'e· protein was precipi·tated· in' 6' volumes· bif bo'J.'di 

m~thanbr~ The·'pellet was washed 4-5 <t:lfi'les with 1 :s,.w:M 1Cv¢v) til'l'i' 

th,e' wastd .. ngs' were •free of radioactivity. The ··.tritiated protef'nt" 
. . . . \ .. 

was' d,ividE!!d 'into·; two ·aliquo'ts. A. ·pottiotr'was''digest.ed witH "'fPli!K'J.: 

Trypsin' wHil'e 'the remainder served as a: protein contr0l;i> 

Ti:-yps'il'1i'z~tio'n: w'as carr1ed out.. in '400pl of o .1M sodium phdspn:aee'' 

bu'ffe:r', pH 7.6 in ·presence of 2·M urea• 'To this stilutio'n was attde3,;, 

20)11. T'PCK-h'rypsin ;l'lmg/ml 0. OlN Hell and :inbubatled' a't 3Jec fdf' f>t 

h• A further· A'liquot of 2UJ)Ftryps'in was added''and 'th'e incubat''i'·~J: 

c1:>ntinued for a total ·period of 24 h. The enzyme was inactivab~' 

b:y noilirig 'at lOO"·C for 5 min;. The trypsinized tests '·and COB:tfd.l:;:, . 

pr'otein' samples wet~ N-acetylated wl:th' 14C.-4acetic anbyd:d.:·de. 

samples' 'we·re'"made to pH -~ 8 by add1ition 'of 15·)11 1M NaOH 

incub~ted a·t 25"C for 30 'min' with ~4C ... acetic anhydride 
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' 106 cpm/30pl acetone 1. Subsequently, 30pl of cold acetic anhydride 

was added, the pH adjusted to ~ 8 with NaOH and incubation was 

continued for another 15 min. The samples were cooled in ice, 

acidified with lOOp! glacial acetic acid. and centrifuged to 

settle undigested protein. The supernatant was flash evaporated . 
4-6 times from O.lM pyridine-acetic acid buffer, pH 5 to remove 

remainder radioactive acetic anhydride as acetic acid. The dried 

residue was redissolved in 50% TFA, centrifuged at 15,000 x g for 

3 min and resolved by RP-HPLC. An enzyme blank was also run 

simultaneously. 

Pronase digestion of-glial glycoproteins 
( 

Pronase digestion was carried out on 400pg carboxymethylated 

dansylated glycoprotein whose carbohydrate side-chains were 

labelled with tritium ( 74,85). The protein was boiled at 100°C 

for 5 min in. 800pl of" 0. 05M N-ethyl morpho! ine buffer pH 8. 0, 

containing O.OlM.CaCl2 and 2M ure~. Pronase llmg/mlJ was pre-

incubated in the above buffer at 3rc for 30 min to destroy 

interfering activities. The enzyme was added at equal intervals. 

in three lots [50pl totally] over an incubatiQn period of 72 hat 

3rc. The pH was maintained at 8.0 by addition of N-ethyl 

morpholine, if required. The reaction was arrested by boiling for 

5 min at 100°C. The undigested protein was centrifuged and the 

supernatant was N-acet:ylated with "' .. C-acetic anhydride. The 
' 

radiolabelled samples were resolved by RP-HPLC against aprotein 

control a~d enzyme blank run under identical conditions. 



Fig.28. 

--

---

1 2 3 

5-25% Gradient SDS-PAGE of Trypsin digested 

glycoproteins. Lane 1: Trypsin, Lane 2: n•• 
trimester trypsin digest, Lane 3: III'' 

trimester trypsin digest. See text for details. 
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Fig.29. 
RP-HPLC of trypsin and pronase digested II"4 IXl trimester 

glial glycoproteins labelled with I 'H) and ( nc]. HPLC was 

carried out on Lichrosorb RP-8 column in Gradient II 

[0---o] between the Solvents, A:water-0.1% TFA and 

B:isopropanol-o.I% TFA at a flow rate= O.Sml/min for 

90 min. 'H-dpm: {-·------1. nc-dpm: (0------CI, c-control 

protein, t-trypsin digest, p-pronase digest. Refer text for 

details. 
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Fig.30. 
RP-HPLC of trypsin and pronase digested III~ [ Y] trimester 

glial glycoproteins labelled with_L~?!.mLi14 C~. IIPLG was 

carried out on Lichrosorb RP-8 column in Gradient II 

[0---0) between the Solvents, A:water-0.1% TI<'A and 

B:isopropanol-:-{).1% TFA at a flow rate=O.Sml/min for 90 min. 

1lhdpm: [---]. 14C-dpm: [0~--0}, c-control protein, 

t-trypsin digest. p:...pronase digest. Refer text for details. 
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Separation of peptides by HPLC on Lichrosorb RP-8 column 

Trypsin and pronase digests· were injected per run in a 

volume of lOOpl. The solvent system and flow rate was the same as 

used for dansyl peptide resolution. The Gradient employed however 

differed slightly and was designated as Gradient I I l refer 

Materials and General Methods]. Fractions (0.5mlJ eluting from 

the RP-8 column were collected every min, for 90 min. Each 

fraction, mixed with lml scintillant was counted simultaneously 

for 3 H and 14 C labels in two selected channels. The individual dpm 

values for the two isotopes were calculated irom their respective 

' 
counting efficiencies in'each channel. No difference between test 

I 

and the corresponding control was observed in tritium profiles of 

trypsin oi pronase treated samples as illu~trated in Fig.29. and 

Fig.JO. This data concurred with the negligible labelling 

obtained for these samples with 1~C~acetic anhydride. The glyco-

protein thus proved resistant to proteolytic cleavage by trypsin 

or pronase. Resistance to proteolysis has been reported for many 

glycoproteins ( 34~). Carbohydrates on gl ycoproteins were, known to 

serve a protective function during exposure to proteases,probably 

through steric hinderance (320). 

·The characterisation studies were carried out on glial cell 
'ff i,. 

glycoproteins prepa.red from lind and IIIrd trimester brains 

respectively. No developmentally related variations could be 

identified un~er the present experimental conditions. 
•, 
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STUDIES ON CARBOIIVORA"fE SlOE CtiAlNS OF GLIAL 

. . 
CONCANAVALIN A-BINDING GLVCOPROTEINS 

Partial structural characterisation of glycan ~ide chain~ of 

the . ~f'J_()lat;.~d glycoproteins '1as attempted. Elucidation of the 
• ' ' ~' ."' t_.,J 

\car,40 hydrate membrane. glycoconjug~tes structure of in their 
l,l,, 

native forms posecj many problems, such as, difficu;lty, ini 

isoAating,~uffic~e~t quantities required for structural studies, 

poor f'!()ll!b:i-1 :j.J:y and microheterogeneity of the ol iqosaccharid~ 

side chail'ls• 
; 

Mapy workers have convenient! y studied carbohy~rat~ 

.structure on glycopeptide or oligosaccharide f:ragments prepar~d 

\ . 
frp¥t the parent glycoproteins ,(53, 223). This appro~ch yie,lfilesl 

precise inforiQation with respect to carbohydrate content .. at;~~.,.· 
' ' ' • ' ·-~' _, J -.., 

structure, for individual glycopeptides: .or oligosaccbariq~s .. 

However: du~ to the heterogeneity of fragments 

p~rent glycopro~eins the, ove~all results were of a generalixe~ 

' . 
nature. We therefore chose to stu~y glycan structure on int.ar,~'(~. 

glycoproteins. 

Lectins have been widely used to determine 

structure. Lectin binding ~as governed not only by the specif 

sugar but a more complex sequence of sugars in the 

ride ( 178). BT using a variety of lecti~s of different· 

binding specificities which were inhibited . by simple 

haptens, fine vati~tions in oligosaccharide structure could 

conveniently elucidated. 
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The high degree of sensitivity required to monitor lectin 

binding was achieved by enzyme linked lectin assays on nitro-

cellulose, of the Western or dot blotted glycoproteins of 

interest. Western Enzyme Linked Lectin Analysis lWELLAl or Dot 
\ 

Enzyme Linked Lectin AnalysJs I DELLA J was carried out by a 

protocol adapted from publi~hed methodologies (241,76,110). 

Preparation of Western blots 

Glial proteins {250lJg1 were loaded on a 10% qf~J and Bl)s....:PAGl-~ 

was·carried out•The proteins were transferred eleetrophoretieally 

onto a nitrocellulose sheet according to the method of Towbin et 

al (335). The nitrocellulose sheet was cut into strips corres-

pending to the lanes on the gel. One strip, which served as 

control, was stained for 5 min in Amido black to visualize the 

blotted proteins (295) .. 'l'he remaining strips were sub:jected t.o 

differential lectin binding analysis. 

Dot blotting of glycoproteins 

The sample was boiled in blotting buffer lU.04M LiC03-0.05% 

SDS, pH 9.51 at lUU"C for 5 min. The suapenaion waa diluted to a 

stock protein concentration of 10-30lJg/O.l ml.This stock solution 

was serially diluted 0-512 times in the same buffer. Nitro.-

celJuloae strips were HpoLted 0.5-lcm aparL with 5lJl each of the 

serially diluted samples and allowed to dry at 25°C. 

Differential HRP-lectin and HR_!:-serotonin bindin_g_ assay 

Nitrocellulose strips containing the blotted samples were 

blocked with TBS pH 7.4-({"±~05% Tween 20 quenching buffer at 25"C 



149 

for 2 h or at 4°C overnight. Each strip was then incubated in the 

respective HRP-conjugate solution at 4°C for 2 h. The HRP-lectins 

were solubilised in quenching buffer at a concentration of 10-15 

pg/ml (64). These conjugates could be reused several times until 

loss in activity was observed. The conjugated lectins used 1n 

this assay were Con A, WGA, RCA, JSA, AHA, SBA, PNA and PSA. 

Con A binding required 0. OOlM Ca 2·, t<1n 2 ", and r-1g 2 " in the buffer. 

After incubation with BHP-lectin, th<> conjuq.d:.e wa!'l potu·ed off 

and the nitrocellulose strip was washed thrice at 10 mtn 

intervals with cold quenching buffer. ~inally it was washed at 

25°C wit.h two changes of TBS pH 7. 4 before incubating with 

freshly prepared chromogenic substrate. Two HRP substrates 

differing in the colour of their respective oxidised forms have 

been used, o-dianisidine which gave rise to a brown colour (13), 

and 3,3'-diaminobenzidine which gave a reddish colour (357). The 

substrate soluLion was prepared by mixing 50ml TBS, pH 7.4, at 

25°C with 15vl H/\ and 10mg respective substrate dissolved 1n 

1.5ml methanol. The colour attributed to lectin/serotonin bindin~1 

was read visually after 30 min incubation in the chromogen. 

To cnnurc the· HfJf~c~ificit.y of lectin bindinq, blanks wt~n' run 

simultaneously in presence of the corresponding sugar inhibitors. 

Hapten sugars employed were O.Ol5M and 0.5M a-MG for Con A, 0.2M 

GlcNAc for WGA, 0.2M Gal for JSA, AHA and PNA, 0.2M GalNAc for 

SBA, 0.2M lactose for RCA and 0.2M Glc for PSA. The respective 
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sugar inhibitors were maintained in the quenching buffer through 

all the steps of the lectin binding protocol. 

In addition to lectin binding, presence of sialic acid was 

detected by its binding to serotonin. The binding was ionic in 

nature and could be reversed with 1M NaCl. Nevertheless, it 

showed a hi~h degree of specificity for N-acetylneuraminic acid 

(319). Serotonin-HRP was used at a concentration of 30-50 

pg/ml (64). 

The Nitrocellulose strips containing Western blotted glyco-

proteins after differential lectin binding analysis were dried on 

filter' papers and rendered transparent by immersing in liquid 

paraffin. Densitometric scanning was carried out at 610nm for 

Amide black and 540nm for o-dianisidine respectively (235,270). 

The western blots stained identically with all the lectins 

indicating that the glycoprotein bands were not resolved on SDS-

PAGE on the basis of carbohydrate structure (Fig.31.). Individual 

bands G1 to G1v eluted from SDS-PAGE alsq exhibited lectin binding 

properties identical to each other and to the delipidated Con A 

eluate. Henceforth, all binding studies· were executed on dot 

blotted delipidated Con A elu~te, boile~ in blotting buffer to 

inactivate native Con A, if any present. 

The glial glycoproteins were found to bind Con A, WGA, RCA, 

JSA, AHA, and PSA (Table.6.). No binding was observed with PNA 

and SBA. Lectin binding was completely inhibite~ in presence of 
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the corresponding hapten sugars. Con A bi.nding was abo.! ished in 

presence of O.SM u-MG, and decreased in pre.sence of 0.015M u-MG .. 

Lectin binding properties of the .9lycoproteins aftet 

modificat±on·ofcarbohydrate residues were studied. Modification 

was effected on the delipidated Con A eluate. 

a}· Trifluoromethanesulfonic. acid deglycosylation ·_.·. ;'. 

Trifluoromethanesulfonio acid wa•s .. reported to cause the 

c-leavage· and· de-struction of sugar r~sidues. Peripheral. su9ars 

were cleaved off first. 0-linked. GalNAc·was comparatively more 

stable although slowest cleavage was of •· N-linked <HcNAc. The 

peptide backbone was unaffected by TFMS treatment (18). 

To lO.OJ,lg of dried protein was added SOul of TFMS al).d 

_incubated for 3 h at 25°C .• The solution was cooled to -20°C and 

neutralized with 150pl of 60% pyridine. The modified protein was 

precipitated with 8 volumes of· .ice-cold. methanol (165):. . ' 

b)· Nitroup acid•deamination 

Nitrous: deamination has been employed in the cleavage of 

glucosaminyl linkages of oligosaccharid~ chains.(l38}. 

The protein ( lOOllgl in 450pl of 0. 25M sodium acetate buffe·lf·i 

pH 3. 5, ·.containing 0. 25M NaN02 was incubated at 2·5°C for. 5 . h aad 

16 h respectively, .and precipitated with 8 volumes of methaAol 

,( 80). 

c) P-eriodate oxidation of carbohydrate .residt1es 

Treatment. with periodate resulted in the oxidative· cle~v:.r;19e 

of vicinal.diols in the oligosaccharide chains and the f<>rmation 



of reactive dialdehydes ( 6 5) • Subsequent reduct.ton 
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with 

borohydride minimized Schiff's base formation between the 

generated aldehyde groups and amino groups in the protein as well 

as nonspecific oxidation of amino acids. In contrast to 

borohydride, cyanoborohydride did not reduce the free carbonyl 

form of the sugar at pH>5 (36). Thus the alkaline pH required for 

efficient 6orohydride reduction also favoured nonspecific side 

react:ions, could be avoided with CNBH" as reducing agent. 

The protein [lOOugJ in 0.2ml of 0.2M sodium acetate, pH 3.5 

buffer, was treated with 0. 2ml of 0. 04M NaCNBH4 -0. 02r.1 NaiO,. in 

acetate buffer and kept at 4°C for 24 h in the dark. The reaction 

was arrested with lOOul of ethylene glycol and the protein 

precipitated with 8 volumes of methanol <332). 

d) Chemibal des~alylation 

The protein [100ugl was digested at 80°C for 1 h in 0.1N 

J~S04 and precipitated with R volumes of methanol (143). 

e) Desialylation with Neuraminidase 

Serially diluted gJycoproteins were dot blotted on nitro­

cellulose strips, quenched at~ 25°C in O.lM sodium acetate buffer 

pH 5.6-0.05% Tween 20 for 4 h and incubated with neuraminidase 

[50mu/ml] 1n the same buffer at 37°C for 18 h. The blots ~ere 

washed with cold TBS pH 7.4-0.05% Tween 20 and incubated in the 

respective HHP-conjugate solutions. Controls run simultaneously 

through the entire sequence were not digested with the enzyme 

(171,233). 
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The results of differential lectin binding studies have been 

tabulated (Tables. 6-9.). The characteristics and binding specifi-

cities of plant lectins have been reviewed by many groups of 

workers (115,249). Con A-binding glial glycoproteins were 

partially eluted with 0. 015M a-.MG;~ indicating the presence of 
.··~~· 

biantennary complex chains in addi€iori to the high mannose and 
'~ '· 

hybrid oligosaccharide side chains· eluting with 0.5M a-MG 

( 242,237). Chemical modification with TFMS and per iodate resul t~d 

in an appreciable decrease in Con A binding. 

The presence of bisected biantennary chains, also a 

characteristic of hybrid N-linked oligosaccharides was indicated 

by binding to WGA (359). Binding was obviously enhartced by the 

presence of si'al ic acid, since desialy lation was found 'to 

decrease WGA binding. The relevance of sialic acid as a cell 

surface binding site for WGA has been reported ( 106). Significa~t 

residual WGA birtding was observed after TF,MS deglycosy lation, 

NaN~ and periodate treatments, respectively. 

Carbohydrates, containing pemH timate galactose residues 

were found to interact with l.{CA (245). The comparatively limited 

RCA binding to glial glycoproteins was suggestive of a smaller 

proportion of tri- and tetra antetmary complex N-linked glycans. 

These chains appeared to be most vulnerable to modifications by 

periodate,TFMS and NaN02 • •Desialylation augmented RCA binding, 

probably by exposing more galactose residues. 

( 
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The two lectina from the genre f1rtocarpus viz. JSA from 
. 

Artocarpus integrifolia ( 322) and AHA from Artocarpus hirsuta ~ 7) 

were also galactose specific. However, unlike RCA both these 

species were known to show a marked specificity towards a-linked 

galactopyranoside units and could not be inhibited by lactose. 

Both lectins were found to bind human serum IgA and IgG but not 

to IgM. Glial glycoproteins demonstrated a high affinity towards 

JSA and AHA. Binding wa.s: ab0lished~in presence of 0. 2M galaetose .:':, 

Surprisingly, JSA and ASAbinding remained. unaffected even after 

NaN02 or periodate modification. ASA binding activity appecired 

m<H'l'!· .. -re·:fractory- to chemical modification. Treatment with TFMS 

could not completely obliterate binding to these lectins.; 

Desialtlation evidenced a marginal increase in JSA and AHA 

binding~ 

The glycoproteins bound to Pea·;. lectin signifying the 

presence of a( l-6) linked fucose in the innermost N-linked GlcNAc· 

residue of the hexasaccharide core ( 177). Only TFMS deglyco-

sylation affected this binditig to a consideTable extent. 
\ 

The anti-T lect~n, PNA, which was highly specific. for the 

ti .. D-Gal(l-3)-D-GalNAc-a structure, did not bind t~ the isolclted, 

glycoproteins (206). This res~lt was further supported by 

negative binding obtained with SBA, another lectin specific f€rr 

GalNAc (202,304). Chemical modification of theN-linked glycan 

moieties did not aid PNA or SBA bindin~. The obvious inference 

was indicative of an absence of 0-glycosidically linked side 
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chains with the characteristic GalNAc residues, however, 

considering the aggregated nature of the glycoprotein samples it 

was also probable that the relevant saccharide residues were 

inaccessible or masked by N-glycans and hence escaped detection 

by SBA and PNA. 

From the lectin binding studies it could be concluded that 

the glial glycoproteins contained N-linkedrglycans of which, the 

hig,h mannose and hybrid, types appeared , the 

predominant species. Chemical modification affected binding to 

RCA the most. Cleayage by ni t'rous ac:id was rather ineffectbre, 

irrespective-;or'whether nitrous deamination was carried out f'or 

5 h or 16 h. Periodate oxidation of the oligosaccharide chaias 

affected lectin binding to a moderate extent. Deglycosylation 

with TFMS J~ta~ :incomplete even a,fter dra~tic treatment at 25°C, a 

condition r~ll<>rted to bring 'about complete deglycosylation r of 

most glycoproteins. In this case, residual binding activity was 

observed. 

Serotonin binding was employed ag an additional parameter to 

monitor desialylation. Although serotonin b~nding to sialic'acid 

was purely ionic in nature and could be inhibited with 1M NaCl, 

it was apparent that serotonin bound quite specifically to 

sia~lylated~glycoproteins only, e.g. fetuin •. Native glycoprotein 

bound serotonin-HRP appreciably (Table. 9.). Chemical or enzymatic 

desialylation abolished this binding completely. This was used as 



· Ti\BLE.6. 

\ 

blotted g1ycopf'dteins 

increased from Te:tf to r:ight. ted: in 'bindin!F' was 

. carried out in presence {test l ·and ih absertce 

[Qo#ti.O'H 'of the specffic hapten 'sugar. Results are 

denoted as l+J tor positive and ( .... ) for negatl.'ve 

lectin binding:. see text for details. 



TABLE,7. 
L.~IIN l}I~l)Ir{{! TO CHEMICA!?LY MODIFigl) GLIAL 

GJ,i.'tCQeRQlJ::~lii! S~r,.ial di.lution. of dot blotted 
-,~- ~---'J; 

glycoJ>roteins incr.eased from left to right~ 

Gl¥copr,ot.eins tr~ate.d ;respe~tively wjt]:l TFMS. Nal0 4 

and NaN01 we.re compared with :unmodified. protein 

controls. Re~u.lts (lre derwted. as (+). for posi,tive and 

(-) f()r negativ;e lectin bind,l~g.. Hefer text for. 

details. 



'~jycoprotei~ increased from left to rig~ht. 
Chel.licaliy and enzymatically desialylated 

---~- i'Iy~Qt>¥6rJihl',~ffl4'bJnl~~ttid''(~witti {ijlliA~~i'fll'~a protein~ 
, !ircJrit~liltiJ}1tR~~ui~s 'liVe ~if~riott~H r~ '(4£)' ''fifi 'pbsitive 

-''alfd',:Y(:i.!1\ ~~rr\.Jgii1:'h~~' re;e'ti\i ti':tnii1!~,. "l{~'r~'f 1tk'xt'1 for 

PSA + + + .,.. 

PNA 

SBA 



TABLE.9. 
IJHP-SP,ROTONIN BINDING TO GLIAL GI.YCO('HOTEINS. 

Serial dilution of dot blotted glycoproteins 

increased from left to right. Results are denoted 

as (+) (or positive and (-) for negative lectin 

binding. See text for details. 

SAMPLE TREATMENT SEROTONIN BINDING 

CONTROL + + + + + -

TEST I lM NaCl - - - - - -
TEST II 0 .IN H1so. + + - - - -
TEST III NEURAMINIDASE - - - - - -



a.Jili inde• ~ tQ 1n\Qfli:t..ol1, ~A ~iqQ<;ii119 .,and t.htp:·,eby 

di:ffer~nc~ :in ,klG.A. bipding .ot nativ.e t<~ind 
' 

, , A, ,,po't;-~11!~-rttl.y ,a;b~~~v~t;iop wa~ ;~he 1 d,iJfe,t:"eJlc~, in 

_ ~fij._niti~a .:.f!)t:~ t}Je.:~;t;~~ee g~l~pt;!o~~ 1• s.pe9ific !,~9:t:i,,ll,~: ll,~~. 

rAll~i•·1:\tit ~ac~H~~:'fRni~J.Q~ \,~Q~~~~itn~. r~si<;l~~l p~q_Q~fl~.;.t9 

.~v.en,,qtLft.n,~r.,1i:t-ic:c.h~ll\iRiil;"'im9<il"~J._ga.t~qq.,T,~e.~p.aa,.r;.f.?, 

(-l>i:~o!J..;.~w~li~ '.PJlt t~. qt~e,r,.,tl~nd ,:.o~t.;, v~~9e.-apl~, 

. 12P~i~$i.._bJB ~.M)lqp.t\lt~ql}, (qf; ,th~.s,d>~p~v -\q~r. m~y; 

~ii-t.~it~ertf!f.l·:in:t<Mdsi_~e~. ,pf t}lft.,r l~t:*j:.p t;n<;>lecule~· ~~f$J~r .. 

such ,iJIS Rp~ .. ~o;~l;~ ~.l~JIB{t~9.Cf:H\W~Pvlct;·1t,o,,ifqe,,bin~i,y.~ f;i~~;t,~~"Rfl 
--......................................... . 

· •1.JilYGP,Pj:';Q't;eiri.ri!lCJ9~~g.;a.te~·· ~s c<;>,m~JS~P .tP' J~A of r/Vf~ 9.~~:·· •P~'~· 

. . 

1lt:es~due3•,"inte~a~tin~f1:>Wi tq1 '~<!A;IIl1JM ~if ~eP~ fxQfO. tp~~§ ~, iliiJt.!''C!I:.-~ ~.il'~A,~,1~h:Jt~~; 

ib-4:cndin9 ;jJS~ ;.·a,~d EA»~·':>"~~nq.~ntchec '~;~i!lo<J~n~:,P~.:G,~l!~ 

"*'~~· Q:i,;;:Ja~t"~nd ~s~: .. t:A: 1Cil r,9rE~<;iit:,,~t'tft~t.,: ,:L,;t~.,. 
I - • ' 

' . / 

\~Q~L!lel' ,,t,hi! cS<J J.e,~tgfii~ ;;, s~ t:».~J~4 .. plil . 

~b:t.af;lit-~iJ;Jtl'' ~~nt£,Cji)r;.:b¥~~~fl-:,f:lJft~ .. phai-J\st.) ~.~re si~~s .~f 
' - . . . . ' . 

; bi.qdi;Jll<.J.f>·"Th~s.e. ·Gh~iAsr wquJq ,.f>.e,pl~:S~staGCif:lJ:J&if?A~., 1:-,q 

:e~mieal ftlQd:;j,!fl;b.c.at!i\Qn ,a&::;, qp~p<i,:feci. :w,.i:th ,, t~~i. 4 ,t,-,~.r,~ qF; 
' l 

:lillat:~l!lfl<tst:Y i<Jlx~.a"t?e ·Ph~~n§:~.< . .T~ rN;ilElKRP!illft•,iz~9,Wei'l1tF: 

#;;iiuntM.r. ,, inv~~~~g~t,ci<;tf!. 'J¥be · t;:t4i rdt a!$~ct .• t9 PE1··~~q.P,tjin;~j ·.~~.s 

;;~·i'9-ke,1;"" spec,ifiott.y ,:.tP.~~\f,tiJ.·s. c~rRQaA r~ffidn~3~ ex~j.}?~~~d ·Hb.¥h 

. ~an~a:r:pu~ 1 ec\::iflia~;.ll 

r '.Recel}t i:r:epqrt;s, ·4~-6,~), ha.v~ re~~.~ l~q 
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mor~, this lHctin exhibited a pa~o-tic·ul<lrly hiqh hindiuq affinity 

for the '!'-antigenic structure ( 47), the typical core struelur"'! of 

0-glycans (15). Hartin and Trimpe <152) have confirmed that the 

ocdurrence of a ~ingle 0-linked oligosaccharide was adequate to 

mediate binding of a glycoprotein tc jacaJin-agarose. The lectin 

was not expected to bind N.:..linked cligosaccharides since m<>st~ 

t.d t:hia were Ure :N..-.1 inked blood group .:mti gens, however t.heH<~ 

ligands were f<>und to have low af: f in.ity for jaca lin ( 212). 
,__ ' 

The fact that. glial glycopr6teins did not bind SOl\ a>nd PNA 

was itself contradictory to its high binding affinity for JSA-, 

taking into accotint the above mentioned criteria for JSA bindirrg. 

It was conceivable that JSA binding was more sensitive and/or 

that>of SBA and PNA were more susceptible to masking· hy 6'ther 

sugar residues. In addition, recent evidences have established 

that besides carbohydrate-binding sit.es, lectins may contain 

sites specific for noncarbohydrat:e 1 igands, and that t~hese sib:.!S 

to(), m<.iybe critical for the rf~<.~ogriiLi<>n ·functiot1H ciT t:he lt.H~f:in 

(20 ,305). Finally, the presence of a-linked galactose in brain 

cannot be irrevocably rules out. A natural human IgG antibody 

with anti-'a.-galactosyl specificity has been, reported (105). The 

presence o£ cHl-3) galactose mo1.ety in human tissues such as 

.blood group B substance ( 352) , human peripheral nerve ( 124) ,, 

parietal cells of gastric mucosa and fibroblasts .( lb9), several 

cancer cells (194} and laminin ;\336} demonstrate t:he suht lety of 
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immune tolerance in roan ( 103). E'inne and Krusius ( 84) in the 

course of their studies on a-glycosidic carbohydrate unitfs of 

glycoproteins of diff~r~nt tissues, identified a brain 

disaccharide, «.;_Gal .... {l-3)-'-N GalNAc and elaborated that 

unique linkagemay occur on' further glycoconjugates, 
' ' ,---_ --'< > 

nervous tissue. The occurrence of such a~anomeric moieties c~uJd 

explain the higher affinity of the isolated 

towards'aSA <lnd AliA. 'l'hese fesidues tna"',,'be' 

modifyit1g agents probably by virtue of fheir crypti>c 

TWO' questions remained unanswered at t:.his 

predominance of high ,mannose and hybrid 

isolation technique, viz .t.hi:!' selecti~e is()lation of glycoproteins . 
(:': 

having a higl{ affihity for Con A? Or was it 

plasmit membrane glycoproteins in developing 

Intra uterine 'development of brain was a 

process in h11mans as compared with other mammalian systems. 

observed carbohydrate composition may be an 

incomplete processing of the glycoproteins in 

apparatus during their biosynthesis, before incorporation ipt~ 

Interpretation of carbohydrate stru,c.ture from di.fferential 
;_fXi"" 

lectin binding stud'ies presented certain limitations ... . ~ 

isolated glial glycoprotein~ t:!.~isted in the form of micella.r 
-'-1;~ 

::,_ -->. .~_f~~~-~t¥ 
aggregates, the d~mo~trated'jectin binding properties 

likely a resultant ining to the 



arid not a ref lecLiott of the 

glycan structures of the constituent glycoproteins 6 

the. techn:i,gue of D.I;:LLA e~ployed .a chromogenic reaction and 

was s~bj~ct to v~r.iation depef1ding on the ~U~P-7-conj~gate 

AJt;:.:hopgh sat:i,sfactory resul:ts. were ()btoliined with 

.:inference from the app~rent binding 

ruled out. 

Characterisation of glycan si,s!e cfi<iins i)y H 

pyridine oligosaccharides 

gly~oprot@ins was attempted •. The procedure was 

by. t.he inal:>ilJ.ty to 

o1igosp.ccharides from the glycoprotein!; to 

detection. 'fhis alternate app1:oach to 

<.~arbohydrate structure was thus abandoned. 

Differential lectin binding studies were 

lind and III'"" trimester glial glycoproteins. 

demonstrated identical car}Johyctrate strl)cture and lect!n 

properties, s the .. ab. sence of any develop. m ..•. enta ,, ','' 

changes under the conditions of the study. 



PART V: 1.~~-~~-~~.oG !t;~k-~J]J~,!_~=s __ ~_-'t;1iJ""lo"~'==:c~~~-=C:fa~-~"'~ft'=:c=l=!! 

A-~INDING GLYCOPROTE~NS 

Cell surface glycoproteins are unique functionally by virtue 

of their involvement in various aspects of cell-sociology within 

and out~ide the cell. Physicochemical characterisation per se 

cannot define these membrane components completely. Some 

information on the immunological behaviour of these molecules in 

combination wit.h physicochemical techniques would furnish a more 

comprehensive molecular picture. 

Immunochemical assays have been used widely to detect:, 

localize and quantify minute amounts of antigen in complex 
\ 

tissues. Besides, immune recognition of an antigen specific to 

the nervous system would contribute tremendously towards a better 

understanding of brain development, differentiation, molecular . . . " 

biology and sociology, function and pathology .. The study of such 

marker antigens was based on the rationale that a protein which 

was not required by another tissue, had an important function 

probably specific to nervous oystem. 

It has been established that normal brain tissue to a great 

extent was immunologically inert. There were virtually no 

immunocompetent cells nor the presence of organized lymphoid 

tissue reflecting that the brain was not normally exposed to 

significant levels of antigenic stimulation. Immunological 

reactions 1n neural tissue were often muted and frequently 

delayed. This unique milieu was maintained by a series of 
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functional and anatomical barriers collectively known aR tht~ 

blood brain barrier. The brain was thus inaccessible; shielded 

from attack by invading organisms, and relatively impermeable to 

antigens reaching it from the blood stream. The immunological 

privilege of t:he brain was riot absolute but relative and depended 

upon the integrity of the barriers separating it from -the 

circulating blood. In disease, these barr,iers were breached and 

the inflcirimlator}i process allowed lymphocytes and antibodies 'to 

enter the nervous system. At this point, the brain developed'into 

an organ capable 'Of generating an immune re'sponse. The· ~l~bd 

brain barrier was incomplete in the fetus, and the level of 

protein in tpe CSF was raised compared with that in the adult. 

This increase in permeability persisted to the end of gestati'ofi 

and into the neonatal period. Elevated levels of total protein 

and albumin were apparent at birth, decreased during early months 

of life and attained adult values at 8-12 weeks. Corres:Pondingl"y, 

the levels of immunoglobulin were also raised 4-8 times the adult' 

value at 22 weeks of gestation, and' declined to 2-3 fold tfie 

normaladult V'alues at birth. This level persisted upto 3 months 

after birth (1). 
' 

The central nervous system, therefore displayed a wide 

spectru.m. of immunological behaviour, ranging from relati.J.e 

unresponsiveness at one erid:, to the mbst florid manifestation''()/_ 

hypersensitivity and immunity at the other. Diseases' such as 

multiple sclerosis and subacute sclerosing panencephal'ftis vU:;JYf!' 
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associated with active antibody synthesis in . the CNS, while 
; 

exi:lerimental allergic encephalomyelitis in animals provided a 

striking illustration of the fact that hypersensitivity could 

produce devastating lesions in the brain (193). 

Iq general, brain proteins in. the pure form .were found to p~ 

.of Jow immunogenici~y.. Prot~ins such as s-100 ( 196) .an~ .. J'\,;-t~f17 

<230) gould elicit an ,a.ntigenic response only when administet.:~~ 

£.onj.ugated.ta_methy~ated bovine serum albumin. Syoapt,in (34), pl,. 

02, an4. DJ brain.specific J:>roteins (161) were defined by .m~n,tLQ~ 

a J:>OlYSJ?~Cific 
~ \ 

ant~ serum aga'~llst: 
"-' f.''"\,/ ~ ., 

polyclonal rabbit raise(j 

fractions of. rat .brain synaptosomal plasma. membranes!" Proteins 

such as nervous system antigen 1 (NS-11 were ideptified by means 

of antisera rais.ed against methyl cholanthrene7induced .. glioma,. 
' . 'Y. ' , }, ;, 

G2_6 in mice (292) .• Myelin proteins (23~,303) ~nd gliaJ. fibril~<\J:'Y 

acidic_ prot~in t33tl) on thf;! other. hand were highly immunogenic. 

Pur;if.ied brain . ~lycol.ipidJ:J , were potentially antigenic . and 

el icit~d an iJ;IlltlUJ)e :response only when 1 ink~d to a heb~r,::>.~P9~l.:Js 

. carrier polymer, as micellar ag9regates Of as .. natural P'.~P.17:iJ·9~ 

.fragments (12~). 

The use. of cQnvent,ional monospecific antisera, hqwf=nf:e.r., . \ . 

posed certain limitations such as (a) low titres (b) antibody 

heterogeneity in specificity and affinity (c) inability to 

reproduce the J:Jame pattern of antibody reactivity in al.)~t,he,r 

animal and (d) a , fip.ite. supp~y~ _8f reagent. T\le advent .f-?f. 

hybridoma tephnology <174) concomitant with the pr.oduction ... pf 
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specific monoclonal antibodies has facilitated the identification 

of several marker antigens of functional importance to the 

nervous system such as neural cell adhesion molecule (66) and 

adhesion molecule on glia (6). 

Immunochemical characterisation of cell surface Con A­

binding glycoproteins from human foetal glia were attempted with 

three objectives in mind. They were (a) to determine Ehe 

immunogenicity of t,he antigenic species (b) to asses Lhe nature:~ 

of antibody produced in response to the immune stimuli and (c) t:o 

ascertain with the generated antibodies whether the antigen could 

serve as a marker glycoprotein, and if so, to what extent. 

Specificity 

subcellular 

with regard to spec1es, tissue, 

location, developmental stage and 

cell 

finally 

type, 

eel 

pathology would be targeted. Immune reactivity was checked by the· 

.... following immunochemical techniques (29,252,225). 

a> Q!!~!l.!:~~L2!lY_.gg!!~J.f! __ ~_it:Jl1~_iQT1 

The gel plates were prepared with 1% agar in 0 .. 02M phosphat~ 

buffer-0.15M NaCl-0.1% NaN3 -0.1% Triton x~100, pH 7.4, and loaded 

with 20pl sample per well, replenishing the sample 4-5 times. 

Immunodiffusion was carried out at 25°C in a moist atmosphere r6t2 

4-5 days. 

b) Countercurrent elect!"_2P]l_or_esi,~ 

Samples [ 20pl j were loaded into wells of the gel plat~ 

prepared with 1% agar in 0.075M barbitone-0.15M NaCl-O.l%Tritoh 

X-100, pH 8.3, and electrophoresed at 5mA/slide for 90 min. 'I'll~' 
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gels were stained with CBB for better visualization of the 1mmune 
)' 

complex. 

c) Immunoelectro2horesis 

Glass plates [84 x 94mm] were layered with 12ml each of 1% 

agar in O.OSM barbitone-acetate, pH 8.6, buffer containing 0.2% 

Triton X-100 and 0.1% NaN3 • The antigen was loaded in the wells 

and electrophoresed in the same buffer without Triton X-100 at 

5-l OmA/plat~e for 90 min. After the run 200pl of <HlL ibody was 

loaded into slots cut in the gel and incubated for one week at 

4°C in a moist atmosphere. The precipitin arcs were stained w.ith 

CBB. THe slides were incubated at 4°C with 3 changes in 0.9% NaCl 

over two days. The gel was blotted dry with filter paper under 

pressure and dried at 50°C for 30 min. The dried gel was stained 

with CBB in methanol-water-acetic acid for 5 min and destairted 

according to Weber and Osborn (353). 

d) Oot Enzyme !.inked Immunosorbant: Assay l mn.ISA.J 

The antigen [2-Spg/SplJ was spotted on nitrocellulose and 

the strip incubated for 2 h at 25.,C .I.n the block.ing hu(fer· 

consisting of 2.5% gelatin-0.05% Tween 20 and 0.1% NaN3 in TBS, 

pH 7. 4. The antigen was then incubated with rabbit an.~ibqdy 

[ 6-10mg/ml] .in the above buffer, overnight at 4°C, followed' by 

washing three times with blocking buffer at 10 min intervals •. ·rhe 

bound antibody was detected by incubation in HRP-goat anti-rabbit 

r-globulin conjugate l 200v.g/mll for 2 h at 4°C, washing thripe il) 

blocking buffer at. ambient temperature and subsequent visttri~l-



165 

ization in chromogenic substrate for HRP as described 1n .. the 

preceding section. 
\ 

Immunization of rabbits and guinea pigs with intact II""', 

trimester glial cell preparations were attempted. Glial cells 

l0•5-1mg pr,otein/dosel in 1ml saline was mixed with comple1:-e­

Freunds' adjuvant and administered intraperitonially for rabbits, 

and at mult':i:ple intramuscular sites for guinea pigs. Succeeding 

sUbcutaneously at , multiple sites in incomplete adjuvant· .foJ3; 

rabbits~ Guinea·pigs were,administered every week at four int!':<J 

muscular sites in Freunds incomplete adjuvant. Sera wer.e 

colfected befo•re commencing the study and then periodically. The 

sera were directly checked for antibody by immunodiffusion a .. q· · 

counter currerit .· immunoelectrophoresis against antigen. .QJ.iaJz: 

cel·ls were solubilised by soniaation [ 20p frequency for 15 sec.¥ 

8 t'imes) in PBS,-- pH 7. 4, containing 3% Triton X,....100, and diluted 

1:1 ~·v/v) in PBS to bring the detergent concentration to 1 ~ 5% • 

The 100~100 kg for 60 min supernatant was.used as antigenat..a 

concentration of 5-1Umg protein/mi. 

A very low antibody titre was first· noticed in rabbit. ctft$.- · 

the third month .of immunization. Administration .of anti~n w@s 

continued for a total period of six months. before sacrificing t;:h;~ 

animal~ Guinea ·pigs were immunised for 2 months injecting' 3 dose's 

in all, and sacrificed. Both species elicited. an immune respol'J.~t!"t 

however the delay period was longer l.n the case of rabbit•. 

).·.· ¥ 
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immunogenicity of the antigens appeared to be rather low since 

antibody titres were quite low. Immunodiffusion studies with ,, 

serially diluted antisera gave a positive precipitin reaction 

only for the antiserum used directly. Another limitation was that 

the triton solubilised glial extracts diffused very slowly in· 

agar and hence required longer incubation periods to enable 

immune complex formation. Control and antisera were saturated to 

50% ammonium sulfate at 4°C, the precipitated f-globulin fraction 

was collected by centrifugation at 10,000 x g for 15 min and· 

dialysed extensively [,1L x 4 changes 1 against TBS-0. 05% Tween 20, 
\ 

pH 7.4, at 4°C. The-presence of an,tibodies to glial Con A-

binding glycoproteins in these fractions were. checked by DELISA. 

The glycoproteins did not bind the r~globulin fraction~ purified 

from glial cell immunized rabbit and guinea pig sera. This was an 

indication that immunization with intact glia could not serve as 

a route to generate antibodies specific to the cell surface 

glycoproteins of interest. 

A more direct approach was tried out. Second trimester glial 

Con A eluate was resolved on 10% SDS-PAGE. The protein bands 

above the Con Aband were cut out from the fixed and CBB stained 

gels and homog~nised with Potter~Blvehjm homogeniser in 4ml PBS, 

pH 7. 4. The protein-gel dispersion [ 0 .1m,g protein/ml) was mixed 

with an equal volume of Freunds complete adjuvant and a~minis­

tered at four intramuscular sites in rabbit. Three booster doses 

were given at 10 day intervals and the animal subsequently bled:.· 
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Formation of cysts were observed at the sites of injection, the 

animal otherwise appeared normal. Cyst formation may have been 

caused by aery lamide in the injected samples.. Sera was also 

collected at random from 5 rabbit controls. 

The Con A eluate del ipidated in Fredman's sol vent and 

suspended 1n 0.04M LiC03 -0.05% SDS, pH 9.5, was used as the· 

antigenic component in the DELISA protocol used to monitor the 

Glial glycoproteins cross reacted with its corresponding 

antisera as well as antisera raised against Con A'""binding 

glycoproteins from human foetal neurons. Five out of the six 

control sera was found to cross react with the glial antigen. 

Considering the high degree of sensitivity of the DEL!SA 

technique, false positive results due to non-specific interaction 

was a tangible threat. The binding of the control pre­

immunization sera to glial antigen was t:raeed entirely to t:he f'-

globulin fraction precipitated at ·so% ammonium sulfate 

concentration. Thus the positive DELISA obtained for the cont:rol 

sera against glial glycoproteins was attributed to the formation 

of an immune complex. 

The next\step was to check whether immunization increased 

the titres of the cross reacting antibody already prevalant in 

the non immunized rabbit controls. The serially diluted antigen 

was incubated with ;,equivalent concentrations of control and 

antisera respectively by the DELISA technique. No difference was 
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observed between the control and antisera indicating that 

immunization did not elicit an immune response in rabbit. However 

it was apparent that some cross reacting species was already 

present in rabbit blood. Some preliminary investigations 

regarding the nature of this antibody in this species and whether 

there existed any disparity between the control and antisera, 

were carried out. 

The f-globulin fraction was resolved by affinity chromato­

graphy on Prote~n A~Sepharose 48 [1 x 7cmJ equilibrated in TBS, 

pH 7.4, at 4°C. The 50% ammonium sulfate fraction in 5ml TBS, 

pH 7.4, was loaded on the affinity matrix, washed with 10 bed 

volumes of. the.same buffer and eluted with 0.3M glycine-l!Cl, 

pH 3.0 buffer at 4°C. The breakthrough fraction containing IgA, 

IgM and possibly unbound IgG was collected. The eluted fractions 

containing the bound IgG was immediately adjusted to pH 7-8 with 

2M Tria, pooled and precipitated by 50% ammon.Lum sulfate 

saturation. The pellet obtained at 10,000 x g for 30 min was 

suspended .Ln minimal volume of: 'fBS, pH 7. 4, and dial ysed 

extensively at 4°C against the same buffer containing 0.05% Tween 

20. The fractions resolved by affinity chromatography on Protein 

A-Sepharose were subjected to DELISA against the glial antigen. 

'£he control and the sera obtained after immunization with antigen 

were resolved on Protein A-Sepharose 48. The breakthrough and 

eluted fractions from both these samples bound the glial 



glycoprotein antigen suggesting that the cross reacting species 

most probably belonged to the IgG subclass. 

The spe~ificity of t.his antibody was examined. Tissue 

~extracts~of- adult human brain, IInct trimester human foetal brain, 

liver, heart, spleen''and' placenta, !lin~ trimester h~a;n', foet~l' 

brain and bovine bri.tin 'were respeCtively prepared in o'. tl25M Tr1~­

o~ 7M glycine-0.;001M PMSF-1% Triton X-100,-0.1% NaN3 ,pH 7.8·lmftfer: 

,Th_e: m.Ipernat:ant··obtai'necP Jaft~er c'entrifug;:ltion at: i 5,500 x' g f~~ 
3c min, was used as antigen in · immunolog:lcal charact.erisati~h 

studies~ The ensuing pellets were delipidated in C:M,2:1 (v/v), 

suspended in 0.04M LiC03 -0.05% SDS, pH 9.5 buffer and spotted on 

nitrocellulose for DELISA. 

The antibody present in the control and immune sera did not 

cross react with any of the tissue extracts on immunodiffusion or 

immunoelectrophoresis. However all the extracts appeared to bind 

antibooy from control and immune sera respectively on DELISA. 

This observation was attributed to the high sensitivity of the 

DELISA method over the immunodiffusion and electrophoretic 

procedures. It was also likely that diffusion through agar gels 

was inhibited by the insoluble nature of the antigens under study 

limiting the latter procedures further. The DELISA results 

nevertheless suggested that the immunoreactive antibody present .. 

was not specific to brain tissue. 

In conclusion, it was obvious that the isolated glial 

glycoproteins from human foetal brain were of low immunogenicity 



170 

and failed to elicit an immune response 1n rabbit and guinea pig. 

The tendency of these amphipathic glycoproteins to form self 

micelles was a possible reason for the low antigenic nature of 

the species. It was conceivable that potentially immunogenic 

regions on the polypeptide were buried within the micellar core. 

The protective masking effect due to carbohydrate would be an 

important consideration with regard to the refractory nature 

exhibited by such molecules. Finally, immune tolerance in the 

species selected for the study was a factor that could not be 

ruled out. 



CHAPTER - IV 

· G'ENERAL DISCUSSION 



DISCUSSION 

Glial cell development, sociology and function has been the 

least studied component of central nervous system biochemist.ry. 

An intimate relationship ex sts between neurons, the principal 

functional units of neural t ssues, a:Jrl neuroglia which supports 

and ensheathes these neuronal cells. Brain development is 

characterised by somatic differentiation, chemical variations as 

due to neurotransmitters and neuropeptides and electrical fluxes 

caused by the generation and conduction of action potentials,. 

Glial cells are associated with all these events, such as in 

directing neuronal migration during establishment of neuronal 

pathways, in uptake mechanisms for neurotransmitters and in the 

propagation of electrical impulses by saltatory conduction 

through myelinated nerve fibres. Nevertheless, detailed knowledge 

of glial cell ~tructure-function relationships is fragmented. The 

present study was targeted towards gaining some information on 

the moleqular .basis of glial cell-::sociology with direct relevance 

to the developing human brain. 

Human foetal brain tissue used for the study was .a 

deve l.opi ng syst:.em wherein anabo 1 ic pathways were .at ill operative 

and possibly dominated cellular metabolism. The presence of 

partially synthesized glyc.oproteins and other. biomolecules was 

plausible and introdQced a high degree of variability in the 

study. Another common problem with postmortem tissue . was the 

extent of degradation unqergone before collection and processing.,· 
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]:n addition, no information was available on the health or 

nutritional status of the mother. These factors could complicate 

the analysis further. 

The above limitations were probably contributory factors 

which precluded the application of conventional methodologies for 

the isolation and characterisation of glial cell surface glyco-
' 

proteins from developing human brainn. For example,digestion of 

t:he extracelhdar matrix wit~h proLeaseH as a pt·elude to Ul(~ 

separation of glial cells, was bypassed as trypsin digestion 

resulted in extensive lysis of foetal brain cells. Existence of 

an incompletely formed extracellular matrix in post-mortem foetal 

brain tissue which might have undergone partial decomposition, 

may have increased the fragility of the brain cells in the 

proteolytic milieu. Brain tissue disruption was therefore 

effected by mechanical sieving procedures under gentle suction in 

presence of cell stabilising polymers like Ficoll 400. Similarly,· 

the preparation of puie plasma membrane subtractions was limited 

by the lack of detectable plasma membrane markers. It w~1s 

possible that the marker enzymes may not have been ftllly 

functional as yet, or they had lost activity during storage. 

The glial cell surface glycoproteins were hydrophobic and 

could not be solubilised in aqueous media even in presence of 

strong detergents like 4% SDS or in the presence of denaturants 

such as 8M urea or 6M Gn.HCl, at protein concentrations exceeding 

O.Smg/ml. This property was particularly apparent on SDS-PAGEot 



173 

urea-PAGE of the Con A-binding glycoproteins, wherein a 

considerable portion of the applied protein was retained at the 

point of application. Another illustration of the limited 

solubility, was the precipitation of glial cell surface 

glycoproteins through aggregation when concentrated by 

ultrafiltration, even in presence of Triton X-lOU. Glycoprotein 

solutions, especially in the absence of detergents or 

denaturants, were too dilute to estimate protein or carbohydrate 

by the standard chemical micro-estimation methods. He neE:~ 

protocols specifying solubilised protein components were carried 

out with radiolabelled samples. In general, suspensions of 

glycoproteins 1n the appropriate buffers were employed for 

characterisation studies. 

Membrane proteins were commonly associated with 

hydrophobicity which enabled their interaction with the lipid 

components of the membrane bilayer ( 308). Hydrophobicit.y was 

imparted to proteins by the nonpolar amtno acids in their 

polypeptide backbones and their hydrophobic tertiary structural 

domains. Since membrane proteins were stabilised by the membrane 

phospholipid bilayer, they tended to form insoluble aggregates in 

aqueous media when removed from this hydrophobic environment. 

Surfactants aided the solubilisation of membrane proteins in the 

form of prqtein-detergent micelles (145). Organic solvent 

precipitation removed the associated water of hydration and 

exposed additional hydrophobic domains in the protein, 
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consequently augmenting the formation of irreversible aggregates 

that resisted resolubilization in aqueous buffers. 

Glial cell surface glycoproteins appeared to have an 

inherent tendency to form micellar aggregates. '!'his property 

governed all its interactions and was manifested under different 

experimenta~ criteria. Preparation of these glycoproteins by 

affinity chromatography on Con A-Sepharose 4B was a problematic 

endeavour due to excessive leaching of Con A from t~he matrix. 

This phenomena was abnormal and was apparently related to' the 

nature of the protein under study. Con A-chromatography has been 

employed successfully for the isolation of a wide variety of 

glycoproteins and did not present the complication of lectin 

contamination in the eluted fractions. Dissociation of Con A from 

the matrix t()ok place irrespective of the presence of 1 ipi.d 

detergent and the buffer composition during 

chromatography. Moreover, the lectin co-eluting with the glial 

glyc:oprotein fractions did not agglutinate trypsinized RBC, 

indicat~ing that leaching \<Vas possibly due to Lhe release of non..;.. 

covalently associated Con A subunits from the matrix and not 

through cleavage of covalent bonds linking the lectin to the 

matrix. Pretreatment of Con A-Sepharose wi~ 6M'~Gn.HC1 effected 

the removal of non-covalently but hydrophobically bound Con A 
<1 

subunits from the im.mobil ized Con A-gel matrix. Chaotropic agents 

disrupted hydrophobic domains by breaking the hydrogen bonds 

stabilising these tertiary- Rtructures ifi proteiti's. 
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The isolation of glial plas~a membrane glycoproteins brRCA 

or WGA-Sepharose chromatography also presented similar problems 

of lectin leaching although WGA contamination in the eluted 

fractions were comparatively less than that of RCA. It. was 

reasoned that since Con A and RCA were tetrameric proteins, 

covalent linkage· of all the subunits to the mat.rix was le$s 
\ 

probable than for a dime ric protein such as WGA. 1'he nan-

covalently immobilised subunits were-associated mainJy th~ough~ 
~~~; 

hydrophobic interactions to the matrix bonded sub~n~ts, byvirt~e·' 

of hydrophobic patches on the lectin molecules. The exi$t.~P9e.oS:, 

sufficiently .rionpelar component~? in the eluting mobile pba~.t# 

caused the 'release of these subunits from the mat:rix. ·. 

The persistence of Con A subunit$ in the eluted fr~ctibn' 

even a·fter pretreatment of the gel suggested that 6M. Gn .acl.• waf · 
• . i • ,r~rr. 

unable to remove completely all the non-covalently bound Con 4 ,· 
from the affinity matrix. Obvious! y, the 0. 5M a, .... MG eluat~ . 

contained elements more competent than Gn. HCl in effecting t~·· 

dissociation of Con A sub-units. The relative cotnpositibh's anf 
~" t ! 

\ :: 

characteristics of the glycoprotein fractions eluted respectivelf " 

at 25°C and 4°C have been summarised in TabJ,e .10 • It was ev.ident 
' . • '!¥' . • ~-- .!· ~ •• ••• > 

that Con A leaching was influenced by t-wo fe:ictors, ·viz. ,the 

glycolipid content in the eluted fraction and the temperatureat 
f! . ~ 

which elution was carried out. Elution. at 25°C rendered 

glycoproteins contaminat.ed with appreciable • amounts 
Ty, i 

covalently associated glycolipid as we,l as·con A, wht!reas • • 



TABLE .10. 
EFFECT OF TEMPERATURE ON THE COMPOSITION OF CON A ELUATE. 

•• 
.· . c 

.· .· . 

ELUTION TEMPERA 11JRE 25'G 4'C .. 

Carbohydrate (}.lg/mg t>rotein] 450 ± 200 1.60 ± 90, .. 

Carbohydrate after delipidation 160 ± 90 160 ! 90 
{}lg/mt protein) .· 

Sialic aci.d {n ~oles/mg protein] 20 ± 5 .• 25 ± 5 

Sialic acid after delipidation 18 ± r 25 :t 5. ::> 

{rfmoies/Il1g pr&teih) · 
.. 

Con A~band on SDS~PAGF. t· • +· + + 

.. TLC. of lipid extract: 

l. Iz Vapour + + + ~· + 

2 .• Orcinol - H1so. + + + + + 

······ 
),. Resorcinol - HCl . + +.·+ + + .. 

~~':!::"~z=:-~.-1<&'-"~"'""~'*~MW- ·~~-Z!:ttl':: ... :::ez::s:~"~-~:-~"" ~~, ~-~~--
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4°C eluted samples were comparatively free of both glycolipid and; 
.t; . 

Con A con;,taminants. Clearly, the Con ·A elution profile cloself . . ..... 

paralleled -';t of glycolipid and was temperature dependant. The 

!~aching of Con A was inferred to be a result of temperattih:.F 

dependant phase transitional changes in the lipid compo'nent ~~i:H 

the Con A eluate. At higher temperatures the mobile lip:NJ~i 

"constituents were included in the eluted mobile phase in· the f~tliP 

·of·mtxed micelles of glycoprotein, glycolipid and Triton x:;;.f6U, 
. . . \ . 

containing a highly hydrophobic core. Th~ greater aff.i.rtf'tyn"ql!~ 

Con A subunits for the hydrophobic environment contained w"itllfn 

these mixed micelles facilitated their dissociation f~om ttl~ 

matrix and into the eluted fraction as glycoprotein-glycolipid-
,. 

qetergent'~lectin micelles. At 4°C the comparatively imin6b.t1~ 

lipid was excluded from the eluting. phase containing the les~ 

hydrophobic 'detergent-protein"micelles~ These were incapable of. 

pulling but non-covalently b0und Con A subunits from the matrix. 
Prior to introduction of the Gn.HCl pretf'eatment step; iJ:t 

-,c,! { _;~;~ 
was established that Con 1\. leaching took place even ih the' totM.l~ 

. . J . 
''I' 1i ' 

absence of 1 ipid and/or detergent. These observations. hintea ttl~ ... 
' ) ,, ... 

glial glycoproteins could on their own cause the dissoc~ationof 

Con A from the matrix of untreated affinity gels. Neverthe\~ss, 

this phenomena was amplified in the presence of amphipatht:t:!"1' 

molecules like glycolipids 'and detergents. PresUmably '• lhei::t~ 

compounds stabilized micelle formation and increased . th~·' 

solubility of the glycoproteins in aqueous ·ouffers. By and'''1ai'ij'e'4 .. 
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the best·solubilisation medium for <:lelipidated glycopro~,l,ns in 

the abs~c·e of detergents was 0.025M Tris-0. 7M glycine, pH t.a., 
( 311) •.• 

The• proclivity o:f glial glycoprp~eins to f.orm, micellar 
' ' . '" '~:' 

aggregates interfered. with thei:r, resolution by SDS-PAG~. ~on-

stoichiometric protein:-'sos micronf'!terogeneit;.y .. and 
' ' ' ~ '\, ~ ,):,;;, ~'" 

formation of micellar. aggregates were respons.i.Qle f~r.~he .. W?IAPlelc: 

patterns visualized on SDS-PAGE .. This anomaJ,ous 
' ·.', 1 } l ' 

behaviour on SDS-PAGE favoured the existence of a gradation of 

' 
in dynamic equil,iprium wi,th one ~,notber ,, in .. the mole~l}lar: we:,ight 

; j' 

range 43-,.75 KDa • 

. Gel-Filtration studies verified that the 

formed self :micelles in. the abseJ1Ce of· Jipid an~ dete:r9ent 
' " ;, -< ;, .'."I ' 

Sep~arose 66' resolve(} tbe N ... acetylate~.~. gly.co.proteins. ~n1(;9 an"" . \ . .. . . 

exc:luded Peak I which was .soluble as confirmed by ultrjlce;ntJ:"i~ 

· fugat~on at 100, 000 x g for 6Q · min, and an inglude<:J 

consequently suspected to be ·of low molecular we.ight, .pq~~~bl]f';. 

less than. 12·~5 KDa.. Both peaks rendered the same s.ingi,:-·Jtl\t-: . 
' -' _,·":::;t~-<·;-

movin9 band on acid urea.,...PAGE suggesting that Peak I wafkPJ;;~~d~~t ~' 
a micellar aggregate of .the monomeric spec,ies e~l}tipg .. as Peak II .... ~;· 

monom~ri:c forms had occurred, the two ·species wer~ 

interconvertib1e. ·This conchu~ion w~s arr:ive,d at after att~D):2~i~·,~ 
' ' " > ' ' " ; -;<,;!' ,-: !~-'' :-

resolution . of individual peaks I and · li ·by a S~'fO~ .. ":,Qa:lj~~~ 
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,filt,ration on Sepharose 6B and also by RP-HPLC in an isopropaftdl"'·i: 

water grad~ent.. Peaks I and II had their respective , elution 

profiles and were not subject to interconversion nor 'ftii:'tli~,_i,, 

reso-lubion by }joth· the above protocols. The micellar peal{ t, iJs~ 

expected, had a higher retention time in the RP:-HPLC ' sys'tietd: 'r:Jf6 

agreement with its more hydrophopic nature. The obser~ati6n ''ih.j,t!'',..~ 

organic 'solvents employed in RP-HPLC were unable to break' Peak·.::r 

:micelJ:iacr aggrega~es <was suggestive of a high degree of stability ''' 

these glycoprotein self micelles. 
'I 

N-acetylated glycoproteins were resolyed by acid'urea-PAGE 

low molecular weight, presumably monomeric forms. Urea-PAGE of 

the native protein. however revealed compa:rativeTy 

bands. Mobility on acid urea-PAGE of native protein mdl~cules 

aided' by 'an additional charge effect which was · absent 

N-<;t.C~tylated proteins. The logical :assumption was that the 

glycoproteins ;rendered slow moving high molecula'r wei~ht Jttic.el'l 

forms, whereas N-acetylated glycoprote'ins were disrupted to. 

·,. monome.r ic forms under the conditions ·of. urea-PAGE. 

surface. charge on the protein as a . result of 

supposedly reduced the bipolarity of the glyc~protein 

rendered them more vulnerable to H...;bond cl~avag~ by urea. 

' . 
Additional evidence supporting the micellar structure 

isolated glycoproteins was gained in the course of radiola.OJ«::o<1 .... 

proc:edures. It was. observed that 'after N-~cetylation 

glycoproteins with tritiated'acetic anhydride, the 
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acetic anhydride could not be removed by dialysis. Methanol or 

organic solvent .precipitation and extensive washing in organic 

sol vent media had to be employed to remove this excess free 

radioactivity. As acetic anhydride partitioned preferentially 

into a non-polar phase during phase partitioning, it was inferred 

that the free acetic anhydride molecules were held within the 

hydrophobic micellar core of the g lycoprot-E~ins and thus were 

unable to be !emoved by dialysis against water. Methanol altered 

the dielectric constant of aqueous media destabilising micellar 

aggregates and hence served to dislodge the trapped acetic 

anhydride molecules •. 

Amphipathicity, a requisite for micelle formation was an 

inherent property of most integral membrane glycoproteins (320). 

With reference to the already characterised cell membrane 

glycoprotein structures, it was possible to postulate a similar 

amphipathic nature for the isolated glial glycoprot:eins. Tht~ 

postulated conformation correlated with all the identified 

characteristics of these glycoprotein&. 'l'he bipolar glycoproteins 

specified distinct hydrophilic and hydrophobic domains consisting 

of hydrophilic carbohydrate chains ~nd possibly the polar amino 

acids localized close to the N-terminal region, while the 

hydrophobic amino acids were situated 1n the vicinity of the 

carboxy-terminal. Micellar aggregates of these glyeoproteins 

therefore comprised of a hydrophobic core made up of C-terminal 

peptides and the externally oriented N-terminal regions with 
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their associated carbohydrate, presumably 1.n the form of a 

hydrophilic glycan coat. The exposed glycan coat on these 

micelles were probably responsible for the refractory nature of 

the glycoproteins. 

The glycoproteins moved preferentially .. on acid urea-.-PAGI~ 

indicating_a relatively higher proportion of basic amino acids on 

the polypeptide backbone. However, these glycoproteins were not 

susceptible to proteolytic cleavage by trypsin nor J•ronase. The 

glycan coat most likely served a protective role here through 

steric hinderance and masking of potential protease vulnerable 

amino acid sequences .in the protein. Proteolytic digestion was 

carried out in partial~y denaturing conditions compatible with 

enzyme activity. The presence of 2M urea in the digestion medium 

did not however, render the glycoprotein more accessible to the 

proteases. 

Amino-terminal analysis revealed a blocked N-terminal for 

the glycoproteins. Although many plasma membrane glycoproteins 

specified blocked amino terminals, the presence of glycan chains 

in the N-terminal region could also indicate an erroneous blocked 

amino group in the procedures used for det.ermininq N-terminal 

sequences, even if in actua 1 it y the amino termina 1 was free 

(328,356). 

The glycoproteins were incompletely deglycosylated even 

under the drastic conditions of TFMS treatment. Deglycosylation 

resulted in the formation of a high proportion of insoluble 
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aggregates supposedly by partial destruction of the hydrophilic 

component of these amphipathic molecules. Desialylation imparted 

a similar but milder effect to render high molecular we1~b't.. ~· 

aggregates on SDS-PAGE. 

The nature of carbohydrate.side chains as analyzed by DELLA 

could only be subject to a general interpretation, as the result~ 

were a reflection ·of an aggregated entity and not of the 

Individual component glycoprotein molecules. 'l'he gJycopro.teins 

appeared to contain a relatively higher proportion of Con A-

binding glycans than tri- and tetraantennary complex-type chains 

binding to RCA. It· has been reported that in brain membranes, 

N-linked glycans were predominantly of the complex-type (216). 

High mannose and hybrid,...type chains were intermediates in the 

post-translational processing of newly synthesized glycoproteins 

to complex-type glycans ( 181). A higher contribution of high 

mannose and hybrid-type oligosaccharide chains on the isolated 

glycoproteins could be an··illustration of incompletely processed 
' 

glycan chains reflecting the immaturity of the tissue under 

study. Alternatively, this may be an artifact of the selective 

isolation of Con A-binding glycoproteins from glial plasma 

membrane enriched fractions. 

In. addition to high mannose and hybrid-type carbohydrate 

structures, the glycoproteins contained biantennary complex 
\ 

chains that were eluted with O.OlSM u-MG. Sialic acid,.was 

detected by its interaction with serotonin and contribubed ··to 
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25:!:5 n moles/mg protein. Sialylation augmented WGA binding to t:he 

glycoproteins. The presence of fucose linked a.(l-6) to 

innermost: cor~ GlcNAc. residue was conf inned by the high' 

efc -pea lec1;.-i-nc·for the sample. The absence of SBA aJWl PNA 

interaction suggested that 0-linked glycans constituteq ,@ 

relative! y minor share of the. ol igosaccha.ride side chains" 917li' 
}\_ 

present, -they were masked and unavailable for 'interaction wt~-
. ' 

t-hese -leet.ins. The .~!:.t95;?FPUS lectins JSA and AHA, however; 

exhibiteda very high affinity for the glycoproteins. Since JS~ 

could detect 0-dinked oligosaccharides .with a high degree ,,(i)f 

sensitivity, it was p_ossible that JSA binding was an. indicatiGu 

of mucin.~type chains. Further, the ~Lt}?Ci!_:[p_g_~ lectins were ad,~,~ 

known to possess a high specificity for B-linked· galac:;:t(ls~--~:Uld 

probably implied the presence of B-Gal containing 

developing human brain. 

In ·order ··to determine whether . the isolated glial !glyeQ.-r · 

proteins were subject to developmentally related variations·r Yl'tl 

structure anq .composition, the entire character-isation pr(i)to~~tl 

was respectively carried out on glycof>rote:j.ns .from; II"d and. Ii([J;';,~ 

trimes.ter foe-tal brains • On comparison, no st·ructural or pbys;i~-CP!"' 

chemical differences were detected i{l the 
·¥~ 

limited available technology. Glycoproteins from both age ~ro~tf 

specified similar carbohydrate and sialic acid contel}ts 

identical differentia:! lectin binding char-acteristics • Behaviqer 

on SDS-PAGE.,· ac:id,...urea PAGE, ~el.,.;filtration and 
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similar. Both sets of glycoprot~ins were refractory to 

proteolytic digestion by trypsin and pronase. The amino-terminal 
\ 

,was blocked for the lind and III,." trimester gl ycoprot~ins .• 

--Alth~ugh no prenatal changes. could be detected under the present 

condition of s~udy, with the help of more sensit~ve procedures 

and .monoclonal antibody technology, it may be possible to pick .up 

developmentally significant variations in structure an~· 
' 

composition. 

Glial glycoproteins exhibited low antigenicity which may 

also be a manifestation of its micellar structure. Potential 

immunogenic sites on the polypeptide were presumably made 

unavailable to the animal's immune system as a result of sterid 

masking by.the external glycan coat of the micellar aggregate• 

Immune tolerance in the species selected· for study or 

inherently low antigen~c nature of brain1 proteins could not 

ruled out. The failure to elicit an immune response with 

isolated glial Con A-binding glycoproteins severely limited 

present study. Questions such as whether t:he isolated gl 

proteins were species, tissue or cell type specific, 

these glycoproteins could serve as cell membrane markers 

were their roles in neural develqpment and 

unanswered. It was also not clear if the 

physicochemical behaviour referred to a single 

monomer or a group of. glycoproteins. Resolr1tion 

binding glycoprotein aggregates to their component 
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shed some light on the structure-function relationships in these 

species. Monoclonal antibody technology would also aid in tagging 

the~e molecules in relation to already identified neural membrane 

markers, besides delving into the potential role of these 

glycoproteins as probes in brain patholoqy. 





SUMMARY 

Cellular development, g'rowth, maturat'ion and maintenanp~ 

under n.ormal and pathological conditions are defined by a serie~;i 
·' .':l 

of synergistically act:j.ng morphogeneti"9 events involving cell~ 
- ·--------~~- -~--~- ----·- -·-- --- ; - - -.. ,. ~ "' 

soc,iology. It has been documented that cel·l surface. glycoproteins + -· ' -, ,' . ' 

phenomena as well c;ts in receptor 1 igand interactions. 
( .· ' ·. 

syste~ b~_virtue of its unique anat6mical diversity, 

and functional complexity exemplify cell 

broadest most evol~ed form. Development of the nervous 

thus orie of the most.sophisticated examples of 

tna.t~ it involves both the formation of 

stru,ctures'and th~ precise establishment of neuronal pathways 
, - . i: ,. " c/ (~ 

.interconnections. Although considerable work. has been carried 
.· . ' ~,·~- : .... - ·-- .. : ._, . . '• ( _.;;_(:"-r'} 

,<>f). · .nervous system .cell-sociology, 
.· • ', i 

at the molecular level· 
' '· n; E 

picture is ,~til~" l(l.rgelY. obscure. 
• ~ } ~ Y' '- ~ - '. • J- . '; • . ; ; ;;--- - • 

Several cell su.rf~ce glycoproteins 
"'"o'; . ' 

mediat,.~ aclhesion .. among different cell types Hl the 

nervous system at different developmental 

ized amqng the~ were 

]:.J,,. )~g:-CAM, Jl, and AMOG. The adhesion mo_lecules did not act 
.,'\ _p;;x_·:, 

indepe114e11tly of each other · but cqoperated ~yriergistically, 
: . ; .··· 

thereby modtdating the effe<:;t of one· adhesion molecule on the 
/- i ;' " ~-" -~ ;; 

other,. It has also been evidenced that there was a matKe? 
,: ·-;: '. ,cy ~ ~~P- , 

induction of N-linked glycoprot,ein synthesis 
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temporally with the onset of neuronal and glial differentiation 

in embryonic rat brain cells. Oncogenically transformed cells 

have been shown to express glycans altered in struct~ure and 

composition. Malignant cells were found to synthesize 

preferentially, fucosy lated and heavily sia ly lat:ed mul tiantennary 

oligosaccharide . \ 
side chains. These observations were 

illustrations of the role of cell surface glycoproteins in 

central nervous system sociolo~y. 

A noteworthy fact was that, with the exception of N-CAM, 

most of the characterization work on nervous t.issue has been 

limited to avian or· rodent systems. Also, 1n comparJ.son with 

neurons, very little information was available on the molecular 

basis of glial development and function. Characterization of a 

few glial cell surface-specific glycoproteins from developing 

human brain would contribute towards underst:anding glial cell 

functions and sociology ~n general, and have more pertinence to 

its role in human development. 

The objective of this study was to isolate, identify atid 

characterize glial cell surface-specific glycoproteins of 

developing human brains of different gestational age groups. 

Selected proteins for study were physicochemically and 

biochemically characterized. An attempt was made to correlate the 

above properties with the developmental age. Immunochemical 

techniques were used t:o ascertain whether isolated 

glycoproteins were cell, tissue or species spec1fic. 
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Foetal brains, collected within hours of abortion, wt~re 

categorized according to foetal crown-rump lengths as II"d [ 9-20 

ems] and III~ l24-36cms1 trimester groups and stored at -2o•c in 

a cryopreacrvativc mt'!dium conta in.i ng 0% dextt·osc-5% fructose-20% 

DMSO iri Buffer A [O.OlM phosphate-O.UOOlM PMSF-0.002M benzamidine 

hydrochloride-0.1% sodium azide, pH 6.0]. 

Glial cell enriched fraction was prepared by a modified 

procedure involving mechanical disruption of tissue through 

sieving followed by isolation of glia by discontinuous sucrose 

density gradient centrifugation at 3300 x g for 45 min. Glial 

cells were collected from the 1~65M sucrose ~nterface and 

consisted mostly of astrocytes and a few distinguishable 

oligodendroglia. 

Glycoprotein& were isQlated from purified glia by affinity 

chromatography on Con A-Sepharose 4B. Initial procedures with 

whole cell or plasma membrane extracts. wi t:h or without prior 

delipidation, in the presence or absertce of detergents like SDS 

and/or Triton X-100, resul t.ed in leaching' of lectin from the 

affinity matrix. This constituted a major portion of the eluted 

protein. Pretreatment of Con A-Sepharose with 6M Gn.HCJ at 3U"C 

for 3 h, minimized this problem. Cell lysis was effected with 

O.OlM EDTA-0.25% 2-ME in Potter Elvehjm homogenizer~ The plasma 

membrane fraction_pelleting at 8000 x g for 10 min, was washed 

with water to remove adhering cytoplasmic constituents at 4°C. 

The glial plasma membrane enriched pellet thus <:lbtained, was 



homogenized 1n 0.025M 'fr:is-0.7M glycine-1% Triton X-100, .pH 7~6.1 

buffer by .. sonication [frequency of 2-4p for .1 m:i,nl and, cl)ro~~ 

graphed at pH 7 .4,. . 4°C, on pretreated Con A-Sepharo:;;;e 48~ Th~ 

affini-ty column was washed with 0. 02M Tris buffered saline~() ... !% 

Trit:.on x-100, pH .7 .4, and eluted- in the same buffer cont;a:in~·PS 

0.5M «-methyl glucoside at, 4°C., 

The Con A eluate contained non-covalently assooia.ted g,1y;~9·':"' 

,l±pid .. which.was extracted into 8:4:,3 ,methanol :chloroform:w~t~ . .r · 

(v/v/v), a probable affirmation favouring cell surface l0ca~~:Rr 

.the. eluted glycoproteins. Thin layer chromatography revealed that 
,· ' ' . ' - . - ' . ' - ' . ;•. '·:, - ,,- ' ;: "' ~ 

the majority of glycolipid,s were non-sdalylated with. a vexy m~.Jl9f 

gangl.ipside, comp0n~l1~ '!·The glycolipid prof;ile closely par~~ le~1·~~ 

that of Con A in the . eluted frac~ions and .was, t~pera·tq.re 
'' ' - ' '- '~- g ' 4' 

~epende{l't• Ely,t,ion at< 25oc rendered fract:ions c~mtain:ing ,<l .P:i9~~, 
' . - ., 

negl,ig;ible, Col),tamipa.f;.ion by t~ese. two co.mp<;ments .. when ,elutip,r;t 1~~.!1J 
-- ' ' • ' ' ~ - ' '> •, 1T ,, 

This phenomena· was .attributed to 
-y ., 

f.or~~J~tion ()f h.et.erogenoq,s mixed micelles of gJ,.ycoprptain, .SRT\ql\.• 
\ 

l),pid and detergent;: which ,wa,~ ~nhapced at. hi9ber temp~rijity,r,~s, ;;i,t,.S' 

·a F~aul;t of· ,phJl,se;,, tr~nsitionql ,¢Q.ang~s .iq t;the .. Jipid CQmP,Q,J1~Jl~fl 

Bur i(,ied <;,Jly~~~p.r,·qtein conla i ned ,l.b1H IJUll~J carb(>hyqr~•L~,f~g 
,,, "' ' 

0 
' ,'' N '•,,,, ''·,•''>"_ 

,prote.in .... an:d q ,sialic acid content of 25±5 n moles/mg PJi"P.~e.;J,n.,, 
, ,; · · , ,, , · ' < ~ ;.C•'i'F k'i 'f ,, J J\., c;,"' 

.. 3-:h~, Nyt;~r~:!na.l a,s d~t~,mfo.JleA by Dansyl-Edma,n PfPC~d~:tt~:;j\Wl 

. the J)~IU:T;C;:-,J>I'f:C doUble coupling method revealed 

terminal f'P!" .the,gly~op~oteins. 
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SDS-PAGE on 8% and 10% slab gels as well as on 3-12% 

gradient slab gels rendered multiple bands which were grouped as 

G0 ,.,{·protein retained at the point of application 1, G1 l 75-130 
\ 

KDa}, G11 (65-72.5 KDa], G111 152-63 KDaJ and G1v [43.5-48.5 KOaJ, 

respectively. Re-:electrophoresis of groups .G0 -G1v individpally, 

under identical conditions as the first run on sos~PA,GE, 

generated the same mul tiband pattern for all samples, cor res-

ponding predominantly to· G11 -G1v in mdlecular weight. Thist 

observation wa-s indicative of the existence of a dynami;c 

equilibrium between- these major interconvertible states. 

Solubilization of the glycoprotein at concentrations exceeding 

0. 5mg/:qtl even in presence of . SOS could not be achieved. T.be 

insoluble G0 band .was an illustration ()f this limited solubility~ 

The complex ba._nding. patt.ern on SOS-PAGE could be a resultant of 

many factors,such as apomalous SDS binding, microheterdgeneiby 
' " ' ' '~' " ~ l 

and pggregation, proba;ijlyftas a heterogenous mixture of prote:i,.n­
·,·:\ r ·~ . ·. ~ ;~ 

SDS. micellar aggregatefiJ .. .'tThe · fact that contiguous protein bands· 

di~fered in mole~uli,i~. :t;eight by 
,, . '· . ',,>' ' 

2-4 KDa only, would favo.tJ.r 

micelle .formation. as .. th~ 'likely cause; considering that n0 low 

molecular weight monomer was observed on the gel or dye · front•. 

The factors responsible for such anomalous behaviour on sus-, 

PAGE were .delved into •. Glycoprotein digested with methanolifl,l 

pota~sium hydroxide or~ hydroxy !amine to· cleave ester linked li-pid 

and with .nitrous acid for removal <>f glycophosphotidylinosi:tol ' 

tail, if any present~· was- .subjected to 10% sos:...PA,GE. No. 
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was observed indicating that covalently linked lipid, if any, was 

not the cause for anomalous behaviour on SDS-PAGE. No covalently 

bound lipid was detected by the techniques employed. 

Chemical deglycosylation with trifluoromethane sulfonic acid 

or desialylation in O.lN sulfuric acid, resulted in the formation 

of still larger hydrophobic aggregates on 3-12% gradient sus­

PAGE, most of 'which were unable to enter the gel. 

The glycoproteins moved preferentially on 6M urea-PAGE CS% 

gel) at pH 4.2, suggesting a higher amount of basic amino acids 

in its polypeptide backbone. 

The glycoproteins were N-acetylated with l 3 H ]-acetic 

anhydride. Gel-filtration on Sepharose 6B of the tritiated sample 

1n 0.025M Tris-0.7M glycine, pH 7.8 buffer 1n absence of 

det(:!rgents, gave two disLinct peaks a very hi9h molecular 

weight fraction, eluted at void volume [Peak I J, and a low 

mol~cular weight (less than 12.5 KDa) glycoprotein {Peak IIJ. 

Rechromatography of Peaks I & II on the same column under 

identical conditions showed that the peaks were non-intercon­

vertible. This was further substantiated by HPLC on a Lichrosorb 

RP-8 column [gradient elution system of 0-100% B at a flow rate 

of O.Sml/min for 80 min between the solvents, Sol A:water-0.1% 

TFA, and Sol B:isopropanol-0.1% TFAJ. Peak I did not: peLLet even 

at 1~0,000 x g for 60 min and remained in the supernatant. Urea­

PAGE at pH 4.2, perceived a single fast moving protein band near 

the dye front for both the peaks, attesting the possibility of 
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Peak I being a micellar aggregate of Peak II. Both peaks rendered 

identical multiband profiles (G0 -G1v 1 on 10% SDS-PAGE verifying 

that the characteristic aggregation pattern observed could be an 

art~fact of protein-SDS interactions. Peak II eluted long after 

cytochrome c (12.5 KDa] on Sephadex G-75 gel-filtration, corrobo-

rating the potential existence of low molecular weight spectes. 

Acid urea-PAGE resolved the native protein into <J slow 

moving band U1 and a moderate] y mobile band Uu. N-acety lat-ed 

proteins on the other hand rendered a sin~1le fast: movin~l b<Htd 

near the dye front. 'fhe decreased surface charge effected by 
\ 

N-acetylation appeared to. be compensated by the low molecular 

size of the monomeric form. Apparently the acetylated protein was 

more vulnerable to disruption by urea than native protein which 

remained as slower moving micellar forms. 

The glycoprotein was resistant to proteolytic digestion by 

both trypsin and proriase. 

Western blotted glial glycoproteins rendered identical 

lectin binding patterns on treatment with different ilRP-linked 

lectins. Carbohydrate structure was hence analyzed by Dot Enzyme 

Linked Lect:in Assay. Dot blotted glycoproteins were assayed by 

differential binding to eight lectins of varying specificities. 

Binding studies detected primarily N'-Linked glycans, an 

indication that the proteins contained mostly Asn-linked side 

chains. Of these, high mannose and hybrid-types were apparently 

predominant as indicated by limited binding to RCA. The presence 
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of a Con A-binding activity that was abolished with 0.015M u-MG 

was attributed to biantennary glycan chains on the proteins. The 

glycoproteins interacted with JSA but did not bind SBA or PNA, 

suggesting the_ possible masking of 0-l.i,nked glycans in the 

micellar aggregates. The appreciable binding of glial glyco-: 

proteins • to JSA and AHA may also be -an indication of novel 

u-linked galactose residues in developing human brain. Presence 

of -u(l-6) linked fucose in the core was demonstrated by binding 
I 

to pea lectin. Chemical modification of carbohydrate with TFMS, 

and periodate could· not obliterate lectin binding completely. 

Nitrous acid deamination did not alter binding characteristics of 

the glycoproteins. Desialylat~on achieved' by chemical and 

enzymatic procedures diminished binding to serotonin and WGA and 

enhanced RCA binding. 

Finally, the glial glycoproteins exhibited a low antigenicity 

and failed to elicit an immune response in rabbit and guinea pig~ 

Immune tolerance in the species selected for study could not, 

however, be ruled out. 

In summary, the isolated glycoproteins appeared to be 

amphipathic molecules with an inherent tendency to exist as self 

micelles. '!'he molccu lea Wt~rc of 1 ow mo lect'1la 1· m.tHH and in all 

probability had the carbohydrate chains located at or around'the' 

N-terminal region, with predominantly hydrophobic. amino acids 

situated towards the C-terminal, thus contributing to a bipolar 

configuration characteristic of integral membrane glycoproteins. 
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The study was carried out on glial ·cell surface gJyco­

proteins from lind and III..., trimester human foetal brains. 

respectively. The isolated glycoprot~ins did not seem to exhibit 

any prenatal developmental changes under the limited conditions 

of study and behaved identically in the protocols tried out so 

far. 
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Tissue m<;>rphogenesis is governed by a series of 

sequences. These synergistic events can be grouped into prima~y 

processes - ceil division, cell movement, cell adhesion, cell; 

differentiation and cell death. Cellular membranes are critical 

components in the development and maintenance of structural and 

fJinctional integrity 1n eukaryotic systems (39). There is 

substantial evidence that cell surface glycoconjugates. axe· 

l.mplicated in processes involving recognition phenomena such, at\l,, 

morphogenesis and oncogenesis ( 12,9,19) as well as receptor;·. 

lJ-gand interactions ( 2). Nervous system by virtue of its uni:qu~~ 

·anatolllical diversity., architecture and functional comple~ity 

exemplifies c~ll sociology in its broadest most evolved forl;ll •. 

Development of a nervous system is one of the most 
' .. . \ 

examp)t;W of morphogenesis, in that, it involves both 

formation of intricate t.issue structures and the 

establ is.hment of neuronal pathways and interconnections. 

at the ·molecula·r level of phenomena such as recognltion,adhes$pll 

anq interaction between ceJ ls as well as cell :surfaces. ~~d 

extracellular matrix components should provlde major · 

tpwards understanding how organised tissues arise. 1:rom a mas~?:9f 

.un9-}..fferent,iated cells. The brain and other neural t:lssue~ 

c.ompQ:Sed basically ~f two types of cells - neurons, Tnvolved: .-.:i;;;t~ 
~: •. •.,. . . . . . .... ·. · ... ·. ·. .. . ; 

. til~. ge~Efrat!iori and conduction of electrical impul~·es, · .. ·.· ·•• , . 
cell~~. which serve as .connective, supportive tissue 

": t 

.. t.b~ neurons • 
. :·'oi":& ~~ 



Sev~ra1 cell :s1,1rfi;ice glyco~;>roteins .have no~. been 
I ./ 

to mediate adhesion among different ·neural cell type~:~ 

diff·ereot; developmental stages. Be.st .charact~rised among .t.hem are 

t~h~ .neJl.ral. cell adhesion .. molecules ._IN-CAM) (~0), froro 

glycQprot~.in tnediates ,hQmc:;rtypic b.lnding 

,· .bp.~; .a ro.le· in neurite fasciculation ( 44), 

~"-Ui~-4~~tiJ:>n,.of :~r.~tinote~tal maps ( 16) and in 
- ·' ' •• f 

form•tio.nf, .. ( 22) ... ~'this· ~tructura.lly ·and functionally 

. . 

,cp:te§·rOili,go<dendrogl.ia and S<;::::h~~nn cella ,an~l ma~if:Et-Sts 

·s;i;al;yl,.f\t~d :embcyo~ai<;::: fqrm [J,Q\ si;dic a~id by weight•l 

s;\(;llylateda~ult for,m (10% sialic 
. \ . 
·Adhesion ·rnol~:eule. Ll. ( 45) is. ·immunoch•emi~al:ly 

_,the• ne:;J;.ve '!J:-l1tllWtth;.;:factt,lv,..iqducible ;large exb~rna:l' glyc•O:J:lit:Ct:;t; 
.>~""-.: ···-··.,-__ ··:"·--··_,, '"y-·"·:- ;._ -· -J---~; -~ 

t~lite J,~f.JI,Cl2 :;:G-e·ll~,, (.4¥, which in ::tur.n ha:s been: shown 

.monse;i;equi:Valent ·9f,eh±cken .. ·JlfJUiron:-g5lia· cell ?adhesidtt , ...• Bci!.lr.lLe•i:r,&:~ 
' 

l·NI)+CAM.:J .(11~ • '':rh¢se :secondary ·adhesion:.moleaules 

only .i"ll po;st mibot·ic neurpns (.29 >;.and media'te·ne~~Ve~llf.(;l~~fpJi;a~··t:g&f,)(;l~~~ 

, l?,~§~~e~ ifteu-r.@nc'fl, . alld; g liih They appea,r; to ':he· 

· :~~Z'c·~i"o!n.~nd ·bu.rviU~n9:.o:( axo,~J~,- ( 42.>: 1 ·mig;rat.ioa 
/ 

aJ.?~~:tji<lial. gJ,ial;oells f33,.3~4·) .a.nd i.il 

:~M-;:iM~.r:lt:~ ou-~srowt;<b ,tl8 ,:15) • 

'J~,~~;~~t:%~E}J\ . ..11 ( Jj.) .. is ant>ther n.euron-giia;., 
-\. +" -,-. • n -
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with cytotactin (23), an extracellular matrix glycoprotein that 

mediates neuron-glia adhesion in vitro. 

Myelin associated glycoprotein, is restricted to periaxonal 

loop of my.elin 1, and is believed to be involved in glial axonal 

interactiori (41.48,52); 

All the above molecules are antigenically related, shai"ing 

common carbohydrate epitopes r(:~cognized by the monoclo!la'l 

antibodies L2 and HNK-1 (31,30). 

The adhesion molecule on gJ ia [ AMOG J does not belong t<) tht~ 

L2/HNK-1 family of adhesion molecules. This novel glycoprotein is 

expressed by Bergmann glial cells in the cerebellum at critical' 

developmental stages of neuron-glia interaction and granule 

neuron migration prec~ding synaptogenesis (1). 

The adhesion molecules do not act independently of 

ot,her but cooperate synergistically, t:hereby modulating 

effect of one adhesion molecule on the other. This would endoW 

part.icular cell with combinatory possibilities in 

quality and strength of cell surface contacts. 

Adhesion :ts not a purely physical phenomenon. There 

evidence that cell-cell adhesion can trigger biochemical signals 

leading to alterations ln gene express1on and/or 

properties of neural cells (35,25,26). Bhat & Waechter 

demonstrated that there is a marked induction of 

glycoprotein synthesis correlating 

glial diff~rentiation in embryonic rat braiit ceTls~ 



cr 
established that approxiroately 90% of the brain glycoprot;eins,.~r;e 

integral membra:ne components, 85-90% b£ the carbohydrate Qf \lih!~; 

are N"'-'linked ( 36) • 

Co~~·--~~t.ew~l"tlt¥:c:fa:ct is, with the exception ·Of N-CAM, JOOS.t 

ttbe chiiracteri;Slt:ltion··w&tik' bn nt:n~vous·'ti,ssue has· been·liflltited 

avi;an (l)i!r: rodent .systems.· Als~,:~n comparison with n.eurons,;~;V:E!:~lr~. 

litttle. information is available on tne molecular 

··deve~::::arid-f·u;aeti~n. :~haracteF'isation of a· few.gli<ii£1 

s~.r~a:ce~speoi:f:ic ·91 ycoprotelins' from dev~l·opl.ng 

e:ciniS.ri'bllt;e towards understanding g1ial ~ell. 

seciology' 'i·n general.i and have. more pertinence 

l!lma.;rn ~dev~Hopmenb. 

:'the ~objecti;ve of·,"this stadJ was to isolate., ident;;it~y 

dti~~ae~r::t~ec 1 glial ,.;·eell · sin::face-speci·f~ic glycoprot~ift$",' 
··t' 

develt!ftpin"·~human. bra!i,.~,uirGlial ceil ·sU:rface 

~&··* fwtilclj: br.arin~ .. ,:~fJl'ldifferent gestational·· age··. 9.r:o~s:•~~E~ 
i,sohtetl.;. BerleFted .. iiJ:~ins· for study .. were.·.phy~icocaemicai~l,,;.~·~i,· 

\' ~: > ' ' 

biocbeltti'Cal•l'Y: dharactt':iri:z:ad. A~ attempt. was.made .. ~ •. , .... t:,t•• 
< ,·' 

al'>ove:C·pto~rtie"s. 'wtt11·,·tmkt developmental·: age~ 

ptot.ein's~Jnifas~:ce:ll~>l. tissue o.r ·spec1e.s 
'<' ' 

.RE!iUJ~'tltcAtlll OtSCUSSION : .. 

B;tll!hE!: c~l\l:ect::ion' and · "$tudy of 
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collected within hours of abortion, were categorized according to 

foetal crown-rump lengths as II"d [ 9-20cm] and IIIrd [ 24-36cm] 

trimester groups and stored at -20°C in a cryopreservative medium 

containing 8% dextrose-5% fructose-20% dimethyl sulfoxide in 

Huffer A [0.01M phosphate-0.0001M phenyl methane sulfonyl 

fluor ide-O. 002M benzamidine hydrochloride-0 .1% sodium azide, 

pH 6]. 

Glial cell enriched fraction was isolated by an adaptation 

of previous procedures ( 11,40, 28) involving mechanical di~n·uption 

of tis~ue by sieving followed by isolation of glia by discontin­

uous sucrose density· gradient centrifugation at 3300 x g for 

45 min. Glial cells were collected from the 1.65M sucrose 

interface and consisted mostly of astrocytes and a few 

distinguishable oligodendroglia. 

Glycoproteins were isolated from purified gli affinity 

chromatography on Con A-Sepharose 4B. Initial procedures with 

whole cell or plasma membrane extracts, with or without prior 

delipidation, in the presence or absence of detergents Like SDS 

and/or Triton X-100, resulted in leaching of lectin from the 

affinity matrix.This constituted a major portion of the eluted 

protein. Pretreatment of Con A-Sepharose wiU1 61'-1 guanidine hydro­

chloride at 30°C for 3 h, minimized this problem. Cell lysis t-vas 

effe~ted with O.OlM EDTA-0.25% 2-merca~toethanol in Potter 

Elvehjm homogeniser. The plasma membrane fraction pelleting at 

8000 x g for 10 min, was. washed with water to reroovt:'! adhering 



cytoplasmic constituents at.· 4~c. The glial plasma 
\ 

enriched pellet thus. obtained, .was homogenised .in 0. 02SM T:rd!S::.,. 
·. . 

0.-..~}M glycine..,.l% Triton , X-1,00, pH 7. 8 buffer by sonicatiO;l! 

Lfreq~~}L-0.£~2..,.;4ll for 1 ~min J and chromatograpbed at .pH 7. 4" 4~qh 
' - l '- > ' • 

on pre,,breated ConrA.,-Sepharose 4B. The affinity columr~ wa.s wasbe<J{ 

wi.th. >0. 02M 'l'ris '~uf;f:ered, s.;iline-0 .. 1%. 'I'riton X-10,0,. pH. 1 .• 4 ·atilt)~ 

el)llt.ed-· i"' U•e· se;upe, buffer cont<Hning 0. ~1"1 a,...methy.l gluco~Jd(~ 

.The. Con ~A .eJ,uat.e cc;mtained nori-coval ently assoeiatod 

lip;i•Q which. was e1e:tra~et.ed. into, 8:4 ~3 ,me than()! ;chloroEcu:m~wa~et:<,~ .. ,_,..,.,,,.,,.,,.?,, 

tv/v/vJ (14) ,a probable affirmation favouring cell ·surf,iice :~:g:al~~it 

of :th~ el.Qted .. gJyqopJrQ:teins. Thin. layer .. chromatography revea~l~~\;,1 

t,hiilt the majQ::rity glycdlipids wer:e non~sia.lyl,ated with 

.. minQ.f", c;JC!l.ngli(l}:lide, cm~ponent • 

.P-urified·~~lyc,{>protein contained 1_60±:90 'pg. 

p:r:q_He~t\1;, and a sifalickacid content .of 2;5±5 n moles/mg· r:.:-r:.nr.P"i I ,,,, 

(S9.) '· .: .. 

. Th~ N-.terminal wa~ . determined ~by ~QansyJ..,.Edman 

( 21, 37': and t.he: DABIT~..,.PITC double .coupling tnebhod of Cbang;,etr:';.~:f: 

(;~i~t~;· '.the gJycoprotein< sJ · reveaJed. a blocked 

· U1:ese p.rotocqls. 
I 

. 
group~~1 ~~ .. "G-0 ,.( pJJ:otein .. retai·ned at the point of 

" ' ,. r 

{ ;7.~:"'l)1J. JJ);;t; J.~ ;.Gt1 [ 65-72 • 5 . .KDa ) , Gm (5 2:-;6 3 1\Da:l' ·tt"'*'~'~' :;c·:t~ft't;:8:~-
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KDa], respectively. He-electrophoresis of groups G0 -Gn indiv i.du-

·ally, under identical conditions as the first run on SDS-PAGE, 

generated the same multiband pattern for all samples, correspon-

·ding predominantly to Gu -G111 in molecular weight. This observation 
\ 

was indicative of protein aggregation and the existence of a 

dynamic equilibrium between three major interconvertible 

states .Possibly, G0 and G1 were converted to the ] ower molecul«n· 

weight forms by a shift in t:his dynamic equilibrium. Soluhilis·-

at ion of thE~ g 1 ycoprote in at eoneenL rat ionH c~xePediu9 0. 5 mg/ml 

even in presence of SDS could not be achieved. The insoluble Go 

band wasan illustration of this limited solubility. The complex 

banding pattern on SDS-PAGE could be a resultant of many factors 

such as anomalous SDS binding, microheterogeneity and aggrega-

tion, probably as a heterogenous mixture of protein-SDS mit:~ellar 

aggregates. The fact that contiguous protein bands di£fered in 

mole.cular weight by 2-4 KDa only r would favour micelle formation 

as the likely cause; considering that no Jow molecular weight 

monomer was observed on the gel or dye front,. 

The factors responsible for such anomalous behaviour on SDS-

PAGE were delved into. At this point , we asked the qt.testions ,. .. a) 

was covalently bound lipid the cause for aggregation ? b) did 

the glycan side chains influence protein behaviour on 

and c)-could SDS itself be the cause for anomaly ·1 

Glyeopf"()t~ein digested wit~h methanol ic potassium hydre)xcid~ 

hydroxylamine to cleave ester linked lipid t'43) and wfth 



acid< for removal of ,glycophosphotidy 1 inositol Lail, if any: 

present ( 13), was subjected to 10% SDS-PAGE. No change was 

observed indica.ting that covalently linked lipid, if any, was not 

'theeause· £or--anomalous behaviour on SDS-PAGE. No covalently 

bound 1 ipid was. detected by .the techniques employed. 

Chemical deglycosylation<with trifluoromethane sulfonic acJq 
• ' > , ":'--t. ~~~ 

<47) or desialylation in .O•lN sulfuricacid (27), resulted 

-for:mat:i'On· of· .. ,still . larger hyd~:ophol:>ic ag.9regates on 

gradient· SDS-PAGE; most of which w~re qnable to enter .the '9eL• 

T·he;glycoprotein(s) moved preferentially on 
1 1 ' 1 

gell at pH 4 .2 ( 46) ·' suggesting .. a higher a~o~nt of basic amino 

acids in it.s polypeptide backbone. 

The · glycopro_tein(s) was N-acetylated with 

anhydride ( 14J. Gel-filtration on Sephat:"ose 6·B of :the -·. . ' . /' 

. det'et;gents, gave• twJ !distinct" peaks - a very h~c;Jh molecul~r 
weight.· fractien,eluted at void . volume l Peak .·I 1, and a 

Iitol~cular weight [les!;J. than 12.5 KDa 1 glycoprotein ( Pe.ak 111· 

Rechroma.tography /of Peaks I & II .on the 'same coluniil 

idefltica'l c;onditi6ns showed that the pea~s .were 

verfible'~ 1'nis was further substantiated 

ttl?';.;e~· ~olumn .(gradient e}u:ti~RI'.~.Ystem of 

• O.f ;,() .'51hl/4nil't"' for 8.0 .min betw~.en the sol v.~nts ,, 

.. · trifl~f"(;):~~td:;,'iJe acid , · anp (B) isop~opanol--0 .1% 

aci\:tr;;. :lfeak· l 'did no.t pellet even at 100;~:000 ·~ 

'[,• ~ \l {<sf:"c 
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remained 1n the supernatant. 6M Urea PAGE [5% gel] at pH 4.2, 

perceived a single fast moving protein band near the dye front 

for both the peaks, attesting the possibility of Peak I being a 

micellar aggregate of Peak II.The decreased surface charge 

effected by N-acetylation appeared to be compensated by the low 

molecular s.Lze of the monomer~c form {Peak I I]. Both peaks 

rend(~red identical multiband profileB LG0 -Grv) on 10°;; SOS-Pt\GE 

verifying that the characteristic aggregation pattern observed 

could be an artifact of protein-SDS interactions. Peak II eluted 

long after cytochrome c [12.5 KDaJ on Sephadex G-75 gel-filtra-

tion, corroborating the potential existence of low molecular 

weight species. 

Urea PAGE of native protein surprisingly resolved into a 

slow mov1ng band U1 and a moderately mobile band UII. The 

acetylated protein appeared more vulnerable to urea than native 

protein which remained as slower moving micellar forms. 

The glycoprotein was resistant to proteolytic digestion by 

both trypsin and pronase. 

Carbohydrate structure was analyzed by Dot Enzyme Linked 

Lectin Assay ( 20). Dot blotted g lycoprote i.n was assayed by 

differential binding to eight lectins of varying specificities. 

Binding studies detected Only N-tinked glycans, an indication 

that the protein contained mostly Asn-linked side chains. Of 

these~ high mannose and hybrid types were predominant. Chemical 

modification of carbohydrate with TFMS (47), periodate (49) and 
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nitrous acid ( 13) was carried out. Desialy lation was ,u.:hieved by 

chemical (27) and enzymatic (24) procedures. TFMS deglycosylation 

abolished lectin binding almost entirely. Periodate oxidation, 

deamination and. desialylation affected mainly the nonreducing 

terminal sugars. Complex chains were most vulnerable to modifica-

t:ion • 

In summary, t.he isolated glycoprotein(s) appeared to be 

amphipathic molecules with an inherent tendency to exist as self 

miceLles. The molecule was of low mo]eeular maHR and tn all 

probability had its carbohydrate chains located at or around the 

N-terminal reg1.on, with predominantly hydrophobic amino acids 

situated towards the C-terminal, thus contributing to a bipolar 

configuration characteristic of integral membrane glycoproteins. 

This study was carried out on glial cell surface glyco-

proteins from II~ and III~ Trimest~r human foetal brains 

respectively •. The isolated glycoprotein(s) did not seem to 

exhibit any prenatal developmental changes under the limited 
t 

conditions of study and behaved identically in t.he protocols 

tried out so far. 

Attempts to immunologically characterize this glycoprotein 

proved unsuccessful. Immunization of rabbit..:s and guinea pigs with 

intact glial cell preparations resulted in a delayed but positive 

response against whole cell extracts. The antisera did not cross 

react with the isolated glycopr~tein fra,ction. Attempts to 

prepare antibodies in rabbit against glycoprotein purified on 
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SIJS.;..P-AGE were unsucc·essful. Low .i:mmunogenicity of the .. 
and/or iinmq'he tolerance in rabbit were the· probable causes 

'failure to elicit a:n immune re~ponse .. 
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